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KJBMAVBanr.  Xmd-inmn.  (Simon,  Xedkm.  Ciem.  L  321;  Hudw,  d. 
ChcBL  S".  Anfl.  u.  [!]  Ifi7.)  A  brown  rabstance,  probably  a  piodoct  of  tb«  d<Mm- 
poaitioD  of  hKmatin,  obtained  from  blood  by  tbe  (bllowing  proccai  ; — Dried  blood  is 

repntedl;  rxhaoMed  wiCb  binliiig  nter,  nnn  ether,  ud  lastly  with  alcohol  eonlain- 
ing  Hnlf^iiric  aad,  and  the  latt«F  Bolntion,  aflfv  Bopomtaration  with  amiooiua,  ia 
eTHporated  to  dryiugs.    The  rwidaa  ia  eihansled  with  alcoholic  ammonia,  ihe  lolation 


«!p«tBd!y  *_._   . . . _. 

aiuuied  hKraatia,  it  is  dried,  dinBolTed  in  bouins  alcohol,  npaiated  igun  by  mpo- 
ralun,  then  dinolTed  in  cold  alcohol,  and  the  alcohol  ia  eraponted.  The  piodnct 
tlini  obtained  i>  a  brown  mam  difficnlt  to  polTeriM,  soluble  with  brown-red  colour  in 
cold  alcohol,  Itaa  lolable  in  water  and  in  other.  It  do«a  not  melt  when  heated,  but 
baim  with  a  briglit  flame,  without  leaTing  luij  ash.  Tbe  aolntiOD  in  dilate  aloohol 
fiinns  brown  predpitstea  with  laid,  copper,  mereuons  and  silver  nlta.  Sanson 
obtained  a  body  of  nmilac  ooloor  to  Uia  abore  by  tratiug  blood  raeceasiTcly  with 
alcohol  and  watcc. 

MMmATwai.  CH'W,  or  C^'MJ*.  (Erdinann,Ann.  CLFbamLxliT.  194.— 
Hesae,  ilrid,  ax.  S32.) — A  nibstanee  prodnced  from  bsmatozylin  bv  abattBction  of 
2  at.  hydrogen,  a  change  which  takes  place  by  the  action  of  o^gvn  under  the  inflnsnce 
of  alkalis.  The  beat  nMde  of  preparing  it  is  to  sprinkle  about  20  graia.  of  lueinatoxjlin 
m  a  baaiii  with  sufGcient  ammonia  to  disiolTe  it,  stirring  continnidly,  and  waimiug  the 
liqnid  gently  as  long  as  the  luemBtoiyltD  remsins  in  eicase.  It  most  now  be  eipoaed 
to  On  ur,  and  ammonia  added  from  time  to  time  by  email  qnantitiaa,  so  that  the 
liqnid  may  alw^  amell  of  it,  care  being  howeTer  taken  not  to  add  too  mnch  ammonia, 
•a  it  wonid  canae  decompontiiMi.  The  liquid  after  a  little  while  awnmea  a  dark  red 
colour,  qjpearing  almoat  blai^  when  newed  in  a  atratiun  of  moderate  depth.  It 
then  contains  hamateoto  of  smmoniam,  and  on  being  slightly  anpeteatnrated  with 
acetic  add,  deposits  luematein  in  the  form  of  a  bul^  brown-red  man,  Hke  f^rrio 
hydrate,  idiich  by  drying  afquires  a  deep  green  colour  and  metallic  lustre :  its  powder 
in  thin  layers,  euibita  a  red  colour. 

Hmnatein  diseolTes  slowly  in  cold,  more  readily  in  boiling  water.  On  ouii^ly 
eraporatinga  solution  prepared  at  the  boiling  heat,  it  becomes  covered  wiUi  shining 
green  scales,  which  aink  to  the  bottom  and  are  gradually  replaced  by  others.  Some- 
times also  Uis  BolatioQ  solidifies  in  a  gelatinous  mas<^  which  yields  micaceous  laminn 
when  sDspended  in  water.  Hcmntein  likewise  dissolves  in  alcohol  and  verr  SMiingly 
in  ether.  It  diasoWa  with  red-brown  colour  in  the  mineral  adds,  less  easily  in  acetic 
add.  Snlphydric  add  decolorisea  it,  bat  doe*  not  conTort  it  into  luematozylin.  It  is 
corbaoised  by  heat. 

Bwnaitran  unite*  readily  with  bases.  AitesA  disaolTes  it,  fbnning  a  blue  solution, 
whidi  turns  brown  on  axpomre  to  the  air.  Anmumut  diMohes  it  with  a  Bos  pnrpla 
ralouT,  which  bkswiw  turns  brown  in  the  ur. 

Vol.  hi. 


■,:cc.;,C00gIC 


2  HjEMATIN. 

The  lut-mentioned  ■olution  eoDtuni  htemateate  of  kmrooniam,  which  is  lilc- 
vIm  formed  when  a  solation  of  luetnstaiyliii  in  ammoDia  ia  eipoaed  to  the  tit. 
The  ailt  depDBited  b;  grudu^  eTaponlioD  u  a  dsik  riolet,  gnoulni  powder,  which, 
when  eumined  bj  the  miuoanipc,  ippHin  to  b«  compoced  of  Inuuparent,  TJolet,  rour- 
Eided  prisma.  ItcoDbuDs,  acconling  to  Sctlmann's  aualjais,  S6'26  per  csdL  C,  6*17  JI, 
aod  6  72  N  (meui),  whence  Qerbardt  {Jhiili,  ir.  3U3)  deduced  the  fomiQl.i 
C'*H"(NH')'0*  (e7-5  C,  81  H,  and  83  N).  HeB»,  bv  leaving  the  eolmion  to  atand 
fot  two  or  three  dajB  in  a  cool  place,  obtained  crystala  in  which  he  fonnd  S1-B7  C,  fi-TS 
H,  and  3-69  N  (meiui),  agreeing  nearly  with  the  formala  C"H>(XII<)0>.4H*0,  whicli 
reqnir«a  5179  C,  660  H,  and  377  N.  Hieatateate  of  ammoninm  diseolTea  readily  in 
water  and  alcohoL  The  alcoholic  aolution  ia  red-brown,  but  become*  porple  on  addition 
of  water.  The  aalt  gives  off  water  and  ammonia  at  100°  C.  aad  moat  therefore  be 
dried  over  salphnric  acid  at  ordioaiy  temperatures ;  even  then  it  Bometimes  decompoees. 
Urer  nlphunc  acid  in  Yacuo,  it  girea  off  all  ita  ammonia  and  leaves  haematein 
(Erdmann).  According  to  Hease,  it  gives  off  alt  ita  water  and  ammonia  at  130°  C, 
leanne  hiematein  as  a  very  bygtoscopic  powder,  having  a  biackiah  violet  coloor  with 
green  irideeeence. 

Eamatain  thus  obtaioed  eontaics,  according  (o  Hesse's  snaWna,  67'eS  per  cent 
carbon,  and  SfO  hjdrooen,  agreeing  aearlj  with  the  formula  C"H"0*,  which  requires 
68-08  C  and  3-fii  B.  Erdinann  found  in  hie  hsematein  62-86  per  cent.  C  and  4-18 
H  (mean),  whence  he  deduced  the  formula  O'H-O".  Qerhardt  {Traiti,  iv,  302) 
proposed  the  formula  C"H"0',  which,  however,  doea  not  agree  veiy  well  with  Erd- 
nalin'*  aoalyaes,  requiring  6i'0  per  cent.  C  and  4-0  H.  Hesw  suggesta  t^t  Erdmann'a 
bnnutein  may  be  a  dibasic  acid,  ^"g"'''|o',  and  the  product,  CHiK)*,  obtained  by 
himself  the  oorre^ioDdiiig  anhjdride ;  on  this  snr^osition,  the  twt>  ammoninm-saUa 
above  mentioned  are,  parii^s,  '^j'^^|o»and  '^;^h1  (  O'-^HK). 

The  aolutioD  of  bsioateate  of  ammonintn  forma  coioored  precipitate!  with  many 
itprodncea  ajleep  blue  predpitato  j  with  mlphale 


netallio  salts  :  with  acetate  of  liad  it 


salts  :  wttb  acetate  of  una  it  prodncea  a^eep  blue  preopitato  j  with  mlphale 
r,  violet-blue ;  with  prolocAloridt  of  (in,  violet ;  with  inw-aiiBn,  black.  With 
cblonile  of  barium  it  forma  a  dark  puttie  liquid,  which  becomea  brown  on  exposure  to 
the  air.  It  reduces  nitrate  of  tdvfr,  but  haa  no  action  on  mercuric  chloride.  Accord- 
ing to  Heaae,  it  fbrma  with  tbionde  of  harima,  chloride  of  eaUiura,  and  especially 
with  eUoride  of  toiium,  prectpitatss  of  various  colours ;  no  precipitatA  with  brpo- 
HUlphite  of  sodium;  widi  aad  ndphiti  qfaMtnonuoM,  a  gslatiuoas  precipitate,  whuji 
diaappeare  on  boiling. 

MMWULVai  or  KJBMATOSnr.  The  red  oolonring  matter  of  the  blood<op- 
pDsel(&  (See  Blood,  i.  607.)  Lebmann  (Compt.  rend,  xl  38S)  first  showed  tiiat  it 
may  be  obtained  in  the  crystalline  sbite,  B.  Scbwari  (Zeitselu.  f.  die  gee.  Nstorwis- 
sench.  xi.  22S)  prepares  it  in  this  state  by  xubmitting  the  comminuted  dot  of  oz-blood, 
freed  ss  much  as  possible  from  scrum,  to  preaaoce,  and  agitating  the  expressed  liquid 
by  small  portiona  with  a  saturated  solatioD  of  oxalic  acid,  with  addition  i^  alcohol  and 
a  large  quantity  of  ether.  The  clear  dark  blown  solution,  decanted  after  a  few  minutes 
and  left  to  stand  for  aome  weeks  over  chloride  of  calcium,  deposits  the  hcmntin  in 
small  black  nodules  made  up  of  cubes,  which  may  be  freed  tmm  admixed  oxalate  of 
calcinm  by  means  of  dilute  bydrochloric  acid.  Lea*  distinct  cryatala  may  be  obtained 
by  leaving  the  ethereal  solution  (o  evaporate  freely  ;  but  the  quantity  ia  always  smalL 
A  Bolution  of  luematin  obtained  as  above  from  horse-blood,  yielded,  on  staQdmg,  small 
rush-sbwed  or  s^dle-shaped  ciystals,  red-brown  by  transmittal  light,  ^nmatia 
may  be  (Stained  in  the  amorphooa  state  by  distilling  off  about  a  third  of  tbe  ether  &om 
tlie  solution,  and  mixing  (he  reaidae  with  a  large  quantity  of  water.  The  black  fiocka 
thus  precdpitat«d  are  washed  wltlt  wat«c  by  decantstion ;  then  boiled  with  strong  acetio 
acid,  to  free  them  from  sjbnminous  compounds,  as  long  as  the  liquid  is  tendered  turbid 
by  (tno^ranide  of  potMsium ;  and.  lastlj,  the  precipitate  ia  boiled  with  water,  alcohol, 
and  e^ec  in  sncceeaion,  and  tJien  again  treated  with  water.  The  crystalhsed  oom- 
pound  may  be  subjected  to  the  same  treatment  without  undcigoing  any  alteratioo. 
Enmatin  thus  prepared  ia  taateless  and  inodorous,  insoluble  in  water,  cold  alcohol,  and 
ether  1  partially  (7)  soluble  in  hot  alcohol,  easily  in  acidulated  alcohol,  whence  it  is 
precipitated  by  water.  The  solution  in  acidulated  alcohol  is  decolorised  by  peroxide 
of  lead.  Hematin  likewise  dissolves  eaaQy  in  slightly  alkaline  liquids,  but  not  in 
strong  sulphuric  or  hydrochloric  acid.  Silver,  lead,  and  copper-salta  form  precipitates 
in  the  ammoniucal  solution.  Heematm,  when  burnt,  leaves  a  readne  of  ferric  oxide 
mixed  with  small  quaatities  of  caleic  phosphate. 

The  following  analyses  of  hsmatin  by  SchwarE.  give  results  not  differing  greatly 
from  those  formerly  obtained  by  Mulder  (whence  the  latter  deduced  Om  formula 
C*'HTeM'0'),  but  agreeing  better  with  the  formula  C^HTeN'O". 


H^MATINONE— H^MATOlDIN. 


ICKHM       100-00  100-00 

Wbea  IB  akirfKilie  aolatioii  of  ojitallisad  haamtKn  !•  boiled  with  uiCrto  acid,  ths 
whole  of  the  nitraeea  of  the  htemtlin  ii  Rmnvm),  and  a  noD-aiotiBed  acid  ii  tbrnwd, 
tdgether  with  a  labstauce  which  ndacM  mpric  oxide  in  alkiiliiig  HiliitiQn,  and  fei- 
metiti  with  jeaat,  Tialding  alcohol  and  carbonic  acid. 

The  same  JlamofM  ii  aometiinaa  alio  oaed  as  a  ifnonjne  of  BaviToxruK. 

A  red  gbui  known  ta  the  aodeata,  and  nsed  fhr  mosuct. 


oxide  of  ofiper,  is  complete^  deatrojed  bj  fnrion,  and  cannot  be  mtored  bj  anj  addi- 
tioD  whatarer.  l%e  fned  maai  haa  a  gnniiah  Uad  colour,  which  reducing  annta 
VMO^j  MHiTeit  iiit«  a  mnd^  bn>wn-nd.  Haonatinona  containa  no  tin,  and  no  colou- 
iDgnibatanee  toMpt  enproQi  osid«. 

nia  autioM  riaea  maj  b«  vxaOiy  imitated  by  the  following  procns.  djacorcrcd  bj 
Pettenkofer  (Din^  p<d.  J.  ah.  132): — 100  pta,  of  riHca,  11  lime,  1  msgiinria, 
33  lithaisc^  and  50  eaibonate  of  aoda,  are  Aised  together,  and  Ui  tho  dear  white  ^aaa 
thaapradueed  are  addfd  SSpt^  of  scale  oxide  et  topper,  samewhat  later  2  pta,  of  scale 
a*id«  at  mm,  and,  laatljr,  a  small  ywnStj  of  charetnL  On  learinK  tba  hind  mass  to 
cool  slowh,  a  liTe^«oIotlnd  |^ass  is  obtained,  which,  when  ftirtJier  heated  (for  6  to  12 


Uthan^  60  a 
lide  a?  iron,  « 


(the  DM 
Ua^K 


I,  made  b;  melting  logetfaer  100  pta.  dlica,  10  lime,  0-5  mag- 

0  earbonata  of  soda,  30  scale  oxide  of  copper,  2  alumina,  sod 

...      .  0,  «xhiUM;  after  once  dow  cooling  in  the  air-fnmaee,  a  great 

ir  of  nd  pointe,  diflhsed  through  a  jellowish  Titreoas  man ;  on  catting  and 

polishing  this  ^Bse,  the  red  points  qtpear  as  beaatifnl  tnfis  of  necdle^haped  OTstals. 

When  part  of  the  silica  in  hnmatiDone  is  replactd  bj  boric  anhydride  (bj  addiiw 

borax  to  the  melted  mass),  a  dsdt-«(4oured,  diehnutic^  dTstalliiw  compound  is  obtained 

called  aatralite  (i.  42B). 

Fettenkofrt  is  of  opinlOD  that  the  same  cnitalline  cuprous  compound  (whether  pure 
niproua  oxidei  or  more  nobably  cuprons  siKeata)  vhi^  imparts  the  red  eotoor  to 
hBmatinone,  constitutes  Gkewise  the  crjatallina  spangUs  eoatsiaed  in  aTentnrin  glaaa 
(i.  477)>  irtiich  in  fkct  he  haa  prodnced  b;  ftiaing  hnmatintme  with  a  quantity  of  iron 
illinaa  aafflcient  to  ndooe  about  half  the  copper  contained  in  it  to  the  metallic  state 
ta  Mttling  down  in  the  form  of  a  t^los,  and  leaviog  a  deep  greenish 

k,  BcaTcely  lianaparent  ^ais  above),  beating  this  glass  for  soma  time  to  the  tempe- 

lalnte  at  which  it  aoAsna,  and  than  leaving  it  to  eool  vei;  slowlj.    ( Jahresb.  d.  Chsm.  i, 
lOSli  ix.7B8.) 
KJUKATIVM.    Native  seequioxide  of  iron.    (See  Tbok,  oxmit  or.) 
» "*  ^"rft-trm^rm-w »  t.t-tw,      ^    07"''^''^   mbatance   obtained  &om    blood 

SflOS).  It  has  the  oomposition  of  the  albaminoids,  and  if  quite  pure  would  probably 
colfnnless,  but  it  haa  never  yet  been  obtained  perfectly  fi4e  &oin  bwmatin. 

F— f"*"  nTjiw^TT-w,    Sja.  with  RMiuto-cnvr*ujH. 

HJBXAToinXV.  A  oystalline  snbetance  often  found  in  extravasated  blood 
{i.  807).  It  appears  to  be  prodoced  by  the  dccompoaition  of  hematin  ;  but  the  nature 
of  the  transfiwmalion  baa  not  been  exactly  made  oat  Accoiding  to  Vnrdeil  and 
Dollf  n  a  (Compt  rend.  m..  306),  cryatals  resembling  boFmatoi'diD  may  be  obtaini>d 
firom  ox-bleod  by  filtering  it  sfter  congnUtion  by  heat;  eTanornting  the  solntioa  to  a 
Syrap,  and  mixing  it  with  alcohol ;  strongly  concentrating  the  liquid  flltfred  from  the 
resulting  precipitate;  and  mixing  it,  when  cold,  with  dilute  unlpharic  acid.  Fat 
globulea  then  sepante  on  the  su&ce  of  the  liquid,  and  lometimea  red  crystals  n>- 
■embliug  lunnatcodin. 


4  HiEMAl-OSIN  -  H  JiMATOXYUN. 

Bobin  (Compt.  reed.  xli.  SOS)  found  a  considFraHc  quuititf  of  hnmRtoTdiD  id  nn 
hepttic  cjst,  forming  hard,  brittle  pnimii  of  118°  and  6!°,  and  of  a  bright,  orangs- 
i¥d  colour.  AocordiDg  to  Valentiner  (JMhresb.  d.  Chem.  1809,  p.  6S6),  ^■atanef^ 
bile,  and  thi  liren  of  pprsoDS  affktM  iritli  jaundice,  jield,  vbra  treatml  with  chlnro- 
fonn,  a  crystalline  aubatance  diflVricg  from  all  preTumslj  known  ingredients  of  bile, 
and  agrrcing  in  all  regpecta  with  hsmatoidin. 

KSK&TOSIJr.     See  HxiUTIN. 

MXtaA.TOX.YZ,TM,  alio  called  Hemotitt.  CWK)*.  (CheTrenI,  Ann.  Cbim. 
Im.  128— Qolfier-Besaejre,  Ann.  Ch.  Fhya,  [2]  In,  272.— Erdmann,  Ann. 
Ch,  Pharm.  iUt.  26!,— LeblauG,  Ttaiti  dt  Ctinu  de  DuIna^  Tiii.  102,— 0.  Hesse, 
J.  pr.  Chem.  lixv.  218 ;  Ann.  Cb.  Fharm.  eix.  332.) — A  crjBtallina  sabstance  con- 
tained in  Jogvood  {Hxtnatoxylon  CanHKctutnum),  and  the  eoune  of  the  colouring 
ppopertiee  of  that  well-known  dje.  In  the  pure  atate,  however,  it  bas  little  or  no 
colour,  but  ia  converted  into  a  colouring  matler  nndet  the  influetiee  of  aJkslia  and 

It  ia  preparpd  by  leating  tbe  commercial  extract  of  bswood — prariousl;  mixed 
with  qoajli-auid  to  prevent  a^lomerotion — ID  coDtact  vitb  6  or  6  times  its  Totume 
of  ether  (not  anhydrous)  fnr  seTeral  daya,  agitating  &om  time  to  time ;  then  decaotiDa; 
the  brownish-yelloi*  solution  ;  distilling  offthe  ether;  miiitig  the  syrupy  residue  witn 
water ;  and  leaving  it  to  itoelf  in  a  loosaly  corered  veaaeL  If  no  water  were  added, 
the  liquid  would  simply  dry  up  to  a  gummy  mass ;  but,  if  a  snfflcient  qnantity  of  water 
is  pneent,  the  hiematoiylin  crj^allises  in  the  course  of  a  few  daya.  The  crystals  are 
washed  witii  water  and  freed  from  adhering  mother-liquor  oj  preasure  between 
filtering  paper.  The  mother-liquor  mixed  with  the  wash-water  yields  SDOthsr  dop  of 
cnslala  b;  apontaneous  eraparation.  A  kilognunme  of  logwood  treated  several  timea 
With  ether  yields  &om  IDO  \o  ISO  grms.  of  biematoiytin.     (Erdmann.) 

Enmatoiylin  thoa  prepared  haa  more  or  leai  of  a  yellow  colour,  but  by  recryatal- 
lisatioD  from  waler  contauuDg  a  little  tulpbite  of  ammonium,  it  may  be  obtained  ia 
colonrleas  aystala.    (Hasse.) 

Hnnatoijlin  forms  two  kinds  of  CTTstals  obtaining  rmpeetivelr  S  and  I  at  waler. 
The  tiihjdrated  cijstals,  C'*H'>0'.3^0,  obtained  as  ab^e,  belong  to  the  dimetric 
^stem.  Ordinary  oontbination  oopte  .  P,  with  P»  anboidinata.  Len^  of  prindpal 
axis  •>  063  {nearly).  Angle  of  the  terminal  edgea  of  the  primitiTe  oetobedron, 
P  —  131°.  The  ciystalj  are  transpaient,  genenlly  very  brilliant,  and  sometimea  of 
conaidenible  length.  They  giffeoff  their  wiUei  (15'1  per  cent.)  inVBono  atordinaiy 
tempera  tnira. 

The  monohj/irttU,  C"H"0'.H*0  (containing  S'S  water),  ia  obtained  by  leaving  a 
Bolutian  anpersatnTated  at  mean  temperature  to  stand  for  some  tim^  in  aystala  of 
considerablB  site,  with  SDiooth  aod  sometimes  curved  focea,  and  consistiDg,  according 
to  a  preliminaiy  determination  by  Kanmann,  of  bemihedral  trimetrio  combinations, 
oP  .  ^  .  m&oB .  The  same  hydrate  is  obtained  in  grsnnlai  crystals,  by  pouring  a 
solution  of  hsmatoiylio,  nperaalmiitcd  at  the  boiling  heat,  into  a  cold  vesael  con- 
taining a  small  quantity  of  solation  of  add  anlphite  of  unmonimn.    (Hesse.) 

Dehydrated  hnnatcoyliB  containa,  according  to  lirdmann's  analyBM,  63'17 — IIS-66 
per  csDt.  carbon,  and  i-65 — (70  hydrogen,  whence  Erdmann  deduced  the  formula 
CS"0^',  aerhaTdt,however(2V<Bf.(,  iv.  299),  auggeeted  the  more  probable  (brmnia, 
C"H"0*,  which  requina  63-S  per  cHit.  C,  1-S  H.  and  Sl'9  O. 

HsmatoiylindiHSolves  slowly  and  sparingly  in  cold  mtkr,  oiailj  in  afcoAoI  and rtJbr 
(Erdmann).  It  diasolvee  in  a  saturated  solution  of  borax  more  easily  than  in  pnre 
water.  Ibrming  a  neutral  or  slightly  add  liquid,  which  exhibits  a  bluish  fiuomcence, 
and  from  which  the  borax  ia  not  predpitated  by  slcohaL  This  aolulian,  mixed  with 
hydrochloric,  acetic,  or  snlphnrin  add,  solidiftea  to  a  dense  maaa,  in  which  granular 

Satals  of  monohydrated  hnmstoiylin  quickly  form ;  but  on  addition  of  solution  of 
aride  of  sodium,  potassium,  or  ammonium,  ferrocyanide  of  potassi  am,  or  acid  sulphite 
of  ammoDium,  it  deposits  luematoiylin  as  a  white  amorphons  maas.  When  add  ml- 
phite  of  ammonimn  ia  added  by  drops  to  the  Same  sohilion,  hmato^lin  is  at  flnt 
depodtediD  the  form  of  an  amorphous  gummy  precipitate,  which  re-diasolvea  onboilipg 

tlteliqnid,  andreappeam  on  cooling;  bat  on  contin *' — ■'■"'' "^ 

to  the  syrupy  liquid,  a  point  ia  at  length  attained  al 

disappears,  andcrystala  of  hematoxylin  are  aoon  afterwards  obtained.    When 
phous  luematoiyKa  is  dissolved  in  bomng  water,  and  a  drop  of  hydnchlorio  add  added 
to  the  solution,  dystals  of  hnmatoxyliii,  geoerallj  the  monidiydrate,  ara  soon  depodted. 


UiEMIN_HAIR  .-, 

boItw  with  aome  diScal^  in  Bolntion  ficUoridt  qftodium,  man  urilv  in  n  ntnntcd 
■olntion  ctddorOt  ^  iartxM  (thii  ■olationdifintdepoaituigerjRlalBof  tbetiihydnCe, 
which  grmdiuUly  gire  pliM  to  thou  of  the  monohjdntv),  Ten  ibundantlj  in  (olation 
of  ordinary  pkapliak  of  todium,  fbnning  ■  liquid  which  beh&T«t  like  the  ■olutioQ  of 
luEinatoKvUn  in  baraz  above  nuntioned,  excepting  that  it  eihibica  ft  bado  reictioii. 

Hnmatoijlin  hu  &  atnnglj  soechmne  tute,  like  [hit  of  liqaorice,  tbit  perautent, 
and  without  Astringsnce  or  bitterneoa.  Ita  aolntiona  tnm  the  pltui«  of  poluiiBtion  \a 
the  right.     It  redocea  cnpric  oxide  in  ui  alcoholic  lolntian  containing  afiuli 

An  aqneoQS  tolntion  of  hRmaCozjrlin  ia  not  altered  bj  contact  with  pun  air  or  oxTgen 

ni ;  bnt  if  the  ilightnt  tzace  of  ammoma  ia  jnvaent  in  the  air,  the  liqaid  aeqniiea  a  jei' 

bwUh  rBdcoloQT,ari«ing  from  the  formation  of  hgmitaate  of  amnioaiiun;  pnibabljthua: 

CH'-O*  +  0  +  NH-  -  C'fH'(HH')0'  +  2H'0. 

Hemato^lin  melta  in  ita  water  of  OTatallisation  when  modeiatetj  litattd,  and  ia 
rompletely  carboniaed  at  higher  ti^mperatnrea.  CMorim  conTcita  it  into  an  nnoTital- 
liaabls  !□■■■■  With  nitric  acid  it  forma  oxalic  add.  AdpAurte  and  kjfdroMorie  aeidt 
have  bat  little  action  apon  it. 

With  AotM,  luematoxjlin  forma  componnda  irilioh,  on  exDomtc  to  the  air.  are  eon- 
verted  into  hcmateiitea.  Batyta-wattr,  added  to  a  boId 
air  by  boiling,  forma  a  white  precipitate  which  ei 
it.  Poltui  imparta  to  the  eolation  a  Tiolet  colonr,  qnicUj  chsngiog  to  [(uple  and 
brown.  With  acetate  of  liad,  nentral  or  basic,  the  aolntion  jielda  a  white  precipitate, 
wliich  qnicU;  tnma  bine ;  with  ntonc  acetate  or  aolphate,  a  gmniih  gny  precipitate, 
which  soon  becomes  dark  blue  with  a  coppery  loatre.  DicUaridi  of  tin  forms  a  roae- 
colonred  precipitate,  which  doea  not  change  colour.  Iron  alum  forma,  after  a  while^  a 
alight  bla<kian  Tiolet  predpitele.  Common  alum  colonn  the  aolation  light  red.  but 
doea  not  produce  a  i»«cipitate.  C\loride  of  bariam  firat  colour*  the  liquid  red,  and 
then  fonns  a  red  precipitate.  The  aolntiDa  of  h«matiiiylin  qnickl;  redncea  nitrate  of 
tiluer  and  chloride  o{  goid, 

9MWUU.  A  oTatallised,  inteneety  red  anbetanea^  whieli  mar  ^  prepared  from 
blood  in  rarioaa  waja,  bat  is  diiBcntt  to  obtain  in  the  pare  atatat  and  baa  therefore  not 
bean  analysed.  The  ci^etala  are  obtained  immediately  on  mixing  blood,  either  freeh 
or  boiledl,  with  strong  acetic  acid.  No  crystals  are  fbnned,  howevar,  when  blood  coaga- 
lated  hj  boiling  is  first  washed  with  water  and  then  treated  with  acetic  add  (Teieh- 
mann,  Ffnifer  and  Henle'a  Zeitschr.  f.  rat.  Hedidn,  iiL  3ST;  Tiii.  141).  According 
to  ErauBS  (Jahmb.  d.  Chem.  1861,  p.  TSS),  human  blood  may  be  diatingnished  with 
cettainty  from  that  of  the  ox,  aheap,  pi^  monse,  or  poallzy,  t^  the  chaiactera  of  the 
luemia-errafala  obtained  from  it. 

tmrwtmrtitmaXT^    Oligodase  from  HafittQwd,  in  Iceland. 

KAZSSwaMBZTS.  A  hydnted  arsenate  of  caldnm,  2Ca^HA^.SH*0,  aop- 
poaed  to  be  fcom  Baden  or  Joschimathal,  anoeiated  with  pbarmaeolite.  Ocean  in 
minute  eryitaU  belonging  to  the  trimetric  sjatem,  mostly  congrq^ted  in  botiroidal 
fimns  and  drasy  crusts.  Specific  gravi^r  S'SIS.  Hardnees  1-fi  to  3-S.  Lustre 
vilmoas:  Colour  white.  Streak  white.  Transparent  or  trnMloeent.  Sedile ;  their 
lamime  slightly  flexihle.     (Dana,  JL  413.) 

CryetalB  having  the  fbnn  and  ccmpontioD  of  haidingerito  may  be  prodoced 
artibciaily  by  digesting  earbonace  of  calcium  at  ordinary  lemperatDreii  with  exceaa  of 
aqneooa  arsenic  add.    (Debcay,  Ann.  Ch.  Phys.  [3]  Ixi.  tie.) 

**T».  Hair  consists  of  a  (^lindrieal  tube  clothed  with  minute  scales,  lum'ng 
their  points  directed  towards  the  free  extremity.  The  tube  is  filled  with  an  oil,  which 
gins  the  colour  to  the  hair ;  in  white  hair  this  oil  is  colourless. 

In  the  normal  state  hair  is  insensible,  BlroDgly  electric,  and  a  had  eonduct«r  of 
heaL  In  contact  with  the  air,  it  swells  and  absorbs  moiiture,  but  doea  not  pntrel^. 
Qiloiine  first  bleaches   and   then    conrerti   it   into   a  resinooa    matter   resembling 

ioBotalile  in  water.    Heated  with  water  in  a  sealed  tube,  it  ia  deoompoaed, 

'     ' .    ■    -.      .  '-'a  takes  pis ""      '' 

!id,  eulphu 
s  dissolve  : 
colonred  rolatioiiB.  Alkalis  diasolTe  it.  Many  salts  and  metallic  oxides,  and  li 
certain  organic  snbetanceB,  change  the  colour  of  red  or  white  hair  to  black.  A  solution 
of  nitrate  of  silrer  in  ether,  or  the  same  lalt  mixed  with  lan^  oil,  ilaked  tim^  or 
t^TOgallie  acid  is  commonly  used  fbr  blackening  hair. 

Hair,  when  heatnd,  becomes  hard,  swella  and  emits  an  odour  of  bomt  horn,  and  in 
the  open  air.  takes  Are,  bBma  with  a  bright  flame,  and  learea  a  residue  of  chawoal. 
Bj  dry  distinction  il  jiridn  oily  toJ  wumoniacal  products. 
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b  HAIE- SALT— HARDNESS. 

According  to  Von  laar,  hnman  bur  contains  498  per  cent,  ottixyo,  6'4  hjdrtigat, 
171  nitrogen,  fiO  anlphur,  and  iCI  oxygen.  It  lenTM  b;  calciiuition  from  032  to 
1-Hfi  per  o-nt  of  ash,  conaintiag  of  0'17  to  0-93  •olnble  matter,  0-A6S  to  0'3M  oxide 
of  in)D,  and  O'ODO  ta  0-628  eartbf  falt&     (Peloaze  «t  Primj,  Traiti,  tl  244.) 

KAZK-««XT.  A  term  applied  la  native  Mdphate  of  alumimum,  A]<(80'}*.9H*O, 
and  to  irvn-alunt,  AlTe  (S0')'.12H'0,  these  salts  sometimes  occmring  in  delicate 
flbnnu  msMes.    (See  Axox  and  Sulfiutis.) 

KAXblTK  Basic  salphats  of  alnmminm,  2(A1*0'.30*).3K'0.  (S71L  with 
WiBamBiTa.) 

HAIXOTBITB  OF  S&SXrOTVK.  A  hydnted  silicata  of  alamininni  contatu 
ing  a  larger  proportioa  of  »at«r  than  ordiaatj  claj,  which  it  Dthemiin  rASemliles. 
After  drying  in  the  air  at  ordinary  t«mparatn»s,  it  retains  Dearly  2H«0,  hot  by 
dijinfi  in  the  kiln,  the  proportion  of  water  is  rednced  to  nearly  that  of  common  claj,Tii. 
Al'<)'.SiO'  +  HH).  It  occurs  in  white,  soft,  smooth  masses,  with  conchcadal  waxj 
fnicture,  adhering  to  t^e  toogue,  opnque  or  tmaElncrnt  at  the  cdgM  only.  Wlien 
immeised  in  water,  it  does  not  fall  to  pieces  but  becomes  moro  trBaalucent.  It  is 
readily  deooniposed  by  sulphuric  acid.     Tba  foUowiag  are  analyses ; — 


Alomina  .  .  SS'49 
Silica  .  .  .  47-75 
Water  .        ,        .       16-78 


100-00 


Alumina     ....     36-00    .        .        .     33-66        82-46 
Silica  ....     40-2.^     .  .      40-6B         43-10 

Water         ....    24-26    .  .    24-tt3        22-30 

Kagnceia  - .        .  0'26    ,  ,  I'TO 

9976  89-16        99-66 

a,  from  Honsscha,  nearSayonne;  (1)  kiln-dried;  (2)  ausdriedj^l,  from  Anglena, 
near  lAige;  (1)  kiln-dried;  (2)  air-dried; — c,  firan  Ouat«que,  in  Sew  Granada; 
(1)  dried  at  100° C. ;  (2)  oir-dned;  this  specimen  oootaiued  a  tzaoe  of  sal-ammoniac; 
— d,  from  Upper  Silesia,  contaimng  atiace  of  manganese ; — e,  bom  I^YotUh;—/,  from 
Thiviers.  (Qm.iiL417.) 
XAXAOKV.  The  eleetni-negatiTe  ndiele  of  a  haloTd-salt. 
K&XAEO  KAXni  Beiielius  a[^ed  this  term  to  salts  consisting  of  ■  mplal 
suited  with  an  electro-negatiTs  radicle,  viz.  cMorida,  bromidit,  iodidei,  csanidtt,  iu., 
deaignating  by  the  term,  Ajo'His-BAi.Ta,  those  which  were  supposed  to  leenlt  from 
Uw  anion  of  two  binazy  ODrnpoonda  containing  a  comoHMi  element,  vii.  tlie  oxygen- 
salts,  salpbur^altA,  seleninm-Balta,  and  tellnri  urn-salts.  The  distinction  between  tEeM 
two  elaase*  of  salta  is  no  longer  retained,  bat  the  t«rm  haloid  is  still  oecMioually 
l^iadto  the  diloridM,  broioidet^  iodides,  fluoridee,  and  cyanides. 

RAZATWtOBZn.    A  silky  iron-alum,  from  the  Solfiitara,  near  Naples.    (See 
Snu>HiTas). 


.    A  name  applied  Sometimes  to  nalire  iron-alnm,  sometinicB 

o  native  hydiated  aulpbale  of  aluminium.     (See  ScLnuTSS. ) 
■LA.TKZOWIO  AC 

inthic  acid.  Its  com 
ins  31-4  per  cent. 
10  Acid,  ii.  610.) 

(See  Sn^iiTB.) 

»V*>  OV  MLZaBK&KS.    A  harder  body  is  distinguished  ban  a  softer 

7  attempting  to  scratch  one  with  the  other,  or  by  Irring  each  with  a  file.    Ti 

eflnite  character  to  the  results  thus  obtained,  Moha  introduced  a  scale  ol 

lees,  consisting  of  ten  minemle,  gradoaUy  increasiuginhutbeas&oml  to  10,  Tm.; 

1.  Tale:  oommoo  laminated,  lijhi-grean  variety. 

2.  Qyptum:  a  OTStalliaed  Tancty. 

3.  Calo-ipar  ;  transparent  varipty. 

4.  Fluor-tpar:  lajBtiilline  variely. 
6,    ApatiU  ;  transparent  variety. 


bjGooglc 


HARUALA  -  HARM  ALINE. 

(orthoelua);  white  deaTable  Tui«^. 
Qniortt;  tnnsparenL 
Topaz;  tzaiuparent. 
SappUrt:  elaanblsTi 


The  haidiKas  of  any  girm  mineral  ma;  be  determined  by  BtlemptiDg  to  aostcb  it 
with  aome  of  the  abore  miDcralc^  or  bj  tiying  to  aenteh  a  nuooth  loibce  c^  the  sae- 
eeaeiTe  msmben  of  tli»  Bcale  iriUi  a  Bhaip  cornn'  of  tbe  labiitaiice  to  be  examined ; 
thiu,  if  it  amtcliefl  Suor-apai  and  ia  scratched  by  apatite,  the  hiudaeas  it  betveen 

Or  again,  the  rplatiTe  baidneaa  of  a  mineral  may  be  determined  by  abrading  one  ol 
its  nlgea  vith  a  Bie.  If  the  file  abrades  the  niinenl  nnder  trial  with  the  same  ease  as 
Bnor-spar,  and  prodoeea  an  equal  depth  of  abraaioD  with  the  same  force,  the  hardneM 
is  said  to  be  4.  If  the  mineral  ia  abraded  more  easily  than  flnoi-spar,  but  leaa  Ruily 
than  apatite,  the  hardnma  may  be  iiS  of  1'6.  In  TnaH^g  these  comuratiTB  triala, 
am  must  be  taken  to  apply  the  file  to  edges  of  equal  obtoseness.  That  pait  also 
of  the  specimen  should  be  selected  vhich  bu  not  been  altered  by  extxisnre,  and  haa 
'  ~  '  '  legree  of  transparency  and  compaetocaa  of  itractare.  The  pnu 
m  flhonld  bi 

impniities  or  imperfect  sfigreBationa  of  particles,  whilst  they  scnteh 
showing  that  the  particlel  are  hard,  Snt  loosely  aggic^ed ;  this 
jn-._u— ..J  ui  c^^bited  by  certain  Tarietiea  of  chiastolitt^  spinel,  and  sapphire. 

ISanj  minerals^  kyanite  and  mica,  tor  example — present  different  d^reee  of  haid- 
neaa  on  diprim'T'T  faces.  This  Jneqnality,  like  diobrence  of  colour,  hstr^  Ac,  in 
the  &cea,  is  oonflned  to  tbose  jnimary  forma  which  are  developed  upon  nnljke  axes. 
(Dana,  L  IBO.) 

KASaKA&A,  AUKAKoma  or.  (Q-erh.  iT.  9. — Hacdw.  d.  Chem.  iiL  769.) — 
The  seeds  of  the  Figanitm  HarmaUi,  a  plant  growing  abandiintly  on  the  ateppea  of 
Southern  Bohib,  e^ecially  in  the  Crimea,  contain  two  organic  bases  called  harma- 
line  and  harmine.  probably  in  the  form  of  phoapbatee ;  (ha^  u«  fbuid  in  the  ssed- 
eoaliii^  not  in  the  keineL  To  obtain  these  alkalinds,  the  putTenaed  aeeda  are  exhausted 
in  a,  pHiwlating  apparatus  with  water  acidulated  with  acatio  or  sulphuric  acid;  and 
the  bcowmah  yellow  extract,  which  eonbunn  the  basea  in  the  fonn  of  acetates,  together 
with  aur^hj  phoaphatoe,  colouring  matter,  Ac,  ia  mixed  with  a  solution  of  common 
sal^  ^enupon  the  hydiochloiatea  of  the  aUcaloids,  which  are  insoluble  in  that  liquid, 
are  pceciptatad  together  with  colouring  matter.  Nitrate  of  sodium  may  also  be  used 
instMd  of  the  chloride,  prorided  care  be  taken  that  the  extract  of  Uie  seeds  does  not 
eoolun  free  nilphuric  amd,  as  the  nitric  acid  which  would  then  be  liberated  might 
deeompoM  the  alkaloTda.  The  piedpilale  is  collected  on  a  filter,  and  washed  with 
brine  antil  the  wlu^  of  the  motiier-liqnor  is  ranored;  then  dissolved  on  the  Alter 
with  cold  water,  which  leaTaa  part  of  the  colonring  matter  ondiaaoiTcd.  The  solation, 
treated  with  aninuJ  charcoal,  and  dien  at  a  temperature  of  SO"  to  60°  C.  with  am- 
mania  added  by  amall  porliona,  yields  the  alkaloids  in  the  pure  state,  nearly  the  whole 
of  the  ti»rminn  bong  thrown  down  befiH«  the  hanuline  b^;in«  to  separate.  As  soon 
as  the  latter  body  makes  its  aj^iearanoe, — whidi  may  be  known  by  eismining  tJ 


s,  and  two-thirds  of  harmaline. 

SAWAJUb  MMO,  The  aneda  of  hamiala  contain  alao  a  red  colouring  matter, 
whidi  nay  b«  extracted  by  digesting  them  with  alcohol  ibr  8 — It  dsya.  It  is  insoluble 
ia  water,  easily  aolnble  in  ether,  and  dissolTes  in  all  prcwirtions  in  abeolute  alcohol. 
It  nnitca  with  acids,  forming  red  salts,  and  dyes  wool  or  silk  mordanted  with  acetate  or 
sulphate  tk  alumina,  from  Uie  li^teat  rose-colour  to  the  daepest  scarlet.  The  colonia 
do  not,  bowevei,  i^ipesr  lo  he  very  fsst,    (Qm.  iri  119.) 

SAaMASXMM.  C"H"N'0.— DiscOTered  by  Qobel  in  1837  (Ann.  Ch.  Fhslm. 
xxiriii  383);  afterwards  more  minutely  examined  by  Pritiache  [ibid.  Iiiv.  3M; 
Iiriii.  3fil,  365;  Ixxii.  306;  Ixxxviii.  327).  It  ia  ccdonilesB  when  pore;  if  it  has  a 
yellowiah  or  brownish  tint,  it  may  be  purified  by  suspending  it  in  water,  adding  acetic 
acid  in  sufficient  quantity  to  dissolve  it,  flltenng  to  separate  colouring  matter,  then 
prwipitating  with  chloride  or  nitrate  of  sodium,  or  hydroctiloric  add,  washing  the  pre- 
tipilote  on  a  fllt«r  with  a  dilute  skntion  of  the  reagent  empioycd,  disaolnng  it  in  t^d 
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WBtfi,  treating  tht  ■olntion  witli  knimiil  chftrtoal  till  it  eihibits  k  light  ydltnr  colour, 

and  precipitating  b;  Oiiutic  potaah. 

Earmaline  cirstalliaed  &oin  alcohol  fomu  octahedniiu  beloni^ag  to  the  trimetrie 
ayit(!m,  modieed  b;  tfao  fiicea  nPs ,  ibI'b  ,  and  ^ic  .  Ratio  of  the  Tertical  to  th« 
horiionlal  axM,  1  ;  1-804  :  I'ilG.  Angles  of  Che  t«niiiiial  rdgee  in  P  —  116°  34'  and 
131°  18';  of  the  lateral  eima  in  the  same  —  83°  61'.  It  ia  sparingly  solahl*  in  vater 
and  «ther,  mcxleralelj  soluble  in  cold  alcobol,  and  yeij  freelj  in  boiling  alcohol.  It 
haa  a  faint  bitter  (aaCe ;  and  colours  the  saliva  yellow. 

narmaline,  wheo  heated,  melta,  gives  off  viiite  Taponis  nod  heoomei  carbonised. 
Heated  in  a  tube,  it  yields  a  white  mealy  sublimate.  Oxidlsiog  agants,  under  certain 
circumstances,  conveit  it  iDto  a  red  colooriag  matter,  iosoluble  in  water,  aolubla  in 
alcohol.  By  same  oxidising  agents,  however,  harmaline  ta  converted  into  hariaine  by 
loaa  of  2  at.  of  bydrugen ;  this  change  takes  place  when  the  add  chromale  of  barmaline 
is  heated  to  120°  C,  Or  when  harmaline  is  heated  with  bydrochloric  acid  and  alcohol, 
to  which  a  little  nitric  acid  ia  added.  When  nitnte  of  harmaline  is  heated  with  alco- 
holic hydrochloric  add,  the  harmiliBe  is  converted  into  harmiue.  Hannaliue,  boilnl 
with  excess  cSnitrie  aeid,  yields,  first,  nitroharmalioe,  theD,by  longer  boiling  nitr  o- 
harmine:  with  boiling  nitromvriiitic  add,  it  forma  chloronitroharmine. 

*"'  ' '        '  '  '  ■  re  yellow,  have  a  bitter  taste,  and  are  for  the  moet  part 

e  acttaU  is  obtained  by  spontaneous  evaporation  of  a  solution  of  harmaline  in 
acetic  add,  in  the  form  of  a  syrup  which  becomes  crystalline  after  a  while.  A  solution 
«*  tk-  ...^tbtA  w.;-^  •_'ii.  ^^A  '»i>^.[>nate  of  potaasium,  yields  acid  ""-*""'■'-  "'  i^--...- 

ipo«id  offine  needlea.     The  n(  _  ..   .__.    .    . 

h  the  salts  ef  harmaline,  or  merely  Ihtow  down  U 

lie  tKUtral  cliromaU  is  a  Spaiingly  solnble,  yeUow,  eryatalline  salt,  which  msy  be 
obtained  by  adding  acetate  of  harmaline  drop  Irv  drop  io  a  solution  of  neatral  chromate 
of  potassium,  saturated  in  the  cold,  filtering  m>m  the  precipitnte  of  harmaline  first 
produced,  and  adding  more  acetate  of  harmaline  to  the  filtrate.  The  arid  chromaU, 
2G'*H"NKI.HK).2Cr"0",  is  produced  hj  adding  acid  chromate  of  potasnium  to  a  dilute 
salntioD  of  harznaline,  and  separates  immediately  in  oily  dropa,  which,  after  a  while, 
become  aratjilline.  When  heated  to  120°  C,  it  la  rapidly  decompoaed,  yielding  a  sub- 
limate of  karmitit  and  leaving  a  dark-coloured  residue  containing  chromium. 

The  hydnxhioraU,  C"H"N'0.fiCL2H'0,  forms  long  prismatic  needlea  coatainins 
IS'3  per  cent,  water  cj  crTBtsUisation.  It  is  moderately  soluble  in  water  and  in  liixAuA. 
The  cHoTopiaHnate,  C"H"N'O.HCLPtCl<,  is  a  yellow  precipitata. 

The  kgdroeyanatt  forma  a  peculiar  alkalL  The  hydrofemcyanatt  i*  a  brick-red 
dystalline  powder ;  the  hydroferriegitnatt  forme  long  dark  green  prisms.  The  ttdphi- 
tganatt  forms  silky  needles,  sparingly  soluble  in  cold,  more  sotoble  in  boiling  water. 

Sitrate  tjf  karmaliiu,  obtunsd  1^  precipitating  the  acetate  with  dilute  nitric  acid  or 
nitrate  of  ammonium,  fbrms  needles  sparingly  siuuble  in  pure  water,  and  almost  inso- 
Inble  in  water  containing  nitric  add. 

Oxt^Ui. — When  aqueous  oxalic  acid  is  boiled  with  excess  of  hamialiDe,  crystals  of 
the  neutral  salt  separate  on  cooling ;  end  oxalic  add,  added  to  the  solution  of  these 
dysfala,  precipitates  the  add  oxalate  of  hj         '' ' 


ly  digesting  dilute  anlphnric  acid  with  excess  of  harmaline,  and  erapo- 
iDg  cno  niiraie,  the  neutral  anlphate  is  obtained  as  a  yellow  lesin,  irhidi,  when  laft 
ir  oil  of  vitriol,  ebanges  to  a  radio-crystalline  m 


Suiphile.— The  solution  of  harmaline  in  aqueous  sulphuric  add  dries  op  to  a  yellow 
resin,  exhibiting  no  traces  of  ciyafaJlisation. 

Sviphi/drate. — By  mixing  concenlnted  solutions  of  snlphydrate  of  ammoniuni  and 
acetate  of  harmaline,  slender  prisms  are  obtained  whidi  quickly  decompose  on  ocposure 
to  the  air,  after  separation  of  the  mothsi^liqaor. 

BytfriMran-harinaUiie,  C'>H'*NK)-'C>fH'<N*O.HCy,  is  a  base  containing  the 
elements  of  hrLrmaEue  and  hydrocyanic  acid.  It  is  obtained  by  dissolving  hamuline 
in  dilute  boiling  hydrocyanic  acid  and  filtering  hot,  being  then  depceited  in  dystals 
on  cooling;  or  by  pouring  a  solution  of  cyanide  of  potasaiurn  into  a  solution  of  a  salt 
of  harmaline.  or  caustic  potash  into  a  solution  of  a  salt  of  harmaline  previously 
mixed  with  hydrocyanic  add.  From  aqueous  solutions  it  is  deposited  in  smorpbous 
flocks,  which  give  off  hydrocyanic  acid  when  dried  in  the  air;  the  decomposition  may, 
however,  be  prevented  by  diwolving  the  powder,  while  yet  moist,  in  hot  alcohoL  If  it 
still  conlaina  harmaline,  it  may  be  pnnfled  by  suspending  it  in  water  and  adding 
acetic  add,  which  readily  dissolves  the  hajmaline,  bnt  exerts  Uttle  or  no  action  on  the 
hydrocyan-harmaline. 

This  base,  when  pure,  forms  thin  riiomboidal  tables,  which,  when  diy,  undergo  no 
klteiBtion  by  expoenre  to  the  air,  or  in  vacuo,  or  even  at  1U0°  C.    At  a  higher  tem- 
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dMompoMd,  giring  off  red  ymponn,  uid  Tielding  ft  purple  lolDtiOD  which  depooita  Don- 
ciyitalliiie  gcmini  of  a  flue  red  cokmr,  ehunged  to  grMD  b;  uninoDii.  HjdiDejan- 
hanaaliDa,  heated  with  hydrochloric  acid  and  cblwide  of  pobwnum,  ji<Jda  a  nainou 
piadnet 

The  lalts  of  hjdrocyaD-harmaliiie  are  ctsd  1ms  etabla  than  Ihow  of  har- 
malinSL  The  base  does  not  appear  to  oontbioe  with  all  acida.  The  hjdrochlorata, 
C"H><NK).C7E.HC1,  is  a  OTBtallma  povdfr  composed  of  imaH  octahBdroDS  with  a 
rhombic  base  and  KCondarT  facHi,  whereas  hjdioehlorats  of  hannaluie,  when  examined 
hj  Uie  miiaiiacope,  appoan  like  an  aggregation  of  long  jellow  prisma.  The  tutralt  and 
riJpiaU  are  also  ciTitslliiHi. 

Wtu*h*rtaaam».  C"H'-N*0'-C7^'^N0-)K<0.  OryBOanntiu.— This  bod;, 
which  is  deriTsd  &oin  harnuline  by  the  subatitQlioa  of  1  at.  nitnl,  NO*,  fbr  1  at. 
hrdiogen,  may  be  prepared : — 1.  By  ■DspandiDg  1  pt.  of  harmalina  in  B  or  S  ptA  of 
akohol  of  80  per  centi,  adding  i  pCs.  of  atroi^  snli&iiric  acid,  and,  whrn  the  eolation 
is  complete,  2  pts.  of  moderately  eODcmtiated  nitnc  add ;  haating  the  mixture  on  tht 
valec-tiath ;  and  as  soon  as  the  reaction,  wluch  is  Tery  briik,  is  over,  cooling  it  quickly 
to  pierent  aecoDdary  deeompoaitioiu.  The  liquid  than  depoaits  sulphate  of  nitrohar- 
msJiiie,  irtiich  is  to  be  waJied  with  alcohol  cootaining  sulphuric  add,  then  disaolved 
in  warm  water,  and  precipitated  1^  dilute  potash  or  ammonia.  If  the  nitTohannalina 
thus  [oeeipitated  contains  bannine  or  undecomposed  hannaline,  it  may  be  freed  there- 
from hj  means  of  Bnlphiinnis  acid,  which  fonos  a  sparingly  solubte  salt  with  nitro- 
harmaline,  tnt  teij  soluble  salts  with  the  oUier  two  baaea. — 2.  By  a  process  exactly 
similar  to  that  irtiieh  will  be  herrafler  described  fiir  the  preparation  of  nitrohannine, 
fieepliiig  that  the  nitric  add  used  must  bs  weaker,  ris.  of  spsdde  grari^  1'12  instead 
of  1-40. 

NitKiharmaline,  piedpitsted  from  its  salts  l:^  an  alkali,  is  an  orangF-coIonred  powder 
composed  of  microscopic  prisms  ;  larger  crystala  are  deposited  from  the  alcoholic  solu- 
tion. It  is  bat  sparingly  sotabla  in  eold  water,  to  whidi,  howeTnr,  it  imparta  a  yellow 
cnloor ;  boiling  water  diMolTee  it  much  more  freely.  It  is  more  soluble  in  alcohol  than 
harmine  or  harmaline ;  sparingly  soluble  in  cold  ether,  more  soluble  in  hot  ether.  It 
difsolTes  in  oils,  boUi  fixed  and  Tolatile;  also  in  hot  rock-oil.    It  melta  at  120°  C. 

Heated  with  ammoniacal  salts  it  decomposes  them,  expelling  the  ammonia.  Nitric 
add  conTerts  it  loto  nitroharmine. 

The  salts  of  nitr  oh  arm  aline  are  yellow.  The  l^roeUorate.  C"H»(NO>) 
NKJ.HCl,  crystallisee  in  smaU  prisms ;  its  solatioik,  mixed  with  didjoride  of  platinum, 
yields  the  Aionpl^ainaU,  C>*H''(;NO*)NK>.HCLPtCP,  aa  a  yellow  predpiiata,  which 
nllimaCely  assnmca  the  form  of  minute  prisms. 

The  nilralt  cryBtalliaea  in  yellow  needles,  rather  sparingly  soluble  in  water,  espe- 
dallj  if  it  contains  a  little  nitric  add.  A  perfectly  neutral  solution  of  this  salt,  mixed 
with  ammoniacal  nitrate  of  silver,  yiel'Is  a  yellowish  red  floeculent  predpitate,  consist' 
ing  of  aryenlotiUroianiuilint,  C"H"Ag(NO')NS).H'0. 

A  eomponnd  of  nUrBAarmaUne  wiiA  nitrait  of  tileer  is  obtained  in  light  yellow 
aystallins  flakea  on  ""'"g  an  alcoholic  aolntiou  of  nitiohamialine  with  nitrate  cf 

The  ntutral  mlpiait  is  obtained  as  a  cryatalline  predpitate  on  saturating  a  solution 
of  the  acetate  with  Bulphale  of  ammoninm.  The  add  tuiphatr,  C"H"(NO')N'O.H'80<, 
is  produced  by  dissolTing  the  base  in  exceea  of  solphone  acid,  mixed  with  alcohol,  or 
by  disBolring  it  in  strong  sulphuric  add,  and  pouring  the  solution,  drc^  by  drop,  into 
eold  wal«r.     It  is  a  pale  yellow  crfBtalline  powder,  nearly  insoluble  in  cold  water. 

The  tiiljJota  is  Tery  little  soluble  in  cold  water,  especially  if  acidalat«d  with  sulphu- 

The  aettab  is  soluble ;  the  oxelale  crystallisable.  The  hydroferroeganatt  is  a  yellow 
oystallins  predlritate.  The  hj/drofirricganale  separates  in  oily  drops,  which  solidify, 
afti>(  a  while,  to  a  ergrstaUins  powder.  The  tidpioci/anate  forma  sparingly  soinble 
microacoioc  needle*. 

Ha/droeyanB-nitroXarmaline,  Ci'H"(NO')N'0  CyH,  is  obtained  by  dissolring 


IP  in  a  hot  alcoholic  solution  of  hydrocyanic  acid ;  also,  by  leaving 
centiated  solntjtai  of  acetate  of  nitioharmaline,  mixed  with  hydrocyanic  add,  to  evapo- 
rat« ;  or  bv  adding  ammonia  to  a  salt  of  nitroharmaline  containing  hydrocyanic  acid. 
It  forms  afender  yellow  needles,  which  give  off  the  odour  of  smmonia  when  moist,  but 
are  permaneat  when  dir.  By  boiling  with  water,  it  is  resolved  into  nitroharmaline 
and  hydrocyanic  add.  Decomposed  also  by  strong  ammonia  or  potash.  It  dissolves 
in  strong  sulphuric  add,  and  the  solution,  poured  into  a  small  quantity  of  water,  yields 
needles,  apparently  consisting  of  an  insoluble  sulphate. 
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■ABIOWK.  C"H><Ny).  (Fritiiehe,  toe.  dt,  p.  7.)-7ThiB  slkali,  vhich  cod- 
twDB  2  at.  H  tesB  th&n  humalioe,  mty  be  obtMiMd  ddler  directly  from  the  tetda  of 
Pegmtutn  iarmala,  in  tlie  maiuwr  mbndT  deacribad,  or  u  s  product  of  tbe  oxidstion 
of  hamuliBs.  Add  ehnimato  of  hannalme,  heated  to  120°  C.,  decompoa«a  mddea]; 
vitb  BTolntiDn  at  heat,  md  piodnces  harmiue,  part  of  irtiich  Tnlntilinm  and  oondeDBHi 
on  the  odea  at  the  TeseeL  A  better  process  is  te  heat  hanualine  vitb  a  nuitare  of 
eqaal  puts  of  hTdrochloric  s«id  and  alcohol,  to  which  a  little  nitrle  add  ia  added.  The 
coarenion  of  the  hanaaline  ie  comjilete  Boon  «Aer  the  lii^oid  bwins  to  boil,  and  on 
cooling,  hjdrochlorate  of  hannaline  u  abnndanllj  deponted  in  slendW  neadlea.  The  so- 
IntioD  of  this  salt,  decomposed  by  ammmia,  yields  tJie  base. 

Bartnine  tixms  rhombo'idal  prisms  of  124°  18',  and  fiS"  42',  neatly  insoluble  in  iwi(«r, 
'veiy  qiaringlj  aolubls,  at  orainary  temperatuiea,  in  akoiol  and  in  efAfr.  It  is  a 
weaker  base  than  haraaline ;  navertheleM  it  expels  ammonia  bom  its  salts  at  the 
boUing  heat. 

The  salts  of  harmine  are  colonrUes,  and  moaUy  eryetallinei  their  aolutiona 
have  a  yellow  tint  when  eonnmtrated,  bluish  when  dilnte.  Alkab's  and  alkaline  car- 
boDates  decompose  them,  preeipitating  the  base. 

The  aeid  citwnai^  2C"H"N*O.Hi0.2CiH)*,  is  always  Ibnned  on  mixing  an  acdd 
eolntioD  of  hannaline  with  a  solnhle  chiomat^h  It  is  decompoaed  by  heat,  yielding  a 
peculi^  baee. 

The  kydroddonOe,  C"H>'N*0.HC1,  forms  needles  containing  12-38  per  cent  water, 
which  they  giTo  off  at  100*  C.  From  alcohol,  (le  salt  ie  dejroeited  in  the  anhydrous 
eUta.     lixdJ^Toplatinate,  C'*H"N'O.HCLPtCl',  is  a  floocnlent  precipitate,  becoming 

3Btall[ne  when  heated.    Tht    "  .-.■..  .  ■  -.  .    - 

d  solutions,  and  cryBtaUiae 
resemble  the  hydrochlorate. 

The  hydToftrTocyanati  and    ,       ,         _ 

The  nitratt  forms  yellow  needles;  epaiii^ly  eolabls  in  Cold  wal«r,  s 
acidulated  with  nitric  add. 

The  neatrai  onilatt  is  a  djitalline  precipitate.  The  acid  <Ktalat»,  C"H'%*O.CE*0<. 
H*0  fonaa  ladiatiag  needles,  oontainmg  6-i1  per  cent,  water,  which  tliey  give  off  at 
100°  C, 

Tbe  naaral  niipltale,  2O'H'^*0.K'S0*.3H*0,  obtuned  by  diseolTing  an  excess  of 
harmine  in  dilnte  snlphoric  acid  and  erapoistilig,  forma  concentrical^  grouped  needles 
containing  S'6T  per  cent,  of  water.  Tbe  luid  iidphait,  CH^'N'O.H'SO',  obtained  by 
adding  excess  m  snlphorie  add  to  a  solntion  of  haimaline  in  boiling  alooluil,  taciaa 
dystus  nmilar  in  foim,  but  anhydions. 

The  ttilpho^/anoU  ii  obtained  by  predptation  in  yeDow  needlei. 

BiihtlUvtioK'iermaaxi  o/Harmint. 
BlBblarbuiDbw.  C>*E'>a*N'0.  (Fritasche,  Fetcnb.  Acad.  BuR  r  12.>~Fro- 
duced  by  the  action  of  hypodiloroiu  sidd  on  harmine.  To  prepare  it,  a  Tsry  dilate 
solution  (containing  1^  to  2  per  cent.)  of  hydrochlorate  of  harmine  is  heated  to  boiling; 
10  to  IS  per  crait.  of  atrons  t^droehloric  acid  is  Chen  added  to  it,  aod  aiterwards,  the 
■olation  being  still  k^  boiGng,  chlorate  of  potassium  ii  thrown  in,  by  small  quantities 
ai.  a  tsne,  until  the  brownish  red  colour  which  the  liquid  bssuihiis  at  Srst,  is  changed 
to  pura  yellow.  The  ebnlli^n  ia  maintained  a  little  while  longer,  so  as  to  deatroy  a 
ooloured  product ;  the  eolation  is  then  allowed  to  oool ;  and  the  crystals  of  dichlor- 
barmine  which  eepatate  are  washed  with  dilate  bydiochloric  acid,  or  with  solution  of 
chloride  of  sodium,  and  purified  bj  crystallisa^n  &om  alcohol,  or  re-solution  in  wat«r 


and  pndpitation  by  bydrocbloric  or  nitric  add.  On  redieaolviog  the  hydrochlorate  of 
dicbbrhamune  in  a  large  quantity  of  hot  water,  and  boiling  it  tot  seTcral  hoars  with 
a  great  excess  of  soda-ley,  ciystala  of  dlchloriiarmine  are  deposited,  which  must  be 
recrystallised  bom  alcohol 

IhchlorharmiDe  fonoa  soft  white  needles,  insoluble  in  cold,  very  slightly  soluble  in 
boiling  water.  It  diseoWee  in  akokol,  etlur,  btiutnt,  and  ndpliide  of  oarbon,  much 
more  eaeily  when  heat«d  than  in  the  cold. 

Dichlorharmine  forme  a  compound  with  iodint,  corresponding  to  di-iodide  of  nitn>- 
harmine  (p.  11),  and  containing  46*4fi  per  cent,  iodine. 

With  aciiU  it  forms  crystallisable  Balta,  which,  like  those  of  harmine,  are  very  diffl- 
caltly  solutjle  in  water  containing  acidi  or  salt&  The  mono-acid  (□estrol)  (nlu  are 
decomposed  to  b_  certain  extent,  with  ■^>Bration  of  dichlorharmine,  when  a  la^e 
quautity  of  water  is  poured  opon  them.  Ammonia  throws  down  dichlorharmine  fiom 
ttidr  BOlDlioDS,  as  an  amorphous,  coloilrlesa  jelly;  solution  of  eoda  acts  in  the  same 
way,  but  in  tins  case  the  precpitete  bemmes  crystalline  when  long  boiled  with  a  great 
excess  of  soda  solntion.  I)ichlai4iarmine  displaces  a  trace  of  ammonia  from  a  boiling 
eolntiou  of  sal-ammoniac  ;  partof  thediesoli-eddichtorhannine  separatefl  out  on  eooUng 
but  the  rest  only  on  addition  of  ammonia  to  tbe  filtrate. 

.,)i)qIc 


Iji'ining  liydiocbioria   icid,    and   precipitating   liy   sxcau  of  hjdrochloria   wad.     It 
rTjntiTlinwi  from  wat«r  in  naedln,  bom  iJcohol  in  lugei  cmtala ;  ehlondo  of  ■odium 
n  the  form  of  &  jelly  which  tnmi  to  Qeedlv-ahaped 


erjotak.  It  ooiilAiiu  2  &t.  irater,  which  it  givw  off  at  100°  C,  but  nKh«>rb*  1  bL  _ 
(iT^inntnl  to  moist  air.  When  heated  much  aboTe  100°,  it  beoomM  jallow  ud  loara 
hjdRwhlaric  udd;  betwaen  1S0°  and  200°  it  melta  to  a  brown.  jeUow  liqnid,  whii:h 
duaolrea  in  water  and  contains  a  newly  formed  bue. 

The  atfnUiii  precipitAted  aa  ft  jelly,  wliich  afterwaid*  changes  to  CTjitaUina  needleii 
bj  idditioD  of  lann  of  nitric  acid  to  ■  solntion  of  dichloriiarmine  in  water  containing 
mtric  acid.  It  is  anfajdroaji  and  leas  nlnble  in  water  than  the  hydrochlonte.  When 
melted  it  giTsa  off  acid  raponn  and  yields  a  brawn  maa*,  from  the  aolntion  of  which  in 
•qneona  sUulia  add*  thiow  down  brown  flocks. 

fiitnte  (f  dichloifaacTning  predpitate*  from  otidt  of  ttnttitanmuMiiiim,  a  pale 
greeniah  jellj,  contunin^  RLlTer.    When  hfdrachloiate   of  dichlorhatmine  ii  nwied 


a  jelly  is  preci[ntated,  without  formation  of  chloride  of  ritro', 
leid  to  the  Jfilj,  chloride  of  sil 


if  silrer  is  formed. 
C«B}%SO')tPO.  SitnJuiTftadinr.  (Fritiaehe,  Petereb.  Acad. 
BnlL  xiL  33,  23S  ;  Ann.  Ch.  Phaim.  liriii.  328 ;  icii.  S30.) — Prodnced  bj  the  Hclian 
of  nitric  acid  on  harmaline  or  nitrahannaline.  It  does  not  appear  to  be  formed  by  the 
action  of  nitcic  acid  on  hannine.  To  prepare  it,  1  pt  of  h^maline  i>  diaaolred  in  3 
ptB.  of  water,  and  the  reqniaita  quantity  of  acetic  acid,  and  to  the  solution  13  pts.  of 
nitric  acid  of  spadflc  grari^  I  '10  are  added  in  a  thin  stream.  A  riolent  erolution  of 
red  Taponrs  taLce  pUce  \  and  if  the  liqnid  be  kept  in  a  state  of  ebullition  till  the  action 
is  am,  thni  coolra  quickly,  and  treated  with  ezcesa  of  caastic  altcali,  nilrohannine  is 
depomted  in  the  fbrm  of  a  deep  yellow  precipitate,  while  a  resinous  matter,  formed  at 
the  same  time,  remaine  in  solutiOD.  The  prodnct  is  purified  by  converting  it  intoahy- 
diocUotste,  and  decompodng  that  salt  with  ammonia.  Nitrohannine  forms  yellow 
needlea,  tastalai^  i^aiinglf  aohible  in  cold,  more  soluble  in  boiling  water.  From 
boiling  alcohol  it  BepUBtes  in  deep  yellow  oct&hedrons,  which  soon  chimge  into  needlea. 
Ether  dissolTei  it  bat  BpariDgly,  It  dinolTes  in  rock-oil  aod  in  coal-tar  naphtha.  Heated 
with  a  solution  of  sal-ammoniac,  it  slowly  diminatee  ammonia.  It  unites  with  iodine,  but 
is  decomposed  by  dilorine  and  bromine. 

The  salts  of  nitroharmine  hsTe  a  slightly  Intter  tast«^  and  mostly  ayatallise 
in  yellow  needier  The  iydrocUorate.  C"H''(NO')N»O.Ha  -l-  SH-O,  oblwned  by 
addii^  hydrochloric  add  in  ezcres  to  a  solution  of  the  base  in  acetic  add,  or  in  hot 
water  addnlated  with  a  few  drops  of  hydrocliloric  acid,  crystaUisea  !□  sleoder  needlco, 
which  may  be  purified  by  rsay^tallisation  from  boiling  slcidlaL  The  chloroplatituUt 
is  solable  and  eiystallisea  in  needles. 

TyittuntrtimitraUa  bnt  sparingly  soluble  in  water,  sliUlees  in  dilute  nitric  add: 
hence  nitric  add  gradually  precipilatea  nitroharmine  from  the  solutions  of  its  other 
salts.  It  crystalbsea  in  yellow  needles,  wbich,  if  left  in  the  add  liquor,  gtadoally 
change  to  grauolar  and  rhombo'idal  crystals  of  a  deeper  yellow  colour,  l^ers  appears 
also  to  be  a  batic  niiratt,  somewhat  more  soluble  in  water. 

The  hydiocyanatfi  doea  not  apoeac  to  exist  b^  itself,  but  a  donbla  compound  of 
lu/droeyanai^  of  nilrolmnidite  and  ttutcutui  cyanide  is  deposited  in  granular  cfyatala 
when  cyanide  of  mercury  is  added  to  a  boiling  solution  of  acetate  of  nitrohsimiue 
and  the  liqnid  left  to  cooL 

The  Itj/droftrroeyanaU  and  hydnferriei/anaU  ar«  obtained  by  precipitation,  the 
fbrmer  in  brawn  nucioacopic  prisma,  the  latter  in  yellow  grains.  T\ie  iidpliocganatt 
fbrms  nearly  coloorlees  needle^  sparingly  soluble  in  cold,  more  salnble  in  faot  water. 

Di-iodide  of  Mitroharmine,  C'^"(NO")N'OJ',  separates  in  yellowish  brown 
agglomerated  microscopic  needles,  on  inin'ng  the  boiling  solutions  of  iodine  and  nitro- 
harmine iu  alcohol  orco^-tar  naphtha.  It  is  nearly  insoluble  at  ordinary  temperatures 
in  water,  alcohol,  ether,  and  coal-tar  naphtha ;  stightiy  soluble  at  higher  temperatures. 
It  may  be  heated  to  100°  C.  without  decomposition.  It  is  reeolred  into  iodine  and 
nitroharmine  by  boiling  with  alcohol,  and  more  quicUy  with  dilute  snlphnric  acid.  It 
appears  to  fbrm  a  crystAlUoe  salt  with  hydrochloric  add.  It  dissolves  a^  in  acedc  and 
'lydnM^anie  adds,  and  these  solutions  yield  dyBtalline  componnds. 


BnoKOKiTBOHiBKDra.  C"H''BtN'0'  -  C"H»Br<NO")N^.  J 
When  bromine-water  ia  added  to  a  rery  dilate  aolntion  of  a  salt  of  nitroharmine^  the 
smeU  of  bromine  disappears  immediately,  and  on  addition  of  ommoniii,  bromonitro- 
harmine  is  preci[ritated  and  may  be  parifled  by  recrvetalliBation  from  alcohoL  It  i«- 
■embles  chloronitrohannine,  forms  salts  with  adds,  and  onites  with  bromine  and  iodine. 

The  dihrotmdt,  C"H'fBriiX>'.Br',  is  formed  on  adding  bromine-water  in  moderate 
excess  to  a  sololion  of  bromonitroharmine  in  weak  alcohol,  and  separates  on  cooling 
and  stirring  the  liquid,  in  yellow  microscopic  needles. 

..oogic 
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CHMisiHiITBOKUmm.  C'H'^TIS'O*  —  Ci^'*CI(NO*)K*0.  CUenmUroJiarvddine. 
(FritEiche,  Petenb.  Aod.  BnlL  xii.  32S;  Ann.  Ch.  Phsnn.  zeiL  SSO).— pR>dlice<) 
by  Ills  Ktion  of  ehlorina  on  □itrohumma,  or  of  nitraiBiirutic  add  on  haniuliii?. 

Prfjiaratiim. — 1.  When  chlorine-wsteT  U  added  to  ■qoeoiu  hydrochioraU  or  acelsta 
of  mtroharmine,  or  chlonae  ^  U  passed  into  tba  solution  till  tho  smrll  of  chloiins 
bscomes  perounent,  chloronitiohinaine  separatee  in  tbe  form  of  a  ioUy.  If  the 
actinn  o{  the  chlorine  be  too  lone  continued,  a  rellov  min  is  prodaced.  The  miitora 
is  h«ted  to  boiling,  and  the  resnlting  solation  u  precipitated  bv  the  caatiooa  addition 
of  ammoniA,  Arop  bj  drop,  with  eotistact  stirrina.  A  more  or  lens  ojntslliiie  prodnct 
is  thus  obtained,  whereu,  bam  cold  Bolutions,  ■  joU;  ia  predpitatad,  which  is  dittcnit 
to  wash. — 1.  A  solution  of  I  pt.  hamuline  in  2  ^ts.  ■wvier  and  the  reqnisitr  qnantitr 
of  acetic  add,  is  pourrd  into  12  pts.  of  boiling  nitric  add  of  specific  grsTity  l-iO,  and 
2  pts.  of  faming  hydrochloric  add  are  added  to  the  miitun ;  or  the  harmaline  sotntion 
is  poiuvd  into  the  boiling  miitute  of  the  two  adds.  The  liqnid  becamee  red-brown, 
fioths  up  strongly,  and  eTolrea  a  volatile  Bnbstance  which  attAchs  the  eyes,  bnt 
deposits  nothing  but  reain  on  cooling.  In  order  to  sepaiato  the  disBolTed  chloronitro- 
harmine,  a  solution  of  bbI -ammoniac,  cooled  by  pladns  lumps  of  ice  in  it,  is  poured 
into  the  liquid ;  this  is  dilated  with  about  an  equnl  bou:  of  water  ;  and  caustic  soda  a 
then  added,  until  it  smells  Btrongly  of  ammonia,  whereby  so  abundant  precipitute  of 
impure  chlorouitrohanniiie  is  thrown  down.  The  product  is  washed  with  dilute 
hydrochloric  add  and  heated  wit^  water ;  the  solution  freed  by  filtration  ttom  nndi»- 
solved  reain,  and  predpitat«d  by  gradual  addition  of  ammonia ;  and  the  predpitste 
pnrifled  by  ciyBtallisation  from  hot  alcohoL  The  crude  chloronitrohannina  may  also 
be  dissolved  in  boiling  wat«r,  with  addiUon '  of  just  the  necessary  quantity  of  nitrie 
add,  and  predpitated  as  nitrate  fiom  the  oooled  filtrate  by  addition  of  nitric  acid  io 
excess;  this  salt,  after  being  washed,  may  be  diaaolTed  in  bat  water,  and  par«  chloro- 
nitrahannine  predpitated  from  the  boiling  filtered  soluljon  by  means  of  canet  ic  ammonia. 

Chlaronitraharmine  forms  a  bright  yellow,  brittle  mass,  composed  of  very  fine 
needles,  which  cannot  be  distiactly  perceived,  even  under  a  magnifying  power  of  3IHI. 
Ammonia  precipitate*  it  from  cold  solutions,  as  an  almost  transparent^  deep  yellow,  very 
bulky  jelly,  which  ahrinks  vezj  much  on  diying.  It  is  tasteless  in  the  solid  state, 
slightly  bitter  and  rough  in  solution.  It  given  oS  11*  per  cent,  water  at  100"  C. 
(2  at.  —  lO'SS  per  cent.),  and  becomes  orangO'yellow.  It  dissolves  but  aligbtly  in 
TOld«    ■  --      -■—=■■-      '-     ■--'- '--     '— ............      ^.L 

mtphtho,  and  in  rock-oil. 

Chloronitroharmine  dried  at  100*  C.  lesvM  a  peddish-yellaw  reaidaa  when 
alcohol  or  coal-tar  naphtha  is  poured  npon  it,  bnt  dissolves  completely  when  boiled 
with  dilute  nitric  aod. — Satvti/m  of  tofUns  converts  it  into  di-iodide  of  chloronitro- 
harmine. When  mixed  with  Bolation  of  iodida  <£  potassiiim,  and  then  with  nitrio 
acid,  it  deposits  a  deep  blue  predpitate. 

Chloromtrohormine  unites  with  adds,  tbnning  yellow  Salts.  Whsn  boHad  witli 
solution  of  sal-ammoniac,  it  slowly  displaces  a  trace  of  ammonia. 

The  Jt^drochipratf,  obtained  by  adding  hydrochloric  add  in  excess  to  a  solution  of 
the  base  in  hot  alcohol,  forms  fine  capillary  ciyalsla  moderately  soluble  in  water.  It 
is  predpitated  from  its  aqueous  solution  by  a  large  excess  of  hydrochloric  add,  as  a 
yellow  jelly ;  by  chloride  of  sodium  in  white  Bocks.  On  mixing  the  hot  alcoholio 
Bolutiona  of  this  Bait  and  dicMoridc  of  platiuQin,  cUoroplaUnatt  ofdUoronitniharmitu, 
C'*H"ClH*0'.HCLPtCl',  ia  deposited  on  cooling  in  flue  yellow  priaraB. 

The  nitrate  forms  alellate  gronps  of  slender  needles.  A  perfectly  neutral  Bolntion 
of  this  salt  mixed  with  ammonio-oitrale  of  silver,  yields  a  precipitate  consisting  of  a 
compound  of  chloronitroharmine  with  nitrate  of  silver. 

Bnlphatea. — A  solution  of  chloronitroharmine  in  warm  alcohol  contuning  sulphorie 
add  deposits  the  neutral  sulphate  on  cooling,  in  spherical  groups  of  capiUaiy  ne^les. 
From  a  hot  aqueous  solutiou  the  salt  is  deposited  in  light  yellow  gelatinous  flocks. 
The  acid  nlphatt  separates  slowly  in  needles  fi«m '  a  hot  concentrated  alcoholic 
solution  of  the  neutral  salt  mixed  with  eiceaa  of  aulphurie  add. 

Di-iodide  of  Chloronitroharmina,  C'*H"CIN'0'.I',  leMrttM  in  Blender 
needles  resembling  di-iodide  of  nitroharmine,  from  a  mixture  of  the  hot  solutions  of 
iodine  and  chloronitroharmLae  in  alcohol  or  in  coal-tar  naphtha.  It  is  more  Bolnble 
in  alcohol  than  [he  di-iodids  of  nitroharmiiiB,  and  disBolves  easily  in  warm  aloobolic 
hydrocyanic  add,  separating  in  rounded  grajitjea  on  cooling. 

HAXaSOTOMa.  This  term  includes  two  isomoiphdua  mineral  epedes,  identical 
in  crystalline  form,  viz. ;  Baryta-harmotomt,  and  Lima-harmotoTne. 

B«ijla  Uuiuittome,  also  called  Orott-tlone,  Staarolile,  Andnalite,  Andrtat- 
iergvlitt,  Morvatitt. — Crystal*  belonging  to  the  trimetrio  system,  bdng  ganenlljr 
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netangaUr  priniu  with  tom-aded  siimmits  trt  upon  the  l&tsnl  tAgn.  OrdinaiT 
combination,  P  .  ibPhj  .  »Pco  .  P»  (liko^.  S28),  ofteD  without  ten .  Ratio  of  the 
axes:  a  :  b  :  e  -  0'9T81  :  1  :  0-SS4.  For  P,  the  angle  of  tha  Unninal  edsn  in  th> 
braebjdiiieoiit]  Mction  —  121°  28',  in  the  maciodiagonal  section,  ■•  120°  T;  and  tl 


one  another,  h  shown  in  fig.  fiiE),  in  which  the  bee*  a^m  are  denoted  bj  n,  and 
oiFa  bf  m.  Six  distinctne«s,  the  facM  of  one  of  Uie  cijstali  are  ahailed  (Eopr^ 
Krgitallographu,  p.  263).  Kanl;  maiuTe.  Specific  gravit?  -  2'3S  to  2-408.  Haid- 
neee  ~  IS.  Loiitre  Tilrsooi-  Colour  white,  paBsing  into  grej,  Tellow,  red,  or  hrown. 
Streak  white.  Sabtraneparent  to  txanaluwnt  Fractore  nneTen,  imperfectly  cDDchnidaL 
Brittle.  Mrlte  without  intnmeicence  before  the  blowpipe,  formiiiz  a  white  globule. 
When  flnol;  poonded  it  ii  decompoaed  completely,  thongb  with  difficnlt;,  b;  bjdro- 
ehtoric  acid. 

The  fiiUowing  an  analjaea  of  baiTta-hannotOiiie : — a,  fhim  Oberateio  ;  b,  from  Stnnl< 
tian  (Eohler,  Fogg.  Add.  xxxrii.  S6I);  a,  &om  Strontiaa  (Counell,  Ed.  M.  Fha  J,, 
1832,  Jnlj,  p.  33);  d,  Morvenilt,  from  tha  same  (Damoar,  Ann.  Min.  [1]  iz.  SSS); 
»,  ban  Aadreaiheig;  /,  from  Strontian  (Bammelaberg,  iiinnakhemie,  p.  821). 


CaK)    . 
K'O  ) 

Ne'e     ■ 


Tbe«e  Bnalyeea  agne  pretty  nearly  with  the  formula  Ba*OJJ<0*.fiSiO*+ BITO 
(R  am  m  el  a  berg),  iMiieh  require*  4fl%S  per  cent,  silica,  IG  S6  alamma,  2379  baryta, 
and  14'00  water  (tha  other  constituente  being  ngarded  aa  advent itioai),  and  by  aub- 
atitaliniF  at  ai  |  Al.  and  regarding  2  at.  bydrogen  M  basic,  this  formula  becomes 
(Ba'ai'H^i'Oft .  4H'0,  whii  U  wdneibU  to  M-SiO" .  JH'O,  the  fbnnuU  of  a  meUaili- 

The  composition  of  tile  mineral  has,  howerer,  been  hitherto  gener^ly  represented 
bjthe  fcrmuhi  BaO-APC^.S^lC^  *  5H0.  or  2(Ba'O.Al'0').9SiO'  + lOH'O  ;  hut  thia 
(bnnula  giyes  only  44  per  cent  ailica,  which  is  considerably  below  that  of  all  analyses 
which  have  been  made  of  the  miueraL 

Baryja-harmotom^  oocure  at  Oberetein  in  Zweibruelcen.  in  lilieeons  gcodes;  at 
Andreasberg  in  iheHartz;  at  Strotitian  in  Argjleshite;  in  Norway  on  gneisa;  and  in 
aimple  eryiitale  with  aoalcime,  in  the  amygdaloid  of  DumbartauBbire.  The  variety 
called  MoTveniU,  distingniBhed  by  the  greater  brilliancy  of  its  crystals,  is  also  found  at 
StTonti^UL     (Daoa,  ii.  S23  ;  Qm.  iii.  446.) 

■•■'—-*—  1 —  -tr  in  It  or  FoUuh-hannotome,  FbiUiptite,  ChrUtiamtt. — iBomotpbona 
with  the  preceding  oecnrring  also  in  twin*.  Specific  gravity  —  2-2  to  2'213.  Hani- 
aeea  >  4  to  4'fi.  Xnatre  vitreona.  Colour  white,  somptimea  reddish.  Streak  uneo- 
loured.  Translucent — opaque.  Before  the  blowpipe  it  inlumeecw  slightly,  givee  off 
water,  and  melts  to  a  tnueiocent  glass.  Hydrochuiric  acid  decomposea  it  easily,  wilh 
s^ianlion  of  gelatinous  silica. 

The  following  aie  analyses  of  lime-harmotome :— a,  from  Anusrode  near  Qienen 
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(Wainekink,  Gilb.  Ann.  Inri.  171,  S36);  b,  from  Stempel  Dear  Hubaig(L.  Omtlin, 
Lmnh.  Zataebr,  I.  Hin.  1S2S,  i.  8);  e,  from  tbe  nme;  d,  from  Habichtswalde,  dmi 
CabmI  (Kofaler,  Pogg.  Ann.  mni.  fiBl);  ti,  &om  the  Oiaot'a  CaoMwa;  (Connell. 
Edinb.  Hifl.  J,  DJLT.  373). 

SiO>  ....  48'3S  48-61  60-14  48-23  4T'3t 

AI'O"  ....  20-00  21-78  21-78  28-83  21-80 

Fe'O'  ....  0*1  0-99  .    .  .    .  3-70 

CaK)  ....  «ei  6-28  6-W  7-22  486 

WO  ....  6-41  a-33  3-96  389  fi-6fi  NaK) 

Ba'O  ....  0-46 

HKl  ....  17'08  1723  1681  17-66  1696 

68-64  101-08  S9-48  10023  100-21 

nweomjKwition  of  liine-liaimotame  haa  been  npneeotad  bj  BtrersI  diffemtt  fbranJie. 
The  quiubtiM  of  i^cinm  and  potassiam  omitaiDed  in  it  stk  BOniewbat  VBiiablc,  bat  ita 
compositioD  appears  to  be,  fbr  the  moat  pan,  that  which  ia  expressed  bj  the  formula 
'■^  [  .aAl'O".I2Si0'  +  ISffO  (60-3  per  cent.  SiO",  21-3  AlK)",  70  CtK),  «-6  KK),  and 
16-0  water),  whkh,  by  BnhBtitQtion  of  aifbrJAl,  as  before,  becomes  (Ca'Ka?^'0'".yH^, 
and  ia  tedooible  to  the  general  fomula  ]k"Si'Oi" .  yH'O,  or  M'SiO- .  JHK),  which  U 
that  of  u  met«ailicat«,  and  dif&n  from  the  general  fonanUi  of  baryta'hannotonie  only 

Lime-haimotome  occnra  in  tbe  lOiTgdBloTd  of  the  Qiant^a  Causeway,  in  large  trana- 
parent  cryaCals.  It  ia  also  found  in  Iceland ;  imoog  the  Veanriiin  laras ;  in  sheaf-like 
agSre^tioDB  at  Capo  di  Bore,  urtx  Bome ;  and  in  long  radiating  ery^tXx  si  Aci  Caitello 
in  Sicily,  and  other  localities.  (Dana,  ii.  334;  Bammelaberg,  Mmeralciaaie,  p.  811.) 
8ee  NATBOLm. 
A  variety  of  cnprona  aolphide,  Cca*3,  occorring  in  the  Cantoa 
nune,  Qeragia,  in  OTatala  belonging  to  the  regular  aysteni,  and  cleaTiDg  parallel  to  the 
fiuwscf  acube(Shcpard,  Jahreeb.  d.  Chem.  1867,  p.  666).  Oenth  (SilL  Am.  J.  [2] 
xxiL  44S)  legMdl  it  as  a  pseudomorph  of  copper-glance  after  galena. 

MAJITBT.  C"0'^O.  Pfafyrin. — A  (buil  reain  resembling  hartite.  HassiTe,  bat 
crTalallisea  from  rock-oil  in  needlos  belonging  to  tlia  trimetric  ajstent.  White ;  dcsti- 
tat^  of  tast«  and  smslL  FnlTsrisea  between  the  fingers.  Helte  at  210°  C,  and  dislita 
at  260°.  Sligfatlj  Boinble  in  ether.  OJTes,  \xj  analysis,  7806  per  cent.  C.  10-92  H, 
andll-02O.  It  is  finind  in  the  lignite  of  ObeiWt,  Austria.  (Schrotter,  Pogg.  Ann. 
Ut.  46.) 

BAS^ZT&  C^*.— Another  fueail  resin  from  the  lignite  of  Oberhait.  Obliqae 
prisms  beloaeing  to  [he  monocliuic  ajstem,  Gearage  only  in  traces.  Specific  mrity 
I'046.  HordneBB  =  1.  White,  with  a  somewhat  greasy  lustre.  Translucent.  Brittle. 
Melts  at  74°  C,  and  distilB  st  higher  temperatures.  DissolTea  eauily  in  ether,  less 
readily  in  alcohol,  and  crystallises  from  each  eolation  by  eTsporHtion  (Haidinger, 
Pogg.Ann.liv.  361).  Gives,  byaiiaIy»is,87-47  percent  CBndl2-06H.    (Schrotter.) 

BATOUTTlV  or  Mineral  Tallow,  a  fossil  resin  occurring  in  the  coal  measures 
of  Olamorganshiie ;  crystallised  and  amorphous  in  thin  lamina ;  like  wax  or  sperma- 
ceti in  consistence.  Specific  gracity  0-91S  at  166°  0.  White  and  transparent,  with 
nacreous  Uuitre,  but  becomes  black  and  opaqos  by  long  exposure.  Oreiiay  to  the  touch. 
Melts  at  46°  C.  Distils  nithuut  change  when  cautieoslj  bested.  BIssolTes  sparingly 
in  boiliDg  alcohol,  and  separates  on  coolicg ;  sparingly  i^so  in  cold  ether,  more  easily 
in  hot  etoer.  Oive^  by  anolysia,  86-9  per  cent,  carbon  and  14-6  hydrogen  {  —  100-6). 
(Johnston,  Phil.  Ua^.  xii.  338.) 

A  similar  substance  is  finind  at  Rossits,  in  Moravia.  Specific  gravity,  0-893.  Hard- 
ness —  1.  A  variety  &om  Lofh  Fyne,  near  Inverness,  meltA  at  47°  C.  Another  allied 
mineral  6om  Marlhyr  Tydvil,  melts  at  76-6°  C. 

M^VMMTTM,  Native  disulphide  of  manganese,  MnS,  fbnnd  at  Kalinka.  in  Hun- 
gary.    (See  Mutounsi,  SnLPHrosa  or.) 

■AtrSMAWa  ZTM.  Native  maneanoso-manganic  oxide,  Hn'O.Mn'O*,  or  Ma*0*, 
fbucd  at  Ibncnsu  in  Thoringia,  at  Ihlefeld  in  the  Harts,  and  one  or  two  other  locali- 
ties.    (See  MAnQAKiSB,  OxmaS  Or.) 

K&ima.  A  mineral  consisting  of  silicate  of  alaminium,  sodium,  and  calcium, 
with  sulphnte  of  calcium,  occurring  in  the  lavas  of  Vesnvias,  on  Somma,  and  on  the 
hasalt  of  Niedermendig,  nesr  Andemach,  on  the  Rhine.  It  crystallises  in  rliombio 
dodecahedrons,  with  cleavage  parallel  to  the  faces,  sometimes  distinct ;  commonly  in 


:;,  COHglC 
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ajBUlliiM  gnuDB.  ^cciflc  grsTitj  2-1  to  3-5.  IbidnMi  S-fi.  Lwtn  niTing  bom 
TiDaoos  to  gntMj,  Colour  bright  Una,  aecanoullT  ■^•nfu-graoa.  Btnik  blnioh- 
iriiite.  Sabtruk^iueiit  to  Izuiilaeeiit.  Fnetnrs  ut-OHichudal  to  nnenn.  Befim 
the  blowrape  it  deoepitmf  '  "  •     ■    - 

riua.    ESemaeeB  witli  b 
Biwlj  ptil*eriMd  miuenl  di 
ingeeUdiia 
lie  c 


mineral  feno  HontAlbsno,  Whit  _, 

3<N»'OjU*0'.2SiO^  +  2(C!i'O.SO'),  'or "  S(N»flJ^0'.Cft'80' ; '  from  Out  of  huyne 
from  Bommx,  BunmelatMn  emlculmta  tlie  fbrmnli  S(N>*0^<0*.3S0*)  -t-  (Ck*0.BO-), 
or  4{NaaP)%0'.Ca'80<.  Tlie  faUonng  ubU  exhibiU  the  nomban  dednoad  from  tliM* 
formally  together  with  the  reaalta  of  the  correepondii^  uwljeee : 

JfaW  JMWM.        (Wkitsar.)  SsHsa.         c"»"^' t ' 

Cake.  Aulr>l>.  Cie.  Anmljtlt. 
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Aceordii^  to  th<«  ftemob^  hanjne  is  allied  to  noMWi,  nd&Iit^  aod  ittnerite,  tU  of 
vhich  are  nlicntes  of  the  form  ]l*O.AI<0*.2SiO*,  nailj  reducible  to  an  orthoailicate, 
(BIaf')9iO*.    The  fbimuln  of  theea  minenli  are  in  tad : 

Hanynaij^JJMflPSiO*  .  Ca'SCH 

Sodalita:        ZXaPSO*  .  NuCl 

Noenii:  BMo/^iO'  .  Na=SO* 

lunwitfl :  flMoraiC  .  (Ca'SO* ;  NaCl)  +  eH*© 
HaojiM  from  NiadermeiHlig  eoolwci,  according  to  Whitney,  S3-90SiO';  13-01  BO* ; 
2807  Al^  1  7-M  Ca>0  and  19-28  Na<0  -  100-7S,  and  ii  compoaad  of  1  molecule  of 
noaeao  and  2  moleculea  of  the  Albano  baajne.  'Die  blue  eolcnr  of  hannie  appmra 
to  ariae  from  ■  mall  quantitj  of  a  metallic  anlphida  nmil&r  to  tliat  which  eim  tha 
coUku  to  uHramarine.  Ail  apeeimcDi  of  hsQjne,  when  treated  with  hTfvdilorie 
add,  iJTe  off  at  laaot  a  tnwa  of  Bulphjdric  acid.  (Dana,  ii.  310;  Hasdw.  d. 
Chem.  iiL  SS2.) 

MAjmOTBTS.  A  muns  applied  to  the  laTa  of  SelB  on  the  Valtnra.  This 
lava  i*  bladi  or  brown,  and  cootaini  hauTne  of  TsrioaB  et^mi,  and  angite  in  slender 
Dcedlea.  It  is  strongly  attackad  by  adoa.  When  it  is  treated  with  an  equal  weight 
of  a  mixture  of  2  pta.  hjdnichloria  acid  and  1  pL  wnt^r,  30-2  per  cent,  ranuns  nnde- 
compoaed,  consiating  mainly  of  angite  coataining  a  large  praportioD  of  iron.  The 
'  ~    '  <  22  per  cent.     (Kammelaber^  Jahresb.  1860,  p.  807.) 

L  TelIoviahahabaatte,frx)mJoDea'BFaIla,Hai7laiid.  (SeeCHUABt-nL) 
(Byn.  with  Boboci-Uiti,) 
FaeudomoiphooB  qoiirtz,  from  the  mine  of  magnetu;  iron  at  Haj 
Tor,  in  Deronshire.    It  haa  the  fonn  of  datholite,  and  contains  98'6  per  cent,  silica 
and  0-2  ferric  oiida. 

BMAT-  The  wml  Heat  ia  naed  in  common  language,  both  aa  the  name  of  a 
paiticnlar  kind  (^  aeuaation,  and  to  denote  that  condition  of  matter  in  which  it  ia 
capable  of  producing  this  scBaatJon  in  ns.  Jmj  influence  whereby  external  objects 
are  rendered  hot,  or  capable  of  exciting  the  aensation  of  hrat,  caneei  them  at  tbe  aame 
time  to  undergo  other  changea,  which,  being  independent  of  the  Yarying  condition  of 
our  bodies,  afiord  much  more  certain  and  more  exact  indii»tioni  na  to  the  condition  of 
heat  thui  is  ftunishedb;  the  Bense  of  touch.  Indeed,  strictlj  ape nldng^  OQt  leniations 
bear  do  direct  Ipetlmony  with  regard  to  the  absolute  degree  of  botnesa  of  eilemal 
otgecta,  but  rather  to  the  bet  of  Uieir  imparting  heat  to  our  bodies,  or  ranoTiDg  heat 
from  thnm.  When  these  effrcta  are  produced  in  a  moderate  degree,  we  experience  the 
aanaationa  of  heat  and  cold  leapectirely  ;  when  the  loss  or  gain  of  heat  by  our  bodies 
ia  moie  lapid,  it  no  longra  prodncea  any  aensation  to  which  a  definite  name  can  be 
assigned,  but  aimidy  a  feeling  of  pain;  and  the  Tery  rapid  passage  of  heat  either  into 
<»■  out  of  omc  bodies,  eanaca  •  woond  which  in  of  the  Bame  kind  in  either  case.  The 
direct  cridenee  r^  am  aetuea  with  respect  to  the  heat  of  external  objecta  is  thereibre 
oooflnad  within  comparatiTclj  narrow  Umils.    Uoreorsr,  it  is  not  alwaya  of  tlw  same 


kinil,  eren  with  mpect  to  bodiet  in 

otid  hand  into  hot  irater  «nd  tie  ol  ,  

ins  both  and  plunging  them  into  lokewRrm  water,  whidi  will  then  feel  cold  to  Uu  EuumI 
which  wsB  prerionalj  in  bot  water,  bat  warm  to  the  other. 

Ihe  meet  important  of  the  other  ptopertiec  of  the  condition  of  mntUiT  conitihitjiig 
heitt,  bendee  producing  the  aeoaation  denote  by  the  >«me  woid,  an  the  following : 

1.  Heat  imparted  to  anjbod;  raises  ita  tenperature.  that  is,  it  not  onlj  caoaea  the 
body  to  prodnce  the  aensation  of  heat  in  a  more  marked  digree,  but  ita  tandencjr  to 
import  (he  propfrtj  of  lo  doing— 4n  other  worda,  ita  tendcDcj  to  impart  heat — to  c^er 
bodiee  ia  increaaed. 

2.  It  madiflee  the  relatioDS  betwMn  the  density  and  elaatidty  of  anbatancra.  the 
general  law  being,  tJiat  the  hotter  a  body  ia,  the  leas  is  ita  elatticitg  offiami,  or  tend- 
ency to  preeerrea  definite  fbrm  and  arrangement  of  parts,  and  the  Erealer  is  its  f/ojAa^ 
of  eatume,  or  tmdency,  if  solid  or  liquid,  topreserre  a  d^nite  rolamcv  and  if  gaaeooa 
to  ei^nd  indefinitely. 

3.  Heat  cansea  solid  bodies  to  become  Uqnid,  and  liquid  bodies  to  beooms  gaseous. 
The  amoant  of  beat  reaoired  to-  produce  these  cbangea  in  any  body  Tsries  with  its 
spedai  nstnce  and  witi  other  circiunatAncea,  bnt  they  take  place  slwayg  and  wilhont 
exception,  in  the  same  order ;  that  ia,  the  solid  stete  always  corresponds  to  the  lowest 
degree  of  heat,  the  gaseous  state  to  the  highest  decree,  and  the  liquid  atale  to  an 
intenaediale  degree.    .  ... 

i.  Heat  caoaea  ehAnKefl  in  the  chemical  compadti(»  of  bodies,  *Dd  also  in  tieir 
elecCiical,  magnetic,  and  optical  properties. 

The  capacity  of  beat  thus  to  effect  changaa  eharaEterises  it  as  a  form  of  energy, 
c^>ab1e  of  being  measured  and  expressed  aa  a  quautity.  in  terms  of  one  or  otiier  of  the 
directly  measorable  efiectd  which  it  products.  When  thus  aipressed  as  a  quantilj, 
the  condition  of  heat  is  found  to  be  sabject,  like  other  forms  of  energy  (mechanitnl 
energy,  for  eiample),  to  a  law  of  conservation!  that  is,  if  ic  ony  syalem  of  bodiea, 
no  heat  is  expended  or  produced  through  cbaugee  other  than  changes  of  temperature, 
tJien  the  total  quantity  of  heat  in  the  system  cannot  be  cbimged  by  the  mutual  actions 
of  the  bodiea,  but  wtiat  one  loses  another  gains;  and  if  there  are  changes  other  than 
changes  of  temperature,  then  if  by  those  changes  the  total  heat  of  the  system  is  changed 
in  amount^  that  change  is  compensated  exactly  by  U)  opposite  change  in  some  other  form 
of  energy.  (See  Bsnkine,  A  lianual  of  Uu  Steam  Engint  and  other  Prima  Sloven, 
ed.  1861,  i  196,  pp.  221,  226.) 

Hence  it  follows  that  heat  may  be  produced  by  the  reversal  of  its  effects  :  ae,  for 
instance,  by  the  conversion  of  a  Uqnid  body  into  a  solid,  or  of  a  gas  into  a  liquid  ;  by 
the  compression  of  a  gaa,  so  as  to  make  it  occupy  a  smaller  bulk ;  h^  the  tranamisaion, 
through  the  point  of  junction  of  two  dissimilar  metals,  of  an  electric  current  oppoaila 
in  direction  to  that  which  would  be  produced  by  the  application  of  heat  at  the  samS 
point;  by  the  uoion  of  oxygen  and  hydrogen  so  as  to  ninn  water,  (he  eflect  of  heat 
upon  water  being  to  resolve  it  into  oxygen  and  hydrogen  gaaea,  &c.  &c. 


Similarly,  heat  may  be  caused  to  disappear— in  other  words,  cold  maybe  produced — 
rhen  a  change,  such  as  heat  is  capable  of  producing,  is  brought  sbout  by  other  means: 
IB  when  a  solid  is  liquefied  by  solution,  or  when  a  liquid  is  vaporised  ;  when  a  ess  is 


expanded ;  when,  through  the  point  of  jufiction  of  two  dissimilar  n 

current  is  transmitted  in  the  same  direction  as  that  which  Would  be  produced  by  the 

application  of  heat  at  the  aome  point,  &c.  &a. 

Xhe  reversal  of  any  of  its  effects  does  not,  however,  necessarily  and  under  all  cir- 
comatonces,  cause  heat  to  be  produced:  instead  of  it  an  equivalent  of  aome  other  form  of 
energy  may  be  generated;  thus,  in  QtDve'a  gas-battery  (ELBcnidTV,  ii.  430)  the  primaiy 
result  of  the  combination  of  oxygen  snd  hydrogen  gaaea  is  not  the  evolution  of  the 
quantity  of  beat  which  would  be  required  to  decompose  the  water  formed,  but  of  an 
equivalent  amoant  of  electrical  energy.  Keither  is  the  diaappearance  of  bpat  always 
a  necessary  consequence  of  the  production,  by  other  means,  of  changes  such  as  might 
be  brought  about  by  the  action  of  heat  itse^ :  for  example,  in  the  decomposition  of 
water  by  the  electric  cnnent,  there  ia  no  disappearance  of  haat,  bnt  there  is  expended 
an  amount  of  electrical  energy,  equivalent  to  the  heat  which  would  otherwise  have 
been  rcqnircd  to  effect  the  same  decompodlion.  Further,  the  most  familiar  snd  moat 
praetjcslly  important  processes  by  vhicli  heat  is  produced,  such  as  combustion,  frittioD, 
and  percusraon,  are  not  snch  as  can  be  directly  reversed  by  the  action  of  heal 

On  the  other  hand,  heat  being  a  form  of  energy,  every  source  or  store  of  energy 
may  be  considered  as,  directly  or  indirectly,  a  source  of  heat.  The  somvss  of  beat 
available  to  man  may  therefore  bo  classified  as  follows : 

1.  The  ^iin.  According  to  Pouillet,  the  total  heating  effect  of  the  nut's  rays  bJl-  ' 
ing  perpoDdicnlarl^  daring  1  minnte  upon  one  aqnore  cflntJmetre  of  the  nuih's  surfitee, 
JndMding  the  portion  absorbed  by  the  atmosphere,  amoonta  to  1-7633  times  the  qnan- 

..ooglc 
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tity  of  heat  leqnned  to  nite  lli»  tempenture  of  1  gmi.  of  mt-^r  I  degne  centigndr, 
or  to  I-TOSS  giBnunv-drgreea.  Tbc  mean  healing  eStet  on  cadi  •qun  Mntimelni  of 
the  faith's  nuface,  for  every  minnte  dnrin^  21  boon,  ia  thorafbre  —  0*4408  gnmaia- 
<tegi«« :  or  the  total  eHeet  daring  oub  ;ear  la  332,000  gammt-iepaea.'  According 
to  these  data,  the  arhots  qtuntit;  of  heat  nceiTed  b;  the  earth  from  the  ran  in  ona 
j«ar  would  be  miiBeient  to  melt  ■  Utjtx  of  ice  orro  the  whole  mahcit  of  the  vaitfa  of 
32  metns  (or  86  yaida)  in  thickness.  The  vholeofthismpiiljof  heat  (which  ialen  than 
tlie2,SO0  millionth  part  of  the  total  heat  emitted  by  the  *an)  is  not,  however,  directlj 
BTBilabte  as  sach.  According  to  Fonillet,  nearl;  one-lulf  ui  abaOTbed  b;  the  atmo- 
■ph«9e,  and  of  the  best  eo  absorbed  a  oonsidnmble  proportion  goes  to  raptdj  tba 
raochauieal  enei^  of  air  in  motion,  or  wind,  and  thus  oeaaea,  at  £uit  for  a  tune,  to 
exist  as  heat.  Anotlier  portion  is  expended  in  causing  the  enqionttion  of  water  from 
the  ocean  and  from  (he  moiat  anrfsce  of  the  land :  as  will  be  shown  in  the  ssqnel,  a 
great  part  of  this  heat  reappeais  when  the  eraporated  water  is  retonted  to  the  earth 
n  rain  or  otherwise :  but  Ihp  remainder  is  retained  in  a  modified  form  in  w>ter  which 
is  d^KisitBd  at  a,  higher  lerel  than  that  from  which  it  wae  evaporated,  and  so  fonu^ica 
the  macbanical  energy,  or  water-power,  of  Hfers  and  falling  water.  Still  anotba 
portion  of  the  total  ener^  of  the  bdh's  raya  is  Bbeorbed  by  growing  plants,  enabUug 
them  to  oonvert  carbonic  acid  and  water  into  woody  flt>re  -.  our  or£nBiy  modss  ot 
obtaining  urtlGcial  heat — namelv,  br  the  oombnstion  of  wood  and  coal — an  proocases 
in  which  the  heat  thoa  absorbed  is  liberated  by  the  reversal  of  the  chemical  ehaages 
which  take  place  in  ploota  while  living.  The  warmth  and  mechanical  Gnce  of  «n™«l« 
sre  also  derived,  through  the  vegetable  fbod  which  they  eonnune,  from  the  samesoome, 
whence  are  likewisederived,  directly  or  indirectly,  ooc  chief  mpplics  of  electrical  energy. 

2.  The  initmai  heat  of  the  earth.  This  we  msy  consider  as  of  two  kinds :  ths 
actnal  he»t,of  whidi  there  is  evidence  in  hot  springs  and  Totcanafa,  as  wril  as  in  the 
comparatiTdj  high  temperature  of  deep  minn ;  and  the  potential  heat  stored  np  in 
eoTDbnatible  min^als.  By  iar  the  most  impoitaot  store  of  potential  beat,  namely,  eoal. 
represents,  aa  we  have  ajnady  seen,  a  portion  of  the  enetgv  of  the  mm's  nys  wbidl 
readied  the  earth  during  the  growth  of  the  plants  &om  whuh  it  has  been  formed. 

3.  The  tidal  wane,  eansed  by  the  earth'a  diumal  rotatico,  combined  with  the  mntnitl 
motians  of  the  earth,  moon,  and  snn,  is  a,  source  of  heat  which  might  be  rendered 
practicall]^  available,  by  causing  water-wheels,  driven  by  the  tidal  wat«ts,  to  generals 
heat  by  fiSctim. 

4.  The  fall  of  mtteoTK  tlona  is  a  source  of  heat,  practically  insignificant,  so  far  s« 
the  earth  ia  concerned,  but  which  has  been  supposed  to  play  an  important  part  in  the 
muntenaueeofthehMtof  themn.  ' 

(On  the  pOMible  sonrcM  of  tagrrv  available  to  man,  see  W:  Thomson,  PhiL  Msg. 
[4]iT.269.J 

Oh  th>  HKunBEUKHT  OF  Hut. 

Before  we  can  proceed  further  in  the  study  of  the  propertiei  and  effeeta  of  heat,  it  i* 
nec(«ary  that  we  riionld  have  some  means  of  measuring  and  comparing  diAermt 
qnanlidee  of  it.  Aa  already  stated,  quantitjee  of  heat  ma^y  be  eipremed  in  terms  of 
auT  of  its  direetjy  measurable  effects ;  but  that  one  which  is  tmially  the  moet  easily 
and  accnrately  obaerrable  ia  alteratiDn  of  temperetnre,  and  hence  qnastities  of  heat 
sre  commonly  defined  by  stating  the  extent  to  which  they  are  capatde  of  ultering  the 
temperature  of  a  known  weight  (such  as  I  grm.)  of  a  known  substance  (for  instance, 
watsri  Accordiqgly,  the  nnit  of  heat  which  will  be  employed  iu  this  article  is  tlw 
quantity,  already  spoken  of  as  a  gramme-dsgret^  which  ia  required  to  raise  the 
tempetatnre  of  1  graramo  of  watar  from  0°  to  1°  centigrade.  Heat  ii^  however, 
capable  of  earning  other  alteration*  in  the  condition  of  bodies,  each  as  the  Uqne- 
betioc  of  solid  snbstaneea,  without  at  the  same  time  eanaiiw  any  alteration  in  their 
temperature;  hence,  another  w»;  in  which  a  quanti^  of  heat  m^  be  defined  is 
by  staling  the  amount  of  som*  known  eolid  (ie«,  for  example)  which  it  is  cuabla 
«  lique^ins  without  caoaing  any  change  in  ita  tamperatnrs.  Quantitiaa  of  hsat 
can  also  be  expressed  in  terms  of  the  mechanical  or  electrical  energy  to  which 
they  are  equivalent ;  but  aa  neither  motion  nor  electricity  can  be  generated  1^  heat 
withoot  the  simultaneool  expenditore  of  a  greater  or  leas  quantity  in  causing  a  rise  of 


ta  b>  naiUm^iUitiibiUHl  orer  Ibit  iiwt^  Uie  quinUlj  neciieil  Id  .(  bAbvu  bj  *ach  iquaie  vatl- 

l-WMrR*   ^  D-(4l1Scraraine-d(Eiw< 
■d  H  Dm  aartb  ptrlomii  lt>  riWil™  In  M  hoart  iirf  th-  j»ar  cnntilu  a^a  diyi,  ItMl"*!'^ 


,:cc.;,C00gIC 


d  linn,  therefbTV,  Um  wIioIb  at  a  given  qiuntify 
I  into  theoa  other  taraa  at  eimn,  thef  eMmot 
it.    And  in  fcct,  whrtiiwr  mode  3f  luieuiu  umint 


lempnatnre  in  mattriil  fabitaneei,  ai 
Ma  DOTer  be  truvfiiniied  wiUiMiI  low  ii 
MTTB  fiir  the  ditwt  meMoniHst  of  heat. 

ia  adopted,  \t  la  alwaja  mmiii?  to  take  aoooont  of  the  U — , 

wfaoaa  Mat  ia  to  be  eetimated,  mA  of  thoae  which  an  infliMwed  bj  tluan,  in  oidar 
that  w«  majkwiv  the  aztoit  to  vhidi  Ifaeir  tembaratnre  i*  alteced;  won  the  other 
hand,  ditt  «•  nuqr  eonrioee  oniaelTM  that  no  sach  alteration  takes  plaee.  The  mea- 
anranant  of  tempenton^  or  thtrmomtlty,  ia  theiefiwe  a  neceaaaij  prnKminaij  to  tlM 
■Beamrement  of  beat,  oi  Micrimetry. 

TfcMMumwtij. — Tempentnnk(irbottMM,hac«lt««d;bemdsAi]«duthet«ideii7 
of  one  potion  ik  natter  to  part  with  heat  to  other  poitiona,  and  bat  Wen  ilatad  to 
depend  on  Uie  quantity  <rf  bMt  wfaidi  tiie  portion  of  matter  in  qnntion  Eontaiu.  For 
the  pnrnose  of  defining  difirent  temperatnne,  it  ii  obrionah  neeeasw^  to  adopt  two 
etandatd  pmnta,  aepintad  bj  a  known  and  conatant  interr^  iriiieh  ma;  atrte  «■  a 
nuamre  %  whidi  to  rerimato  the  interval  between  anj  other  two  tMnpantnra.  The 
etandatd  p«nls  umallj  adt^tad  are  the  tempenbire  of  melting  ice,  and  the  ton- 
psatore  Ot  pme  water  boiling  tntlj  nnd«r  a  iMtom«tria  preaanre  of  7flO  nulUmeliw 
(  _  39-9S  indMa)  al  merenty  (m«a«ared  at  the  mdting  point  of  iul  When  a  qnan- 
ti^  of  meremr  u  allowed  to  attain  eqmUbriam  of  tempcntnt*  witn  matting  it*,  and 
aA«Twudl  wil£  water  boiling  nnder  the  eraiditioDi  above  mentioned,  it  ia  fonnd  that 
ita  bnlk  in  the  latter  caae  alwaji  exceedaitsbalkintheformereaaat^  a  certain  conatant 
amount.  The  expanoon  of  the  mereurj  ia  here  a  meame  of  the  qoantitr  of  heu 
which  the  boiling  water  imparted  to  it  aflar  it  had  come  to  aach  a  condition  that  as 
interehaaga  (rf  heat  no  longer  took  place  between  it  and  the  melting  ice ;  and  ainoe,  aa 
alradj  obearved,  the  msnntrj  alw^n  erpanda  by  ^m  eanM  propntiou  of  ita  bulk  at  the 
temperature  of  melting  ice,  wo  ntaj  oonelnde  that  the  qaantilj  of  brat  which  boiHiig 
water  can  impart  to  a  giran  maM  of  mattw,  CKCMd*  that  iriddh  mdting  ice  can  impart 
to  Ike  aame  maaa,  1^  a  conatant  pnqrartion ;  in  odiar  woida,  that  the  temperatnre  of 
boiling  water  ia  higher  than  the  t^peratnra  of  melting  ioc^  and  that  the  iatwval  iriiidi 
aemratea  them  ia  alwaj*  the  aame. 

It  ii  npon  (hie  prindi^  that  the  n«e  of  tb«  metcuial  thtnnotMter,  and  of  other 
inatnmenta  in  which  expansion  is  emploTcd  to  indicate  tempentore,  depends.  Tb» 
eonslmetion  and  use  of  this  instmment  in  its  varions  forma  are  taUj  described  in  tka 
article  Txkbmovbtkb,  tv  which  the  reader  is  retored.  It  will  be  sufflcient  hen  to 
state,  that  there  an  in  ft^qnent  ose  thrco  difierant  modes  cf  designating  tl 

standard  points  of  temperatore.  and  of  sabdirid^ — '■""  ~' ' '""' "" 

the  MN^tgrmfit  Male  of  Celeina  employed  in  th 

of  melting  ice  ii  denoted  by  aero,  and  the  ti    _ 

Biannmr's  scale,  in  which  the  temperature  of  melting  ice  is  liknrise  ieaabei  by 

sen,  bnt  that  of  boiling  water  by  80;  aodFahrenheit'sscala,  in  which  the  former 

temperaton  ia  maAed  82,  and  the  latter  212.    The  melting  point  of  ice  ia  thsrefora 


e  omeraDi  mooes  u  oesignanng  um  two 
liTidingthe inteml  between  them:  namely, 
n  thislHctiaDa^,  imriiidithe  tRup«nt»n 
he  ten^eraton  of  boOjng  wstv  oj  100 ; 


and  the  boiling  point  of  water  by  any  of  the  following  :^~ 

100°  C,   80°  R.,   and  ■  2120  F. ; 
aceordjn^y,  100  degrees  centigrade  are  equivalent  to  80  degrees  It^nmur,  and  to  180 
(-—  213  —  S3)  degrees  Fakreoheit,  or  C  dcfTM*  C.  ~  t  degrees  R.  -  0  dtgreea  F.    Tbs 
simpliei^  at  dieae  rektioos  makes  it  easy,  when  a  temperature  is  expnmei  aecor^ng 
to  any  oj  the  three  seales,  to  find  an  equivalent  eniresiion  aeeoidiog  to  eithw  of  tka 


othw  two.    (See  Inrthn  the  artiole 
3t>ideetheusrcurialtlHnnon]el«L,  _.     ._. . 
it  in  pindple  s3)d  ia  the  manner  in  whiah 


Bteidea  the  mercurial  Uumomelar,  and  th*  nirit  tiiermomster,  which  is  quite  mmilar 

^: :_.^i 1^,1. .- VI..J  jj  i,a^  there  are  some  other instm- 

it  for  the  maasoremsnt  of 


meats,  iriiidi  an  advantageoosly  empltmd  in  ipeoial  «a*« 
Ismpatalan,  asd  must  tbenfon  be  bnef^  described  here. 

llie  WtiglU-tlitnmymtter.—'Bat  is  a  marcurial  thermometer  which  difldra  from  Oa 
eommon  ona,  inasnoeh  aa  the  oipanaion  of  the  merenij  consequent  npon  rise  of  ten- 
peraton  is  not  read  frfTdinet^fMrn  a  divided  scale,  bnt  i«  caldUated  from  the  wo^ 
ofnuMoiywliidiese^esftiHn  theinstnunant.  It  consists  of  a  cylindrical  glasa  reser- 
voir, loosed  at  one  end,  and  terminated  st  the  other  by  a  short  capillary  gUai  tsba 
which  ia  ao  bent  that,  wtiwa  the  thermcmiBter  it  [daeed  in  the  poaitioo  in  which  it  ia  to 
he  used,  iui^enraidpiHnts  vertically  downwards.  The  modeof  nnngit  isaafi^ows; 
The  themionieter  is  wei^wd  irtiile  emp^,  and  the  leservoir  Mid  tnbe  an  then  com- 
pletelv  filled  witii  pan  menmy,  tiie  whole  of  the  ait  being  careflilly  ezpdled  In  boilings 
and  aUowing  ths  instrument  to  cool  while  the  open  end  d^  the  oq^laij  tnbe  dips  under 
th*  sot&c*  of  neicniy,  as  in  the  usoal  process  of  filling  a  bMome[«r  or  thermometer. 


THERMOMETRY.  19 

Bf  nmmdii^  tha  themometn  with  ndting  iea^  tha  uutramuit  itaM,  u  well  u  Um 
BomyamUmedinitiHbnnight  to  til*  tampeiatnreof  0°  C.:  when  tbia  tsmpantOM 
hM  beui  cMchad  bj  «n^  t*'*  ^  i^  thsTewelof  ai>KDiTianmQT*dftomiindM  ttw 
open  cod  cf  the  cspiUai?  tnbe,  aod  u  island  t^  a  niaQ  land  esfanla.  Tb«  iea  U 
DOW  mDOTed,  and  the  ODtaide  of  Uie  tbcRDooieter  ii  eanfaUT  driml.  Am  tha  ■!■•««» 
contained  in  it  tetnnia  to  the  tampnatnn  cf  the  ur(eii] 
and,  aonwqnaith,  wbu  of  it  aae^Ne  hj  the  capillaij  tu 
thonuaela^  uia  the  eunle  containing  the  maearj 


unrtiaieti  togpBtherin  the  baliuice  and  weighed;  b;  dedneting  btnathiipaM  weight 
■>  OMainrd  the  w^riil  of  tiu  in>tiiim«nt  when  emp^,  and  uiat  of  the  capmle,  we 
■obtain  the  weight  J^  of  the  qoanti^  of  tnannnj  which  flllatlM  thennometw  at  0°  C 

The  inalnment  ia  neU  hea(«d  to  100°  C,  1^  immcning  tt  in  Uie  atcan  ol  bailing 
water,  th«  aune  pmeaUiona  being  taken  u  in  hang  the  biHling  point  of  the  otdiMn 
padnatad  thsmoneter  (aee  TsxuKiitBnB),  >iid  the  meicQTj  wbid  eaeapea  ia  eolUcted 
in  the  tarad  capanle  and  wd^ied.  I«t  «  be  the  weight  of  the  whole  qnaatjlj  of  Da>> 
cmj  which  eaa^>«a  boat  the  thennometer  when  it  la  hnted  from  0^  C.  to  100°  C ; 
then  the  eoeffiaent  ttf  ^ipannt  expanaian  (aee  below,  Sfpmuio»  of  Zijaaib)  of  the 
mvnnj  contained  in  the  Ihannomets  will  b« 


(0) 


[W  -  ie)100    ■ 

l^t  of  mercnijw' ^ 

d  to  ati7  other  temperatiira,  C,  which  it  is  required  to  datermine,  we  hare 

(*) 


The  Talne  of  1,  dedneiblo  from  eqnation  (a),  wae  fbund  br  Dalong  and  Petit  f  who  were 
the  flnt  to  emplof  the  vrigbC-tDennoinetn)  to  be  f^naf  to  h^,  and  bj  tnbatitaliug 
thia  Tilue  in  eqoation  (A)  the  valae  of  <  ia  given  independaiUy  of  tlie  prdiminaiy 
eipenmsDt  above  d»KTibed,  in  which  the  thennometer  ia  beatod  to  100°  C. ;  butaomc 
-DDcertaiatj  is  thiu  introdoced  xoXo  the  dftermioation,  inaamacb  la  the  ralna  of  ■  Tariaa 
to  a  alight  extent  with  the  kind  of  glaa*  nf  which  the  thermomrler  ia  made. 

The  weigfat'tiiennometer  ia  eapabla  of  giTing  reir  aocniate  reanlta  when  emploTad 
to  indicate  the  mean  temperatiue  of  anj  conaidarable  apaoa,  mcb  aa  an  oil-  oi  water- 
bath,  the  tampenuue  of  which  ehanga  ao  alowiy  that  it  mav  be  awumud,  at  anj  giren 
instant,  to  be  the  aame  aa  that  ^tha  thermometer.  The  aiae  of  the  iaitnm<Bt 
depend*  upon  tha  purpcae  iat  whid  it  ia  to  be  enph7«d :  it  ia  wall  that  it  •honld  he 
of  aneh  a  Icogth  M  to  maeh  bom  one  end  (a  thaoUicr  ctf  the  ifMOS  whoee  temperatan 
haa  to  be  meafored,  and  it«  capacity  ought  to  be  aaeh  that  the  wei^t  of  neroatr 
driven  ont  I^  the  amalleet  riae  of  temperatnrs  which  it  ia  required  to  eatimats  ma^  ha 
capable  of  b^ng  aeenratelj  detarminM  by  the  balance.  An  obriona  preeaotjon  in  the 
nae  <X  thia  inatrammt  ia  to  keep  the  open  end  conatKatly  nadic  the  mrfhce  of  the 
7  in  the  capaolc^  eo  that  na  air  oan  enter  in  cocaeqtimce  of  a  diminntion  ei 

It'a  Av-Oitmimrtar  ia  an  inatrament  which  ia  q^lieable  in  the  aame  kind 
aa  the  weiriit-thenuameter,  bnt  haa  the  advantage  of  giring  aerarate  laanlta 
at  all  tampotatarea  below  that  at  wiiieh  glaaa  aoftena,  whareaa  the  indicationa  of  the 
wvigfat-thcnnomMer  are  obrioaaly  eoafined  to  tempenitnrea  below  the  boiling-point  of 
mercniT.  In  eonatmetion,  it  cloaelj  leaemblea  the  latter  inatnmen^  and  eo^Mta  of  a 
ejtindneal  ^an  reaemir  about  2  cantinMbea  (0-8  ineb)  in  dianetw  and  about  19  or 
IA  eentinetna  (S'2  or  6  iitchea)  long^  tvminatedatooeand^anamwdaaa  tobeof 
1  0(3  nillimMzea  intRoal  diameter,  which  ia  bent  at  a  tight  angle,  at  a  aWt  diatance 
Ikom  the  end  &ztheat  fitnn  the  reaerroir,  and  drawn  oat  to  a  fine  point.  In  tiiis  alate, 
the  instrament  ia  plaaed  in  tha  ^tace  of  whidi  it  i*  deaind  to  know  the  tonpeialnre ; 
and  aa  aoon  aa  the  inatant  arriTea  far  which  thia  t'mpentnre  ia  reqniied,  tha  dr«vn> 

by  fhsion  with  the  blowpipe,  the  height  of  the  baroi    ' 

>ter  (L  612)  being  obearred  at  the  sainfl  lime.  The 
thna  doeed  ia  then  anpported  in  a  Tartieal  poaition,  the  narrow  tnbe  downwnrda,  and 
with  the  bent  and  aealed  extremity  of  Che  utter  nnder  tha  aorfuce  of  meicnry ;  it  ia 
next  opened  \fs  breeJdng  o^  nnder  the  merrarrt  aa  small  a  piece  aa  poaaible  of  the 
poiBt ;  and  the  reaerroir  ia  complctdy  (unninded  with  meltuig  ice.  Owing  to  the 
eontraetioii  of  the  air  in  the  thennometer  aa  it  coola,  the  meretuj  riaee  !□  the  tuba  ail4 


20  HEAT. 

pOTtutly  fiSa  tht  reMrroiri  and,  when  the  temperatnTe  of  the  thermDmetor  tni  its 
eoDtenta  lua  been  ndnced  to  V  C,  the  hei^t  of  the  eac&M  of  the  mercniy  in  the 
reBerroir.  kboTe  Uiet  of  the  mercniy  ontode  the  insCnimmt,  is  measured  fay  A 
culhetometer,  the  height  of  the  burometeF  heing  canfullj  Doted  at  the  aanie  time.  Ths 
open  end  of  the  tube  is  now  cloeed,  while  still  under  mercncr,  b;  preaong  (giinit  it 
&  pellet  of  Mft  trax ;  the  iea  ii  remOTed  from  the  reserroir ;  and  the  iiutnimeot  is  taken 
out  of  ths  suppOT^  inverted,  imd  weighKl  toBether  vith  the  memuT  contained  in  it. 
Tbe  thermomBlar  ie  next  completelj  mled  with  mercuTj  and  wsighed  again,  aod  lastly 
the  weight  of  the  instrument  itself  when  empty  is  determined. 

Let  W  be  the  weight  of  mercui;  which  completel;  fllla  the  thermometer,  tod  let  to 
be  the  difference  b«twefla  thii  weight  and  that  of  the  mercury  contained  in  it  at  the 
flrM  weighing.  Theae  two  weighta  then  bear  to  each  other  the  same  proportion  as  tha 
total  espadtj  of  the  thermometer,  at  the  temperature  of  the  manmry  with  which  it 
was  fiUad,  bean  to  the  Tolmne  occnpied— at  0°  C,  and  imder  tbe  atmospheric  prenure 
diminiahed  by  ths  column  of  meicniy  read  off  by  the  cathetometer — by  the  air  which 
the  thennometcF  contained  at  the  momoit  when  it  was  sealed  with  the  blowpipe. 
Thrf  may  tharedbm  b«  taken  to  N^TMeot  leapeetiTely  theae  Tolnmea :  we  shall  then  hsTo 

W(l  +  *t)~U  ^  (I  *  ai). 

»-  »,     * 

„(    _  ^  g    ; 

"  "  ^  "  -  »■*     ' 

where  (  is  the  temperature  required,  expressed  in  centigrade  degrees ; 
S,  tha  atmospherie  pteHore  at  ths  moment  of  sealing  the  thermometsr  with  the 

blowpipe; 
k,  the  pressure  supported  by  the  air  in  the  thermometer  at  the  moment  of  doaing 
it  wuh  ths  pellet  of  wax  —  the  barometric  preasnre  observed  at  the  same  moment 
—  the  eolnmn  of  mercniy  read  off  with  the  cathetometer; 
1^  tha  coefficient  of  expansion  of  air  for  1°  0  ~  000306  ; 

K,  the  coefficient  of  cubical  eipansioD  of  the  glass  of  which  tlie  thermometer  is 

made  »  OOOOOSOJS,  hetweeo  0°  and  300°  C,  for  common  glass,  and-0'0000233 

for  crystal-glass  tlom  Choisy-le-Boi.    (Begoanlt) 

(For  the  dsriTition  of  the  above  farmnla,  sea  the  sactiou  Expansion  of  Qaaes 

in  this  article;  for  further  details  of  ths  air-thermometer,  see  Begnaalt,  Coitrt 

iUmeatairt  dt  CUmu,  ti.  ISM,  It.  61.) 

Derille  and  Troost's  lodine-pi/roiKeter. — For  the  measurement  of  temperatnres 
above  that  at  which  glass  softens,  Baville  and  Tioost  omploT  a  method  which  depends 
on  easeotially  tbe  same  principlas  aa  the  use  of  tha  air-tbeimomeler,  although  the 
mode  of  experimenting  differs  oonsidnrably.  Their  apparatus  consiBta  of  a  g&bnlar 
flask  of  Baysux  porcelain  of  280  or  300  c.  e.  capacity,  witb  a  neck  II  centimelies  long 
and  i  mm.  in  internal  diameUr.  A.  quantity  of  iodine  is  put  into  the  flaak,  and  the  neck 
is  nearly  doaed  by  a  small  plug  of  porcelain  which  lies  loosely  in  the  opening.  When 
the  flaak  is  now  exposed  to  a  high  tempetatnre,  the  iodine  is  vaporised  and  tha 
greato'  part  eacapea  by  the  neck,  driving  out  at  the  same  time  neaily  the  whola  of  the 
air.  After  tha  fllsk  has  been  exposed  for  about  twenty  minutes  to  tha  temperature 
that  is  to  be  measured,  the  flame  of  an  oxy-hy^ogen  blowpipe  ii  allowed  to 
jda*  for  sn  inatjint  upon  the  porcelain  plug  lying  in  the  neck :  the  plug  ia  thus 
malted  and  closa  tha  flask  hanoeticallj.  When  cold,  the  flaak  ia  cleaned  and  ear«- 
(bUT  weighed  ;  the  end  of  tha  nack  is  broken  under  boiled  water  or  mercury,  and  tho 
flau  is  ireighad,  together  with  the  water  or  mercuiy  which  enters ;  it  is  then  completely 
filled  with  wstar  or  mercury  and  weighed  again  ;  lastly,  the  Qaak  is  weighed  when 
emp^.  From  tiie  weights  thus  obtained  it  u  eaay  to  <^cnlat«  the  capacity  of  the 
fla»,  and  the  volume  ^  air  which  the  iodine-vapour  has  &uled  to  expel :  ths  flrat 
weighing  gives  directly  the  excess  of  the  wei^t  of  the  flask  and  iodine-vapour  over 
that  of  uiB  empty  fladc  The  observations  »ieh  require  to  be  made  in  each  experi- 
ment are  the  fijilowing: — 

Tempentore  of  the  balance —     f° 

Atmospheric  presanra  —     A  moi. 

£xcees  of  weight  of  flask  after  being  heated  and  sealed  full  of 
iodine-vapour  over  weight  of  flank  filled  with  air  previous  to 

the  expenment _     i  gno, 

n !*j  of  flask ««c.(x 


Capacity  ol 
Beeidul  ai 
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Ttniitm  buee  data,  the  foUoving  comtanti  ara  nqoiTed  id  oiAa  to  mlculste  the 

tempnatuze  at  vhich  the  flask  was  sealed: — 

Wijgfat  of  I  c^  c  sir  at  0°  and  760  mm.  prtuaaa          ..      .  —     O-OOISSSgnn. 

DensitT  of  iodine-Tapoiir  tefecred  to  air  as  unity  .  _     8716 

Coeffloent  of  fccpwtaion  of  air  fi)r  1°  C 0'00866 

CodBaent  of  enUadexpaosion  of  Bajenz  porcelain  tea  \'  C  —     0'00(K)108 
The  leqaiKd  tampannire,  T,  tan  saw  be  eotcnlstsd  as  follors : 

irti^^  —  "i  ^  -ooaesi — '"rio  "*"  *)  '"  "i"  *<^*^ '"W'*  <*  "'^^"••^P"'"  «""- 

tamed  in  the  flask  at  the  momaDt  of  nmling.  then 

L,  (1  +  000866  r)  760 

0-001208-8716    '  k  "  ^ 

«iU  batha  Tolnme  of  thia  Taponr  at  tb«aai>ie  moment;  bat 

a(i-t-OQOssar)   too  (..mmIOH  n 

^  +       1  ^  O-0O366(      --X--  "('  +0-0000108  21 
and  bma  thia  eqaatioii,  in  which  T  is  the  onlj  imknown  qnanti^,  its  tbIus  is  easily 


liidi  can  be  maintained  atationafv  for  some  tiioe  ;  bat  in  riira  where 

•  «ati  be  fiilfllled,  u  in  detomuiuDg  the  boiling  points  of  ^fflcnlty 

xnuoie  SBDauncaa  {e^.  snlpbar,  j-nHmiiiTvij  linc)  it  is  capable  of  jiuding  verj  aeennta 

A  poreelain  globe  flUed  with  air  ma;  be  enqtlo^ed  u  a  thermometer  in  the  same 
vaj :  the  adTantage  of  nnng  iodine  is  that  given  difflsences  of  temparatoie  corrMpond 
Ut  gmter  diflferenciia  of  wei^t. 

^ea  Anther  DsTille  and  Troost,  Aon.  Ch.  Phys.  [3]  IriiL  287,  270,  285,  2S8.) 
Itwtay-fifreBKier. — Thid  inatntmenl,  proposed  by  Regnaalt  (Ann.  Cb.  Phys.  [8] 
IxiiL  40),  is  compoaed  of  a  bottle  made  of  cest  or  wronght  iron,  plstinnm  or  porcelain, 
baTing  a  capacity  of  SOO  to  1000  c  il,  and  provided  witb  a  penoraled  lid  which  lira 
Bat  npon  the  neck  of  the  bottle,  the  wider  inrlkce  of  Che  lid  (which  has  a  ronuderably 
greater  diameter  than  ths  neck)  and  tbe  npper  anrAce  of  the  nrck  being  groond 
together,  eo  that  by  sliding  the  lid  a  tittle  to  one  side,  the  bottle  can  be  almost  er  ~ 


pleUly  dosed  without  remoTing  it  from  the  furnace,  or  otlier  space  whose  tsmperature 
is  to  be  detennined.  Before  bwinning  the  experiment,  10  or  16  gnus,  of  pure 
ito  the  bottle,  and  it  is  tben  placed  in  the  fomaee,  the  lid  being  laid 
le  tbroogb  it  farms  a  coctinnation  of  the  oriflca  of  the  neck ;  when 
the  bottle  has  beru  in  the  fomaee  lone  enoogb  to  have  tboFDnghl;  iBsnmed  tbe  tem- 
Mratore  of  the  latter,  it  is  doBBd  by  wiwing  the  lid  sideways,  then  remoTed  horn  the 
ftmuee,  and  quickly  cooled.  The  mercniy  rsmaining  in  the  bottle  is  ponred  out  (it 
can  be  completely  detached  &om  ths  bottle  by  shaking  a  little  water  ronnd  in  it), 
sod  weighed,  eitluir  in  the  metallic  state,  or,  when  nefeesaiy,  after  solntion  in  an  acid 
and  precipitation.    When  ths  following  data  are  known,  namely — 

e      -     capacity  of  the  bottle  in  c  c  at  0°  C. ; 

ji      —      eoeSleieDt  of  cabic  expapsion  of  the  mbetance  of  the  bottle ; 

h  •-  atmoepherio  pressare  at  the  moment  of  withdrawing  the  bottle  from  the 
fmmace ; 

d     —     denaity  of  mercn^-vapour  at  temperatures  at  which  it  has  the  properties  ot 


a  parfact  gi 
wei^tof  nun 


7  remaining  in  the  bottle ; 
the  required  temparatore,  T,  can  be  csleulaled. 

nw  vri^t  at  merenry-vapour  which  Alls  the  bottle  at  T°  ia 

=  '-lU-^Ly '><'""'"■''■  tTo-J"' 

1  +  «r  760  p  „    f_ 

1   +   000866  4'    "*    e    00012933.  J  *     J'    "  '   4  ' 

in  whidt  last  expreaaionJIf  is  a  quantity  which  remains  eoiutaut  tot  tha 
m  bare  therefore 


Af.  0-00366  J 
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BegiiRiiJt'i  BydTogm-yynmiUr  (Ann.  CIi.  Pbj*.  [S]  bdii.  42)  w  • 
vhenbj  the  temprntaie  of  \  funuce  or  otlleT  beatvd  apace  cu  Im  qnicklj  dotcnniDed 
■t  *»J  nqoired  umunt.  It  coniifita  of  t.  wion^t  inm  tuba  one  oi  two  insfaee  wide, 
and  long  anonsfa  to  reach  bora  one  HidB  ti  the  fDisaee  to  the  other,  t«miiut«d  at  each 
end  I7  a  e^iilkij  tobe  of  the  nune  material,  pforided  with  a  thiee-waj  mdb  When 
the  tempenitnn  of  the  tvinace  ia  to  Im  detomined,  a  cninDt  of  pim  and  diy  hydrogen 
ii  eanied  to  enter  the  iron  tube  at  one  end,  and  allowed  to  iema  freel;  into  the  air  at 
the  othet ;  when  the  cnnent  of  kbb  hu  been  continued  long  enough  to  diiplace  all  the 
air,  and  to  reduce  anj  oxide  that  nay  have  formed  in  the  innde  of  the  tube,  it  ia 
att^iped  I  the  free  end  of  the  iron  tnbe  i>  conuected  with  a  ct^per  tube  fllled  vith  oxide 
of  ooifier,  and  heated  lo  redneea  by  a  low  of  gae-jeta ;  the  cniinit  of  hjdrogen  ia  then 
Mfjiiced  hj  a  alow  cmieDt  of  iij  air,  which  awerpa  fbrwaid  the  hyOnigeD  into  the 
copper  tabr,  where  it  is  aom[Jetel7  eoDTerted  into  water.  The  mitt  thna  (i»med 
mnnna  on  to  a  weighed  U-tube  ooatBining  puniea-atoie  and  anliJiiirie  add,  and  trtaa 
ita  weight  the  tempenture  of  the  fomace  can  be  ealcolated  npon  the  aame  principle  aa 
when  uie  mercuiy  pTTomater  i>  need.  (For  fbrther  delaila,  and  for  flguea  of  thia 
appantttu  and  of  uat  laat  deacribed,  aee  BagnauU,  toe.  dt.) 

The  Timumndt^lia: — Thia  inatntment  conaiats  of  a  thermo-electric  pilc^  connected 
with  a  delicate  nhanomettr;  ita  eonatniftum,  and  the  ninciDlea  upon  which  ita  action 
dependa,  liaTe  al       . 

-  ■ 'n;  Mndaias  Mnaibla  hftl 
ban  atiT  ot£er  that  baa  bi 


j^ipantn*  ia  mnefa  more  ddieate  than  anj  ot£er  that  baa  been  dented,  the  heat  given 
out  bj  the  bnouui  body  producing  a  percqitiMe  elect  upon  it,  «tea  at  a  dittanee  1^  ten 
jaida  or  more  (Daguin,  TVoM  de  Pitj/iijut,  3nd  edit,  li  34].  Am  a  dilfoeatial  Ihei- 
mometer,  it  ia  capable  of  giving  accurate  leaulta,  whm  the  interrala  of  lemperatiire  to 
bameaaiiredareanABiiaoUjaiull.  Bnt,aince  the  direct  indicationa  of  lliemttnunent 
are  not  genrraUy  proportiaoal  to  Iheae  interrala  of  ttmperatim^  it  ia  ttaermnrj  to  con- 
atraet,  at  each  thennomaltiDlier,  a  table  ehowing  the  into^al  of  teunatore  to  which 
aaeh  dcjgiee  read  off  apon  the  ioatnunoit  really  com^ioDdi.  The  ibllowing  aoconnt 
ofthe  Method  recommended  by  Helloni  for  conitncting  theee  tahlea  ia  givMi  bj 
^I^riidall  (ifrof  a*  a  Jfoda  0/  Motion,  p.  366),  being  traoalated  by  him  from  ■!«  Ther- 
mocroee,'  p.  69 : — 

"Two'  raoall  veeada  are  half-flUed  with  meKuiy,  and  eoonected  eepanlel^  by  two 
ahort  wiiea,  with  the  extremiliea  of  the  galTanometer.  The  veaaola  and  wine  thuii 
diapoaed  make  no  change  in  the  action  of  the  inatrnment ;  the  thermo.4Jiec(nc  cnmut 
bong  freely  ti«aanutted,aabsfia^  from  the  pie  to  the  galraiMniM«c.  Bati^bymeana 
of  a  wire,  a  commnnicalion  be  eataUiahed  between  the  two  Toaela,  part  of  tile  eomnt 
will  paaa  throng  thia  wire  and  return  to  the  pile.  The  qnanti^  oif  electricity  drcu- 
lating  in  the  (pilTanonetaF  will  be  thoa  diminiahed,  and  with  it  the  deflection  of  the 

"  Suppoae,  then,  that  by  thia  artifice  we  hare  reduced  the  galvanometrie  deriation 
to  ita  fourth  or  fifth  part ;  in  other  wotda,  anppcaing  that  the  needle  bong  at  10  or  13 
drgreea,  under  the  action  <tf  a  eoiutant  BOnroe  of  heat,  placed  at  a  fixed  diatance  from 
the  pile,  that  it  deaeenda  to  S  or  8  degreea  when  a  portion  of  the  current  ia  diTsrttod  by 
the  nxtemal  wire ;  I  aay  that  bj  cauaing  the  aouree  to  act  from  rariona  diatanoea,  aod 
obaerring  in  each  eaae  the  total  defiection  and  the  rtdu^ed  defiection,  we  hare  all  the 
data  neceeier;  to  determioe  the  ratio  of  the  deflectiona  of  the  needle,  to  the  fbrcea 
which  produce  theee  deteetiooa. 

"  To  render  the  oipoaition  clearer,  and  to  fomiah,  at  the  aame  time,  an  example  of 
the  node  of  operation,  I  will  take  the  numbeia  relating  to  the  application  of  thia  method 
to  one  1^  my  thermomultipliera. 

"  l^e  external  dreuit  tieing  interrupted,  and  the  aouree  of  bwt  being  aniDeieDtiy 
diatant  from  the  pile  to  give  a  deflection  not  exceeding  S  degreea  of  the  nlvanomeier, 
let  the  wire  be  plai^  so  ■■  to  connect  the  two  Teeaels  of  mercury ;  the  needle  ftUa  to  1-6. 
The  connection  between  the  two  Teaaela  being  again  intompted,  let  the  wnrce  be 
brought  near  eooogh  to  obtain  ancoeaaiTely  the  defieetiona : — 

6°,  10",  IB",  aoo,  2fi°,  80°,  iB°,  41P,  4«". 
Inlerpodng  after  each  the  aame  wire,  we  obtain  the  following  DUioben : — 

1-60,  8",  ie°,  e-s",  ii",  ii-2',  i6-3=,  aa-i",  297". 

"Aamming  the  Ibree  neceaaa^  to  csun  the  needle  to  deeeribe  each  of  the  flrat 
degrwee^thegalTanomatttto  be  equal  to  nnitj,  we  have  the  tnunbci  fi  aa  the  expres* 
non  of  the  fore*  eomapon^ng  to  ttie  flrat  obeerration.  The  other  forcvs  are  easily 
obtained  by  the  proportion : — 

I'B  :  B  ~  a:  X  ••  ^a  —  3'333a,* 
■  UmI  U  la  uf,  on*  ndueed  cnnent  li  to  lh«  tDUl  cucnnt  lo  nlildi  11  eonvpoaib,  ■•  luj  dUmt 

.odqIc 
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•  wfrwtnU  the  defleetiMivliRi  tlia  eiUtMi  cucnit  ii  doMd.    Wc  thni  obuin 

a,  10,  16-2,  31,  2B,  3T'S 
I  ftraea  (wiMtMiiiiliim  to  the  dalleetkiiu, 

tP,  IV,  IS",  aoo,  MO,  iV. 

a,  the  fbraei  we  iMiaiblr  pmportioiiBl  U>  tl: 


_  "Hie  foreot  belongiiig  ts  Ihr  intamtdiBts  ddgresi  u«  obtaiocd  with  Kmt  «i 
cithaT  by  calculation  or  bj  gnphieil  coattmotion,  whioh  Uttor  ii  lofflciant^  ■enu 


Di&nuc«s 


"By  Ihen  meut  «a  find, 
Segnea  .     13"    1*"    IS'     VP    n"     18»     19"     20°    Bl" 

" 18      Ul    16-2    18-8    n-A   18-8   IBS   11       221 

11      11      1-1      11      1-2      13     1-3    1-8 

23"    2>''    3*°    36"    29°    27*    28°     2»°    ZV 

33-G    2i'S  2S-4  38      297   81'ff  38-4    Z6t    S/'8 

1-4      1-S     1-6    1-7       1-8      1-0      1-9      2 

"In  thii  table va  do  not  taka  into  aeeoaot  any nf  tha dayii  pMMding  tha  Itti^  be- 

-wthafbraaooRcapcndingtoaachof  thnn  poaaaaea  dia  aaua  TBbM  aa  tha  doflaetiaa. 


"  Z«t  Ul  ooQiider  them  acpantaly  ;  eommeneing  with  the  AnL  In  the  flnt  idac«> 
thoL  If  dagreea  MemdiMto  onrcalcolation,  an  equal  to  IS-i;  we  obtain  tha  Talaaof 
the  H— iiiji  0-3  by  mottipl^iiig  Uua  fnutioD  by  the  lUAraiMe  1-1 ;  Ibr  we  bare  evidently 


33 so  +  tytf  -  Ul". iiMtead  of  23-4°,  and 881°  inataad  of  397°  for  tha  i 
deflertiaDaof  40aadM  depma. 

"  It  now  only  Temaiiia  to  ealcoLite  the  forcea  btlonging  to  three  thiea  dafleetioDB, 
IG-fiO  34-1°,  and  88-7°,  by  maani  of  the  expcaaaion  8-833a;  thia  givra  ua, 
the    finxMa,         817,    tO'S,     133-3. 
ht  the  dagreaa.  Iff,       40,        4fi. 

"  Comparing  theae  numben  with  thoae  of  the  necediog  tabla,  we  eee  that  the 
Benaitirenaaa  ca  onr  galraiiometar  diminiihea  couidnmbty  when  wa  uae  daflactioDt 
gnater  than  30  d«gnn." 

When  one  faoe  ^  the  tburmopjle  ia  ezpoaed  to  tha  action  of  heat,  the  needle  of  tha 
gabanmneter,  with  which  tha  pile  ia  aonneeted,  immediately  learai  ita  poeition  of 
equilibrium  and  awinp  oooaidenbly  banoid  the  new  poiitkm  u  iriiich,  aftei  a  aeriea  of 
—  ._.!■_  i-_-_i_i.- ..i..^.__  jj  ultimatdy  oemet  t«  teat,  if  the  pile  ' 


padaallydi 

of  the  pile  only  gndnaUyloaea  the  inoeaaed  temparatDte  which  it  had  acqniied  wbi 
eimaaJ  to  it*  action,  ■»  that  the  Ntan  of  the  ganuometw  needle  to  it*  ncal  poaitit 
ii  lik«wiae  gcadnaL  Thaaa  two  rimnwitaniTt  would  oeeMton  a  reiy  eoondenble  lo 
of  time  ■■  Baking  a  nniMrau  aariea  nl  ohaaiialiom  irilh  the  theimomnltiplier,  were 
it  neevMaiy  eadi  tiaM>  to  allow  tha  veedU  l«  beeoDia  atationaiy  at  the  point  of  ultimate 
deOectiM] ;  hot  Helloni  obeerred  that  the  are  thioagb  which  the  neeale  awing*  in  it* 
flnt  oaeillation  ia  alwayi  tha  aame  br  an  iltimale  deflectiotl  of  the  aame  amoun^  and 
bene^  by  eonatioetiw  what  he  call*  a  TMi  of  bnpu/tet,  w  table  giving  the  nltuoate 
i^edeetion  -iTrfiipr>^i"g  to  a  ftnt  awin^  or  impola^  of  any  grrra  amount^  thia  loea  of 
time  amj  be  aroided.  With  aieh  a  Uble.  it  la  ooly  neeaaaaty  to  obaerre  tha  are  de- 
•mbad  ^  the  needle  in  ila  Ant  moTsinent,  and  then  to  nftir  to  the  table  fbr  tha  ulti- 
male  ilallw  liim  in  leapiHuliiig  tbanto. 

Sumtn*'*  AMiteua  n<raioM(far.— In  thia  u 
tempafadae  an  nurde  t?  as  «cdin*iy  m 
in  toe  Atet  that  it  enaUe*  the  tempeiati 
tluracnirtw  oonld  not  be  introdnoed,  or  wbnc^  if  introduced,  it  ooald  not  be 
obaored.  Ita  action  dependa  on  the  mereaaad  reaiaCanee  whidi  a  metalhe  win  ofbn 
to  the  pt«aiv;e  of  no  electdo  cvnent  when  iU  tempemtnte  ia  t»i*ed.    (ELnotuoiii^ 
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Two  perfecUj  similAr  cmk  of  iunUted  win  are  «neland  in  two  honutiedly  tealfd 
coppw  aem.  One  is  placed  in  Ui«  sptae  of  which  the  temperatnTe  ia  nqmied,  the 
other  in  ft  bath  of  water;  and  the  temperature  of  the  bath  i«  altered  ns  til  the  elecbical 
reaiatasee  of  the  two  coils  is  eiactlj  aqnat,  an  eqoalitj  which  can  be  readily  tested  bj 
A  diflliiential  galvanometer.  The  tcmperstDn  oS  the  bath  will  then  clearly  be  equal 
'  that  of  the  apacs  where  the  flret  reaistance  coil  ia  pUced.  The  eonnectiona  an 
-' ■  ' 1-— I-' i-. ihallhaTo'-"' '-' 


made  with  Ten  (bick  copper  win,  eotbattheirreaiatanceMiall  have  little  or  no  inflaence 
apon  the  reenlt  The  wires  are  coiled  on  an  open  copper  cylinder  of  coosiderable 
diameter  and  length,  so  as  to  expose  a  large  snrfiice  to  thu  air  or  water  in  which  tliej 
are  placed.  They  in  eonaequence  take  the  temperatore  of  the  aDrroundinK  medium 
with  ft^eat  rapiditj.  (Rtport  on  nttMeal  Itulrumfnlt  in  lie  International  EthMUon 
Hf  1862,  by  neemina  Jenlin,— Jnton'  Reports,  Clasa  liiL  p.  93.) 

This  ioatrument  la  obrioosly  adapted  for  detenniniD^  the  temperature  of  difierent 
depths  of  tJla  sea,  or  of  borings  on  land,  and  for  other  similar  pniposa.  Ita  aensibi- 
li^  may  be  considerably  incrnsed  by  adopting  a  sncgeitian  of  Dr.  Esselbach'l,  and 
«matmcting  one  of  the  coils,  that  on«  wbieb  ia  ^acedm  the  bath  of  water,  of  a  mate- 
rial wboae  reaistance  inersaaee  more  alowh  with  rise  of  temperatore  than  that  of  die  sub- 
•tanea  of  which  the  othar  eoilia  made.  The  temperature  m  the  bath  would  then  have  to 
be  Tariad  mon  than  one  degree,  in  order  to  compensate  the  altoalion  of  raaistuioe  ouised 
b^aTari^Jon  of  ODB  degree  in  the  tanperalnre  of  the  medinm  anmxinding  the  other  coil, 

Beaidea  the  instnimenta  for  meaanring  tempetetnn  whi<Ji  an  described  abore  and 
in  Uie  article  THntwomrsB,  already  referred  to,  a  great  number  of  others,  of  rarious 
degrees  of  utility,  hare  been  suggested  tiom  time  to  time.  But  it  is  baliered  that  the 
instruments  hen  noticed  an  thoae  most  likely  to  be  found  practically  useful  by  tha 
experimental  chemist,  A  large  number  of  tha  older  coDtriraneea  for  thetmometrio 
purposes  an  very  fnlly  deseribed  in  the  treatise  on  Hit  Thtrmameter  and  Pj/nrmtier, 

E'lliahed  by  the  Society  for  the  Diffiision  of  UaefOl  Ejiowledge.     (Libtsi;  ot  Usefbl 
owledge,  Natural  Philosophy,  Tol,  ii.  IBS2.) 

Calminwtrj. — The  oases  in  which  jmrnliUa  of  heat  requin  to  be  measured  an 
Tary  numerous,  and  diffprent  methods  and  apparatus  are  required  in  nearly  ereiy  case. 
In  relation  to  erci;  one  of  the  effects  of  heat  the  qneatioa  arisee :  How  much  heat  ia 
needed  to  produce  this  effect  with  a  given  inleoaityP  hence  calorimctric  Eneasuremenla 
hare  lo  be  made  in  the  stud^  of  each  of  these  eOects,  while  the  natun  of  each  will 
determine  the  manner  in  which  such  meaaunments  can  best  be  made.  We  shall, 
therefore,  ceUBider  the  different  problems  into  which  colorimetiy  enters,  one  by  one  aa 
they  oocor,  aod  shall  now  pass  at  once  to  the 

QcAinn*TrTB  Stddt  op  thx  ErFEcra  or  Ss&t. 
The  following  order  will  be  adopted  in  this  part  of  the  subject: — 

1.  Changee  of  Temperature  produced  by  Heat. 

2.  Changes  of  Volume  prodaced  by  Heat 

3.  Chanses  of  State  of  Asgiesation  produced  by  Heat. 
1.  Belations  of  Hi^at  to  Chemical  Affinity. 

5.  Eclationa  of  Heat  to  Eledzictty. 

6,  Relations  of  Ueat  to  Mechanical  Eaergy- 

1,  Ckangti  of  Timperaiure  produced  by  7f;a^— Bp«olfio  Ke«t— When 
equal  weights  of  two  different  subetancoB,  say  a  pound  of  water  and  a  poimd  of  mercury, 
are  placed  in  two  similar  Tcssels,  and  exposed  for  the  same  length  of  time  to  the  heat 
of  the  eame  lamp,  or  placed  in  front  of  the  same  fire,  at  equ^  distances  bom  it,  or 
otherwise  treated  so  as  to  hare  an  opportunity  of  taking  up,  each  exactly  aa  much  heat 


menl^  they  have  no  longer  the  same  temperattir< 
found  to  be  much  hotter  tlian  the  water.  Hence  it  is  proved  that  a  quantity  of  heat 
which  is  suffldcnt  to  ifuse  the  temperature  of  a  given  quantity  of  mercury  through  a 
given  number  of  degreee,  ie  only  able  to  raise  the  temperature  of  the  same  quantity  of 
water  thiough  a  anuller  number  of  degnea;  in  other  words,  more  heat  is  required  lo 
raise  the  tomperaturo  of  a  given  quantity  of  wBt*r  one  degree,  than  is  required  to  raise 
the  tem^eratun  of  the  same  quantity  of  marcary  one  degree.  Again,  if  we  take  two 
equal  wnghta  of  water  and  merouiy  which  have  been  heated  to  the  same  tempenture, 
say  to  100°  C,  and  place  them  under  such  conditions  that,  in  cooling  down  to  the  tern- 
peratnre  of  the  atmosphere,  psch  shall  ^ve  out  exactly  as  much  heat  in  each  second  as 
tiie  othpr,  it  will  be  found  that  the  mercun'  will  hare  cooled  down  to  the  temperatun 
of  the  atmosphere  long  before  the  water ;  hence,  when  its  temperature  is  lowered  by  a 

S*ven  number  of  degreee,  water  gives  out  more  heat  than  an  equal  quantity  of  meieai; 
leB  in  undergoing  a  similar  alt  emtion  of  temperetore.    Extending  similar  experiments 
to  other  subetanece,  we  should  find  thai  the  quantity  of  he»t  ne^ed  to  elIiK:t  a  given 
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change  of  l«mperatim  is  different  for  >liDC«t  every  RobfltuiM.  TliBM  qiustltiM  of 
famt,  tcnmsBed  ralativelj  to  the  quiDtity  of  heftt  required  to  nise  the  tempcrahua  of 
an  equl  weight  of  water  from  U°  to  1°  C,  are  called  the  apecifie  heata  of  the  Tariona 
aobataDcee.  Thiu,  ibr  instuite,  the  atatanuint  that  tha  apeafle  heat  ol  lead  ia  0-031^ 
implka  that  tfaa  qnontilj'  of  heat  which  wonid  anfOce  to  raiae  the  tamperatDra  of  bdj 
giren  qaantitj  (f  lead  from  0°  to  1°  C,  would  lairc  the  temperatim  of  an  equal  quan- 
titrurf water oulv&omO°  to  0  0131° 

The  powers  heat,  tlwD,  to  eaiue  changes  of  tempaiafon  depends  upon  the  natnnof 
the  anbataac*  npon  which  it  acta,  jiut  aa  we  shall  aae  in  the  aaqnel,  that  its  p«wer  to 
eaoae  diangea  ra  toIoid^  or  changea  of  snj  other  kind,  fariea  with  the  natun  of  tlis 
bodies  aabmittad  to  its  action. 

Thiee  prindpal  methoda  hare  been  emidojed  far  measuring  tha  apeci&i  heata  of  dif- 
ferant  anWaneea.  Of  these,  mnch  the  moat  aecmata  is  that  known  m  tlw  method 
of  mixtnras;  we  shall,  tben&re,  deeoibe  it  lint.  It  OMuists  in  beating  a  koowD 
weight  of  tha  anbstance,  whose  apedflc  beat  is  to  be  determined,  to  a  known  leupan- 
tnr^  then  jJni^iiing  into  a  known  weight  of  water,  also  at  a  known  tamperBtnr^  and 
detemtininK  t^B  tempaiatnre  of  tha  mixture  which  results.  In  an  ezpaiunent  at  this 
kini],  let  I^ba  the  temperatun  to  which  the  aubatanca  waa  heatud,  t  the  initial  tam- 


la  that  teqaired  to  heat  tha  water  fhun  <"  to  C.  Calling  the  hitherto  anknown  apedSe 
heat  of  tbe  sabatanee  a,  we  ahall  hare  for  the  former  quantity  of  heat,  the  ei[a«aaiaii 

H'(r—«>T,  and  for  the  heat  taken  up  by  Ilia  water  (whose  spedOc  heat -I),  i^«-   1). 

Wif-  »)■ 

The  most  accurate  determiastioDs  of  apecifie  heat  that  hare  hitherto  been  published 
are  probably  thosa  made  by  Kngnaalt  (Ann.  Cb.  FhjB.  IzziiL  £ ;  Ibid.  [3]  i.  129; 
ii.  322;  zxvi.  281  and  268;  xxzriii.  129 ;  zItL  257;  Ixiii.  &),  b^  the  method  rf 
mizturts.  Fig.  £30  (see  p.  2S),  which  ia  copied  from  his  latest  memoir  on  this  subject, 
showi  the  dif^ositjon  cf  appantoi  usually  emplojed  by  this  inveeti  gator.  The  sab- 
itiince  to  be  examined  is  contained  in  s  basket  of  fine  brssa  wire,  M,  snapended  in  tbe 
middle  of  an  apright  cjlindflc,  A,  of  thin  metal  This  cylinder  i*  surrounded  by  a 
larger  concentric  cjlindFr,  B,  and  this  agun  by  a  third  cyUnder,  C  By  the  ebullition 
of  water  in  the  boiler,  V,  the  annnlar  apace  between  AandB  ia  kept  constanllj  ftJlof 
■team,  which  pasaea  thence  tbmngb  the  openiiiBH,  o  o,  near  the  top  of  B,  into  the  outer 
Bnnnl»T  space  comprised  between  B  and  C,  and  hence  by  the  waste-pipe  (/to  the  con- 
denaer  0,  and  so  back  to  the  boiler.  ThM  portion  of  the  steam  which  is  liqnefied  in 
the  (ylinders  B  and  C,  retotDS  to  the  boiler  in  the  form  of  water  by  the  pipe  c.  The 
temperature  of  the  aobetance  in  M  ia  ahown  by  the  thermometer  T,  the  bulb  of  which 
occupies  a  cylindrical  apace  lpft_for  the  pnrpoae  in  tbe  middle  of  the  baaket  of  braaa 
wire.  The  water  into  which  the  substance  is  to  be  plunged  ia  contained  in  tha  calori- 
meter H,  a  small  vesiel  of  very  thin  and  highly  poliahHl  brass,  supported  npcn  three 
pointa,  and  carried  by  afoot  which  slides  along  a  gioove,  so  that,  by  a  rapid  and  smooth 
motion,  it  can  be  brought  directly  under  A,  or  removed  to  the  farther  aide  of  tha 
eliding  screen,  pp,  so  as  to  be  protected  from  the  influence  of  heat  givec  out  by  the 
heating  apparatus  C.  When  in  its  place  imder  A,  the  calorimeter  ia  protected  from 
heat  radiated  by  the  boiler  by  the  double  screen  D.  between  the  two  coatings  of  which 
a  eoDtinnal  eireulation  of  cold  water  Is  kept  up.  The  temperature  of  the  colonmeter 
ia  indicated  by  the  thermometer  t,  the  bulb  of  which  is  long  enough  to  reach  from 
just  below  the  surface  of  the  water  to  vny  near  tbe  bottom. 

At  the  commencement  of  an  experiment,  the  calorimeter  is  drawn  back  ontside  the 
screen  pp',  and  the  basket  containing  tbe  subslance  to  be  examined  is  suspended  in  the 
middle  of  the  cylinder  A  by  a  silk  thread,  the  (^lindar  itself  being  closed  at  top  and 
bottom  by  hollow  pings  to  prevent  loss  of  heat,  one  of  which  ia  shown  in  its  place  at 
the  apper  part  of  the  figure.  Steam  from  the  boiler  being  allowed  to  circulate  a^xmt  A, 
tiiB  snostance  at  M  is  grodnaUy  heated-  to  nearly  the  temperature  of  boiling  water. 
AAot,  in  general,  about  two  honn,  the  thermometer  T  becomia  stationary ;  but,  for 

Kter  certainty  that  the  temperature  of  the  aufastance  is  uniform  throu^ioat,  the 
ing  is  contmoed  fbr  at  least  another  hour.  The  temperature  of  the  water  in  tbe 
calorimeter  is  then  obaerred  by  reading  the  thermometer  t  through  a  teleecope,  tha 
tmnperatme  of  tha  air  being  read  off  at  the  same  time  upon  another  thermomeler.  The 
ealoiimeter  ia  quickly  pushed  under  the  heating  apparatus ;  the  plug  at  tha  bottom  of 
the  cylinder  A  is  removed;  and  by  loosening  the  cork  which  sopports  tnethennonuterX 
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the  aSk  thnad  from  which  the  baskst  M  ha^  ii  libented,  and  this  witL  iti  conteota 
■llmrad  to  fall  into  the  water  contained  in  H.  Tha  ctdorimeter  ii  again  diawn  back 
behind  the  acrean  PP*,  and  the  tnuket  is  moved  abont  in  tho  water  bj  u  nnnintanti 
^iil«  tli«  obaarver  watebea  thtoagh  ths  talaiec^  the  Tn.^imnm  tempaiatura  indicated 


Thii  maximum  gencrallT  oi 
mendoD  of  the  mbatanee.  Snppooe  Chat,  in  aiich  ai 
w  obtained: — 

Wai^t  of  Kobataince Af  grm. 

„       „  braaa  wire  bwkeC p    gem. 

Temperaton  bj  thermometer  T  at  monuiQt  of  immenion       .        .  7" 

Tonpeiatnie  b;  thsnnometer  I  at  aame  mouent    ,        .        .        .  (° 

Uaxunnm  tempentora  aAcs  inunmion  b;  themiometfr  I      .        .  tf> 
Weight  of  water  in  calorimeter,  calorimeter  and  thermometer  aop- 

poeed  included A 

Speeifie  heal  of  btiaa e 
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Thro,  mlling  the  required  ipecific  httt  of  tbe  Ri1»taiiea  C,  w  iboiild  hata 

^  ,         .  .         -  ■  unimitiK  tliit  thr  ooa- 

idodes  not  mmel;  the  actnal  Tstei  in  the  cslorimeter,  bnt  afao  the  "  imtcr- 
cqmraleuU  "  of  the  biajw  of  vhicb  the  ealornistei  ii  eompMad,  and  of  the  ^us 
■od  tnsRiirr  eompgaiiig  the  thermometn'  i,  tor  these  mill  heated  at  the  fame  time  aa 
thevater,  and  to  the  nnta  extent  If  the  vei^t  of  bnu  io  the  calorimetmreie  a-, 
and  the  wcdshta  of  ^aaa  and  merciuy  in  tlie  thennometer  t  reepeetiTelj  af  and  w*,  and 
if,  Anther,  the  mofla  heati  of  bna,  glaaa,  and  mennry  be  e,  if,  and  e',  the  "watv 
eqntralent"  of  the  ealorimeto'  (oi  the  qnantitj  of  water  vhioh  would  laqDiie  the  nine 
qnaotity  of  hoit  to  niae  ite  tonpeiatnn  one  degiee)  would  be  ne,  and  the  "  wattp- 
eqaJTalent "  of  the  theimonutar  t  woold  be  wV  +  i^if.  Henca  if  a  be  the  weight 
ofaetualwaterinthee^onnwtv,  thaealoiiiiutiie  Tahuctf  thawh^  qtlantitj  irf  matter 
to  whidi  the  hMt  t^  the  bod;  sndei  experiment  ia  impaited  will  be : 

The  nlnea  of  the  mTeial  tema  making  np  the  whole  Talne  of  A  moat  obriona^  be 
datemined  bj  prelirainai?  exparimenta. 

An  additional  eoirection,  the  Talne  of  which  haa  alao  to  ba  tbimd  bj  preliminaij 
triak,  ia  leqoired  to  compmaate  tbe  heating  or  cooling  effict  of  the  atnoaphata  npoD 
the  eaiorimtter  and  itj  contanta  daring  the  oonne  at  an  aipcnment.  Bnt  aa  th« 
diftranee  between  the  two  tampentnna  (  and  f  <f  the  edoniBatar  •aUom  aaeaeda 
1°  or  6°,  it  ia  eaay,  \>j  keepiDg  the  tempentare  of  the  inetnuamt  ai 
tore  doni      ■■--■■--■• 


.  „  -, ia  expected  to 

exceed  it  in  the  aecond  hal^  to  randv  the  error  iirtrodaead  bj  atmo^iarie  heatinK  or 
oooiing^  -nrj  amall  indeed :  in  Bqpianlf  a  axperimenla,  it  amoanled  to  onl;  three  or  niiir 
hnndredtha  of  a  degree,  bat  wu  naiertheleaa  csxeftillj'  allowed  for. 

'Bj  mHuie  of  tbe  apparaton  ibore  deacribed.  the  aubalaace  ander  examinatioD  can 
zkarer  be  heated  qoita  to  the  boiling  point  of  the  hqnid  in  tbe  boiler  V,  ao  that  when 
thi«  ii  water,  the  temperatnre  of  thp  unbatance  aerer  riaee  aboia  ST°  <v  9S° ;  bst  aoj 
other  tempentme  that  may  be  desired  con  eaeil;  be  attained  b;  introdncing  into  the 
boilar,  in  place  of  water,  ■  liquid  which  boil*  at  nearly  the  mqniied  tampentnn^  and 
then  lainng  or  loweriog;  its  teroperatnre  of  ebollttion  aa  mnch  aa  may  be  needed,  bj 
eoonadiag  the  tube  h  i  with  a  large  reeerroir  of  compreeaed  or  nrefied  air. 

In  detennining  the  apeciSe  heat  of  aubetancea  (aoi^  aa  phoaphonia,  for  example) 
which  omld  notlw  heated  withont  eanaing  them  to  mdt  or  elae  to  nndeigo  oUier 
altaiatiolia  whidi  woold  interfere  with  the  accnncj  of  the  reaolta,  Kegnatdt  adopted 
an  inraae  ptoeeaa,  and  coded  them  to  a  fempentiire  conaidnrablj  below  that  of  the 
water  in  the  calorimeter,  and  thna  obeerred  the  dimination  in  the  temperature  of  the 
latter  iriiich  reanlted  fhun  immening  the  coaled  nbatancea  in  it  The  apparatoa 
emplojad  for  prodnHng  and  maintaining  cooatant  a  low  tnnptirBtnre,  reaemblea 
to  aome  extent  the  heating  apparatos  alcud?  deaeribed  and  figored.  It  conaiata  of 
a  central  tab*,  in  the  middle  of  which  ia  anapended  the  labatanca  to  ba  cooled, 
MDronuded  bj  two  lar^r  concentric  cjlindera.  The  apace  between  the  central  tnbe 
and  tbe  next  ia  partially  filled  with  ether  or  some  other  volatile  liquid,  and  the 
apace  between  thia  tnbe  and  the  ontaide  one  ia  filled  with  air.  Hj  canaing  a  rapid 
eanoit  of  air  to  traverse  the  ethtr.  its  temperature  is  gndnallj  lowered,  and  with 


il  temperature  of   20°   C.  any  temperature  not  lower  than  - 

I  conatanl  bj  properly  regalating  the  flow  at  air;  the  lowest  terapeiatni 

that  ean  be  obtained  imder  simiiir  circninBtaDceB,  by  employing  nlphide  of  carbon 


instead  of  ether  is  —  B°.  By  the  oae  of  Uqoid  ammonia,  any  tempetatnre  between 
-40°  and  -BO°C.  can  be  obtained. 

In  Older  to  apply  the  above  method  to  detenninatioiiB  of  the  ipecifla  heat  of  liquids, 
they  moat  be  endoaed  in  tnbea  of  veiy  thin  gtase,  neariy  filled  and  hermetically 
dosed.  Theae  tabee  are  inepended,  like  the  basket  M.  in  the  centra  of  the  tuba  A, 
and  aflerwBida  let  down  into  the  calorimeter.  In  calcntating  the  result,  allowance 
most  of  course  be  made  for  the  heat  impsrted  to  the  calorimeter  by  the  tnbe. 

Another  ^pantna  which  serves  for  the  determination  of  apecifie  heata  U  reprs- 
sent«d  in^.  SSI.  Thia  apparatos,  devised  by  Favre  iind  Silbsrmanu  (Ann.  Ch. 
Fhye.  [3J  xxivi.  33),  consists  of  a  gltsa  glolw.  A,  of  about  1  litre  capacity,  in  which 
are  thns  openings.  The  first,  b.  admits  a  thin  iron  or  platinum  tube,  doaed  at  the 
lower  end,  about  1  inch  (2^  to  3  centimetres)  wide  and  1  inchea  (tO  or  II  osnti- 
metrea)  long,  cemented  at  the  top  into  tbe  opening  of  the-glaan^  and  kept  in  its 
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place  below  by  a  piece  of  glui  rod,  one  and  of  vhidi  ii  „  -.r  — 

side  of  the  tube  and  the  other  end  igaiiut  the  side  t£  the  glue  globe.  Withio  thu 
tube,  which  it  called  the  muffie,  u  pl&eed  auothor  tnbe  al  Ten  thin  gtaas  which 
MTTCl  to  ocmtntii  the  Enbttaitcee  nnder  experiment.    This  is  held  in  its  plw«  by  a 

^1^.  S31. 
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The  second  opening,  e,  e»mM  a  horiaonCal  capilloiy  tabe,  tt,  about  000  niUimt^Tes 
loos;  dirided  into  miUimetna,  and  tenniiiBted  at  the  &rther  end  by  a  small  ftmneL 

Thu  tub«^  which  should  be  perfectly  cjKndricaJ,  is  cemented  to  the  glaaa  globe  by 
maniie  glue,  so  that,  when  nnedfu],  it  con  be  easily  nmoved  sod  cleaned. 

I^e  third  opening  carries  a  steel  piaton,  d,  wliicli,  by  mpiins  of  a  screw,  can  b« 
raised  or  loirered  so  as  to  increase  or  diminish  eomewhat  the  capacity  of  the  globe- 

The  H;Iobe  itself  is  supported  upon  a  thick  ring  of  coik  and  enclosed  in  a  box 
lined  with  wadding  or  swan's-down,  and  murunnded  by  a  double  ca^s  filled  with 
water.  It  is  filled  with  mercury,  with  tbe  precautions  necessary  to  exclude  any  trace 
of  air,  and  the  extremity  of  the  column  of  mercury  is  adjusted  hj  moving  the  steel 
piston,  d,  up  or  down,  so  as  to  be  exactly  at  theieio  point  of  the  diyisions  of  the  tube. 
In  uaiug  tbe  inrtrument,  the  eubstance  whose  Bpeciflo  heat  is'to  be  determine 
it  introduced  at  a  known  temperature  into  the  muffle,  or  into  the  gloss  tube  inside 
it.  The  Bubeluiee  then  parts  with  its  heat  to  the  mercury  contained  in  the  globe  of 
the  calorimeter,  causing  it  to  expand,  and  the  expansion  read  off  on  the  tube  tt  ia  a 
meatore  of  the  quantity  of  heet  thus  imparled  to  the  mercury.  In  order,  howeTsr, 
to  compare  the  indications  of  this  instrument  with  thoee  of  the  watei^ealorimster,  it  js 
needful  to  know  the  number  of  divisions  of  the  tube  U  which  correspond  to  the  effect 
of  a  unit  of  heat,  or  gramme-degree.  For  this  purpose  Faire  and  Silbennsnn 
grnduated  their  instrament  as  follows  : — A  few  scraps  of  platinum  wire,  and  i  or  fi 
grammes  of  diatilled  wnter,  are  placed  in  a  pipette  of  the  form  shown  in  fig.  S32.  The 
pipette  is  heated  over  a  gpirit- 
I^p  until  the  water  boils,  the 
;}  flame  being  occasionally  passed 
■long  the  point  a,  so  as  to  heat 
it  sufficiently  to  prevent  the  ct 


Fig.  532. 


of  wat«r  is  removed  &om 


ir  at  the  m 
of  beginning  the  experiment. 

The  lamp  is  then  removed  for  an  instant ;  the  ebullition  ceases,  and  at  the  same 
moment  the  point  of  the  pipette  i>  rapidly  introduced  to  the  bottom  of  the  tube  con- 
tained in  the  muffle,  the  pipetto  being  simultaneously  turned  round  through  180° 
about  the  axis  ai.  The  lunp  is  then  again  brought  near  the  pipette,  and  the  taA  ■ 
which  closes  the  upper  end  is  removed,  so  that  no  steam  may  follow  the  water  into  the 
muffle.  Aa  aoon  as  the  mercniynxilumn  in  tt  has  reached  the  extreme  point,  the 
temperature  of  the  water  it  taken  by  a  small  and  sensitive  thermometer;  and  the 
experiment  is  completed  by  weighing  the  glass  tube  with  the  water  contaiaed  in  it. 

If  the  weight  of  water  be  P,  and  the  number  of  degrees  throuoh  which  its  t«m- 
perature  blls  after  being  introduced  into  the  tube  of  the  mnffie  be  T,  the  number  of 
□nits  of  heat  impartml  to  the  calorimeter  will  be  FT.  If  this  qnantitj  of  heat 
causes  the  mercury  to  advance  through  N  divisions  of  the  tnbe  tt,  the  unoant  of 
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txHiisioii,  C,  exprencd  in  the  mma  diTiriona,  coireqwiidiiig  to  oae  unit  of  heut 
wiilbt  W 

0    -    ^. 

Fane  and  SilbmnaaD  found  that,  in  the  inatinmeDt  employed  b;  them,  one  unit  of 
h«at  csoBed  the  mtrcurj  to  advance  in  U  by  fH  millimetre. 

In  detennining  the  ipedfie  heata  of  liqaid  mtntAnces  by  means  of  this  apparatoa, 
they  are  inlivdaced  into  the  tuba  of  the  moiBe  by  mean*  ot  the  pipette  at,  in  the 
manner  already  deacribed  in  the  case  of  water,  Uie  ireight  employed  being  detannined 
after  the  experiment. 

Another  method  of  aacertaining  the  specilla  heate  of  raiiona  aabitAneea  eonnila  in 
detflimining  the  qnaiitity  of  ice  which  can  be  melted  bj  the  heat  giren  off  by  a  knowa 
weight  of  eadi  while  cooling  through  'the  aame  nnmb^  of  degmea.  A  known  weight 
of  tiie  subatuxe  to  be  operated  npon  i>  heated  to  a  drienninate  tempetatore,  as  iKfi, 
and  then  placed  in  •  carity  acooped  out  of  a  block  of  melting  ice  and  coTtned  by  t, 
aecond  elab  of  ice.  The  temperatnre  of  the  anbatanee  ia  tboa  brought  down  to 
that  of  melting  ice,  and  a  qnantity  of  ice  ia  melted~-tb«t  ia,  a  qnantity  irf  wsler 
a  formed— firoportionate  to  the  qnantity  of  heat  which  tbe  mbatance  giTea  out  in 
cooling  to  thia  tempemtnre. 

This  method,  however,  tiion^  Ter;  aimple  both  in  psaeiple  and  in  ezeention, 
cannot  be  made  to  give  rery  accnrale  loralts ;  for  there  ii  great  difflcoltj  in  determin- 
ing with  pzaclneaa  the  qnantity  of  water  fbimed.  and  a  small  etror  committed  here 
will  introdnce  a  large  error  into  the  estimate  of  tho  qoantil^  of  heat  given  out  by  the 
body  in  coolings  since  as  will  be  seen  hereafter,  tiie  quantity  of  heal  needed  to 
coDTert  one  part  of  ice  into  wsMt  would  be  sofBcient  to  nine  the  tcmpentnie  of  79  j 
parts  of  water  one  d^ree. 

A.  tbird  method,  called  the  method  of  cooling,  was  employed  bf  Dnlong luid  Fetit 
It  eon«3te  in  determining  the  length  of  time  which  the  different  snbetances  to  be 
examined  require  in  order  to  cool  in  a  vacuum  &om  one  known  temperatore  to  another, 
each  being  placed,  as  nearly  as  poaeible,  under  identical  circanutances. 

In  Older  to  realise  the  necneaiy  condilions  for  delerminations  of  tbia  kind,  the  mb- 
staneee  to  be  examined  are  all  reduced  to  an  impalpnble  powder,  and  fllli^  enccesnTely 
into  the  ume  cyliDdricaisilver  vessel,  gilded  and  highly  polished  ei^cnally,  in  the  mis 
of  which  is  tbe  bulb  of  the  thermometer  by  which  Qie  progress  of  the  cooling  is  to  ba 
shown.  The  lilyer  Teasel,  sapported  by  the  stem  of  the  thermometer,  ia  suspended  in 
the  middle  of  a  large  brass  receiTer,  coaled  intomuUy  witii  lamp-black,  &om  which  the 
air  can  be  completdy  Kmored.  This  U  immecaed  in  water  at  40°  C,  and  when  the 
themometer  inside  the  apparatna  ma^  35°,  it  is  transferred  to  melting  ice.  The 
Uiamometer  is  now  watched  throogh  a  telescope,  and  the  instants  at  which  it  marks 
20°,  Ifi°,  10°,  and  S°,  are  noted.  If  all  other  circumstances  were,  the  same,  the  time 
during  which  each  substance  underwect  the  same  fall  of  temperature,  would  be  a 


sure  ^  the  amount  of  heat  given  out  in  undergoing  this  cbaoge — that  is,  of  the  apeeifia 
'  'Jie  aubetance ;  but  K^|;naulr,  who  submitted  this  metbod  to  veiT  careml  ei- 
n  (Ann.  Ch.  Fh^  [Z]  ii.  327),  found  that  it  was  impossible  to  obtai 


of  any  value  1^  its  spplicatiun  in  the  esse  of  solid  bodies :  with  liquids,  fiir  which  the 
same  sources  of  error  do  not  occur  as  for  solids,  it  is  capable  of  giving  mocb  more  exact 

The  diflnlljet  nttendont  on  the  exact  det«miluttion  of  the  specific  heats  of  gases  and 
vapours  are  wtj  much  greater  than  in  the  ease  of  solids  and  liquids.  An  extensive 
aenea  of  experiments  on  tbis  subject  has  been  made  by  RegnanltOf  Jm.  de  1'  Acad,  des 
t'dence^  xxvi.  41)  with  elaborate  cars,  the  principleiHrhis  methoo  being  to  observe  the 
nltentioQ  of  the  tempemtora  of  water,  surrounding  a  spttal  tnbe,auised  by  the  passage 
Ibrongh  the  tube  of  a  known  quantity  of  gas  which  enters  and  issues  ^m  it  at  known 
temperatures.  A  description  of  the  apparatus  employed  in  these  reseaiches  and  of  the 
methods  of  experimenting  would  occupy  too  much  space  to  admit  of  its  being  given 
here ;  we  most  therefore  refer  for  deluls  to  the  paper  already  quoted.  (A  flgiue  of 
the  apparatus  and  a  tolembly  Aiil  account  of  the  method  of  exrierimeDting  are  also 
givenuiDaguin's  JVw'^ifri  PAj/n^s,  2ndediL  iL  a7e-£S0.)  The  principal  neults 
obtained  are  enumerated  below  (p.  3fi). 

In  tbe  foUoiring  Table-ore  given  the  apeciflc  beats  of  a  considerabts  number  of  the 
•Imientsiy  bodies,  according  to  the  reanlts  obtained  by  Regnnolt  by  the  method  ot 
mixtoTSS.  When  the  apecine  heat  of  the  same  element  has  been  determined  by  him 
several  times,  the  most  recent  result  is  given  in  the  Table.  The  third  column  givesthe 
tempetatares  between  which  the  specific  heats  p  ven  in  the  aecond  column  were  obaerved ; 
the  atunberg  contained  in  the  fourth  and  finh  colunms  will  be  referred  to  presently. 
*le  heata  of  the  gaseous  elements  ore  not  included  in  this  table,  but  will  be 
~   atone,  together  with  IhespcciflcbeatBofBomeothergases^seef.  Si). 
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HEAT. 

Ta&lt  of  %«t«r  Beat*  of  t^  Bmriut. 


N«,. 

■er 

S™hL 

IToducI 

LitUum        .... 

0-94080 

lOO-t 

o     27" 

7(-M) 

t-M 

8odi<xm         .        .        .        . 

-29340 

6 

-82 

23  (-N») 

fl-76 

■34990 

98 

23 

24(-Mg'> 

000 

for3p.ciionimTinrit7)     . 

j    -21430 

97 

14 

27^6  (-A1') 

689 

■21200 

100 

60 

6-67 

■18870 

■17400 

80 
10 

-10 

-78 

Sl(-P) 

6-86 
5-39 

■17000 

98 

16 

6-27 

Snlpbnr  (rs^ntly  melted)      . 

-20259 

98 

14 

{  32  (-8) 

(6-48 

SolphOT(iiatiTo)  . 

■17780 

99 

14 

ie-oe 

PotMsiiim    .... 

■180SS 

0 

-79 

39  (-K) 

6-61 

tlW»  of  BliiCOQ)                .              J 

■12170 

67 

14 

66  (-Mn*) 

669 

Iron 

-11880 

98 

17 

66  (-Fe-) 

637 

fapedmen    I.(1B40) 

■10868 

90 

13 

1 

(6-37 

NiotBl  \       „         n.(l8S9) 

■10752 

97 

17 

68-7  (-Hi*) 

46-31 

(       „        III.  (1869) 

■11080 

B7 

12 

J 

(«60 

/,pecim«>     I.(1B*0) 

■10096 

99 

12 

1 

(628 

Cobslt  J        „           tt  (1M9) 

•10620 

68 

10 

68-7  (-(V) 

J  6^23 

1        „         ni.(l86B) 

■10730 

97 

8 

) 

leso 

Copper         .        .        .        : 

■OSSIS 

68 

16 

63^6  (-Cu") 

604 

ZiM 

■09655 

69 

14 

65  (-Zn*) 

8'21 

Aiemie         .... 

•08140 

68 

13 

78  (-As) 

6-11 

Seleniom  ] 

■07610 
-07446 
■10310 

07 
7 
S2 

21 

-18 

19 

79  (-Se) 

6^02 
6-88 
816 

[ritieoM      , 

■074BS 

8 

-24 

6-9C 

solid   . 

■08482 

-20 

-78 

80  (-Br) 

«'7« 

B""'™      liq^.         .         . 

f  -11294 
-11094 

68 
48 

13 
10 

-I0S13 

10 

-  6 

Moljbdennm  (impure)  . 

-07218 

08 

12 

9e(=Mo') 

6-98 

Eh-di^j-PT-i    : 

■06627 
-OS803 

68 
67 

20 
11 

{  104-4  (-Rh') 

(5-77 
J6-07 

-06928 

98 

14 

106  (  =  Pd') 

6'2B 

Silver  

-08701 

99 

13 

108  {-A«) 

6-18 

»t^p^.„.    .     f 

-06669 

68 

10 

112  (-Cd*) 

8-86 

■0562! 

99 

12 

118    -Sn) 

6-63 

Urtninm  (impow)        .        . 
Antimony     .... 

-06190 
■05077 

98 
97 

10 
12 

120    -tP) 
122    -SbJ 

7-48 
6-19 

Iodine.        .        .        .        . 

■06412 

68 

9 

127  -n 

128  -le) 

e-87 

Tellurium     .... 

■04737 

98 

18 

606 

TnngrtM      .... 

■03342 

98 

12 

184  (-W) 

6-16 

Golf 

■03244 

88 

12 

166    -An) 

8-36 

Iridium         .... 

■08359 

99 

17 

198    -li^ 

6-46 

IlatJDiuti     .... 

■03248 

69 

12 

198    -Pt*) 

6-42 

Osminm        .... 

03118 

68 

19 

199-    (-0«') 

6-20 

»"^&:    : 

-03192 
■03382 

-40 
98 

-78 
12 

200  (-Hg") 

J  6-38 
668 

Th.JH™{»-f«£^S 

■03260 
■03866 

100 

17 

204  (^Th) 

6-63 

ie-84 

U^ 

(    03140 
]    ■03066 

96 
10 

IS 
-78 

207  (-Pb*) 

je-60 

}6-86 

Binudth      .... 

'    ■03084 

98 

13 

210  (-Bi) 

6-48 

B«..&tti   ;    : 

23620 
-25000 

99 
100 

17 
11 

11  (-B) 

2-59 
276 

fwoodchirooal 

-24150 

98 

8 

2-90 

Carbon     )(r«pMte         .        . 

■20083 

08 

12 

.12(  =  C) 

2-41 

(diiunoud         .        . 

■14687 

68 

9 

178 

si.».  !7i-" :    : 

■17740 
■17500 

99 
100 

12 

22 

28  (-Si) 

4^97 
490 
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TLe  &Uowu<g  Hbart  table  pita  the  ipeeifle  tints  of  a  few  nifaeUiieei  wUdi  raqulr* 
to  be  takra  ints  aeooont  in  calenlatiDg  the  nnilti  at  the  unriineiiU  bom  vhidi  tht 
omaben  in  the  Ibngoing  and  sabicqaeiit  tablca  are  dednced ; — 

Km*  of  Sufcrtmr..  aptlte  bm^  Un  ipeellt  bt  wm  tttiwrti. 

Biaa 0-093B1     .  98°  and  IS" 

OUa 0-1S768     .        .       M     „     14 

Oa  of  turpentine                           .     0-t2S93     .         .        B8      „      IS 
Water I'ODSOO    .         .       98     „     t3 

Nomeroiu  dvteimiiiatioii*  ha*e  lieen  made  by  Segnanlt  of  the  •pecifie  heala  of  inoT- 
ganic  eompomidi.  A  •election  from  hia  nanlta.  loluieBt  to  ihoir  ueir  geoinl  satan, 
u  gJTCD  in  the  nrat  table.  Tbe  tcmpantitrea  between  which  the  determinatioBe  wrn 
mad*  an  not  giTen  in  the  table,  bat  wen  in  all  i:aaea  ■  temperatnra  approaching 
100'^  G.,  and  a  tamparatnre  near  that  of  the  atmoaphere.  In  to*  eaaa  of  inhatancea 
whid  an  salable  in  water,  or  cuabiB  of  bong  chemieallj  acted  on  by  it  in  an;  waj, 
the  calorinMter  waa  filled  with  oil  of  tmpentine.  The  different  aafaatanoea  ennniMated 
in  the  table  an  ananged  in  gionpi  aomiding  to  their  chemical  eonpoaitiDn. 

7bU<  qf  Bpecifie  Htatt  of  Inarganie  CompomiiU. 


.«-._» 

,„.. 

SpHMeliew. 

^IW. 

.i^tbt: 

A.— DtaTOHc  M0LBCD1.B& 

1.  Oxida 

HO 

Prow«id*rfle«d(ftu«d) 

fpbO 
BigO 

0-05080 

233 

113S 

Oaideofmrnmi;      . 

•Ml  79 

210 

It-19 

FrotaddaotmaLgaMee 

MmnO 

■16701 

71 

11-16 

Olide  of  copper        . 
Oxide  <tfniSel(»kincd} 

CctiO 
HniO 

■14201 
■1S886 

796 
747 

1119 
11-87 

aSi.:    : 

"^ 

■3439* 
■13480 

40 

9-76 
1011 

MS 

FfeS 

■13570 

88 

11-ftt 

SnMiide  of  nickel    . 

NniS 

■128IS 

907 

11-63 

TT     coWt    ■ 

CcoS 

■12(511 

90-7 

11^36 

dnc 

ZmS 

■12303 

97 

11-93 

lead       . 

'05036 

339 

1215 

menrniy. 

■05117 

232 

11-87 

Blannona  nlphide 

ftaS 

■08376 

160 

1366 

3.  Chlorittn 

HCl 

Chloride  pf  lithium  . 
„           aodinm  . 

LiCl 
NaCl 

28213 
'  -21401 

42S 
68-5 

HOB 
1353 

potaMom 

Ka 

■17296 

74-6 

12-88 

^ver     . 

■09109 

143^5 

13-07 

MercDTOiu  chloriJe     . 

-06205 

235 -S 

12-36 

Cnprooa 

■13827 

000 

13-60 

4.  Sromidu 

,      HBr 

Am      . 

KBf 
AgBr 

■11332 
117391 

119 

188 

13-47 
13-00 

aodinm  . 

n1^ 

■13842 

103 

14-38 

5.Iodida    .        .        . 

MI 

Iodide  of  potaariam. 
Iodide  of  BodiuD 

KI 

Kal 

-08191 
■08684 

ISO 
160 

13-60 
1303 

VfTcoiona  iodide     . 

Hhpl 

03949 

327 

12^91 

Iodide  of  silveF 

A«I 

-OS  159 

236 

14-47 

Cnprons  iodide         .        .        . 

Ccnl 

■oea89 

190-6 

13-09 

B.— Thatouc  Mouctn^is. 

1    Ondr> 

MO' 
SnC 

'0S!i2S 

160 

13-99 

Stannic  oride  .... 

ubjGoogIc 
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Table  nf  Bftdjie  BeaiM  oflnoryanic  Con^awidt — eontinned. 


PKrflKlrf 

N.m.ofSubUu>«. 

Fomol. 

Speedfletaeu. 

-Vtjh^" 

»^i: 

[        TiO' 

1 0'lnu 

t     82 

j  1407 

(mtile) 

■17032 

)13^»7 

8  lieio  anhydride      .        .        . 

SiO' 

■19132 

60 

11-48 

SbO* 

■09S« 

164 

14-70 

2.  Sy^Mda        .        .        .        . 

MS' 

Iron  DjritM     . 

StamSo  xdphide       .        .        . 

FfeS* 

■I300S 

120 

16S1 

SnS> 

■UB32 

183 

21-73 

Minos' 

-12334 

160 

ie7S 

3.  Cilo^         .        .        .        . 

Chloride  of  barium   . 

BbsCl" 

■08957 

208 

18-63 

rtrontium 

SnCI' 

■11990 

158-6 

19-02 

„           calcium  , 

CciiCl' 

-iBiao 

ill 

1833 

Q>He>»>i«>>i    .      . 

MmgCl' 

■19460 

S6 

18-49 

mereuiy 

Hhga" 

■06889 

271 

18-67 

ZidCI' 

■13618 

138 

1862 

"           Itti       '.        '.        '. 

s,s 

■06641 

278 

18-46 

-14366 

126 

17-96 

Stannooi  eUoridti       . 

Saa* 

■10161 

189 

19-20 

t.  lodida 

MI< 

lodidaoflMd.        .        .        . 

Ppbl' 

■04267 

461 

10'65 

mtrtuxTj    . 

HbgP 

■0*197 

454 

19-07 

C— T«TRlTOMlC  HOLBCCLU. 

1.  Orida     .                .      '  . 

MC 

Tunntic  uhydride  . 

WwdO" 

■07983 

232 

18  5-: 

HoWbdic  aohTdrida . 

MmoO> 

MC[' 

■13210 

144 

19'07 

CUorideofMB^nie   ! 

AbCI* 

17604 

iBrs 

3    I-E5 

pa- 

■20922 

137'6 

28-77 

D.— FmniTomo  Uolkvlu. 

1.  mapl»  exida           .        .        . 

M-O' 

*l-^U»hL. 

1       AITO' 

(   ■19762 
\    -21732 

\  103 

20-35 
'  22-38 

Sp«al»i«».   .        . 

FfeK)' 

■16696 

160 

26^71 

ArKniom  uhj^de 

As-O' 

■12786 

1B8 

33-01 

Oxide  of  cbromiam  . 

Oa'O' 

■17960 

16S 

3747 

„       bumuth      . 

Bi'O' 

■06063 

468 

3833 

„  .     antimonj   . 

Sb'O' 

■09008 

292 

2631 

2.  Mixtdomdn   . 

MNO* 

fl.NitKtofc 

NKO" 

■33876 

101 

2411 

,.        liodi»m     . 

NNftO' 

■27B21 

86 

23-e.'5 

„        silTer       . 

MAgO* 

■H352 

170 

24-30 

i.  CaibonaW. 

Iceland  ipar 

■20858 

,  20-86 

--k=?„u.. 

■20850 

20-86 

CCcaO* 

'31S36 
■20989 

100 

21  ■se 

20^99 

white  ehllk  .        . 

■31485 

121-48 

CuboDltf  of  barium 

CBbaO' 

■11038 

187 

2174 

CSsrO' 

■U463 

14J6 

21-38 

iron      . 

CFfaO* 

■19346 

116 

22-44 

8.  SutpUdet        .        . 
Sul^deofanlimony 

MW 

Sb'S* 

■08403 

340 

2S-57 

bitmutb 

BL-S- 

■06002 

616 

30  97 

4.  CU«rida         .        . 

Ma* 

SUnnic  chloride        . 

SnCT 

■14769 

200 

38-37 

Chkiridfoftitaiiimii 

TiCl' 

-19146 

192 

88-76 

SPECIFIC  HEAT  OF  INORGAMIC   COMPOUNDS. 
TaU*  «/ Sptcifie  BiaU  ^  Imrrsimic  CbHqxHiiub— contuinad. 


ProdiMSof 

Mii»ifSiU»l*B». 

ForBoU. 

SiHcUohM. 

-Hght. 

IB 

anlpbataofbHiam  . 

SMO* 
SBbaO* 

OllJSfi 

238 

26-28 

„         (trontinm 

SSnO' 

•14279 

1838 

2S'36 

„        ctldrm. 

BCcaO' 

-1B8M 

136 

■08723 

303 

ae-4s 

nugnemom 

^^ 

■22116 

120 

26-69 

CKSy 

■21623 

138 

29-84 

CNa'O' 

■2727S 

lOfl 

28-91 

F.— Hmftatomio  Moucnjwi, 

a«l^.<tfpat;»ium       .        . 

Bsnc 

SEW 

■19010 

171 

18-08 

■23116 

112 

8282 

Foi  a  nnmerona  aariea  of  determinations  of  the  ntwiGo  heats  of  the  uomorphon* 

imcardto    " ,  .      ^ 

eOBUdenblj  nmored  ftom  their  melting  points,  their  specific  heats  a: 


MDUwnenu 
toalloTiof 


gronp,  aeePapofPw 


R«gnault  fbnnd  that,  at  tamperatoTM 


obtained  bj 


ed  bj  multiplying  t] 
of  it  contained  in  U 


Uie  eolomn  headed  "CalenLited  Specific  Heats"   ■ 

necific  heat  ot  each  eonstitgent  into  the  percentage  > 

■II07,  and  diTiding  the  anm  of  all  these  prodncta  for  each  alio;  by  100 ;  these  nlun, 

therefore,  voold  exactly  represent  the  apeciflo  heats  of  the  rflapective  aUoys  if  the 

abore  mle  van  n^jormulf  true;  the  oorreBpoDdence  betvsen  them  and  the  reeolts  of 

direct  obeemtba  u  nffioent  Ut  show  that  the  role  is,  at  leasts  a  dose  approzimatioa 

to  tLetzoth. 

^teilK  Beat  qfAUo</t. 


"""A-" 

C^^^,^ 

1  at.  lead  +  1  at  tin 

1        „       +  2attin 

1        „       +  1  at  antimony 
1  at  biamntb  +  1  at  tin      . 
1          „          -I-  2at.  tin      . 
1          „           +  2  at  tin  +  1  at.  antimony  . 
1            „            +2at.  tin  +  Iat.   antimonv 
+  2  at  aine 

0-04073 
•04fi0« 
■08880 
■04000 
-04604 
■C4621 

-06867 

004039 
-014SI 
-03883 
-03987 
■0441S 
■04664 

•06479 

In  the  eaae  of  lUoya  which,  at  the  temperature  of  obeerration,  « 

air  melting  poinia,  the  obaarred  spedSd  beat  vai  always  0 

at  caleolated  as  aborts 

The  apedfle  heats  of  a  f^  liquids  are  inclnded  in  the  tables  alreailj  giren  (pp.  30 

'  82)  :  we  append  here  the  results  obtained  by  Person  (Ann.  Ch.  Fhys.  [3]  zii. 


dr.  13eX  ^  Kopp  (Pogg.  Ann.  Ixzv.  08)  and  Fi 
'liL  624 ;  also   Ann,    Cb.   Phys.   [3]   zz 
imple  and  compoand.    FsTrs  and  Stlbemuuin' 
>  hqnida  in  the  marenTial  calorimeter  (p.  26),  I 
boiling  ptHDta  to  tanperatoiea  nearly  equal  to  that  of  Uie  lUrroundiiig  atmospbercL 


(Comptes  read.  rHri  624;  also  Ann,  Cb.  Phys.  [3]  xxxrii.  4S4-470)*for  soma 
additional  liquids,  simple  and  compoand.  Fstts  and  Stlbemumn's  experiments  were 
made  by  cooUng  the  liquids  in  the  marenrial  calorimetar  <p.  26),  from  their  respectiTe 


byGoogIc 


^teifie  Htati  of  Liqaidt. 


muwi. 

SpfdBc  bill. 

Ota««r.. 

L«d 

3G0°  to  i60P 

00402 

FereOQ 

Sulphur       .... 

120    „  ISO 

'234 

Bi.Eiuth      .... 

280  „  seo 

-0363 

Tin 

2*0    ,.  860 

■0837 

S3    „    SO 

■66S 

Nitrate  of  ■odium 

320    „  430 

■413 

S£0    „  435 

■3318 

Mwmij      .... 
Iodine         .        .        .        . 

44    „    24 

■0332 

'10S22 

IT 

Bromine      .... 

■45    ;.     11 

■107 

Andrewe 

Snlphnrio  Bcid      .        .        . 

«    „     21 

■843 

Kopp 

Woo4*pirit         .        .        , 

43    „    23 

■645 

■6713 

fI's. 

Aleidiol       .... 

43    „     23 

■615 
■1438 

n 

Fi«l.oa      .... 

14    „     26 

■564 

It 

■6873 

Ethel 

■5058 

■60342 
■636 

kIpp 

Ether 

Formic  add 

46    ',.    24 

Acetieacid 

46    „    24 

■609 

BntTrtoadd 

46     „     21 

■603 

Formate  of  ethvl.        .        . 
Acetate  of  mpthrl 
Acetate  of  ethjl  . 

38    „     20 

■613 

41     „    21 

■607 

4S    „    21 

■486 

•48344 

F.  S. 

Bntjrate  of  methjl      . 

M    „    21 

■487 
■49176 

11' 

Valmta  of  methyl       .        . 

45    „    21 

■491 

Kopp 

Acetone      .... 

41     „     20 

■530 

Bemene      .... 

46    „     19 

■450 

Oilofmtutard     . 

48    „     2S 

■432 

Oa  of  tutpentine 

■46727 

F.  a 

IThe  ■pedflc  heat  of  water  at  difi^at  temperatur 
Regnsult  (Mim.  Acad.  Sciences,  zxL  728)  from  irho« 


]f  iratei  loses  in  cooling 


ft  -  (  +  0-00002  C  +  0'IJ000003  (*; 
and  the  spedflo  heat  C  at  the  tempenture  P,  that  is  to  saj,  the  qiiantitj  of  hent 
required  to  raise  one  gramme  of  mter  from  <°  to  (f  +  1)°,  is  : 

C  -  1  -H  0'00004  (  +  0-0000009  P. 
From  this  formula,  the  fidlowing  cumbers  are  obtained  : 


^eeifie  Heal  of  Water. 

Q. 

C. 

Q- 

C 

0" 
50 
100 

0000 
60'n87 
100'600 

1-0000 

1-0042 
10130 

ISO" 
200 

230 

151-462 

203-200 
234-708 

1-0262 
t^0440 
1-0568 

The  specific  lieat  of  ice  is  coniiderahl;  leas  than  that  of  liquid  water, 
to  Kegnault'B  eipenments,  it  is  0-474  between  —  73°  and  0°  C,  and  0504  betwoea 
—20°  and  0°,  according  to  the  experimenU  of  Person  and  of  Dpsaina. 

It  results  from  B^nault'a  detenniiuitiona  of  the  specific  heats  of  gases  and  lapouni, 
mnde  in  the  manner  already  mentioned  (p.  29),  that  the  specific  heat  of  a  giveD 
Kiighlota  gas  which  obeys  Boyle's  kw(GigBS,  ii.  820)  does  not  alter  with  varistions 
either  of  temperature  or  of  pressure.     This  was  found  to  be  true  of  atmonpheric  air 


.001 


glc 
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between  the  t«mpetiitnn«  of  —30°  tni  +  2ZS°,  uid  at  preMorea  turing  from  1  to 
13  mtloDBpberM;  OonnqiuuitlT  the  specific  heat  of  ■  given  voiame  of  air,  or  other 
noii'COiideiiBabls  gu,  Tuiea  directlj  aa  iu  deniitj.  !□  guea  vhich  do  not  1011117 
"--'-'a  lav,  tliiiTegnkii^doeaiiot  ezirt:  thns  tin  Epedfle  heat  of  cubonic  uibjdride 


Bnle'a  ^B.^ 


and  10",  and  0-20246  betvmo  10°  tni   100°,  tai  0-2iae2  I 
Copland  with  that  of  an  eqoal  weight  of  wster. 

Ilie  fbUowing  table  giTea  the  qwdfle  beata  of  the  tbtuhu  gnsea  aod  Tapoun 
examined  by  Begnaolt,  eoiniwred,  ant,  with  an  equal  weiriit  t?  water  taken  an 
nnit;,  ■eooDdl^,  witb  (luitof  an  eqnal  Tolnmeof  air  nd'arred  at  bofoie  to  ita  1 
of  water  aa  nmtj.  Tbe  latter  aenea  of  ninnben  ia  obtained  bj  mnltiplTing  tl 
e^ireesing  the  ap-edflc  heata  of  equd  weighta  of  the  Taziona  gasei  or  VBpoon,  bj  theil 
reapective  deniitiM  referred  to  that  of  air  aa  I . 


might 


TaiU 

0/  5pa^  Sfoit  0/  G<ua  and  Vaptmr,. 

(BegnanlL) 

«^e. 

i                   Sptdl 

b«u.                 ' 

1    K,™ 

wol,hU. 

B4U.I  Tolaw. 

Air 0 

2374 

0-2874 

Oiygen     .         . 

21TS 

-2406 

Simple  or 

Nitrogen   .        . 

2438 

-2370 

mixed  gasea 

Bromine    .        . 

Nilrie  oxide 
Carbuiie  oxide . 

3 

4000 
1210 
0SS6 
2238 

2316 
2460 

lies 

■236B 
-2062 
-2991 

-3447 

-340S 
2370 
-3307 

Compound 

SolphDioiuaiibjdrid 
HjSiochloric  acid 

644 

-3414 

gB»a 

846 

-2333 

Snlphjdrie  add 

2481 

-2867 

S083 

■268fl 

929 

■3277 

L  Olcflant  gaa       . 

040 

-4106 

r  Water       .        . 

4S06 

■2BB4 

Sulphide  of  oarb«. 

G7D 

■4140 

Alcohd     , 

■4631 

-7171 

fiber 

•4S10 

1-22S6 

Chloride  of  ethjl 

■2787 

-6096 

Bromide  of  ethyl 

■I81S 

■8777 

Snlrfiide  of  ethyl 

■4006 

1-2688 

SS^-"' 

■42S1 
■ISM 

■8106» 

■6668» 

VapowB       . 

Chloride  of  ethylene 
Acetate  of  ethyl 

■2208 

■7911 

■400S 

1-2184 

Acetone    .        . 

-412S 

•8341 

•3764 

1-0114 

Tridiloiideofphoeph 

•4061 

2-3776 

■1340 

'8386 

Chloride  of  ara^nio*^ 

■1122 

■7013 

Chloride  of  ailicon 

■1329 

■7788 

Stannic  chloride 

■0fi3» 

-8630 

,  Chloride  of  titanium 

■1263 

-8634 

amitOK^m.   <AnD.C)i.PhuiB.cxTUI.iip.  114.  lift,  aod  MB,  IIS.  ImN-ik 

Comparing  these  vulnea  with  those  glren  for  some  of  the  ■>_..  __  ^-. 

Tiooa  tsblea,  it  appears  that  the  apecific  heat  of  the  same  body  ia  oommonly  greate; 
in  the  liquid  than  in  the  eoUd  state,  and  always  lesa  in  the  gaaeoiu,  than  in  the  liquid 

On  ezamining  the  Damben  above  given  for  the  specific  heata  of  different  bodieit  it  will 
be  seen  that  the  specific  heat  of  a  sabetance  is  not  albi^ether  an  absolute  and  un- 
changeable property -.  on  the  cootTai?,  itwill  be  evident' that  this  ^lopertv,  in  onn 
and  the  sftme  sabalance,  is  capable  of  conaidenible  variation,  depending  (a)  on  the 
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pljiical  itmctDTe  of  tlie  lubstane^  (i)  on  ita  Umperatnrf,  (e)  on  ita  itats  of  aggnga- 

tioo.  In  illtutntion  of  thU  remorlc,  it  wiil  he  mfflcient  to  refer  to  tha  ipaeiSa  haaU  of 
carlran,  ailicon,  seleainm,  sulpbur,  phosphoFos,  alamiDo,  &nd  oirboaatA  of  ctlciom,  ■• 
given  in  (he  footing  tablea,  in  eridence  of  the  influEnce  of  (liSenuicea  of  ph^od 
condition :  to  the  epecific  heats  of  lead,  phosphorus,  water,  and  ica,  in  eTidBDoe  at  tho 
effect  of  difFei«neee  of  tempcratare  ;  and  to  thoae  of  bromine,  merciicy,  tin,  lead,  biamntli, 
T«tar,  tea.,  in  the  solid  and  Uqaid  atotea,  ia  eTideace  of  the  effect  of  theitata  of  aggi»- 

In  refrrMlt*  to  the  eoniiMtioD  Iwtirsaii  ipedflc  haat  and  tempnatni^  it  may  be 
remaAed  that  this  property  Tariea  to  a  greater  eitanl,  for  ■  given  intaml  of  tompo- 
latora,  near  the  trmperntnrM  at  vhich  cbanges  in  the  stale  of  agKregation  occor, 
than  at  a  distance  from  those  temperatures.  Thus,  the  specific  beat  of  lead,  an  eaailr 
ftuibie  metal,  is  coniidenibl;  greater  betweeD  10°  and  100°  C.  (-0-0314)  than  it  is 
brtreen  10°  and  —78°  C.  (  —  00306) ;  SJid  that  of  phosphorus,  a  still  mora  fiiaihle 
nhstance,  shorn  rven  a  greater  diff^nce  vhen  compitred  Iwtween  10°  and  30° 
(■poiMe  hnt  -  0-1887]  and  between  -71°  and  10°  C.  (spedfle  heat  -  0*17iO); 
wMa  the  spaciflc  beat  of  platinum,  one  of  the  most  infbsibls  of  all  the  matali^  TSriea 
to  a  acareely  perceptible  extent  at  lemperatores  below  100°  C,  aod  on);  slowlj  at 
tempentum  consideraMy  higher.  The  mean  apeciBo  heat  of  this  metal  between  0°  C 
■nd  the  tempentnrea  enumpntcd  below,  wbb  ia  &ct  fouod  t^  Ponillet  to  be  repie- 
■ealed  bj  the  nomban  coutaiued  Id  the  second  line  of  the  folfoving  t&hla. 


Sptoifio  Btat  qf.Piatinun. 

vu^\aprHAKifi\if>Mj<Ataf^i>ilaf 

D"  Mi  1000° 

OOmliw 

—• ^'-  ■ 

osnu        tfiMtt    1   D-Wiis       o-Dieai 

.«» 

»r>oa 

The  specifle  heat  of  solid  bodies  therefore  increaaas  with  rite  of  fempttmtoie,  up  to 
Uwir  melting  points,  and  at  this  temperature  there  is  genenllj  a  farther  sadden 
inerCMe  (tf  specific  best  of  a  conaiderabla  amount. 

It  naj  be  farther  noticed  that  in  the  table  of  the  spedflc  heats  of  the  elements 
(p.  3U),  the  elements  are  arranged  neerlj  in  the  order  of  their  specific  heats,  beginaing 
with  uUiidm  (specific  heat  ■■  0-flll)  aiid  ending  (if  re  disregard  for  the  present  the 
three  elements  carbon,  boron,  and  silicon,  which  are  placed  together  after  the  reet)  with 
bifmuth  (apectflc  beatO-031);  and  that  this  order  is  also  exaetl;  the  inverse  order  of  their 
atomic  weishU,  as  given  in  the  fourth  column,  the  atomic  wej^t  of  lithium  (  —  7) 
being  less  Uian  ^t  of  any  other  slemsnt  included  In  the  table,  and  that  of  bismuth 
(-•  210)  being  greater  than  that  of  an;  other  element.  In  fitct,  not  only  do  those 
elements  whose  atomic  weight  is  lowest  possess,  as  a  mle,  the  greatest  specific  heat, 
and  met  emd,  but  (ha  specific  heata  of  the  elements  (in  the  solid  state)  are,  within 
comparativel;  narrow  limits,  inversely  proportional  to  their  atomic  weighU,  when 
these  are  taken  as  having  the  values  given  in  the  fourth  column  of  the  tabb ;  so  that 
the  product  of  the  specifio  heats  of  the  elemcDta  into  their  atomic  weights  is  oeariy  a 
eoBitaot  quantitj;  as  shown  by  the  numben  in  the  flfth  oolamn  of  the  table.     Th(«e 


namben  wkj  be  taken  to  represent  the  ataraie  keait  of  the  elemonts,  or  the  »lati 

rintities  of  heat  which  nnut  be  imparted  to,  or  removed  from,  atomic  oniDaitions 
several  dementa,  iii  order  to  cftuse  in  tb«n  equal  al(erationa  of  ta 


table  shows  that  the  atomic  heats  of  the  elementa  aie  not  represented  bj  an  absolutely 
constant  qnantitT ;  but  when  it  is  considered  that  the  two  fiicton  (atomic  weight  and 
specific  heat)  of  which  they  are  made  up,  vary  in  the  proportion  of  1  :  30,  it  cannot  be 
denied  ttiat  they  are  oompiised  between  compantively  very  nartow  limita  :  for  (taking 
thosedetermitiatloas  only  which  rafer  to  comparable  conditions  of  the  aevenl  elements, 
•ad  which  there  is  reason  to  believe  were  made  upon  nearly  pun  sulwtances)  we  find 
that  they  ars  nearly  all  inclnded  between  6S  (aluminium,  riiodinm)  and  6'3  (iodine), 
the  gnatar  nnmber  not  difienng  much  from  6-fi.  (The  high  atomic  heat  of  umnium, 
7'!,  u  doabtksa  to  he  explained  by  the  impnrity  (tf  the  metal  operated  upon.)  The 
geuenl  aceordanee  is  amply  aufficicnt  Ut  indicate  the  existence  of  a  genenl  law, 
althongh  the  individual  nsnlta  show  the  effect  of  some  one  or  more  disturlnng  cansas. 
And  even  if  it  be  admitted  that  the  true  atomic  heats  of  (he  elements  under  considerB- 
tionare  really  identical,  under  oompirable  ciicumstances,  there  Hre  several  reasons  why 
the  experimental  atomic  heats,  deduced  like  those  in  the  fbregoing  table,  cannot  t>« 
expected  (o  exhibit  the  same  identily.  The  meet  important  of  these  reasons  are :  the 
unavoidable  expo^mental  errors  attaching  to  the  determination  of  the  specific  heats; 
the  imperfect  purity  of  some  of  the  elements  examined ;  the  circumstance  that  although 
mostoftbe  determinations  were  made  at  nearly  theaameatisoluteteniperaturefl — nam^, 
between  a  temperature  near  100°  and  that  of  the  ataiosphere-~the  difilemnt  eUmenta 
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•tf  not,  in  Kgwd  la  that  ipeeiflii  itmin,  nnder  compuable  dicnnutuKM  ti  thrae 
tcmpcntures.  aoma  being  mach  nesrer  to  thsir  mpiting  point  than  otbrn,  And  tli»r«- 
fxa  hmTing  in  general  nlativelj  higher  aprdfic  heats  (are  p.  36) ;  laitlj,  in  ■  bnr 
cun,  the  nucertaiatf  of  the  «iperinii>iital  data  osed  in  flxing  tne  kbnuie  weighU. 

The  lelation  of  approiinuta  eqoalin  imong  the  atomic  heata  of  the  (tlemiDta  eziaU, 
bswerar,  0DI7  when  tkeit  atomie  weig^ta  are  allowed  to  hava  the  pilnn  giTen  in  the 
tobla :  these  nloea  are  in  varf  manj  ESMa  the  dooMs  of  Iboae  which  are  given  in  the 
tahle  of  alonie  veigfat*,  tiA.  u  pp.  164, 161.  and  uc  emplojed  Ihronghoat  this  *ork. 
If  the  lattCT  acale  01  atraiie  vaignta  be  adopted,  the  eUmeDta  would  bare  to  be  dirided 
into  two  rlimni  •  tboae  wfaoaa  abnnia  heat  ia  approiimatel;  6'S,  and  thnae  whona 
atonic  heat  ia  ainiRaimatdj  l-S.  The  &et  that,  or  doubling  the  atoRiia  weights  of 
the  latter  class  of  elemant«,  tbmr  ■tomic  ttaata  wozSd  be  biraght  into  harmooj  with 
those  of  Che  former  dasi^  ia  in  itself  a  Miang  aigoment  in  IkToor  of  meh  a  ebuge ;  and 
b;  rpfereDce  to  the  aitielea  AioMO Wamia (L  408 — 4TS)andCuBimciiTOK(llOOS, 
1009,  foot-note)  it  will  be  leen  that  it  ia  nipp<nted  bj  rninj  otfan  conaidentions;  both 
ehemical  and  phyncal.  In  anj  eaae  it  ia  eettain  that  the  nnmben  in  the  eolnmn 
headed  "  Atomie  Weishia,"  in  the  table  on  p.  SO,  represent  qnantitiea  of  the  Tariooa 
elementa  which  are  cuorimetricaUj  comperable  ;  and  it  ia  therefote  conreDient,  while 
eonaiderJDg  the  preaent  SBbneet,  to  avome  theae  nnmbn*  aa  reallj  representing  thoae 
wnighta  of  the  etamoiti  which,  in  relation  to  the  phenomeu  of  heat,  poaucss  the  pro- 
perties 1^  atoms.  Whether  the  ehemical  aloma  of  the  element*  are  always  identical 
with  the  calonmetric  atoou^  i«  t,  qontion  that  ia  perhap*  Kill  i^ien  to  diacnsrion. 

It  is  Teiy  important,  howaTCT,  DOt  to  overtook  the  tut  that  the  atomie  heata  of 
Ixtfon,  carbon,  and  silicon  form  miqacstionable  e^Eeptirais  to  the  general  nil^  and  can- 

....     i 1.  -_..  I ^jjj  jj^  jjy  the  adoption  of  any  atomie  — '-'■-■-  -■  ^  ■ 

il  knowledge  Isndi  an;  aerioua  snppoit. 

The  examples  which  have  been  given  (pp.  31-33)  of  the  specifie  heata  of  compmnd 
iMdieH,  ahow  that,  within  coiain  classes  of  allinl  compoonda,  the  same  kind  of  idation 
■abaists  between  their  apedfla  heata  and  molecular  weighia,  as  haa  bean  pointed 


■pecifie  heata  into  their  molecular  weights  (see  the  last  column  of  Iha  table),  are 
approxunatelf  eqnaL  In  colcalating  these  molecvlar  heats,  the  atomic  weighta  of  the 
einnenta  are  taken  as  having  the  valnes  irtiich  mav  bs  deduced  &om  their  spedfle 
heats;  thoes  valnes,  namely,  which  nte  given  in  the  preriooa  table.  When  theaa 
atomic  weigbta  ire  twice  aa  great  aa  those  commoul;  adopted,  tliej  are  denoted  bj  &« 
Kduplication  of  the  flist  consonant  of  the  onllnar;  sjrmbol :  l^ioa.  All  -  Al>,  Ffe  —  Fe>, 
Ppb  —  Pb',  Sk.  Adopting  tbese  atomic  weights,  it  will  be  seen  that,  ai  a  rule,  the 
tnolecnlar  heat  of  solid  compound  bodies  increasea  with  the  unmber  of  atoma  con- 
tained in  their  molecnle.  For  instance,  the  molecular  heat  of  the  oxides  HO  enuiner>(«d 
in  the  table  averages  about  11 ;  that  of  the  oxidee  MO*,  abont  14;  that  of  the  ozidea 
HO'.aboot  19;  that  of  the  oiidei  M'O',  about  2«'3. 

Dve   aeries   of  determinations  of  Hie    specific   heata   td  solid  bodies  bss 

J  H.  Kopp  but  the  individual  results  have  not  jet  been  published;  we 

shall,  therelOTc^  in«tjiiH  of  discnssing  an;  further  the  relstions  between  specific  beat 
and  elwmieal  composition  which  might  be  deduced  from  Itcgnanlt'a  experiments  already 
given,  reptodaee  here  the  substance  of  the  rematke  which  Eo  pp  (Ann.  Cfa.  Pharm. 
cxivi.  362),  with  bis  own  results  heRire  him,  makes  upon  tbis  subject. 

^lia  new  investi^tion  has  brought  to  light  a  eonsidenble  number  of  additior.al 
examples  of  solid  compounds  which,  having  an  aualogoos  atomic  constitution,  possess 
also  approzimativelj  the  same  motecular  heat  Among  thetie,  particular  interest 
attaiiJiea  totbe  case  in  which  an  analwj  of  constittttion  is  apparent  onlj  when  the 
atomie  vetghti  of  the  alemmts  are  admitted  to  hare  the  values  assigned  to  them  in 
the  foregoing  tables,  and  where  the  Snmnln  pievioual;  adopted  and  the  old  atomie 
vaults  ot  Ue  elements  irould  IMver  have  cansed  auj  such  relstions  between  spedfia 
beat  and  molecular  wei^t  to  be  suspected.  Jnst  s*  the  molecular  heats  of  carbonates 
and  silicstei,  M'CO'  and  Bf^iO*,  and  of  nitrates  and  chloiatea,  MNO*  and  HCIO*, 
are  at^roximatelv  equal,  so  also  are  the  molecular  heats  of  the  pertnangnuates  and 
pcrehhiratM,  MtbnnO'and  HCIO*,  and  of  the  solphataa  and  cbromates,  M'SO'  and 
U'CcrO*.  The  new  inrestigation,  however,  also  ftimishes  some  additional  examides 
Id  the  previously  known  exceptions  to  (he  general  mle,  and  thus  luppUes  fhrther  evi* 
denes  of  the  fact  that  it  is  possible  for  bodies  of  anali^gous  constitution  to  diAr 
consideniblj  in  their  molecular  heata. 

The  molemlar  heat  of  a  compound  appears  to  be  govemed  only  by  its  empirical, 
and  not  by  Its  rational  constitution.  Anatogous  compoonda,  in  one  of  which  a  complex 
group  occupies  tJie  place  of  an  elementary  atom,  were  foond,  even  when  isomorphon^ 


8fl  HEAT. 

to  have  oDequal  molecntu'  he>li ;  thai  tlie  moleenlu  heat*  of  tbe  annKinliiin-eain- 
ponnda  ar«  coomdeniblj  grester  than  those  of  the  CMnapondiiig  potaaHnm-coropoimd^ 
Aud  those  of  th«  t^nogen-compounda  exceed  thoBe  of  the  ebkurJDe-compoiuida. 

The  atomic  (or  moleciilaT)  heat  of  ao;  bodj  vhich  i«  eontainad  in  a  com^nd,  or 
may  be  aaaumed  aa  odc  of  ita  coDatitaenta,  ma;  accordin^v  be  ascectained  indirectly, 
liy  deducting  &om  the  molecohu  heat  of  tbs  compound  uiat  of  whatever  other  ood- 
stituenla  it  conCaiua  in  addition  to  the  body  in  queelion.  For  inatance,  if  we  deduct 
&om  the  molecular  hrat  of  a  componnd  of  tbe  form  iSTWO*  (chnunete  of  lead, 
tnagttAt«  of  ■— l"'"",  Scc'i — which,  it  ma;  be  ramarfced,  ia  tvicn  aa  great  a>  that  of 
eomponadaof  the  fonn]tI'0'(etaiinii>  oxide,  titanic  anhydride,  ten.) — the  molecnlar  heat 
of  the  base  M~0,  we  get  as  remainder  the  molecular  heal  of  the  auhydnma  add  M'O*; 
and  the  same  remainder  ia  obtained  b;  deducting,  fiom  the  malecular  heat  of  acid 
cbramala  of  potaasium,  K'Ccc'O',  that  of  the  nentral  chromate,  K'CcrO'.  Agun : 
the  molecular  beats  of  h;drated  compouDde  admit  of  being  regaided  aa  made  up  of 
the  molecular  heat  of  the  itapediTe  anh;droua  Bubstaoces,  togt^ther  with  that  of  tbs 
vater  contained  in  them  in  the  wlid  ibrm. 

3uch  indirect  determiiiatioDS  of  the  atomic  heat  of  a  Eubstance  are  nererthden 
Bomewhat  uncertain :  not  only  becaose  it  occasionHlly  happens  tKut  analogoua  com- 


pounds,  vhich  there  ie  erer;  reaaon  to  expect  would  posseai  eqnal  molecular  heals,  do 
nerertheleas,  according  to  the  experimental  determinations  of  their  specific  beats,  show 
important  diffi-rencea  in  their  mdecular  heals ;  but  alao,  and  more  puticularl;,  because 


the  total  uncertainty  attaching  to  the  determination  of  the  moli>calar  heat,  both  of  the 
original  componnd  and  of  the  element  or  group  which  has  to  be  deductij  from  it,  is 
accumulated  upon  tbe  relatiTely  amay  remainder.  But  when  such  inferential  detei^ 
minationa  are  made  for  whole  series  of  corresponding  bodies,  and  not  merely  for 
individual  caeee,  the  resulta  may  be  regarded  ss  sufflcieatl;  trostworthy  to  render 
such  considetatiouB  as  arise  from  them  wortliy  of  notice. 

This  is  espBcially  the  case  with  regard  to  the  inferred  specific  snd  atomic  heats  of  cer- 
tun  elemeota.  As  already  pointed  out,  nearly  all  the  elemeuta,  when  examined  in  the  solid 
state,  are  found  to  have  approximately  the  same  atomic  beat — on  the  average,  about  6'!. 
It  is  now  very  generally  admitted  that  this — (he  so-called  law  of  Dnlong  and  Pelit— 
holds  good  for  off  the  etements,  aad  a  scale  of  atomic  weights  of  the  elemeots  is  con- 
sidered  as  satislactDrily  established  if  the  products  of  theae  atomic  weights  into  the 
Spedflc  heats  are  nearly  equal.  In  the  ease  of  some  elements,  however,  it  results, 
both  from  the  older  determinations  of  their  apeoific  heals  and  ftom  Kopp's  newer 
detanninations,  that  this  m]e  is  inapplicable ;  for  example,  the  specific  heats  of 
carbon,  boron,  and  silicon,  are  such,  that  the  products,  obtained  by  multiplying  them 
into  the  respective  atomic  weights— when  any  values  are  adoptsd  for  these  which  can 
poflsibly  be  deduced  from  chemical  considerations—are  alwaTs  decidedly  smaller  than 
die  corresponding  products  in  the  ease  of  other  elements  whose  specific  beats  in  the 
■olid  stata  can  bs  iDveatigated. 

But  these  excqitional  or  aocidentalresalta  acquire  additional  iaterest  when  taken  in  con- 
nection with  the  oondnaiona  whidh  ma;  be  drawn  from  the  molecular  heats  of  compounds. 
Componnds  of  thoae  elements  which  obey  Salong  and  Petit'a  law  exhibit  a  r^ularity 
in  tbeir  molecular  heals  {A.  H.) :  snch,  namely.  Uiat  theae  are  as  msny  times  greater 
than  that  of  an  element,  aa  there  are  elementary  atoma  etmtained  iu  the  respective 
compounds  (that  ia  to  say,  — — '•—  %'i  nearly,  if  n  denotM  die  number  of  elementary 
atoms  in  one  molecule  of  each  (omponnd).  This  regularity  ^ipean;  not  onlj  in  alloys 
containing  atomic  proportions  of  differeut  metals,  bnt  also  in  the  metallic  chlorides, 
bromides,  and  iodides  (see  table,  pp.  31, 32),  and  baa  been  found  b;  Eopp  to  extend  like* 
wise  to  componnds  of  which  one  molecule  conttuns  as  many  aa  seven,  or  even  nine, 
elementaly  atoma  (snch  aa  ^tnK'Cl'  and  FptEKIl').  It  is  less  distinctly  recognisable 
in  the  easeofthe  compounds  ofthe  metals  with  EulphDr(  -^ — ^-  is  here  usuall;  leas 
than  6),  and  no  longer  exists  for  the  metallic  oxidea,  which,  almost  without  exception, 
give  fur  the  quotient  ~ —  a  number  decidedly  less  thsn  S,  and  smaller  in  proportioD 
as  tlie  number  of  oiroen-atDras  exceeds  that  of  the  atoma  of  metal.  For  water,  con- 
sidered of  course  in  the  solid  state,  this  quotient  ia  only  abont  3,  and  for  Ihe  few 
organic  compounda  which  Eopp  has  examined  (such  as  tartaric  acid  and  cane-sugar)  it 
is  still  lees. 

The  fact  that  this  r«;ulBrity  is  absent  in  so  man;  compoonds  admits  of  onl;_  otia 
explanation — namely,  that  tliey  contain  elMnents  which,  at  least  in  these  combiDslions, 
poHHpsB  a  different  atomic  heat  from  that  which  corresponda  loDulong  and  Petit's  Uw. 

ll  lias  oDcn  bi'pn  asaumi-d  that  the  specific,  and  therefore  the  utomii-,  beat  of  an  ale- 
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BMOt  ma;  be  difltvent  in  eertun  compounds  fnnD  whit  it  is  in  tba  free  state,  ^d  tbtt 
it  maj  be  diffemit  in  one  eomponnd  from  vlut  it  ia  in  another.  But,  according  t« 
Eopp.  the  only  gronnd  tor  anch  an  asamnption  in  that  b;  mrana  of  it  tha  c■lcn1al(^d 
notMiilHr  henta  of  eompoDDd  bodin  can*  be  brooght  inio  closer  agreement  with  the 
nantta  of  asprriment;  for,  as  he  remarks,  the  VHrutioniwbich  tbe  spedflc  beat  of  an 
element  most  be  ■nnpoaed  capable  of  Dodergoing  when  it  entem  into  rombioation  (if 
Dnlong  and  Petit'i  law  be  taken  u  appticable  to  all  elements  in  th«  free  state)  are 
BiDeh  greater  than  the  Tariations,  aep''ndent  on  differeacea  of  physics]  condition, 
wbidl  hare  erer  been  actnallj  obeerrcd  in  the  case  of  an  accnratelj  investigated 
element.  On  the  contnij,  it  appeua  that,  in  many  compooad^  the  elementarj'  atoniB 
of  which  thej  are  composed  ictain  tbe  atomic  heata  which  belong  to  them  in  the  free 
state ;  and  that,  moreorer,  the  atomic  heata  which  can  be  indirecllf  calcolated  tor 
certHin  elements,  notwithstanding  their  disagreement  with  JDnlong  and  Fetit'i  law, 
aMord  Terr  cloaely  with  the  atomic  beats  which  result  fron  tha  direct  investigatiaD  of 
the  isnie  demmita  in  the  free  state.  Kopp  accordingly  maintlanii  that — althongh  these 
tut-mentioned  fccts  render  the  ealcolation  of  tbe  molecnlar  heat,  and  thence  of  Uie 
sprciSc  heat,  of  compound  bodin  from  the  atoruic  heats  of  the  elemecta  much  more 
difBcult,  and  although  th^  make  the  agreement  between  the  results  of  calcuiiition  and 
those  of  direct  obsKTration  much  lees  compleCe — ereiy  element,  when  considered  in 
the  solid  etete,  and  at  a  temperatore  HufatieatJy  removed  from  its  melting  point, 
possesses  one  esseDtially  inTariable  speciflc  beat,  which  it  is  true  muy  vary  somewhat 
with  diflferences  of  physical  condition — auch  as  greater  or  less  density,  amorphous  or 
oyataUine  et^^l^tll^<■,  &e. — but  not  to  Buch  an  extent  as  some  of  his  deteiminations  of 
spraBe  beat  waold  require,  if  Qnlong  and  Petit's  lav  were  really  applicable  to  all  tbe 
eUmnita;  and  ftirtJier,  that  tbe  specific  heat  of  each  element  in  the  free  Mate  is 
enentially  tbe  same  as  that  which  it  posseawH  in  its  compounds. 

By  deducting  from  tbe  molecolar  beats  of  the  Turious  oxides  tbe  atomic  heats  of 
tbe  metals  contained  in  them,  or  by  deductiog  from  tbe  molecular  heats  of  the  oxygen- 
aalts  those  of  the  groups  which  are  therein  united  wilb  oxygen  (taking  away&<om  the 
moteeular  heat  of  EClO*,  for  example,  that  of  KCi,  or  ftom  that  of  I^bSO*  the 
BOlecuLir  heat  of  PpbS),  a  remainder  is  obtained  in  erery  ease  wbidt  gires  for  tha 
atomic  heat  of  oxygen  a  number  lees  tban  6.  For  the  reasons  already  stated  (p.  S8), 
tht  remits  thus  arrired  at  do  not  agree  so  well  as  mi^t  be  wished;  nevertheless, 
Kopp  giTes  it  as  his  opinion  that  Uie  atomic  heat  of  oxygen  cannot  diff^  greatly 

When  the  molecular  heats  of  the  caibonates  IPCO*  and  WCO'  are  compared  with 
the  maleeukr  heats  of  the  oxldea  (U')^)*  (-  SM'O)  and  (K~)K>*,  the  molecolar 
heals  of  tbe  carbonates  are  found  to  be  decidedly  smaller  (according  to  Beenault'a 
experiments,  as  givea  in  the  table,  pp.  31-33,  the  molecular  heats  of  tbe  carbonates 
M-CO*  and  oxides  SH'O  are,  on  tbe  avemge.  abont  29-1  and  32-85  respectiTely ;  those 
rf  the  earbcmatss  M'CO*  and  oxides  (M')K>",  about  217  and  35-5  respectively).  Snch 
eompansons  show  that  ^e  atomic  brat  of  carbon  in  these  combinatious  most  be 
sssumsd  to  be  about  the  same  as  that  which  has  been  directly  tonnd  for  free  carbon 
in  the  form  of  diamond ;  namely,  1-8.  Similar  comparisoos  applied  to  other  elements 
lead  likewise  to  the  adoption  of  atomic  beats  which  are  much  smaller  than  what 
would  eormpoud  to  the  law  of  Didong  and  Petit:  for  instance,  to  the  slomic  beat  £-3 
(nearly)  for  hydrogen ;  fur  boron,  to  a  nnmber  lying  between  2  and  3  ;  for  silicon,  to 
4  (nearly);  and  for  floorine,  also  to  »  munber  which  appears  to  be  diafinctly  less 

The  sperifie  and  molecular  heats  of  compound  bodies  calculated  with  tbe  atomic 
heata  thns  arrived  at  for  tha  elsmeuta,  show,  in  very  many  cases,  a  very  satisfactory 
degree  of  agreement  with  thoss  deduced  from  direct  experiment ;  in  many  other  cases, 
however,  they  show  important  discrepancies.  But  equal  discrepanciea  may  likewise 
be  olaerved  among  the  molecular  heals  of  analogous  com^unda,  such  even  as  eontaia 
elements  as  correiponding  constituents  which,  when  examined  in  tbe  free  state,  gave 
nearly  equal  atomic  heats.  Begnault  not  unfrequently  found  this  difference  amount  to 
one-tenth  of  the  molecular  heata  in  question  ;  occasionally  it  was  still  greater. 

Xopp  eon^dera  that  the  results  of  his  investigntioa  confirm  and  widen  the  conclu- 
nou,  ah«wi^  adopted  bv  some  philoeophers,  that  Dulong  and  Petif  s  law  does  not  hold 
good  for  all  the  so-called  elements  in  tbe  solid  state.  For  a  particular  group  of  elements 
U  ia  undoubtedly  true ;  but  if  it  is  not  a  universal  law,  and  if  tbers  are  some  elements 
to  which  it  certainly  does  Dot  apply,  it  may  be  considered  donbtful  with  regard  to 
in^vidnol  elements,  whether  they  ought  to  be  looked  upon  as  agreeing  with  or  as  de- 
portiiig  from  it.  This  may  be  said  to  be  the  case  with  sulphur,  for  which  Kopp's 
determinations,  made  between  17°  and  the  temperature  of  the  atinospbert^  give  the 
atomic  heat  ('2,  neariy,  which  likewise  agrees  with  the  atomic  heal  of  suJ^nr  at 
indirectly  deduced  from  the  molecular  heats  of  the  metallic  sulphides. 
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In  geaenl,  the  moletmlaF  best  of  s  oampouad  mereMM  witli  ita  degree  of  contpkzttj, 
«x  with  the  Dumber  of  elemestery  atoma  coDlained  in  one  molecule,  aod  thij  more 
eapeeiiillj  in  the  catn  of  SDch  sa  eontiiin  mAy  elemente  vliich  follow  Dnloog  uid  Fetif  ■ 
li*.  Eapp  poiiila  out  that  if  the  application  of  this  rala  be  extended  to  Uie  elements 
themBelvaa,  the  &ct  that  a  large  proportioa  of  them  have  neari;  the  game  atomic  beat 
maj  be  taken  as  an  indieation  that^  whether  Ihej  be  almlatol^  nrnple  aubEtaiicei  or 
so,  thoy  are  ftt  leaet  bodiee  of  a  comparable  degree  of  complezitj ;  while,  on  the  other 
hand,  the  emaller  atomic  heata  of  some  elements  would  aeem  to  ^w  that  thsj  are  of 
a  lower  d^ree  of  corapleiit;,  or  approach  more  nearl;  to  trulj  eimple  bodiea,  Uian  the 
reet  It  wonld  thue  appear  to  be  poasiblo  for  a  snlwtaQCe  Vtich  can  be  pwiied  to  b« 
oomponnd,  to  hare  the  same  atomic  heat  ae  a  so-called  element :  for  instaocc^  a  per- 
oxide, XO,  containing  an  element  whose  atomic  heat  wai  equal  to  that  of  hydrogen, 
namelj,  about  S-3,  would  have  a  molecular  heat  of  aboat  23  +  t  —  6-3,  that  is  to 
say,  the  suae  as  that  of  chlorine,  iodine,  or  the  motaU. 

With  regard  to  the  apparent  improbability  of  two  ao-ealled  element^  which  ar* 
citable  of  mutuall;  replacmg  each  other  in  compounds,  like  hydrogen  and  the  metals^- 
ot  which  even  appear  as  corresponding  constitaents  of  isomarphous  anbatances,  like 
•ilicon  and  tin— Jiaving  onmual  atomic  heats,  it  must  be  borne  in  mind  that  this  is 
not  in  reality  any  more  sorpruing  or  improbable  than  that  an  undecomposible  eubetance 
and  one  known  to  be  compound,  such,  for  example,  as  hydiogea  and  peraxide  of 
nitrogen,  or  potasaium  and  ammonium,  should  replace  each  other  in  compound  bodiea 
without  causing  any  alteration  in  their  chemical  characters,  or  ohoald  eTen  b«  oapttbl* 
of  appealing  as  corresponding  constituents  of  isomotphoui  sobstaocea. 

It  still  remains  to  eonaider,  rather  more  particularly  than  has  b*SD  done  tbna  ta, 
what  it  is  that  is  lusoHued  under  the  name  of  the  specific  heat  of  solid,  liquid,  or 
'      ' '  I  method!  above  deecribed. 

measurement,  the  heat  impart«d  to  the  various  bodiee  doee 
■omething  more  than  merely  raise  their  temperktnre :  it  causes  at  the  same  tims,  as 
will  be  seen  bj  what  follows,  an  expansion  or  increase  of  their  balk ;  and  whan  die 
bodiea  are  again  cooled,  they  contract,  or  diminish  in  bnlk,  lo  ao  tqwd  anMnnt. 
Hence  the  specific  heats^  measured  as  above,  are  not,  strictly  ^Making,  th«  telatiTe 
qoarttities  of  beat  required  to  raise  the  temperature  of  the  various  sabstancei  to  the 
same  extent,  but  the  qnantitieB  required  to  do  this,  on^  at  the  samf  time  to  caose  a 
greater  or  less  increase  of  bulk.  It  is  therefore  aquestiou  (or  hrthec  inveatigatiaa, 
wlial  proportion  of  the  total  speciflo  heat  of  a  substance  goes  to  ndse  ita  tempera- 
ture, and  what  proportion  to  cante  it  to  expand,  or  possibly  to  modify  it  in  other 

The  expansion  which  accompanies  a  nven  rise  of  temperature  is  inconsiderable  in 
the  caae  of  solids  and  liquids,  compared  with  that  which  takes  place  in  gases ;  but  it 
would  be  incorrect  to  conclude  that  the  proportion  of  the  tolal  specific  beat  of  solid, 
liquid  and  gaseous  sabotancae  respectively,  which  is  expended  in  caueiDg  expansion,  is 
in  ptoportian  ta  the  amount  of  expansiao  actoally  produced  in  each  case.  On  the 
other  hand,  although  no  data  exist  which  make  it  possible  to  form  a  very  definite 
estimate  of  the  ratio  of  the  rtai  specific  heat  to  the  total  apparent  specific  heat  of 
aolida  or  liqnida  (see,  however,  p.  41),  it  is  certain  Ihat  they  oppoee  a  much  greater 
resistance  to  any  ibrce  tending  to  alter  their  bulk  than  guses  do,  and  hence  the  com- 
paratively small  amonnt  of  expansion  which  they  undergo  may  require  the  expenditure 
of  as  much  or  more  heat  than  the  relatively  gteat  expansion  which  takes  place  in 
casea:  there  is,  therefore,  no  reason  to  believe  Uiat  the  ratio  of  the  two  specific  heats, 
in  the  case  of  solid  aud  liquid  substances,  is  a  magnitude  of  a  difilbrent  order  thim 
what  it  ia  in  the  case  of  gases. 

The  ratio  of  the  apparent  to  the  real  specific  heat  of  a  gas,  is  the  ratio  of  its 
specific  heat  under  constant  pressure  (when,  therefore,  it  expands  as  the  temperatnre 
rises)  to  its  specific  heat  when  kept  at  a  constant  volame.  It  is.  of  course,  the  specifia 
heat  under  constant  pressure  which  ia  determined  by  the  roelhod  already  described 
(p.  29),  and  which  is  given  for  several  gases  in  one  of  the  preceding  tables  (p.  M). 
Thiit  the  specific  heat  of  a  gas  kept  at  a  constant  volume  is  less  than  its  specifio  hMt 
under  a  constant  pressure,  is  obnous  &om  the  fallowing  conaiderations.  Suppose  a 
qnantity  of  gas  to  hare  had  its  temperature  raised  C,  while  the  pressure  to  which  it 
was  exposed  remuned  constant :  the  increase  of  t«mporatuie  will  have  been  accom- 
panied by  a  corresponding  increase  of  volume.  Now,  suppose  the  gas  to  be  com- 
pressed, so  as  to  restore  it  to  i(s  orif^nal  bulk  :  the  result  of  this  compression  will  be 
to  raise  its  temperatui«  f°  more.  The  gas  will  now  be  in  the  same  condition  as  it 
would  have  been  if  the  same  quantity  of  beat  had  been  imparted  to  it  without  ita 
bein^  allowed  to  expand :  hence  it  is  evident  that  the  same  quantity  of  best  that  ia 
required  to  raise  the  temperature  of  a  given  weight  of  fptu  f ,  while  the  pressure 
remiiins  constant,  will  soffice  to  raise  the  temperature  of  llie  gas  (  +  /'  degrees  if  it 
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ii  kept  at  ■  eoHBtiBt  TcJnme.  The  qnciflc  heat,  e',  coireepondiog  to  a  ronitimt 
pfesmm.  is  therefore  to  the  ipedBo  heat,  e,  eorrpapondiiig  ta  a  cODntant  volamr,  lu 
i  +  /  to  (.  One  gramme  of  air  haa  ita  tempfntore  ni»d  1°  C  when  there  u 
impartfd  to  it  0-2371  of  a  nnit  (mmme-dtigree)  of  heat,  and  it  ezpaodi  at  the  aama 
time,  if  the  preieare  remaina  nnjatered,  hj^tk  itt  hnlk  at  0°  C.  Aeooidiogly,  if  the 
eleratiaii  of  tempenttm  eoasequent  OD  eompieamiig  a  gaa  bj  ^  of  ita  bulk  at  0°  be 
■°,  it  ia  endent  that  the  ratio 


ia  the  ratio  of  the  apecdflc  heat  under  ooBstant  preatun  to  that  at  coottant  Tolume. 
Clemoit  and  Deaonnca  fonnd  t^  direct  ezperimeiitB  npon  air  tjie  Tkhie  0-S4°  for  ■,  bat 
it  ia  plain  that  the  nnaroidaUo  1dm  of  hast  attendirg  nich  ezperimenta  mnat  CMae 
the  leanlt  to  be  too  lor. 

A  kn  direct,  but  far  moie  acccnta  meana  of  dettmuning  the  ratio  k  —  — i 

not  ool;  tor  air  but  for  wreral  other  ^aaea  alao,  ia  afiijrded  b^  the  thnnj  of  the  pro- 

'  1  of  Bonnd.    The  velodtj  mth  which  a  waTe-motion,  mch  aa  that  which 

*»  B0«nd,  ia  pvpanted  through  a  homogeneooa  mediam  whoaa  eUutidtr  il 


ia  expnanoD,  applied  to  the  moTemeDt  of  a  aoDod-wave  through  the  air,  baoomw 


'-y4--y^-- 


whov  g  denotes  the  accelerating  forte  of  gnnij  (—  9-808  metrea  -  I2'18  feet); 
H-T60mm.-29-B2inche»i  irthawrightofl  eub.cent.of  mercury  at  0°-18'iB6  grm.; 
•  the  weight  of  1  cub.  cent,  of  tir  at  0°  and  under  a  presanre  of  760  mm.  merear; 
—  0'D01293  grm. ;  t  the  tnnperabue  of  the  air,  ■  iti  coefldeDt  of  e^aneion  onder 

conatant  presnue  ( »  0-00367),  and  h  the  required  ratio  — .  Now  tlie  relocitj  of 
aoond  in  air  at  0°  haa  been  cxperimentall;  found  to  be  —  333  metna,  or  1092-S  bet 
per  aecond ;  hence  the  abore  eqiution  giTea 
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Oi)01293 
er  *  -  H14. 

The  phyncal  reason  Ibr  the  preeence  of  the  niagnitade  A  in  the  fbnnola  for  the 
Teloci^  <^  aonnd,  ia  that  that  reloci^,  baing  dgtendent  npoo  the  alaatid^  of  the  air, 
Tiriea  with  erery  Tariation  of  the  elaalici^,  and  that  the  alternate  bealinga  and 
coolinga,  eanaed  reepectivelj  br  the  alternate  coDdeosalione  and  ntrelaetiona  wbidt 
conMitiite  the  wavea  of  aonn^  ate  equivalent,  in  their  effect  npon  the  velocity  of 
ttanemiaaion  of  the  waTe*^  to  an  incr«M«  in  the  elaatidt;  of  the  air  in  the  propMtion 
of  1:^  -  1:  1-413. 

In  the  aboTB  llnrmnia  the  magnitodea  g,  H,r  t,  and  a  are  all  independent  of  the 
partiailat  nature  of  the  gaa  (atwut  in  the  ease  of  perfect  gxaee ;  for  imperfect  guea 
the  Tshie  of  a  Tariea  aligbtl;),  brace  if  v  and  t^  represent  the  Telodties  with  whidi 
Boond  traTeisea  two  different  nasa,  t 
•f  the  tvo  i^eeilla  Iteals  of  each,  we  havs 


-y?vT. 


so  that  the  ratio  V  for  any  gaa  may  be  deduced  bom  that  of  air,  provided  the  denaity 
of  the  gaa  and  the  velocity  with  which  it  is  tisversed  by  soend  are  known. 

Hence  the  investigation  of  this  ratio  ia  reduced  to  that  of  the  real  velodtiea  of 
nond  in  different  elastic  fluids.  For  any  other  gaa  than  atmospheric  air,  it  ia  nseleaa 
to  think  of  meaaoring  directly  the  velocity  of  propagation  of  a  sonorous  wave  ;  recaurse 
mmt  obrionaly  be  had  to  inijirect  means.  The  theory  of  wind  iDstninienta  BaggiBt«d 
a  aoda,  which  was  first  indicated  and  put  in  practice  by  Chtedni  and  Jacquin.  Thia 
aetbod  coniiala  in  making  the  same  pipe,  with  a  £ute  imbouchoTf,  sonnd  saccvHiTel; 
with  all  the  elastic  floida,  supposed  at  the  Siin.e  temperature,  mid  in  dctenuining  the 
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pilch  of  tone  givpn  lay  each  gas.  Admitting  tliat  the  fluid  eotnmn  eonliiinpd  in  tba 
iiiBtrunient  expflriencpa  the  ume  mods  of  sabdiTieion  ia  STery  ruae — thut  it  rorre- 
Bponds,  for  emmple,  to  what  is  tailed  the  fiindameotal  Krand,  or  the  grarett  of  all 
liiose  which  the  thpory  of  Beniouilli  indiratM  for  the  same  pipe,  wo  eiaily  rome  to 
know  the  length  of  a.  ■wi.Te,  and  its  duration  in  nach  elantic  fluid ;  nod  consequently 
the  Telocity  with  which  a  vilirBtioD  would  be  procagsted  in  each  of  them. 

The  iblloiring  tahle  exhibita  the  resulla  of  D^ong'a  Msearchea  on  thia   aatgect 
(Ann.Ch.Hij»xlill3): 


V'^"" J  " 

RHIn  orth* 

Nww.oftlw 

t™«i.™ 

NtimtirT  of 

,IS",?7.-. 

Nurnderi 

•peclftc  hnu 

■lutk  Siilih. 

^Jli*'«o" 

"^^^ 

';!;;vi^fc 

'zvJi' 

ha.l«iiD,n 

llui  Buld. 

iLuit  inluac. 

l^r" 

-*. 

Air.        .        . 

>^,med. 

600-4 

f  m-9  ) 

22" 

I 

333- 

1-421 
(■    1-416 

Oxygen    .        . 

+  «■_! 

l;;:il 

21 

1-1026 

31717 

1-417 
I    1413 

Hydrogei.         . 

-a/. 

niir  1 

17 

0-0688 

1280-6 

1    1-409 
1    lilts 

CutoDie     mu'i 

»;_, 

39318  ( 

82 

1-63* 

261-6 

\    1-367 

hjdrid.         i 

393-88  ( 

20-5 

(    1-340 

Carbonic  oiide 

B(. 

601-3     ) 
e03-07  ! 

16 

0-974 

337-4 

)    1-423 
i    1-433 

Nitric  oride     . 

*>/_, 

392-7 

20-S 

1-627 

2010 

1-343 

OUfiantgui      . 

-«■_, 

468-9 

16 

0-881 

314 

1-240 

The  Blight  difference  between  theTalae  1-421,  obtunad  by  Dulong  for  the  ratio  of  the 
two  apeciflc  heata  of  air,  and  the  number  1414  already  giTen  le,  in  paj-t,  due  (o  the 
ehangea  which  hare  takes  place,  since  the  dnte  of  hia  ezperimenia,  in  tbesdaptAl  value 
of  the  cunstnotB  which  enter  into  the  calcalntion. 

Theoretical  Tiawa  of  the  natnte  of  heat  and  the  eonatitalion  of  gaaeoos  bodies, 
which  will  hare  to  be  further  conndered  in  a  anhseqaent  purt  of  this  article,  lead  to  the 
conclosion  that,  for  all  perfect  gaaea,  the  difference  belweeu  the  tvo  apec^  hntaof  a 
unit  of  Tolnme  a  ezpreHaed  by  the  equation 


w 


where  ^  ia  a  constant  (the  thermal  equivalent  of  the  unit  of  work),  p  and  t  the  prea- 
E3re  and  tempsraturs  of  the  gas,  and  —  the  coefficient  of  e^nnston,  and  therefore 
a  »  273  nearly.  The  right  hand  member  of  this  equation  contalua  nothing  which 
depends  on  the  particular  nature  of  the  gae  to  which  it  ia  applied ;  and  hence,  if  the 
temperature  sad  pressure  are  taken  the  aamp  for  all  gaaea,  the  difference  y'— 7  «iU  be 
the  aame  for  sit  If  the  valncs  of  y  and  y  applicable  to  atmospheric  air  be  dis- 
ttDgaiBhed  as  y',  and  y,,  we  hare 

y-  y  -  T.'-r- 

an  «qaatioii  which  remuos  true  whsterer  unit  of  volume  is  adopted,  and  therefore 
also,  if  with  Bfgnault,  we  take  this  unit  to  be  the  volume  occupied  by  a  u;<it  of 
weight  of  air  at  tjie  same  temperature  and  pressure  as  the  gu  under  consideTation. 
Therefore 

y-7  =  7;_7_  ■»  02374  -  0-1680  -  0-0804  and  y  -y'  -  0-0694. 

Sy  m^nns  of  this  eaiuLlion,  the  B[ieciflc  heats  of  the  varioaa  gases  under  constant 
Tolame  may  be  calculnted  from  their  speciQc  heate  under  conBtant  preesnre  as  given  in 
the  t4ible  on  p,  35.  The  numbers  so  obtained  will  refer  to  the  unit  of  volume  adopted 
by  It^nault ;  to  deduce  therefrom  the  Bpecific  beats  which  correspond  to  ■  uni<  q/ 
might,  these  numbers  require  merely  to  be  divided  hy  the  densities  of  the  rMpectivB 
gases ;  iind  to  ohtiiiu  the  specific  halts  compared  aith  that  of  lot  rqutd  vaiume  of  air, 
Ihcy  must  he  divided  by  O'lOSU. 


byGoogIc 
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Accurding  to  equation  (a)  the  qaotieut  —  m,  i  becomea 


■ad  it  thCT^fbre  f  xee«ds  unit;  b;  ■  qiuntitr  which  ii  inven*!;  pTOportioiiKl  to  y. 

Fnrther,  the  gecenl  eoaoderatjoiu  ftboTs  referrpd  to  maks  it  probable  that  the  ti 
■pedflc  heat  of  equal  volumes  of  all  simple  gun  is  the  same,  and  that  the  S] 
heat  of  compouni?  "-*-=  ■-  — *'  #*  tT»-t  n#tv  ....... 

which  repmenla 
plier  wDoId  be  — 

Tie  fiillawiag  table,  vhirh  is  copied  wilh  yerj  slight  modiflcations  from  tables 
gir*Db;ClauHias<AiiD.  Ch.  Fhum.  exrilL  IIB)  and  Ba  fr((Ui.  ci*.  SIJ;seeaba 
pp.  306,  307),  and  mav  be  eonsideied  snpplenieDtiiry  to  the  table  on  p.  3S,  givM  the 
TCSolla  erf  the  appHcatioa  irf  thess  formula  to  the  guea  and  T^onn  whkh  «en  Iho 


l._ 

n. 

111. 

IV. 

V.      VI. 

VII. 

VIII. 

X^S 

siwiac  h«t  u 

^z\r' 

putd 

MoHsriat. 

Fc.™uU. 

d™ui 

"il^l'.' 

Bqotl 

•S- 

-  =  *, 

Dwiiurir 

Air 

10000 

100 

0-168 

1-00 

1-413 

I-O 

O^gen        .         .         .          . 

0' 

11056 

101 

■16S 

loa 

1-403 

1-0 

NiiiogeD      .         .         .         . 

V 

■9713 

1-00 

-173 

1-00 

1-409 

1-0 

ff 

-0682 

■88 

2-406 

-99 

1-417 

1-0 

Chloride     .        .        .        . 

a* 

Z'4400 

126 

-093 

1-36 

10 

Br» 

l!'3900 

1-26 

■042 

1-37 

10 

Nitric  oiide        .        .        . 

NO 

I'oseo 

101 

■166 

102 

1-463 

1-0 

Carbonic  .^ide    .        .        . 

CO 

-9(174 

1-00 

■173 

1-00 

1-416 

1-0 

Nitrons  oxide      .        .        . 

HQ 

1-2474 

■98 

■131 

-98 

l-o 

N'O 

1S2M 

1-46 

■180 

1-64 

1-243 

1-6 

Wster         .        .        .        . 

n^o 

■eaio 

1-26 

■369 

136 

1-302 

1-6 

Sniphjdric  acid  . 
CarWic  anhjdride      . 

H'S 

11812 

120 

■182 

1-29 

1-6 

CO" 

I  £290 

1-39 

■171 

1-66 

i-266 

1.6 

so* 

2-2470 

1-41 

■121 

1-62 

1-6 

Sulphide  of  ee^n     .        . 

cs* 

2-632S 

1-74 

'131 

206 

1-5 

Ammonia    .          .         .         . 

NH- 

-e884 

1-28 

■391 

187 

30 

Uanh-g...        .        .        . 

CH' 

■6627 

1-38 

■467 

1-M 

2-6 

Olefiantgaa        .        .        . 

C^' 

■987! 

1-73 

■3i3 

2^03 

1-1*4 

3-0 

Alcohol       .        .        .        . 

CTl'O 

I  ■6880 

302 

■408 

3-86 

4-6 

aher          .        .        .        . 

C'H»0 

Z-fiM3 

6-18 

-454 

6-81 

1069 

7-S 

Sulphide  of  ethvl    ' 

C'H"S 

3-1380 

6-29 

■378 

7^07 

7-6 

Chloride  of  ethyl 

CH-a 

2-23SO 

2-67 

■243 

8-22 

4-0 

Bromide  of  ethrl 

CH'Br 

3-7316 

2-86 

■163 

8-62 

40 

^anideofethjl         .        . 

C^'N 
CHCi' 

1-8021 
4^1820 

3-41 
1-16 

'332 

441 
349 

4-6 
2-6 

Chloride  of  ethjleno    .        . 
Acelaloofetbji.        .        . 

C^'Cl' 

3-4600 

8-33 

4^30 

4-0 

CH'O' 

3-0400 

613 

■378 

6-84 

7-0 

Acetone      .        .        .        . 

C'H'O 

2^0220 

3-60 

■378 

4-56 

60 

Benane      .        .        .        . 

CH- 

^■6943 

426 

■350 

a-61 

6-0 

C»H" 

^■6978 

1001 

-491 

13-74 

130 

PCI* 

4-7446 

2-89 

■120 

8-39 

Chloride  of  anwmc      .        . 

Asa* 

6-2610 

285 

■101 

3-76 

Chloride  of  silicon       .        . 

SiCl' 

S8G00 

3-28 

■121 

4-22 

Stannic  dlloride           .        . 

SnCl' 

lfl-2O0U 

384 

■086 

4-73 

Chloride  of  titanium   .        . 

TiCl* 

6B360 

3^64 

■116 

4-73 

subject  of  Be^ault'e  experiments.  Column  I.  giTea  tho  namtt  of  the  gaeea; 
ooliunn  II.  their  cAemieal  compamtiim ;  the  fonnolie  in  this  column  rapment  turn 
Tolomes  of  the  serenl  gasF«:hene«  the  molecular  oondeDsnttoii  of  escb  giuis  abtainad 
b;  dividing  the  nnniber  of  atomi  in  its  furmula  hj  2.    Column  III.  ^ves  the  dtntilit* 
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adopted  b;  Rcgtunlt  in  Lis  ealcDlaluMu.  Column  IV.  givea  die  apecific  heats  mtdtt 
eanilant  ^irvuare  compared  with  that  of  no  equal  Tolame  of  aii  Mxa  aa  noity.  The 
iiiinib«n  la  this  eolumD  are  obtainsd  from  those  in  the  kat  eolumn  of  the  table  on 
p.  36  b;  diridiDg  each  bj  0'2371  —  speciBc  heat  of  air  nndei'  cooataut  pressnre. 
Culamns  T.  and  VI.  conCUQ  the  apedfic  heata  coirespooding  to  it  eantlanl  votunu 
compared  (V,)  with  that  of  lui  equal  weight  of  water,  and  (VI.)  with  that  of  an 
equ^  Tolnme  of  air.  Column  VII.  f^rea  the  ratio  of  Ihe  two  sp-c'fic  htati  for  aoma 
of  the  moat  important  gasea,  obtained  bjr  diriding  the  apecitlc  hnule  of  equal  weights 
nnder  oonstant  preaaure,  aa  given  ic  the  previoua  table  (p.  35),  h;  the  coirwponding 
nines  ia  colamn  V.  of  this  Uble.  Column  VIU.  containa  the  theoretical  Inu  tptcifia 
kiaie,  compared  with  the  true  aprcifio  heat  of  an  equal  Tolume  of  air  or  any  aimple 
gaa.  These  numbere  an  calculated  upon  the  auppodtion  that  the  true  apedflc  heats  of 
the  elementaiy  gases  are  the  same  ia  the  combin«l  as  in  the  uncombined  state. 

On  comparing  the  Dnmbers  in  columns  VI.  and  VIIL  it  will  be  seen  that 
there  is,  on  the  whole,  an  nnmistHkabla  correepondance  between  them,  but  that  they 
exhibit  also  in  many  case*  decided  discrepiuicieB.  Theae  are  probublj  dua,  in  part  to 
errors  of  aiprrimeut,  and  in  part  to  the  ftet  that  the  method,  by  which  tha 
numbere  representing  the  apeciflc  bests  at  eoQBtant  Tolnme  are  ealeulatad  bom  thow 
repreeenting  the  spei^iflc  heats  at  eoDatant  prMsnre,  ia  quite  accncate  only  in  th* 
case  of  perfeot  eaaea ;  and  fkriher  that,  eren  if  the  nnmben  in  column  VL  repre- 
sented tlie  epeci6c  heats  tor  constant  Tolitme  with  perfect  accuracy,  theaa  nnmben 
wonld  not  neeeesarily  agree  with  those  in  eolumn  VIII.,  except  for  perfect  gasea. 

The  true  apecifle  beat  of  a  gaa.  that  is.  its  specific  heat  under  a  constant  Tolume, 
is  r^arded  by  Clausiui  (PhiL  Mag.  [1]  uiv.  201,  206)  as  the  trae  specific  heat  of 
tha  substance  in  all  states  of  agseegation.  and  in  the  combined  as  well  aa  the  f^ 
sUte.  Kankine,  on  the  other  hand  (^A  Manual  of  Ihi  Stram  Bhiginr,  &c.,  p.  307), 
while  admitting  that  the  true  specific  heat  of  ench  subBtance  remaina  constant  at 
all  densitiea,  so  long  aa  the  snbatsnce  retains  the  same  condition,  solid,  liquid,  or 
gaseous,  suppoeea  tJiat  a  change  of  real  apecific  beat^  sometimea  eoneiderable.  often 
accompanies  the  change  between  any  two  of  these  conditions.  But,  aa  Clansins  baa 
pointed  out  {toe.  cit. ;  also  Pogg.  Ann.  eix.  43S),  there  ia  no  obTious  nmaon  why  the  res] 
'"  '  "  'a  body  shoind  be  supposed  to  undePRO  alteration  on  the  passage 
t  .i.r..»^.>;na  to  another,  if  it  remains  constant  within  the  bt""- 


r  the  ehaogea  of  density  and  elsaticitr.  which  accompany 
uiauBn  ui  ».„(/ua„.^.  withlu  One  Bud  the  Bams  state,  do  not  differ  in  kind,  bat  only 
in   degree,    from    those  which  constitute  the   pusaage  from    one   state  to    anothec 

Assunting,  thereibre,  that  the  speciHu  heat  under  cooatant  Tolome  of  a  snbaf '~ 

the  gaseous  state  ia  its  real  specific  heat  under  all  conditions,  we  haTe,  for  wi 

■S04 


Batio  of  apparent  to  real  spedflc  heat  in  the  gaseous  state        ,    — -y^Tg  —    1'303 

2.  Changet  of  Volume  produced  by  B*at. 

It  is  an  almost  oniTersal  law  that,  when  heat  is  imparted  to  any  body,  the  body 
expands  or  augmenta  in  tmlk,  uuless  prerented  from  doing  so  by  a  corresponding 
increase  of  external  pressure,  and  that  any  body  trom  which  heat  is  withdrawn  coa- 
tncts  or  diminishes  m  hulk.  The  eiceptions  to  this  law  are  extremely  f«w,  and  occur 
onlywithin  particular  limits  of  temperatuca:  the  most  important  will  be  specially 
pointed  out  hereafter.  Admitting  the  atomic  hypothesis  of  the  constitution  of  matter. 
It  ia  impossible  to  conceive  of  expan^on  otherwise  than  as  a  morement  of  the  mole- 
cules of  a  mass,  which  has  for  its  effect  to  increase  their  mean  distance  from  e«ch 
other.  Hence  when  heat  causes  n  body  to  expand,  it  acts  in  oppoeition  to  the  fbrcea 
which  tend  to  prevent  ths  further  sepamtion  of  the  molecules  ;  and  the  bulk  of  the 
body  at  an^  girec  Irmperaturo  ia  the  result  of  an  equilibrium  between  these  fbrceaand 
the  eipansiTe  force  of  the  heat  contained  in  it  at  that  temperatureL  The  forcea  hj 
which  the  particles  of  a  mass  are  held  together  coosiat  in  part  of  the  pressure  to 
which  it  ia  subjected  from  without,  and  partly  of  the  pressure  arising  trom  the  mutual 
attractions  of  the  particles  themselvea.  This  latter  prcssuro.  wliich  ia  known  as 
OobeeiTe  force,  has  a,  much  greater  effect  in  determining  the  bulk  of  solid  and  liquid 
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J  pmaare  which  acta  upon  thna  from  wttbonl,  and  it  Tarira  Dot  onlj 
iea,  but  even  in  the  suae  bodj  iti  Taloe  ii  diCTarmt  tt  diSbraDt  tam- 
pentnna.  Bunce  it  ii  not  mrpriBing  that  the  reLitions  BubaistiDg  between  the 
tdDperatare  and  hnlkof  eolid  and  liquid  lubiitaucea  ahonld  be  Kimevhat  eomplaz. 
In  perfect  giuea,  however,  oohraion  doee  not  eiiat,  and  hence  tbe  only  epponilg  fi>m 
which  heat  hsa  to  OTereoine  in  order  to  canw  them  to  expand  ii  the  extenml  pnamrr. 
CooMqaenllv  it  in  fijnnd  that  tbe  rate  of  ezpasiion  of  gaece  bean  a  much  more  dmple 
rektiDn  to  the  heat  by  which  it  ia  caused,  than  that  obaeircd  in  aelid  and  liquid 
bodies.  It  Ib,  theiefbn,  oonTenient  to  counder  the  Uwa  of  the  axpanaion  of  gaaaona 
mbatancea  before  axamioing  thoae  which  regulate  the  eiptuuiou  of  matter  k  the  two 
other  atatea  of  aggregation. 

»Hi«iialom  of  (Mwe*,— In  a  perfect  gaa,  Tolnme,  elaaticily,  and  tempeiatnrs 
wonld  be  lelated  to  each  other  in  the  manner  ezprttiled  by  the  cqiutioQ 

f .  -  /(.  *!), (.) 

rtere  r  ia  the  Tolnme  of  a  fpvm  weight  of  the  gsa  at  the  tfmpenitDra  (  and  under  the 
pdreanuep,  and  J  mi  a  are  conalanta.  Hence,  if  l/were  tlie  Tolnme  of  the  aaaia 
weight  of  the  ome  gaa  concsponding  to  any  otha  presanre, ;',  and  temp«Mtaie,  t,  -w* 
ahoatd  hare 

^-'t¥-, (« 

ITo  abeolately  perfect  gaa,  howerer,  ia  known  in  nature,  eo  that,  according  to  the 
beat  oipemnenla,  the  ralaet  of  a  which  coireapond  to  different  Tkhiea  of  p,  v,  and  t, 
ute  not  quite  eonatant,  bat  Tsry  slightly,  not  only  with  Tariationa  of  theae  foctora, 
bnt  alao  according  to  the  nature  of  the  gaa.  The  propertlei  of  air,  however,  and 
the  other  non-conden»able  gasea  accord  bo  nearly  with  the  abore  forninl« — which  are 
in  iact  nothing  mora  tlian  a  atatement  of  the  laws  of  Boyle  and  Oaj-Lnaaao 
(OiSB^  ii  819*) — that,  except  in  caaaa  where  extreme  accuracy  ia  reqoind,  the  aooord 
mn  be  conaiderad  perfpct. 

If  in  the  abore  equation  Ifi)  we  maka  ji  —  p'  we  get 

that  ii^  —  is  the  ev^ffinent  (ff  eapantitm  i^  tin ga»  tituUr  contltutf  pTrt*iire,or  the  amoant 
by  which  that  qnantity  of  gas  which  occnpies  a  unit  of  roliune  at  0°  C.  expands,  under 
rtmstant  preasor^  when  ita  tempeiature  ia  laiaed  one  d^ree.    SimiUily,  by  making 

1-  P.^ {di 

«      p-t-pf'  "•  ' 

OF  -ia  alao  the  corffanit  oftxpantion  ef  tktgia  under  etmtlanl  toltniK,  or,  more  cor- 
rectly (aince  when  «  -  >'  no  actual  e^ansion  can  take  pUce),  -  is  the  eoefllcient  of 


increase  d  elaaticity,  oi 

of  tempaatnre  of  one  di^ree, 

ga^  it  ia  obnona  that  tluve  two  ralnea  at  -  would  be  eqnaL 

Tlia  OiBt  tolerably  aecnrate  determinations  of  the  coefBcinits  of  expansion  of  gaseous 
bodice  were  made  by  Oay-Luasac.  He  used  in  hia  eiperimeDta  a  TeaBel  Bh^>ed  mndi  like 
a  thermometer,  having  a  bulb  about  1  centimetre  in  diameter,  and  a  tuba  about  30  or  40 
centimetres  long,  and  I  or  IS  millimetree  wide.  The  tube  was  dirided  into  lengtha  of 
equal  capacity,  and  the  proportion  between  the  total  capacity  of  the  bulb  and  that  of  one 
division  of  the  tube  was  accurately  determined.  The  appantua  having  been  filled  with 
air  dried  by  paaaing  through  a  chloride-of-calciuro  tube,  a  drop  of  mercury,  occupying 
n  abort  langth  of  the  dirided  tube,  was  employed  to  cut  off  the  endoeed  air  from  com- 
mnnicatioa  with  the  atmoephere,  and  at  the  same  time  to  bbttb  aa  an  index  whereby  t« 
read  off  ita  Tolome.  The  bnlb  was  then  fixed,  with  the  Btam  horiionliil  and  projecting 
through  the  side,  in  a  vessel  flllud  with  wat«r,  through  the  medinm  of  wbich  it  could 
be  heated  to  vanoos  lempeiatum.  The  volumea  occupied  by  the  air  at  each  tempera- 
tnie  could  be  rmd  off  upon  the  divided  tube  by  noting  the  poaition  of  the  little  column 
of  mennuy ;  but  the  volomes  thua  determined  required  to  be  corrected  (a)  for  the 
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tiu  gItM,  (b)  for  tba  lower  tompeimtara  of  the  portion  of  air  contamed  ia 

e  nib«  olU«id<  the  viter-bath,  *nd  (e)  tor  the  posriblB  KltemtioiM  of  b«lo- 

epKanmdniiiig  tlie«xp«ri>aeiit   IndBpanaently of theae  Utter  iiUei«tioii«,wliJdi 

■Im^  Tny  inconsidermUs,  the  prMmre  apOQ  the  gu  lemiiasd  MMtiDt  during 

xpenment:  it  ml  the  Tolnme  whidi  changed.    AMil;iiig  the  MUM  metliod  to 


tther  gMea  and  to  nkpoura,  Oay-Lassac  coudDded  that  u  „  , 

pentorea  mlBdeatl;  niiuiT«d  from  their  pointa  of  liqupfaction)  expanded  hy  ha&t  t  o 
the  lame  extent  i  that,  oamelj,  vhan  hented  &oia  0°  to  100°  C.  they  expaoded  in  the 
proportion  of  1 :  1'376,  or  for  1°  C.  by  O'OOSTS  -^"t  their  volume  at  U". 

The  confidence  which  these  nmlta  DataraUj  excited,  in  conwqiteiioe  of  the  high 
reputation  of  the  author,  was  still  farther  increased  br  the  ooofliuiation  which  thej 
racciied  at  the  handa  of  Qutong  and  Petit,  and  also  becanse  it  was  considered  pro- 
bable, on  theoretical  grounds,  t^t  in  ERt«t8iMM  in  which  eoheeive  (br«e  no  lot^nr 
existed,  the  expansiTs  action  of  heat  should  be  independent  of  chemioil  eonqwaition. 
Hence,  ^en  the  Swedish  pfajsiciat  Bodberg  announced,  as  the  raanlt  of  his  own  mcos 
aenuata  experimeatii  th&t  the  coefBdeat  ct  expansion  finmd  hj  Oaj-lAsaae  waa 
eoDsidenbl/  too  hi^  the  statemant  was  at  flnt  receiTad  with  hedbition. 

BodbcD^  determined  the  ralna  of  th«  eoeffidcoit  of  expansion  of  ur  f-- 1  between 
0°  and  100°  C.  bj  two  senee  of  eiperimflnts.  In  the  first  he  determined  Gia  eontrais 
tion  undergone  by  ■  giren  quantity  of  air  on  euoling  from  100°  to  0°  under  a  nearly 
constant  pressure;  in  the  second,  the  difilercnce  in  the  elastic  force  at  0°  and  100°  of  ■ 


quantity  of  air  kept  at  the  same  inilume  at  tlie  two  temp«ntima.  Mating  t  and  f  in 
equationa  (c)  and  {d)  respeeliTel;  —  100  and  0,  the  results  at  his  expfriments  may  be 
atatMl  as  folloin : — The  mean  of  twelve  experiments  by  the  first  method  gave  for  the 


equationa  (c)  and  [d)  respeeliTel;  —  100  and  0,  the  results  ct  his  expfriments  may  be 

atatpd  as  follows : — The  mean  of  twetre  experiment"  '---'--  "-^— -■'--i ' — >-. 

eoeflicisDt  of  expansion  under  oonstant  pressure — 

i-W-"'"'""-!^- 
the  mean  of  tan  azperimcnts  by  the  secoud  method  gftn  for  the  ooefficimt  of  expansion 
at  constant  Tolume — 

a  molt  identieal  with  the  preceding 

More  recent^  (tSU)  ^o  expansion  of  sir  and  other  gOMs  hu  been  again  made  the 
nljeat  ot  elaborate  axperimsnts  by  Bagnaalt  (BdaUon  dei  Exjiiriettcri  ....  pour 
dilermitur  la  prineuiala  loit  el  la  donniti  nvmiriqua  am  eTtlrtnl  data  le  calciU  drt 
MaeUiia  A  Vtuair,  Hjm.  Aead.  Boy.  dea  Sdeneea,  xxi  \h-i20  (1817) ;  also  Ann.  Ch. 
Fhya.  [3]  ir.  S  and  t.  6%)  and  by  Magn  us  (Fogg.  Ann.  It.  1,  and  Irii.  ITT). 

Kt^n&nlt  made  five  aariga  of.  eipeiimpnts  by  methods  more  or  less  distinct.  Bis 
flist  metluid  was  the  same  as  the  first  method  employed  by  Badberg.  It  consisted  in 
heating  ■  cytindrioal  glass  vessel  of  known  capeci^,  about  2'S  or  3  bentimetrea  wide, 
and  about  11  centimetres  long,  filled  with  diy  air,  to  100°;  sealing  it  hermetically  at 
tluLt  temperature ;  then  cooling  it  to  0°,  and  obaerring  the  quantity  of  mercnry  which 
entered  on  brenkii^  I0  the  point  of  the  instrument  nnder  the  wmfwx  of  that  metal. 
The  apparatns  employed  and  the  method  of  experimenting  werc^  in  fitet,  exactly  the 
•ame  as  in  determining  a  temperature  by  means  of  the  air-Umrmometer  in  the  manner 
already  desoibed  (pp.  19  and  211):  for  it  is  obvious  that  the  same  experiment  wliich, 
the  OocAcient  of  expansion  of  ait  being  known,  serm  to  detwuiae  the  tempeiatqn  at 
which  the  Hr-diennoineter  ig  sealed,  would,  if  this  tempenture  vera  known,  wnn  lot 
the  determination  of  the  ooeOicIent  of  expansion. 

The  second  set  of  determinBtione  were  made  by  a  method  only  slightly  diiftrent 
ftvm  the  first,  the  on^  assentisl  diffiirence  in  the  apparatna  bring  that  the  tube  con- 
nected with  the  air-reWTfoir  waa  about  40  centimetres  (IS  inchea)  lon^  and  that  a 
portion  of  i^  about  two  indies  long  and  eepanital  from  the  air-reserroir  by  aboat 
four  inches,  wag  wide  enough  to  produce  only  a  very  slight  capillary  depreesion 
in  a  colnmn  of  meroon.  The  eftect  of  this  modification  of  the  appantna  was 
that  when,  aft«r  being  heated  to  100°  and  sealed  at  that  temperatnra,  ^s  instru- 
ment was  placed  with  the  tube  pointJDg  Tertieally  downwards  and  with  the  point 
dipping  into  morcnry,  the  mercury  rose  only  as  ftr  as  the  wide  part  of  the  tuM,  on 
braddng  off  the  point,  and  did  not  reach  the  reservoir  at  alL  Hence  the  space  occu- 
pied by  the  airatieio  diffbred  fkom  that  which  it  had  occupied  at  100°,  only  by  the 
eapacil^  irf  that  .|io«ioD  of  the  lobe  iriiidi  became  filled  with  meranty  on  tfwiiing 
1h»  pointi  and  smee  the  hamster  of  the  tabe  waa,  with  the  exception  of  the  wider 
pintMQ  abaadj  mentioned,  TVrr  smsH,  this  e^aeitjr  bore  •  small  proportion  to  the  total 
iWof  the  inatnunenL    llie  experimoit  eonsiited  ttterefbre  eawntially  in  a  dettr- 
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In  th«  thiiA  andfonrih  nU  of  experimeDts,  the  air-reHrroir  ma  made  to  ooniiniiiii- 
eato  mill  a  maiiouwter,  vfagrtby  the  pmnuv  opon  the  enclosed  air  could  be  varied  at 
will  lad  lecBnUl; measured.  The  [vesaiirce  were  eorcgulUed  thittbauirvHsciiueed 
to  oecon  aannttelj  Uie  ■■me  voluow  M  0°  and  1 00°,  and  the  diffrnmcra  ot  preeeure 
required  woe  detczmined.  The  ^pantus  toi  the  third  Benn  of  experimentB  waa 
eofiei,  with  aome  improTemeiits  oi  detail,  fiom  that  employed  by  Budberg  in  hia 
teeood  tedim.  The  apparatni  fur  tha  fonrUi  seriea  vaa  the  nam  in  priiidple,  but  its 
constrBction  ma  tndi  that  the  piesnira  upon  the  air  coold  be  determined  with  BtJil 
peat<r  aocaiaej  than  WM  poaeible  with  the  preceding  i^ipantna. 

Jn  theflftfa  let  <^  ezperiDeiiti.  the  preamre  npon  (Le  air  remaioed  conalant,  and  the 
alteiatHW  of  volume  wai  determined  bj  weighing  the  qnantitj  of  mercory  which  filled 
the  spacs  isto  which  it  expanded. 

The  mean  nonlla  of  nurosHiaB  espnimente  madr  b;  each  of  theee  proMwae  were  aa 
foOowt: — If  ^and  c^ represent  reepectinlj  the  preanm  and  volame  i^  the  air  at  0°, 
and  pi  and  Vj  ita  pieamre  and  Tolmne  at  100°,  the  Talne  of  '^l— !  was — 
B  J  the  fiiHt  series 


fifth  ■> 


-3e63S 
■39633 
■38679 

■36860 
'36T06 


In  Oe  second,  thiid,  and  fourth  aeries,  the  eipanaion  was  calculated  fk>m  the  change 
t>C  eiaatie  ftne  nndrrgone  by  the  aame  mliune  of  air  when  it>  tempenlnre  chmigcd 
between  V  and  100';  in  the  eiperimenta  made  bj  the  frst  method,  both  preseure  and 
rolome  efaangnd  eonsiderahlj,  so  that  thej  gave  a  mixed  resnlt  From  the  oonsidera- 
tioDof  all  the  elpetimenta  bjthe  flrst  fourmcthoda,  Regnault  adopts  for  the  coefficient 
~  «iof  air,  ondweoasteai  vi^i«>u,lbrl  degree  centigrade  between  0  -  and  100°, 


0-003666  - 


i-m"^^-' 


000367 
glTen  by  the  expaimenis  of  the  filth  eeriei. 

Similar  npetimenEii  extended  to  oUier  gases  gave  the  mean  rssnlts  recorded  in  tha 
Mtowing  tablet  in  which  are  also  indnded  the  resalta  obtained  by  Magnm :  — 

Thiit  e/Sxpanaoif  or  Oabh  betaeat  0"  and  100°  at  Ordinary  PrtMiars. 


>.™^^ 

TtiM  or  ^  .  1  +  !5. 

c™.».™i»™ 

Coa««Hp«u,.r.. 

B.IMUII. 

H  tnw. 

H>t>>"'l>- 

S^  ; 

Carbenieoiid^       '.        '. 
NitiOBeozid«         .        . 
CranageD       .        .        . 

1-3667 
1-8666 
1-3668 
1-3667 
1-3688 
1-3676 
I'SBU 
l-3«29 

1-3867 
l-366i 

1-3601 
1-3866 

1^3601 
1-3670 

1-3869 
1*3710 
1-3719 
1-3003 
1-3877 

The  fotegoing  results  ai 
■inn  wore  sobjeet  to  ptei  „  ,  , 

In  another  inTeatigatioo  (Op.  cit.  pp.  S6-I20)  Kegnanlt  determined  the 


er  vhlcb  li  itaj  coBTeriUDl  fi? 


„ct,CoogIc 


X  OF  QuM  betmm  <fi  and  100°  at  Fariou*  JVmmtm. 


c~^r.^.                     j                  (W^r^w..                  J 

£— " 

Pnuon. 

•i— ■?■ 

a-i';sr.t:r! 

— . 

1-8MB3 

760 

l-3a708 

1 '36673 

2B2B 

1-0000 

13SM0 

2630 

1-8B760 

1  36884 

4-8100 

1 '37091 

CiBwnno  Ammmin. 


.„.^. 

—- """•           1 

.jR:£'lr?« 

^-~ 

PnMUH. 

^-'*'" 

1-0000 
1-187B 
3-2978 
4-7318 

1368SS 
1-36943 
1-17623 
l-88fiB8 

760 
SS20 

I '37099 
1-384S6 

Suuwscms  Anetsbidb. 


OMMHlpHnn. 

CflHOMiVann.                        { 

ttman. 

5—^- 

Piwnr.. 

i-'-'-?- 

780 
3646 

1-36013 
1-366  le 

760 
986 

1-3903 
1-3984 

between  0°  uid  100°,  ue  sennblj  eqiu 
..   ™         ™  -    .    ..     .    ---)n(^H] 

.  ,  i  i^anogen,  are  alightlT  gp 

eEpanaion  of  the  permanent  guea.    For  the  oondouaUe  guee  liso  the  eoefflaent  of 


2°.  Thecoaffldentiof  enxuimoD 
oxide,  tn^khnniiu  uiIiTdrJde,  sad  ( 


i^anogen,  ere  ilighUT  grnter  than  the  coefficient  of 


ezpannoo  (tmder  eovlant  preesnts)  ilifditl;  exeeedi  the  coeffident  of  increase  of  elas- 
ticity (tba  ^s  being  ivft  et  conetant  T^ame),  a  difTsnoce  which  il  likewise  oheerretl, 
Uumgh  in  a  less  degree,  in  the  ease  of  aii. 

3°.  The  coefficient  fbr  hydrogen  is  not  inflaBoced  bj  ■  change  of  pnsmre  from  1  to  3 
atmospherce.  The  coefficients  for  air,  carbonic  >nh}^lIide,  and  snlphnKiua  anhjdride 
an  greater  at  hi^h  densities  and  preesaree  than  at  low  ones. 

Notvithstsodug;  the  differences  in  the  absolute  Taloes  of  the  eoeffidenta  of  erpansioil 
of  air  at  diiTerent  deontjea,  and  of  air,  hj'dragen,  and  carbonic  tuihjdride,  Segnanlt 
fbiud  by  direct  ezperiinentB(  Op.  «>f .  pp.  171-190)  that  the  elaslie  fwce  of  air,  of  anj 
initial  premice  at  0°  between  400  mm.  and  1300  mm.,  and  the  elastie  fbrce  of  Imlrogen 
and  carbonic  anhydride  increued  according  t«  the  eanu  law  at  all  tenperattirea  between 
0°andB£0°C.  HencegBs-thBRnomet^nfilledwithairofaDjdeiuityiOrwithhjrdi^FD, 
<»  carbonic  anhydride,  woold  gire  perfectly  eimilar  indicatioas,  pioTided  that,  in  ealcn- 
lating  the  tamperaturee,  the  coeffloient  proper  to  each  gas  were  employed.  The  coefR- 
cient  of  eipaneion  of  sulphnroos  anhydride  wai  found  to  diminish,  relatiTely  to  that  of 
air,  in  proportion  as  the  temperatore  rose,  being  00038261  at  e8'12°  of  the  air-ther- 
momelcr,  and  0-0037993  at  SlO-Sl". 

Hence  as  a  general  conclUKion :  AllboD^  no  gas  appears  to  fbUow  aliti^uMy  the  law 
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of  expinnon  expnmei  br  ^  eqnatksu  (a)  ud  (i),  page  iB,  die  pmninnit  guM 
Ibllow  thii  law  •■>  cImdIt  tbat,  in  alt  mccept  the  most  Kfload  calmlatioDS,  thece  fbrmolM 
nuij  be  taken  M  (triellj  ac^oible  to  tDem,  the  Tilae  of  a  being  for  all  ft  nninbar 


Hnuiblj  eqiul  to 
The  fidJowing 


lug  coneeqneneea  of  tlieae  aqnitiaiu  im  of  importaiiee  in  calculating  the 
diangee  of  Toliuae  and  elutie  force  of  gasM  oumapoading  to  giTsn  chaneea  of  tem- 
peiatnre:  Let  n  be  the  rolnme  of  a  given  veiritt  of  ga*  at  0°  C,  and  ti  it*  eiaetic  force 
at  the  ume  tempeiatnn ;  let  v,  and  p,  be  the  Tolnnu  and  cJaatie  force  of  the  aame 
~"  ■-• .-   'eiQpeiKtim,  f ,° ;  and  let  e,  and  p,  bfi  the  Tolome  and 

aoj  thiid  tamperatim,  t,':  tbia,  tlu  mlome  at  t„ 
Lpreaaed  in  fcrma  of  the  Toliune  at  0°,  will  b^ — 


•i  - 

Px        « 

-'f.\ 

;■*='.)• 

OF 

.,-.j, 

273  +  (, 
273  -■ 

-•■?.■(■■ 

N-^'.) 

-'f.-h 

OiMSMfit, 

Ibe  tdhau  at  0", 

in  terma  of  the  volnme  at  (,".  wfll  1 

be— 

•  -, 
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-«,  St. 
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n-o, 

-? 
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«, . 

-».  J^. 

278  +  t. 

,.t.i 

+  O'Ooasss  f. 

u 

■  27!  +  (,       '  p,  •  1  +  O'oosees  (,  ■ 

The  darfic  ftnce  at  <,°,  in  terma  of  the  elastic  tbice  W,  0°,  will  b»— 
the  dastic  fime  at  0°,  in  tenu  of  the  elastic  fbroa  at  (,",  will  be— 


M  of  the  dastie  force  at  t,°,  will  be — 


h  O-0036M  (,  * 
h  ieforenc«  to  all  ealcnlatioiit  of  this  ki'ncl. 
the  permanent  giMa  is  aaid  to  be  nnifiim  at 
,„,         ...t  meant  that  I  toL  of  a  gaa  at  anj  tempera- 
IB  tempetMore  (f  ■)-  1)°;  but  that  1  toL  at  0°  becomea 
If})  fti.  at  1°,  and  1  4-  -^  T<d.  at  f,  aod  that  conae^nentljl  toL  at  <°  becomes 

Tot-in.  £ 
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in  of  tlic  mora  coadenrable  gaseo,  paitievlarij  n 


The  uTWnlaritina  in  the  eniaimon  of  tlic  mora  con  „       ,  . 

phnroas  uibjdrido,  vhicb  ue  bronght  Co  light  bf  Begnuult's  experiments.  >m  met  with 
to  a  greater  dc  leaa  extent  in  the  case  of  aU  liqoeflitble  ganea  or  ra^nrs,  and  are  more 
marked  ia  proportion  aa  the  gaseB  are  examined  nearer  to  their  pointu  of  liqaefkirtion. 
The  law  with  regard  to  the  expansion  of  vapouia  appears  to  be,  that  their  coefficient! 
of  expansion  are  considerably  greatflr  tJian  ^  at  temperaturee  near  to  lie  boiling 
points  of  the  liquids  from  wluoh  they  are  fotmed,  and  that  they  oontinno  to  diminish 
as  the  temperature  rises,  so  as  to  approach  more  and  more  closely  to  a  constant  Talae  of 
nearly  ^.  Hence,  at  suffldentlj  high  temperaturea,  all  Taponrs  and  lic^nefiable  gases 
acquire  tie  properties  of  sensibly  perfect  gasea.  The  lapiditj  with  which  the  coeffi- 
cients of  expanaion  of  different  vapours  approach  their  limiting  values,  Tariee  greatly. 
Some  vapoura,  aa  that  of  ether,  have  a  nearly  uniform  rat«  of  expansion  within  twenty 
or  thirtj^  dt^ea  of  the  boiling  point  of  the  liqoiil,  whereas  others  show  a  sensibly 
diminishing  nta  of  expaneioD  Uiroughout  a  much  wider  int^rral  of  temperature :  for 
instance,  acetic  acid  through  npwarda  of  120  degrees,  and  snlpbai^Tapouc  through 
100  degiuw  above  the  boiling  point  of  sulphur.  This  proper^  of  Taponrg  is  of  gr^at 
importanee  in  relation  to  lie  experimental  determinatioa  of  their  denaitiM.  (For 
foAher  details,  see  Sraomc  Qaivrrr ;  also  iL  811.)  The  &ct  of  a  vapoor  having 
reapied  a  tetnperatore  at  which  iti  rate  of  expansion  is  tie  same  as  that  of  air,  is 
indicated  by  its  dansilj,  compared  with  that  of  air  at  the  same  tempeistnre  and  pres- 
snre,  remaining  constant  ibr  any  hrther  rise  of  temperature :  thus  the  density  of  acetic 
add  vapour  (Irailing  point  11S°)  was  fbond,  b;  Cahours,  to  be, 

•t    126°,       ISO",       180°,       200",       2*0",       270=        810",       386=  C, 
-  3-lSU,      2727,      2-488,     2-248,     2-090,      3-08S,     2*08£,     2  083. 
That  is  to  aay,  it  expands  more  rapidly  than  air  np  to  abimt  240°,  bat  above  that 
t«npeiataie  its  expansion  is  veij  n^rly  the  same  as  tiat  of  air. 

Bdalion  betmra  Ihe  Exyantion  <ff  a  ptrfeet  Qa»  and  iht  (iuaatity  of  Seat  required 
to  produM  it. — Equation  (a)  (page  40}  may  be  written — 

P*-m(l  +  »*), W 

if  v«  put  Bt  for  Jo,  and  a  for  —  —  ooefllcient  of  eipansion.  Let  the  volume,  v,  be 
expressed  in  cubic  metres,  the  pressore^  p,  in  kilogrammes  per  square  metre,  and  tbe 
temperature,  t,  in  degrees  of  the  centigrade  thermometer.  Then,  since  m  is  a  constant, 
its  value  is  independent  of  the  variations  of  v,  p,  and  i,  aod  in  order  to  find  it,  we 
may  make  any  suppositions  we  please  with  regiud  to  tiese  bctora.  To  determine  its 
value,  let  p. be  the  normal  atmospheric  presaore  of  0-78  metre  referred  to  1  aquara 
metre,  —  10,333  kilogr.,  let  v  be  one  cabic  metre,  and  let  (  be  0°  C.  Then  we  see  that 
m  most  be  tie  atmo^eric  preasnrs  on  1  square  metre  —  10,383  kilogr.  ^  H,  and  we 

j.t.-H(l  +  «0 (/) 

In  fig.  fi33  let  distances  measured  parallel  to  tie  axis  of  absdssse,  OV,  represent 
volames,  and  distances  measured  parallel  to  tie  axis  of  ocdinates,  OP,  represent  pres- 
gHg_  Ugg_  surea.     Then,  since  tie  condition  of  a  gas  is  de- 

fined  if  p  and  c,  two  of  tie  three  variable  quantities 
npou  wiich  it  depends,  are  known,  that  condition 
may  be  represented  by  tlie  position  of  a  point  rela- 
tively to  tie  lines  OF  and  07.  Let  tie  point  A 
cwresent  tic  initial  condition  (p  .  c)  of  a  gas :  we 
wul  consider  the  quantities  of  heat  which  must  be 
>  imparted  to,  or  withdrawn  fiom,  tbe  gas,  in  order  to 

make  it  pass  through  the  series  of  condttiona  repre- 
sented by  the  sides  of  tie  rectangle  ADSOA,  panllel 
to  OP  and  OT. 

1.  When  the  ^  passes  from  the  stat«  A  to  tbe 


^  whit^  combined  inli  (/),  pv  —  JS(1  +  ■  <),  gives 
{_p'  —p)*  im  Ha{t,  —  t).  Hence,  potting  i)  for  tie  weight  of  a  cubic  metre  of  the  na 
at  0°,  and  e  tor  its  specific  heat  whenlept  at  a  constant  volume,  we  have  for  the 
quantity  of  heat  which  most  be  imparted  to  the  gu  t«  prodoce  tie  diange  in  qnestioll, 
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Ut,  by  the  lut  equation,  (,  -  (  -  ^^-ff^'  tberefio*— 

S  -  ^  «•(!''-  P) is) 

!.  Wlum  tlie  gu  pMMS  from  tlie  condition  D  to  tin  addition  B,  it  ranwini  undo 

Ibd  constant  preworo  p',  bnt  its  Tolnmn  inereMe*  from  vXotf:  i\»  temperalnra  mn«t 
therefore  be  atill  further  raiaed  to  ^,  vbich  LigiTen  by  the  foramla  }>' «'  —  ^(1  +  af), 
Thii,  combined  with  y'  r  -  ff  (1  +  »  'A  giTca  y'  i^tf  -  v)  -  fl«<?  -  JJ;  hence  the 
qo&ntity  of  heat  reqoired  will  be  ;,  —  Ih'  {i  —  IX  a'  denoting  the  ipedftc  heat  under 
~— •-• ^t  pnamre.    Potting  tat  (  ~  t,ita  Tallin  dedoccd  from  tha  preriou  eqnaLon, 

Si-^^X"'-") (1) 


S.  In  pasaing  from  the  conation  B  to  the  condition  C,  tlis  ga«  u  eeoled  withont 
change  of  Tolume ;  the  correcponding;  temperatoie  t,  is  therefore  given  by  the  fbnnula 
ise-H{l  +  ■(,),  which,  combined  »ithjiV-fl'(l  +  aO,give«(B'^-j>)i/-H'«(C_(,). 

The  heat  that  mnit  be  withdrawn  will  therefore  be;'  — Z)e(<'  —  f)|},  or,  l^nhstitiitioii 

i~^^crf{p--f) (,-) 

4.  lutly,  when  the  gu  paases  from  the  condition  C  to  ill  oridaal  omdilion  ^ 
it  cooli  nndw  the  conitant  preanore  e,  and  its  teniMrataie  asain  beix)niei  t,  define 
by  the  foimnla  pv  —  S{1  +  mt\  which,  eombined  with  p3  —  fl(I  +  a t),  giw 
f{^  —  v)  —  Ba{l,-t).  T^  qiunti^  of  heat  to  be  withdrawn,  to  canM  Uie  tan 
pentnre  to  fall  from  <,  to  i;  will  be  j^,  —  JV  (<^  -  (X  *'>>'>'i<  >>7  ■nbetilntioi],  ~ 


\,  during  i 

a  of  the  gia  from  the  eond 
which  (by  ■  and  A}  ie  exprei 

e-!'*i,'-;^[»''(y-r)*"'p(''--)) (-) 

Omnqnentlj,  then  u  ui  nltinulu  ezpenditme  of  >  quuititj  of  host  eqiul  bj — 

S-tf-^C-oXf'-rJC-'). 

4  quantity  which  is  necewirily  poaitdie,  so  long  aa  j(  —p  and  «*  — v  are  poaitiTa  (that 

—  'ng  sa  any  bcIubI  IncMaee  of  preeeure  and  Tolnme  takea  -' — '  "-" 

0  tbe  prodoet  of  these  two  quantities  and  ia  lepresentei 


ia,  so  long  sa  any  bcIubI  increaee  of  preaanre  and  Toluma  takes  place),  being  pcopoi- 
tioDal  to  tbe  prodoet  of  these  two  quantities  and  ia  leprasented  by  the  area  of  the 
teetao^  ADBCA. 


Bytr ,  .,       ,._ 

lapreaented  by  the  passage  of  the  point  A  about  the  aame  rectangle,  bnt  in  the  oppoaite 
directJon.ACBDA,  it  would  he  found  that,  as  a  final  result,  a  quantity  of  beat-  Q- Q* 
would  be  tvolved  by  the  process  instead  of  expended.  Eenea  we  see  that  the  ouanti^ 
of  heat  nec(«8aiy  to  change  the  condition  of  a  gas  from  A  (p.  «)  to  B  (7'.  tf),  depeniu 
not  only  on  the  nature  of  the  conditiona  A.  and  B,  bat  also  on  the  manner  in  which  the 
paeeage  from  one  to  the  other  takes  place. 

If  B  approachee  indeSnitely  near  to  A,  the  quantity  of  heat,  Q—  Q,  expended  or 
eralTed  as  the  point  A  pnnrinn  ronnd  the  lectangolar  circuit  ap[nt)a4hee  indefinitely  to 
the  value  0.  l%at  is,  in  order  to  cauae  a  gas  to  pass  from  the  ccmdilion  A  to  the  oondi- 
tioD  B,  infinitely  near  to  it,  the  aame  infinitely  amall  quantity  of  heat  moat  be  expended 
whether  the  paaaage  ia  in  the  direction  ADB,  the  direction  ACB,  oc  that  of  the  diameter 
of  the  rectangle.  AB.    Hence,  an  element,  AB,  of  any  curre  may  be  replaced  by  ita  two 


projeetioiui  DA  and  DB  parBllel  to  the  axes,  and  changes  of  condition  repreaented  by 
curve-lines  maybe  considered  as  made  up  of  rectangular  elementa  parallel  to  tliese 
axes,  so  that  the  reeult  derived  from  the  consideration  i^  the  rectangular  circuit  ADBCA 
mnbe  extended  to  a  cloeed  circuit  of  any  form  whatever.  (Bourget,  Ann.  Ch.  Fhys. 
[3]  Iri  2fi7 ;  alao  Dsguin'a  Traiti  ie  Piytique,  2dA  ed.  ii.  £12. —See  ftirther  the  section 
of  this  article :  Belstiona  of  Heat  to  Mechanical  Bnerey.) 
Attention  muat  her*  be  drawn  to  an  important  consequence  lil  the  relation*  that  we 
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haTe  fbnnd  to  nM  between  the  jnmmn,  ndnme,  and  tenpeiatnra  of  •  gUL  The 
coDseqaeiuw  nfoivd  to  wUl  be  iDoet  euUv  dedoeed  fi^  the  ftboTe  eqnatMDi  (I)  kod  (^^ 
which  show  that,  iriien  ■  gM  enudi  from  the  volnme  e  to  (he  Volnnw  v,  imder  the 
cnaitant  pre—nre  j,  a  qnaoti^  of  heat  u  ab*orb«d  equal  to 

l-^.'ri''-'). 

and  that  when  the  gaa  contract!  from  the  Tcdmne  tf  to  the  rolnme  «,  under  the  same 
preenin,  an  equal  quantiC7  of  heat  is  erolTed.  It  ii  pUun,  beverer,  ttont  the  aboTe 
eqnution,  tJiat  if;,  the  preenue  npoD  the  gas,  is  nothing  the  qnaoti^  of  heat,  ;,  needed 
to  arose  the  gaa  to  eipand  will  also  be  noUiing.  This  condition  is  actnall;  folfllled 
irileo,  instead  of  havtag  to  force  ap  a  piston  or  overcome  the  praamre  of  the  atmoaphen 
in  its  espansiOD,  a  gas  is  altow^  to  expand  into  a  Tacoona  spaco ;  and  it  baa  been 

: >.ii „y^  b;  Joule  that  the  explosion  of  a  gBe,,nnder  lliese  circnmstanees, 

.    with  eipenditore  or  abeinption  itf  heat.     He  immened  two  eoMcr 

r,  and  mmoTed  the  air  from  one  and  eompreesed  an  additional  qnantitj 

of  air  into  the  other,  until  the  preunre  amomited  to  3S  atmospherea :  on  opening  a 
eommnnication  between  the  two,  air  ruehed  from  the  latter  Tsaael  into  the  exhaoBted 
one  nntil  the  piesmue  in  both  wae  11  atnoepherea.  Nerettheleoi,  the  water  b;  which 
they  were  earioundnd  indicated  no  alteration  of  temperature. 

AbtoluU  Zero  of  Tanperatvn.—U  resnlts  from  the  flindamental  fbrmnla  of  gaseoni 
expansion, 

,  e  -  J(a  +  (> 
.  that,  if  the  temperature,  ^  of  a  gaa  were  reduced  nntil  it  became  —  —  a  —  —  273,  the 
gaa  would  cease  to  fasTn  any  gaieons  elasticity — the  product  of  elastic  force  into  rotume 
would  be  -  0.  The  tempemtnre  -  373°  C.  is  therefore  called  the  abaelute  lero  of 
temperature,  and  temperatures  reckoned  from  it  are  called  absolute  temperatures. 
These  are  obviouily  obtained  in  anj  case  I^  adding  273  to  the  number  of  dqp>eea  bj 
which  a  temperature  is  expreesed  on  the  centigrade  scale ;  and  bj  employing  them  in 
the  expression  of  the  laws  regnlating  the  relations  between  temperature  and  Mher 
propertira,  the  resulting  eniressions  ais  often  much  simpler  than  Ihoee  required  when 
temperatures  are  enireasea  according  to  any  ordinary  thermometric  scale.  Thns,  for 
instance,  by  uaiagr(»  t  +  273}todniate  the  abeoluto  temperature  eorreeponding  to  the 
centicrade  temperature  t,  we  hare  tat  the  Amdamental  formulte  (n)  tna  (i)  (page  it\ 
relating  to  preesure,  Tolnnu^  and  lempemtnre,  the  expressions 

pt^Jr  and  *- —  —  -, 

and  correaponding  simpIificatiooB  will  be  found  to  result  in  many  other  cases. 

^spMMton  «f  UqnlO*. — The  relation  betweeu  the  Tolume  of  a  given  weight  of 
liquid  and  its  temperature  follows  no  simple  general  law,  such  ae  that  which,  ■■  we 
have  seen,  sppliea,  at  least  approiimiitelf ,  In  the  case  of  giiseg.  On  the  other  hand, 
not  only  has  almoet  everj  liquid  a  eoeffldent  of  expansion  different  from  that  of  any 
other,  bat  the  coefficient  of  the  same  liquid  varies  to  an  important  extent  with  changM 
of  lemperatnre. 

In  consequence  of  the  small  extent  to  yhich  the  volume  of  liquid  aabslances  is 
influenced  by  external  pressure  (EmnerTr,  iL  370),  it  mar,  in  all  oidinaiy  cases,  be 
considered  es  a  function  of  their  t«mpemture  alone,  instead  of  as  a  function  of  lem- 
persture  and  preeeure  combined,  as  with  gases.  It  reeults  abo  from  the  cohesion  of 
liquids,  which  causea  them  always  to  have  a  deflnito  limiting  sarfice,  that  their  Tolmnes 
can  be  determined  by  obBervationa  of  a  more  direct  kind  than  those  which  can  be  made 
on  gaseous  bodiee.  Hence,  an  obvious  method  of  determining  the  expansion  of  s  liqnid, 
ia  to  observe  how  many  divisions  of  a  vessel  gmdaated  into  parts  of  equal  capacity,  are 
filled  by  the  same  weight  of  it  at  various  temperatuna.  Such  a  method,  however, 
would  only  be  exact  if  the  c^iacitv  of  the  oontaining  veasel  were  known,  not  merely  at 
some  one  temperature,  but  at  each  temperatore  at  whipli  on  n1»m-mti'nii  nf  tKa  linnM 

was  made,    llins,  it  would  be  inaccurato  to _^  _, 

between  0°  and  100°  amounted  to  1  per  cent,  because  the  some  qosntity  w 
100  diviaioDH  at  the  former  temperature  ooenpied  101  divisions  at  the  latter ;  lor  it  is 
impoeaible  to  raise  the  temperatnre  of  a  liquid,  withont  at  the  same  time  raisiiig  the 
temperature,  and  so  altering  tie  capacity,  tJ  the  veeael  in  which  it  is  contained.  It  is 
therefore  neceesary  to  distinguish  between  the  apparent  expansion  of  Uqaids,  or  that 
which  would  reault  from  observatiODB  made  in  the  manner  that  haa  been  described, 
without  taking  account  of  the  changes  of  capacity  of  the  containing  vosael,  and  their 
real  or  aUolutt  expansion,  which  ia  the  apparent  expansion  corrected  for  the  simul- 
taneona  exransion  of  the  vessel.  Of  course,  in  measuring  the  changes  of  volume  of 
gaseous  bodiM^  the  ej^ianaion  of  the  oontaining  vessel  requires  to  be  similarly  taken 
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iaio  aeaKiiit,  iMd  Zn  ttaa  etae  it  in  of  much  I«m  reUlJTe  couoiaenM  tliui  it  ii  in  the 
cHUotliqnids:  thiu,  for  ei&miile,  the  ifi^ttreiit  espMukm  (rf'iiriii  ft  glan  Tmel  would 
onljdiffeifrDin  itaieal  expanraon  ■boot  in  the  ^opoitioo  of  140  :  141;  whareiii,iii  the 
cue  of  meremj,  tha  diilbieiice  would  uuooat  to  one  aerenth  of  the  t«l«l  d&ct  lo  be 
obKned. 

SelaHon  betwitn  M*  Jbiiliat  and  AppartKt  £rpa»*io»  of  LigKidt.— From  what  hu 
heen  tlnadj  Mid,  it  will  be  evident  that  the  ^)puent  ezpannon  of  •  liquid  u  squal  to 
iti  ebeolnte  ezpuiiioa  for  the  Mme  interviJ  ot  tanpraetnte  diminiihea  bj  the  com- 
Bpondiog  Einuiiiai]  of  the  amtaining  TeBuL  That  is,  if  &  be  the  coeffleieot  of  kbeotnta 
expemioD  of  »  liquid,  imd  I  ita  cofJScisnt  of  tnarent  expuuioii,  the  nlntioii  between 
these  two  qouitiliee  will  be  the  fbllowiiig : — Let  V  be  the  n^me  of  the  liquid,  uid 
comeqpentlj  of  that  portion  of  the  Tessel  which  it  fllli,  at  0° ;  and  let  V  be  the  etpa- 
dtf,  ttttmaied  of  0°,  of  to  much  of  tha  veaael  as  it  Bill  when  ita  temperature  hai  been 
raued  1°.  Then  tiie  real  volome  of  the  liquid  at  the  latter  tempentnte  will  be 
F(t  +  A),  and  the  real  Tolume  of  the  portion  of  the  Tcml  ocenped  bj  it  will  be 
^"(1  *  t)  (putting  K  for  the  ooefOcieut  ot  cubical  expansion  of  the  material  of  the 
Tenrl):  hence  we  have — 

r(i  +.)-r(i+  A), 
or  r  ^r     fl  - ■ 

y     "  1  +  «■ 

bat  V  —  Fia  the  apparent  incnaae  of  Tolume  of  the  liquid,  for  a  riae  of  tnuperaton  of 
onedegreai — p — iithereforeitacoefScientOfBifatentexpuiaioD  — t.  Acccodii^lj — 

|_^^,ora-»  +  «  +  ««i 

bat  aa  1  and  ■  are  alwaja  nnall  ftaetions,  ws  ma;  diar^atd  their  tmdnct,  >  a,  and  put 
A  —  I  -f  ■:  that  ia,  the  eeffficiant  qf  abiolvU  rxpentitm  nf  a  Itqitid  u  tqval  to  ittcoeffi- 
dmt  of  appartnt  exvantion  in  a  vatd  iff  any  naierial,  togttlur  Kitk  tie  ea^eitnt  iff 
eMeal  enanntm  of  like  nmlerial  eftaUci  like  wud  ii  niade. 

By  tar  the  moat  sccnrate  method  of  meeauiing  the  c^iacitj  of  a  Teasel,  and  of  finding 
tha  reUtira  ralnca  of  divisions  which  maj  be  marked  npon  it,  is  to  determine  the 
wei^t  of  meicuiy  which  fills  it  up  to  tha  lero  point  of  the  icala,  and  alao  the  weight 
which  correnwnda  t«  the  interral  between  any  two  diviaioua.  But  since  both  the 
capadtj  of  the  Teeael  aud  the  Bpeeiflc  gravitT  of  mercui;  nrj  with  Taristions  of  lem- 
peiature,  the  different  weighta  of  mercury  which  Sll  the  rnael  at  different  tempemtuies 
do  not  at  once  enable  ita  relstire  capacities  at  these  temperatum  to  be  calculated ;  for 
this  it  ia  neceaaaiy  that  the  abeolnle  eipanaion  of  metcurf  ahould  be  prenoual;  known. 
Hence  the  abaolute  eipaoeion  of  meccuty  (which,  on  account  of  its  inaltanbdity  and 
its  pmperf.T  of  not  wetting  glaaa,  is  batter  adapted  fbr  maasnrii^  purpoaca  than  any 
other  liquid)  is  a  neceasary  preiinunary  datum  ibr  tha  detnmiuation  of  the  abeolnt* 


ination  of  th*  AbtoluU  Expantion  of  Merrurg,— 
0  make  it  eiideut  that,  in  order  to  obtain  a 


conataut,  some  method  must  be  devised  whoee  nenlls  an  wholly  tuiafiected  by  changea 
in  the  capacity  of  the  Teew>l  ia  which  the  mercury  is  contained.  A  aatis&ctoiy  solution 
of  this  apparently  very  difficult  looblem  was  first  given  by  DuIods  and  Petit  (Ann. 
Ch.  Fhys.  [21  vii.  124(1817);  Daguin's  TratU  de  PI^tis«e,  2ud  ed.  u.  187;  see  also 
RegUBDll^  Stlation  da  ExpMmea,  ^.,  pp.  277-280.  Paris,  1847}.  Their  method 
conmated  in  maaanring  the  haunts  of  columns  of  mercury  at  diffisent  temperatuiei^ 
which  prodneed  eqnilibriiun  with  another  column  of  tha  same  liquid  of  constant  height, 
and  kept  always  at  0°. 

If  i  denotes  the  height  of  the  eolomn  at  0°,  d  the  deuaity  of  mercury  at  this  same 
temperature,  h'  tha  height  of  the  column  at  f,  which  proluces  equilibrium  with  the 
first,  and  d  tha  density  of  mercury  at  tha  temperatorv  t,  we  have — 


by  V  and  if  the  volumts  of  tha  same  weight  of  mcKury  at  0°  and  at  P, 
y  —  — ,  and  eonsaquently  -  ~  r-. 

eoeflldeut  of  expansion  between  D°  and  t°  ia  thenfm^— 
^  -  V  _  k'-k 
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and  iti^  dot^nninfttion  nqairefl  only  that  the  differffnce  of  height  of  the  two  oolqinDV, 
aod  the  sbaohite  height  of  the  column  at  lera,  abould  be  aCGuntel^  meuured. 

The  appaxtXiu  employed  by  Dulong  and  Petit  for  the  purpose  of  pntting  this  method 
into  practu:*  ii  rapreaeDted  in  Jig.  C81.  It  conaisted  of  a  kind  of  inverted  glass  npbon, 
the  two  TertiaU  branches  of  vbich  (A  and  B)  were  abont  0'6S  metre  long,  and  com- 
mnUG&ted  b«li>w  hv  a  horicootal  tnbe  of  rerj  small  diameter.  The  biuieh  A.  iraa 
■nROonded  b;a  sounder  of  tinned  iron  which  «w  kept  hll  of  ice;  the  other  brandi,B, 
crammed  the  midiue  of  a  ejlindiical  oc^per  Tessd  filled  with  oil  and  built  into  a  fumaca 


(In  the  flgnre,  the  ikint  wall  of  the  furnace,  as  well  as  a  port  of  the  cjlinden  imronnd- 
ing  each  branch  of  the  sjphon,  is  represented  as  hayirg  been  removed.)  The  qnim- 
tit;  of  mercurj  in  the  appantna  was  so  a4jiuted  that  the  mpDiscns  in  the  tnbe  B 
waa  a  little  above  the  eovec  of  the  oil-bith,  and  the  differeDce  in  the  height  of  the  two 
eolnmoa  was  measured  bj  a  cathetometer  (an  instnunent  devised  by  Dulong  and  Petit, 
and  flrat  nsed  in  this  invmligalion).     The  temperature  of  the  oil-bath  was  indicated 

San  air-thermometer  and  a  mercnrial  weight-tbermometer  (pp.  18, 1S\  the  Toerroin 
which  were  of  the  same  len^h  as  the  mercnrj-colnnm  in  the  tnbe  B,  and  were 
placed  near  to  and  parallel  wifh  it. 

The  following  table  giyes  the  general  results  of  a  great  number  of  determinatiDiii 
made  with  tjiia  apparatus : 


AUolute  Expanri<m  o/ Ma-c^  (Dnkng  and  Petit). 

TrnpnUDr 
ilr-tkann 

mSLr"" 

Mmh  coefflcmi  of  Elpuitop  cminlxl  from  0=. 

h-xlmun.                      MJntaul                           M™  ' 

100"  C. 
800=      . 

KIT     ■     ■     ■     ■     fAi     ■     ■     ■     ■     iAb  -  0-00018018 
lAl     ■     ■     ■     ■     iAt     .     .     ■     ■     n'n  -     -00018433 

Motwithalanding  the  great  approach  to  aiKuracj  which  vaa  nndonbtedlj  made  in 
these  eiperiments,  the  reenlts  were  atill  affected  bj  sonrcee  of  error  which,  in  the 
determination  of  a  phyaical  constant  of  such  primary  importance  aa  the  one  in  queatlon, 
cannot  be  considered  as  immaterial  The  chief  of  these  are :  the  uncertainty  of  the 
determinationa  of  the  temperature  of  the  heated  column,  arising  (1)  from  the  emploj- 
nent  of  tlie  old  (and  inaccurate}  coefficieat  for  the  expansion  of  air,  namelj  0'DO37(, 
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ABSOLUTE  EXPANSION  OF  MERCUBT. 


(^-InUIi;  <3}  th«  want  of  mufoimitr  ">  ^'  tompcrmtBn  of  the  oil-bath  it  diAcirnt 
dvpthi;  and  the  compantire  ihoitaen  of  thu  tmi  mtrcajj-ajlumna.  wherebv  a  Terj 
null  ^laolate  enoF  in  the  meammnsutof  i  and  A' comes  to  havr  a  cgnudsnlde  tSaat 


on  the  Tnlne  of  the  fraetion 


In  otder  to  obtain  nmdta  which  should  bc^  as  fcr  aa  po«iUc,  frxe  from  Iha  enco* 
thiu  aiiain^  Begnaolt  {BdaHoH  dei  Expirieneu,  ^,i^  271-S33.  Puia,  IM7)  nfnMi 
the  dttennination  of  the  abeolnte  o^iaiinoD  of  mep- 
eniT,  hj  a  method  sunilai  in  piinciple  to  that  of  Fig.  S3A. 

Puloiig  and  Petit,  bat  aoiDewluit  dil&TeDt  in  cz — "^ — 


„      IPetit,  bataoroewnatdunTeDtucxeciitiDn.  t                                        • 

The  anaogement  of  hia  upaiatoi  will  be  intelligible  I                                         I 

■    m  &.  S3fi.    AB  and  CD  are  two  iron  tnbM,  l-«  »^  ,» M* 

bre  long  and  10  mm.  in  internal  diamet^  (in  the  ]      ^^Hm^^^n^l^B      r 


e  b;  the  ho- 
i  tiiti«  /tx>,  01  x'o  nun.  fO-l  inch)  internal 
id  nnectiv«^  commomcating  below  with 

the  boriioDtal  tobea  BE  and  DF,  likewiw  of  2-6 

diameter,  which  in  t'    ' 

tnbes  EG  and  FO. 


n  their  torn  cany  (he  Tertical  fdaa 

'Q.      The   apparataa    having   be<ai 

ai^nrted  aa  that  Uie  tubes  AB  luid  Cp<f»  exactly 


TKtical,  and  the  tabea  .AC,  BE;  and  QF  simUj 
lioiiiontal,  meicuij  ia  ponied  into  it  throndi  one 
of  the  abnt  tnbea,  opeo  at  botll  e&dlt  by  which  both 
AB  and  CD  an  aarnMnmled,  and  in  [ooportion  aa 
the  liquid  rises  in  the  ^ass  tabes  EG  and  f  Q,  air  is 
oomprassed  into  a  eoppar  leoeiTer  oommaniealing 
with  them  bjr  the  leaden  pipe  G-,  so  as  to  keep  the 
loTel  of  the  mereniy  neai  the  bottom  of  the  ^a*s 
tubes.  The  addition  of  meicniy  is  continued  olltil  . 
it  begins  to  run  oat  at  a  hole,  0,  boted  in  the  appsi  | 
side  of  the  tuba  AC.    The  Tartieal  tube  AB  is  placed 

in  the  centre  of  an  oil-bath ;  CD  is  sorronnded  by  a  constant  enrrent  of  eold  w 
On  heatiiig  the  tobe  AB,  the  densi^  of  the  mercoir  contained  in  it  was  c 
diminished,  and  consequently  e^oilibnum  of  piewore  in  the  tubes  £6  and  FQ  could 
only  be  maintained  by  the  sinbng  of  the  mercon-colnmn  in  the  foimer.    Tbe  'elastiii 
force  of  the  com[aessed  air  in  the  leceiver  was  therefore  bslaoocd—  on  the  one  hand, 
by  the  pressnre  <tf  the  heated  column  of  mercuij  of  the  height  AB,  ~  B,  diminished  by 
that  of  the  odamn  in  E,  —  A  l  on  the  otbei  band,  br  the  presaore  of  the  cold  coloma 
shed  by  that  of  the  column  in  F,  —  A'.    The  temperatore  of  the  column 
d  t^  an  aii^thennometer,  that  of  CD  by  three  mercurial  thennometers 
in  the  watet^Teesel  which  sarTonnded  it,  and  that  of  tlie  mercoiy  in  £  and  F  hy  a 
thennometer  placed  between  them  as  shown  in  tbe  figure^    When  the  neceesaiy  oor- 
nctiois  tbr  the  di&nnces  of  lamperatura  of  the  seTool  maicuiy-ODlnmna  had  been 
KfflitA,  the  formula  ixt  the  absolute  expansion  becamv— 
(fl'-lf)-(g-A) 
W^Tf ■■ 

But  sisoa  the  reqimad  coneetjons  inToWed  the  knowledge  of  the  TS17  coefficient  songht, 
the  ealealatioD  omld  only  be  made  by  the  method  of  lucceedTe  approximations :  Uiat 
..  ^  .     .   .    a  ^  ..■-.    ..«.-_.         „. .  ■        .  «lcu^te an approiii    ' 


CD, -ff". 


■isa  of  experiments,  tlie  tabes  AB  and  CD  ware  oomieeted  at  the  bottom 
IB  boriiontal  tube^  and  the  tube  AC  was  cut  acroM,  veitical  glaaa  tubes 
oemg  WBisiea  into  the  two  halves,  wherein  the  different  heights  attained  by  the  aa- 
ei7-«^mnns  eonld  be  obasrred.  In  this  state.  On  apparatua  was  meialy  a  modifled 
fam  of  that  employed  by  Dolong  and  Petit. 

Tha  nanlts  nttimateh  airired  at  are  given  in  the  following  table,  the  ti 
in  the  list  eidnmn  of  which  are  tliose  meaanred  by  the  Bir-thennometer. 


msMUMl  at  0°,  ocenpT  iao,017,I>(M)  eobio  millimebea  at  1' 
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AbloliiU  Emjh«, 

i»../Jlft««.,(B^inlt). 

V^-.". 

rssi^ssr^r- 

'-"S?r/-~- 

0» 

1-000000 

O-DOOOOOOO 

0-00017906 

10 

l'O01793 

0-00017626 

0-0OO17960 

so 

1-003690 

0-00017661 

0-00018001 

M 

1-O0S303 

0-00017976 

0-0001S06I 

40 

1<M)7201 

0-00018002 

0-00013102 

60 

1-009013 

000018027 

0-00018162 

«0 

1-010831 

0-00018063 

0-00013203 

70 

1-0126S5 

0-00018078 

0-0001B263 

80 

1-014483 

0-00018103 

0-00018804 

90 

1-0163IS 

0-00018128 

0-00018364 

100 

I'OISISS 

000018163 

O-00018406* 

110 

1-019996 

0-00018178 

0-00018466 

130 

1-021844 

000018203 

0-0001860G 

130 

1023697 

000018828 

0-00018668 

140 

l-OMMS 

0-00018264 

0-D001860S 

ISO 

1-037419 

0-00018276 

0-00018667 

160 

1-029287 

0-00018304 

0-00018707 

ITO 

1-031160 

000018326 

00OO1876S 

ISO 

1-083089 

0-00018366 

0-0001880B 

190 

1034933 

000018380 

0-00018869 

200 

1-086811 

0-00018406 

Ofl001890e 

210 

1-038704 

0-00018430 

0  00018969 

220 

1-040603 

000018466 

0-00019010 

230 

1-042606 

0-00018481 

0-oooieoBi 

240 

1044415 

O'OOOlSSoa 

0-00016111 

2S0 

1040339 

000018631 

0-00019161 

260 

1-048247 

000018667 

000016212 

270 

1-060171 

000018683 

0-00018262 

280 

1-082100 

000018607 

00001P31S 

290 

1-OS4034 

0-00018683 

0-00019363 

300 

1-066973 

000O18658 

0-00019413 

aio 

1-067917 

0-00018683 

000019464 

320 

1-069866 

000018708 

0-00019616 

330 

1061 820 

0-00018738 

0-00016686 

340 

1083778 

0-OOO18768 

0-0001601 S 

sao 

1-086743 

000018784 

0-000 166S6 

metres,  meamred  at  300°,  become  100,016,413  cnbie  milUmetne  U  301°.  Aeeoidingl;, 
tLetme  coefficient  of  expuuiMliiicTeueaaalbelBmpentareriMS.  The  thiid odamn 
coDtuni  tbe  qnotieuti  obtained  tv  dlTiding  the  difiirence  betvewi  the  Tolume  (  V,)  ot 
mercaTj  it  P  and  the  volame  of  the  tame  weight  at  0°  ( t",  —  1 )  b j  the  number  of 
ilegren  of  tempsratare  (-  t\  that  ia  to  uj,  ue  mean  coefficient  of  czpaniion 
betveea  0°  and  f,     '~  ■ .    BetvMn  0"  and  100°,  tlie  mean  coeffidenta  ttrj  so  little 

J ion  of  meccori',  ai 

ezpanaioD  in  ^aja,  iil_.     .      .   _      ,    , 

air-thermometer.    A  raiefiil  compaiuon  of  an  air-therroomFter  and  a 

mometer.  apon  which  the  pointe  0°  and  100°  had  been  determined  nndnT  the  nimn 

circumiitanDea,  and  vhkb  UierefoN  neceaaarilj  agreed  a     ' 

the  fblloiring  differences  between  the  indicstioni  of  tbe  two  ii: 

Tempentiuea  by  •ir-tbnmometcr— 

-88"    0°     +100°    136-60    148,70    1(71,0    24Jo    29370    jjoo, 
Temperaturee  by  mcrcorial  thennoitieter — 

-  36<'    O"     +  100°    130'       160°       300°       360°    800°       860°. 
From  thia  table  it  resnlta  that  if  the  real  expanaion  of  mercury  be  tnkan  m  tlie 
mntsnre  of  tempeiatnre,  the  correapcHiding  temp«ratiu«a  of  the  air-  and  metcmial 
thcnnometen  will  be^ 


B  RflTiUDH't  orlfliut  paper,  vhv  tnH  covdcfnt  of  vipuittoB  iit  10 
»  or  1  mliprlnt,  u  OMIOIIli(W,>nil  tha  iom  iiimit»r  !•  rapmlHl 
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APPARENT  EXPANSION  OF  MERCUBY. 


0"    60O    100=    i3(r>    iso»    aoQo    aso"    soo»    zwt 

HemuiBl  thaimometer — 

Oo      t»-e°    100°      180(°    laio      aoaB"    !«»=   SOS-SO   3822°. 

>f  twD  meRnrul  b>iom«t«n;  oaa  of  which 
le  the  othei  ma  hmtcd  to  s  highar  toupera- 


By  B  aouB  of  obaer*Btioiu  of  the  hei^te  of  t« 
M  Kept  »t  A  tempeiatiiTa  oeef  D°  C.,  nile  the  t 
IR^  Hilitiei  (Bogs-  -Aim.  Izxx.  U]  obUined 
QuaonofneK<D7tietireaiiO°«odl(K>°,  thri 


i]  obUined  for  the  mean  oodBdant  of  abaolnta 
nof  nereniflietireaiiO"  tod  100°,  the  nninber 

(H)00i7*08  ±  0-00000083  -  j=^  (l  jt  ~\, 
which  difien  couudenbly  &em  Bsgnault'i  reanll^  and  i>  pnibabl;  len  ■ccnrBte. 

.^partiil  Emoitum  iff  Mermoy,  and  delrramatieii  of  lit  CiMeal  Expantien  ef 
Qiatt  ottfU. — Cj  help  rf  the  finwoing  table  ot  the  ebiolate  ezpuuion  i^  mercnry, 
the  eobiekl  -rp*""""  of  ^m*  immu  m».j  be  deteimined.  For  thii  porpoaa  the  neck  of 
the  iHiiiil  ia  Aawn  oat  to  s  capillur  point ;  it  is  filled  with  merciuj,  care  being  taken 
to  aicfaide  all  moiatnie  orairieipoaed  BnoceasiTely  to  the  t«mp«mtur«  0°  and  1W°,  and 
wo^Md  with  the  qnantat;  of  meraiiiy  which  fills  it  at  each  of  these  tempentnna.    Let 

tlw  weight  of  the  emp^  bUm  veeed  be _n, 

the  weight  of  the  Team!  idled  with  merciii7  at  0°        ....        —IT, 
the  wdght  of  the  Teasel  aUed  with  marntrr  at  100°    ....         -IT', 
let  A  be  the  abstdnle  oqiaoeion  of  mtrmij,  and  *  the  nibi««l  expanuon  of  glaaa 
between  Ifi  and  lOO" ;  then  we  have 

Vhea  oiwe  the  cabieal  npaamon  of  a  glaai  TeaMl  ia  known,  the  abaolnte  expansion 
of  any  liqnid  can  be  deduced,  in  the  manner  alreadj  explained  (p.  53),  fram  its 
apparent  enxnnon  as  obaerted  in  thia  resael.  Hence  a  problem  m  freqnent  oeeop- 
NDce  ii  to  determine  the  expanaian  of  the  glnss  of  a  Teasel  shaped  like  a  thermometer, 
and  proTided  with  a  dirided  stem,  for  whieh  the  relatiTe  capacities  of  the  bolb  and  of 
one  lUTision  of  the  stem  have  been  praviooslf  determined.  In  anch  a  case,  it  is  onlj 
7  to  fill  the  appantns  to  some  particular  point  of  the  scale  with  well-boiled 
ad  to  obserre  the  apperent  Tolnmes  of  (he  meicoiy,  V  and  ^,  at  0°  and  100°, 

,  .  n  dirisiona  of  the  aoJe :  the  expansion  of  the  glsas  can  then  be  calculated. 
For  (p.  Bt)  the  ^parent  Tolnnie  of  the  mercniy  at  100°  la  eqnal  t«  its  Tolame  at  0° 
ilifiiiaanfl  by  the  amount  of  its  obsolnte  ej^anaion  between  0°  and  100"  j  that  ia : — 

f^li  +  .j-.O  .  i),«.- J(n-«)-  1. 

The  apparent  e^nnsioa  of  mercury  In  ^ass  Tsiin  with  the  kind  of  dass  employed, 
but  mi^  be  taken  on  an  iTerage  •  0*0001Slli  for  each  degree  centigrade.  This  TaJoe 
may  be  naed,  for  instaiiee,  without  heulatioii  in  calcotating  the  corrected  length  of  the 
portion  of  the  thread  of  meictuj  in  a  thermometer  which  ia  not  exposed  to  the  t«m- 
peraRire  that  ia  to  be  measured.  (Beehfioir,I>tltnnitutiiirno/Boiiingi'oinit.)  Batween 
0°  and  100°  the  apparent  Tolnme  of  mercury  in  glass  increases  in  the  proportion  of 
1 : 1-OlHS,  iriule  tJie  real  Tolnma  increases  in  the  proportion  of  1 :  11)1815;  nonce  the 

Another  ease  in  whidi  the  absotute  expansion  of  mercnrr  reqnires  to  be  taken  into 
aeooont,  is  in  reducing  barometric  obeerratioiis  to  0°  C.    (Babomxtbb,  L  fil2,  613.) 

Erpataion  o/ofArr  £««■«£).— The  absolate  expansion  of  any  liqoid  can  now  be 
aacertained  by  filling  with  it  a  amall  daas  bottle,  vboae  cubical  expansion  haa  been 


method,  and  therefore  one  more  frequently  adt^ted,  is  to  obserre  the  apparent  expao- 
sion  of  tlie  liquid  in  a  dilalomeler,  to  instrnment  shaped  just  like  a  common  metential- 
thermEimeter,  and  then  to  correct  these  obsarration*  tot  the  prerionslj  known  cnbieal 
axpanaioQ  of  the  glass.  In  this  way  Terr  nnmerons  determinations  haTS  bean  made  by 
^-■->orePierre(Ann.Ch.Fh5S.  [8]zT.  33«;xix.  193;  xx.  5;  xxLB3S;  xxxL  118; 
L  IM)  and  by  Hermann  Kopp  (Fogg.  Ann.  IxxiL  landSSS;  Ana.  Ch.  Pharm, 
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Expantion  of  Water.    (Kopp.) 


-,««»> 

™iss-..., 

(D™itr«(^"=i.) 

.v.J.;'r^.,o 

UtnMr. 
lD«niltj  .1.0  =  1.) 

0= 

100000 

1-000000 

1-00012 

0099877 

1 

O'osees 

1-000063 

1-00007 

s 

0-S09S1 

1000092 

1-00003 

0-999969 

s 

O-SOTSS 

1-000116 

l-OOOOl 

0-999992 

t 

o-oesss 

1-000123 

l-OOOOO 

lOOOOOO 

B 

0'9S988 

1000117 

0-099994 

« 

0-99990 

1-000097 

1-00008 

0-999973 

T 

099994 

1-00OO62 

1-OO0O6 

0-999989 

0-99999 

1000014 

100011 

0-999890 

e 

1-OOOOS 

0-999962 

100017 

0-999829 

10 

1-OO012 

0-999876 

1-00026 

0-0BB763 

11 

100021 

0-999786 

1-00034 

0099664 

13 

100081 

0-999688 

1-00044 

0-999662 

la 

1-00048 

0-999673 

100066 

0999449 

li 

100066 

0-999446 

1-00068 

0-999822 

IS 

1-00070 

0-099306 

100082 

0-999188 

18 

lOOOSfi 

0-999166 

1-00097 

0-999032 

IT 

l-OOlOl 

0-998B93 

1-OOlIS 

0-998869 

IS 

1-00118 

0-908817 

100131 

0-998696 

19 

1-00137 

0-998631 

100149 

0-998609 

20 

1-00167 

0-998436 

1-00160 

0-998312 

21 

1-00178 

0-998228 

1-OOlBO 

0998104 

22 

1-O0200 

0-998010 

i-oozia 

0-99T88B 

23 

1-00228 

0B97780 

1-00236 

0-997667 

24 

1-00247 

0-997641 

1-00269 

0-997419 

2A 

1-00271 

0-9B72B3 

1-00284 

0-997170 

26 

1-00296 

0997036 

1-00310 

0-996912 

27 

100310 

0-996767 

1-00337 

0-996644 

28 

1-00347 

0-996489 

100366 

0-BB6367 

29 

1-00376 

0-996202 

100393 

0-996082 

30 

1-00406 

0-096008 

1-00423 

0-998787. 

36 

1-00670 

40 

1-00763 

46 

1-00964 

60 

1-01  m 

6S 

1-01410 

60 

1-01669 

as 

L-01930 

70 

1-02226 

76 

1-02641 

80 

1-02868 

86 

103180 

90 

108640 

se 

1-03909 

100 

1-04299 

Ilifi  Dinnben  in  the  sMoud  columnof  the  sboretabls,  compared  with  tbntrepnemt- 
ing  the  Tolume  of  the  auns  quantitj  of  water  at  0'>  give  the  foUovisg  four  inteipoU- 
tJon-ftmnuhB — 

Bettreen  0°  sad  26°  0. 
F-  1  -  0-000061046  <  +  O-OtHI0077183  C  -  0-00000008734  C. 

Between  SH"  and  S0°. 
F  -  1  -  0-000066416  t  4-  0-0000077686  P  -  000000 003640 8  t*. 

CctweoQ  60°  and  76°. 
r-  1  -  0-00006916  t    +  0-0000031849  C  +  0  0000000072848  f. 

Between  76°  and  lOO". 

F  -  1  -  000008646  t    +  0-0000031892  C  -f  0-0000000024487  P. 

It  will  b«  seen  that,  between  0°  and  a  temperature  of  about  -I-  4°,  wat«r  prcvenls  the 

(xccedingl;  nn  phenomenon  of  a  •nbalance  which  contract*  when  heated  uid  ejtpudi 
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whm  eoobd,  so  iktt  at  about  1°  it  ii  man  denaa  than  at  anj  Mbar  tmipentarc. 
AMonUog  la  tha  flrat  of  the  abon  fi>naiiU^  the  nact  temperature  at  iriiich  water 
puaTCMM  ita  maiimnm  denn^  would  be  4'08°.  The  ramlla  of  oUier  experimenter* 
indicate  ia  general  Tatj  oaailj  the  Mme  tanpenture  for  thin  point.  For  eumple, 
HillitrDm  fizod  it  at  11".  DaqneU  M  1",  Playftir  and  Joule  at  8-se°  H^eo  at  S-8T°, 
Fnnkenheim  at  8  U°,  Ptiicker  and  OeiiadBr  at  S'8°  (nearly),  C.  t.  VeonaDD  at  3-68°. 
AltlMOgli  llMnellinep(»Dtofiee(0°O.)Ualao  the  point  at  Whitewater  freesM  under 
ordinagr  oiienmateiuea,  it  nuij  hj  neeial  pM««ntJoBa  be  eooled  mnch  kwar  witbont 
beooming  aoUd  (p.  74)-  It  it  tltea  fiNnd  uiat  the  axpanaion  which  takea  idaM  when 
water  ia  ooobd  Inm  4°  to  0°,  eontiniiM  aa  the  tempeiatuia  ainha  below  the  latter  tem- 
pontnre.  Thia  ia  ■bown  in  the  Mlowii^  table  hj  Deqnts  (Dagnin'a  TVinti  lU  Pfy- 
BfiH^  iL  205.  Fuii,  1861),  whEch  giToa  the  Tolnmea  and  dandtte*  of  water  fbr  <adl 
degree  from  —  9°  to  -h  4°,  compared  with  ita  volame  and  deiwitj  at  4°  aa  nnitj.  ^e 
complete  table,  which  eztaoda  from  -  9°  to  100°,  ngreea  in  gpoeial  rerj  cloael;  with 
that  alrettd;  ^Teu  bj  Kopp;  it  ia  theiaAne  not  iieeenarjto  reprodnoe  it  here  entire: 
the  portion  givoi  oran^onda  to  the  Utt  two  column*  of  Kopp'a  table, 


£rp«ui«t  ^  Weta-  bttmm  - 

9"«nd  + 

4°.    (Deapre 

'■) 

T..IW.- 

Votaw.. 

■^r,!^" 

,.,.„ 

DnMo. 

-9° 

1-O01S314 

0-998371 

-2° 

1-0003077 

0-996663 

1-0013734 

0-998628 

-1 

1-0002138 

0-966786 

1-00113S4 

0-998866 

0 

1-0001266 

0-999871 

101)09184 

0-999082 

+  1 

1-0000730 

0-699627 

1-0008987 

0-699202 

2 

1-0000331 

0-699966 

i-oooeeis 

0-969*37 

3 

1-0OO0OS3 

0-699996 

-8 

1-0004222 

0-66B577 

4 

lOOOOOOO 

1-000004 

Frankenheim  (Jahreeber.  &b.  Cbemie,  n.  a.  w„  18JS2,  SI)  tnlculated  from  Piem'a 
obaerntions  the  following  empiric^  formtUs,  to  eipteee  the  volume  of  water  at  1°, 
compared  with  ite  Tolnme  at  0^  taken  aa  unit; : 

Between  —  13°  and  0°. 

1  —  0-00006417  t  +  0-00OO0U1B  P  -  O-O000O0598£  (*. 

It  is  not  III  I  iiaiiij  to  gire  the  othn  six  unulai  formnbe  which  he  calculated  tor  other 

interrala  of  temperatum  up  to  +  98°,  nor  to  reproduce  anj  part  of  the  table  which  he 

calcnlated  br  meaua  of  them,  except  the  following  uomb^  retarring  to  lempeiatniea 

below  0^: 

Temparatnrea     —IS"  —10°  — S°  0° 

Volame*     .     1-0037684  10016861  10006816         I-QOOOOOO. 

TablM  of  the  expaDaion  of  water  between  0°  and  100°  havB  alao  been  conslrneted  by 
Hagen  (aee  Jahreaber.  ab.  Cbemie,  a. a.  w,  1866,  60),  EremerB  (ibid.  1861,  62),  and 

Kopp's  taUe  farthn  abow*  that  water  ezpandi  mote  and  mca«  rapidiT  aa  the  tein- 
pentnre  riwa.  Thia  property  likewive  ia  found  to  remain  the  same  wben,  by  iocreanng 
the  ^vaenre  npoo  it,  water  ie  Itept  liquid  at  temperaturee  above  100°.  Thne,  for 
example,  by  obeerriiig  under  the  microacope  the  apparent  expanmon  of  water  in  thec- 
aometer-tnbe^  Sorby  (Phfl.  Hag.  [4]  xnii.  81)  obtainn]  reenltH  from  whidi  he 
calculated  the  following  Bum-da  for  iti  expansion  between  0°  and  200°: 

V  -  0-9977  *  0000123  t  +  0-00000330  P, , 
which  aeeoida  idoaety  with  the  formula  which  he  calculated  tea  the  same  interral  of 
temperature  from  Kopp*!  experiment^  namely, 

r  -  0-997696  +  O-OOOllOl  i  +  O-00O0O348  P. 
Hendclejeff  also  (Zeitachr.  Chem.  Phum.  1861,  33;  Ann.  Cb.  Pliarm.  ciiz.  1) 
imreetigated  the  Bq«neion  of  water  aboTB  100°  with  Ihe  following  resnlti;— 


[  Dnd^  sT  aUw  it  t°  >  1 . 

lVolmwofwM««e°-1. 

"i:s."SK" 

96-8» 
131-0 
166-8 

0-66908 
0-93076 
0-60770 

1-0436 
1-0723 
1-lDie 

10439 

1-0716 
1-1014 
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The  pnaenoe  of  mIum  mlxtancet  in  n^atitin  in  ir«t«r  i«nden  ila  rate  of  axpantion 
mora  uniform,  both  bolow  ftnd  >bove  IOC.  [For  dBtermiiiBtioiu  of  the  rata  of  expan- 
timt  of  ftqneooa  lolalioiu,  Me  Kiamar*  (Agg,  Ann.  e.  SM ;  lahrmbn.  nb.  Chraoi^ 
0. 1,  v.,  1867  [1]  U:  chloivlM  of  potasBLnm,  aodiom,  Ulluiim,  ind  bMiom. — Fnrtfaer, 
Pogg.  Ann.  CT.  S60 ;  Jahresber-  186B,  4 1 :  chloride*  of  calcinm,  eadmiom,  itiontiDm, 
(ine,  nugneeiomi  bromidea  of  potAMitim,eodium,lithiaiii,  barium,  itrontinnL—FiiMJiar, 
Fogg.  Ann.  CTiii.  IIS;  Jnhmbar.  18S9,  48-.  bromides  of  ibontinm,  aldum,  muue- 
■inm,  Bine,  i—/lTninin ;  iodida  of  potaannm  uid  Bodinm ;  hjdroebloric  acid. — Piiiruier> 
Pogg.  Ann  ctL  60;  Jahresbsr.  I860,  45:  iodidw  of  litbium,  barimn,  a^ontinm,  cal- 
mun,  magneidnm,  line,  cadmimn. — Futtiiei,  Pogg.  Ann.  exit.  41 ;  J&hresber.  IStl,  BO: 
DitraUa  nnd  Bulphatce  of  potuiium,  sodinm,  uthinm ;  aqneotu  nitric  uid  snlpIniriQ 
adds),  Qerloieh  (Jahreeber.  18G9,  42-48 :  chloride*  of  patassiaiii,  sodium,  lithium, 
ammoniam,  Du^eaiiun,  Cftldom,  barium,  aluminium;  snlphatoi  of  potaninm  and 
■odium ;  carbonates  of  ^tasaium  and  sodium ;  tsitario  acid,  citric  acid,  eane-mgar). 


and  Sotby  (loc.  cit. :  duoridce  of  potasriom  and  sodinm,  sulphate  of  eodtum).] 

The  tempcratnre  of  maximum  densitjr  of  aqueous  solutions  is  lover  than  that  of  pmn 
water.  In  fact,  with  ealDtions  of  man}'  substances,  tlus  temperature  lies  lover  than  the 
ordinal?  frefaiDg-poJDt  of  the  lolDtioii,  and  is  in  gnieral  (ae  veil  ■■  the  f^eesing-paint) 
lomr  the  larger  lbs  pioportioa  of  saline  matter  contained  in  Uie  solution. 

FoinU  ofMaxiimtm  Dnailg  and  Omgilation  ufAgwout  Bolutiota.    (Tespreti.) 


ln997-<fip>ruorwucr 

'"■Esar'- 

sss'iESsas: 

Sea-wftter      . 

-    3-7» 

-  I  ■88° 

Chloride  of  sodium 

12-3 

+     1-2 

-0-8 

34-9 

-    1-7 

-1-4 

37-0 

-    4-76 

-21 

741 

-16-0 

-4-3 

Chloride  of  caldnm 

6-2 

+  s-a 

-0-2 

12-3 

+    2-05 

-O'S 

24-7 

■I-  0-oa 

-  I-O 

370 

-    2-4 

-3-9 

741 

-10-4 

-6-3 

6-a 

+     2-9 

-0-1 

12-3 

-t-     1-9 

-OS 

24-7 

-    01 

-0-66 

87-0 

-  a-8 

-21 

741 

-    8-4 

-41 

SuliJiateofeodinm        '. 

e-a 

■^    2-6 

-0-S 

12-3 

-t-    1-IS 

-0-4 

24-7 

-     1-6 

-0-7 

87-0 

-    4-3 

-1-3 

Carbonate  of  potMSom. 

37-0 

-    3-94 

-  8-2 

74-1 

-12-* 

-»-25 

Cubonate  of  sodium      . 

37-1 

-    70 

-2SJ 

741 

-  17-3 

-22 

Sulphate  of  copper 

eso 

-    0-6 

-IS 

FoUsh  .... 

37-4 

-    6-6 

-21 



74-1 

-  lB-95 

-4-3 

Alcohol 

741 

*    2-3 

-28 

Snlphurie  xid      .       . 

12-3 

+    06 

-0-« 

247 

-    1-B 

-  11 



37-0 

-    6-0 

-1-8 

Id  tbe  tables  which  follow,  "Kiypg  hat  collected  to^etlm  the  resnlte  of  Us  aim  and 
Pierre'*  detenni  nations  of  the  axpandon  of  nearir  nineCj  other  liquid^  chieflj  oiganic 
In  each  tabli^  the  sereml  aubatancee  an  airanged  in  the  order  of  their  boiling-pointa, 
begiDning  with  the  lowest  Except  when  the  conlniT  is  stated,  the  Totume  of  each 
liquid  at  0°  C.  i*  taken  as  the  nnit,  with  which  its  volume  at  l^^ec  temperatnna  ia 

Inble  A  (Ann.  Ch.  Phanu.  c  SI)  give*  the  ei^ianBon  of  Kren  nitttf^ous  com- 
pound* ftom  the  detennina^om  of  Kopp  and  I^eiie. 
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TaUa  B  iibid.  zeri  16S)  giTOs  ths  eipsniioii  td  forij-two  liqnido,  o 
otfan  demcDts  than  CHbon,  bTdiogsn,  uid  oxjgen,  aeoirdiDg  to  the  nx 
E.  Ei^: — T>Ue  C  (Hid.  zcn.  304)  gntm  the  tiftimioa  of  thir^-cight  compouDda 
canUiuiiw  siilphiir,  iodiiu^  bromine,  uid  chlorine  lecMidiDg  to  tlie  sxpsrimBDti  of 
Kopp  Hid  Pierra. 


•c. 

KoH. 

PlWU. 

K»,. 

•0. 

SJ! 

Olliif 

SR-. 

w 

NltrabiB- 

0 
10 

30 

10000 
10132 
10260 
1038* 

10117 

I02i4 

10877 

10000 
10098 
10200 
10305 

lOOOO 
1O107 
10215 
10324 

10000 
10088 
10167 
103fi3 

10000 

10083 
10186 
10279 

10000 
10084 
10168 
10253 

0 
10 
20 

30 

60 
60 
70 

10S23 
10009 

10824 
1U98S 

10S17 

10661 
lOSlO 
10063 

10416 
106S1 
10063 
10781 

10434 
10M« 
10660 
10777 

10842 
10433 
10525 

loeie 

10378 
10467 
1066S 
10659 

10340 
10428 
10*18 
10609 

40 
50 
60 
70 

80 
90 
100 
110 

11161 

line 
11270 

10900 
11042 
11178 
11318 

10807 
11021 

11148 
11280 

10716 

10815 
10015 
11018 

10T67 
10S67 
109S1 
11067 

10701 
10796 
10893 
10990 

80 
90 

too 

110 

120 
130 

110 

11462 
11609 
11700 

U418 
11691 
11708 
11862 

11124 
11231 
11341 
11454 

11177 
11289 
11406 
11528 

11090 
11102 

1 1297 
11404 

130 
130 
UO 
150 

ISO 
170 
180 
ISO 

ii£eo 

11*88 
llSOfl 
11928 

11653 
11783 
11919 
12081 

mis 

11638 
11736 
11853 

160 
170 
180 
190 

200 
310 
220 

12209 

11073 
12008 

13218 

200 
210 
220 

boiting- points  tre  lowfBt;  that  iMtmeric  compomida  having  the  same  boiling-point, 
expand  at  the  same  or  rerj  nearlj'  the  same  rate  (e.  g.  formate  of  ethjl  ud  acetnte  of 
9Mtb7l,  CB'O';  propionate  of  ethyl  and  bntfnte  of  metbjl,  C*H'*0*;  balynte  of 
rtbjl  and  TsleratB  of  melbjl,  CH"0') ;  that  the  ate  of  expanaioo  of  each  liquid 
iscreaBes  •■  the  lemprratnTe  lisei.  Xhie  last  fan  becomrs  itill  more  appannt  on 
eoiapaTing  the  coefficiuite  of  ezpaniion  at  different  tempeistnree  (for  a  table  of  thetme 
and  mean  eoefficienta  of  eipuiaion  of  the  liquida  examined  b;  Pierrs.  >«e  Qmelin'i 
HoMdbaok,  i  226),  and  a  conacqaence  of  it  i*  tlut,  when  the  rolumeB  of  different  liquids 
ate  coDipamd  at  the  aame  onmbei  of  degrees  below  their  aeveral  boiling-points,  the 
Tolanu  of  each  liquid  at  ita  boiling-poini  being  taken  aa  unity,  the  altantions  coire- 
^lOndiDg  to  eqo^  interrals  of  tempentnre  are  fonnd  to  be  often  mnch  more  nniibrm 
than  wlieD  the  companion  ia  made  (aa  in  the  tables  which  follow)  [or  the  aame  abaolate 
tempentoTaB.  (Tablsa  of  Fiene'e  Ksnlta,  calculated  fiiF  equal  diatancea  from  the 
bmlitig-poiiitB,  are  giren  in  Qmelin'i  Handbook,  i.  227-330.) 

Obserrationa  of  the  aniantdon  of  liqaida  b;  the  methods  alreadj  described  an 
limited  to  tempentures  below  the  ordinary  boiling-poitits,  bat  by  special  methods  ttuAi 
obasTTntions  can  be  extended  to  higher  temperatOMfl,  and  it  is  then  fonnd  that  the 
inemsing  rate  of  expansion  coDtinaeS  op  lo  the  highest  points  at  which  determinationa 
OM  be  mode^  lo  tlut,  nndtr  inch  circiimatsncee,  liquds  may  expend  as  npidl}'  as 
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gufB,  or  evPD  mora  npidly,  fbr  cqnal  uxaeincDta  of  t«inperatara.  Determinations  of 
the  eipuaaom  at  wnrer  nboTB  ]00°,  b;  Mmdemefl;  bars  almdf  been  prcn  (p.  S9); 
the  premdiug  Ub!e  (p.  S6)  conUiiu  the  resolta  of  the  obBerrstiODa  oF  Drion  (Ann. 
CL  HiJB.  p_]  ivi,  S),  Andreaff  (ibid.  Ivi.  317),  aad  Mendalejeff  <tof.  cil.)  on 
■ome  other  liqaidi  at  tcmperatorsB  above  their  luoal  boilitig  points.  To  eerre  aa  k 
■tudard  of  comparison,  the  expaoaion  of  air  ix  girea  in  the  last  colonn  of  the  taUe. 
if  BoUda. — In  Bpesking  of  the  eipansion  of  solid  bodies,  it  is  nredftil 


liah  betveen  ItHtar  t 


Kttperfieiai  eipiuieu    ,  .     

eipvuioB,  OT  the  increaa«  ia  boll  of  a  Dnit  i^  Tolnma.  If  a  aoUd  bod;,  whose  length 
is  A  linoi  niuts,  expands,  vhen  heated  from  0°  C.  to  1°,  so  as  to  meaaora  A  -t-  a  Mi  the 
higher  tempa^tnrc^  a  poitioD  of  its  anrfsce  contaminf  A*  sapeiiUcial  nnita  at  the  lower 
tenperatnre  will  bMomeM  ->'  af  iriien  expanded,  and,  at  the  aame  timt^  the  Tobune  A' 
will  beoome  (A  4-  af.  We  haTO  therafbre  fbc  the  increase  in  length,  Oz 
Hitaar  f>nansioii,  A  +  a    —A    — a;fbr  the 

■nperSdal  ezpaniion,  {A  *■  *f—  ^  —  2Aa  +  a* ;  for  the 
eabical  expanaian,  (A  *  a^  —  A^  —  iA'a  +  3AV  +  i*. 
Bnt  aiuce  a  la  always  a  rerj  small  fraction  of  .^  a*  is  also  a  Tfrj  mall  fraction 
of  a;  hoice  the  second  and  tluid  tenna  of  the*e  expieasions  maj  be  omitted.  Afieord- 
ingly,  the  equuiaioo  af  A  linear  onits  may  be  taken  aa  a,  the  Bxpaniion  of  A*  SDpeiflcial 
units  as  2Aa,  and  the  expansion  of  A'  cubical  unite  as  8  J*a.  The  e«tfieitntt  <rt  linear, 
id  enbical  expanaion,  or  the  ez[«uiaian  of  one  vial  <4  «ach  kind,  will 


anperficial,  k 


that  is  to  say,  the  co*tBcient  of  enperfldal  expanaion  is  finaa  aa  grett,  and  tlie  eoeffl- 
cieat  of  enbical  expanaion  thne  tiuoA  m  groat  as  the  coeffleient  of  linaar  expansion. 

When  a  hollow  vessel  is  beaUd,  its  capactly  incieaaes  to  exactly  the  aame  extent  aa 
it  would  do  if  Ailed  with  the  oubstaace  of  whieh  its  ndea  are  composed ;  that  is,  its 
expanaion  ia  the  same  as  the  cubical  expanaion  of  a  solid  maas  of  the  same  material 
aikd  dimeDaioDs.  If  a  b«  the  eoeffldent  of  cubical  expanaion  of  any  kind  of  glass  for 
a  rise  of  temprrature  of  1°  C,  a  vessel  made  of  this  glaas  and  having  the  capacity  V, 
at  0°,  would  hare  at  t°  the  capad^  F,  ••  C,  ( 1  -t-  ■  f}.  Kmilar  conaiderationa  ara 
applicable  in  the  case  of  a  glan  TeHel  which  ia  divided  into  parts  of  equal  capacity  by 
•  scale  etched  upon  the  aide,  when  the  apace  mmpriaed  between  two  conseeutiTe  divi- 
■iona  at  0^  ia  tiAen  as  the  imit'i^  c&paci^.  the  apparent  volume  V„  read  off  at  fi, 
would  then  eorrespond  to  the  real  volume  F,  (I  +  a  t)  referred  to  the  unit  adopted. 

Dettmdiiationt  of  lAnear  Exparuiint. — The  linear  npiuaion  has  been  ma&somd  tot 
the  greater  number  of  such  nibstaDces  aa  can  be  obtained  in  the  fbrm  of  rods  or  Lata 
of  conaidraable  length.  For  the  purpoaa  of  such  measuretneDta,  one  end  of  the  bar 
ia  fixed  iiBiDOvably,  and  iU  length  is  measured,  by  maaua  of  micromttrie  apparatus 
attached  to  tit*  ouei  end,  at  two  knowB  temperstune,  aucb  as  0°  and  100°  C,  which 
can  be  mainttuncd  ceostant  suffidently  long  to  make  it  certain  tliat  they  have  been 
attained  by  the  bar  throughout  its  whole  mass.  The  following  table  of  linear  expannon* 
betwees  ff'  and  100°  C.  m  from  Ura'a  Di^ionary  of  Chemittry, ed.  IBSe,  f^.  STl,  aT& 
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m  of  SoUdt  ij  Seat. 
logo  C  w&oH  lahfUi  It  oa 
Bmeatoa    . 

Dduf^t  mean  . 
Dulone  and  Petit 
Lavoinei  and  I^filaaa 


B6T.        .        . 

Boy  . 

Boida 

Dnloilg  and  Petit 

Troughton 

Berthond  . 


■^ 


l-D0077SIfi 

l-OOOSSSOO  . 

I-OOOBOISO  ■ 

'0OOS11S6  . 


l'O008Td7B 

1-00OBO76O 

1-00091761 

1'000807B7 

asgjast 

i'00oee6fis 

1 '00088120 
1-00090180 
1-001  lOCOO 
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FalUdimn        .... 

WoDuton.       .       . 

I-MIOOOOO 

Smeaton    . 

l-OOlOflgM 

CBt-iKaTprimn        .        .        . 

R^.        .        .        . 

l-001]0fl*0 

C™t.i(oii         .... 

I*TOi«ier,  by  Dr.  Young 

i-ooimii 

Sted 

Tronghton         .        . 

1-00118990 

Stoelrod          .... 

m.T™i,178fi.438 

100111170 

BUabmdited          .        .        . 

1-00112900 

Smeatoii    . 

1-00116000 

Steel'sot  t^p^   '.        '. 

J«ToiBieT  and  LipUee 

1-OOI0787B 
1-O01079fi« 

4 

"   tMupw^ydloJr      '. 

;;            »    : 

100136900 
11)0138600 

I          Z            I    it.iiiglL^bea 

l-0OI238«6 

■Ir 

StMl 

Troughton        .       . 

1-00118980 

HarfrtMl       .... 

Smeaton    .        .        . 

1-00122600 

AnnMled  it««l 

MoKheDbioek   . 

1-00122000 

Trmperod  stool 

1-00137000 

Borda 

1-0011S800 

Smeaton    . 

1-00126800 

Srfl  iroji.'fi»B(d      ■               '• 

LttToiaiar  and  laplaee 

1-00122016 

Jtonnd  iron,  iriie  dnvn  . 

1-00123604 

Ironiriio         .... 

Tronghton 

1-00111010 

Iron 

DuloDg  and  Petit       . 

1-00118203 

ih 

Biamnth 

Smeaton    .        .        . 

1-0O13B20O 

Annoalod  gold         .        .        . 

MoBdieiibroek  . 

1-00116000 

GqU 

Laroiiier  and  Laplaco 

1-00160000 

::  K'.t.^KS.n^.^ 

1-00116606 
1-001 66165 

ii 

uiDeiled. 

1-00161361 

Copper 

1-00191000 

lAToisioF  and  LapUco 

1-00172211 

t 

1-00171223 

Twrng^ton        .       . 

1-00191S80 

Ddlong  and  Petit       . 

t-00171821 

ih 

BorfT      .        .        . 

1-00178800 

LaToiaieFandLqllMe 

1-00186671 
1-00188971 

-Brau  acala,  aappooad  from  Eambnn 

Boy".        .        ."      : 

1-00186610 

CutBn»        .... 

Smoaton    .         .        . 

1-00187500 

Roy.        .         . 

1-00189280 

iadtwoghtom 

1-00189400 

b™- 

1-00191880 

..win.        ...        . 

SmeiUon    .        '. 

1-00193000 

1-00216000 

C^iper  B,  tin  1 

Smeaton    . 

1-00181700 

Silver 

Herbert     .        .        . 

1-00189000 
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1-00210000 
1-00212000 

lAvtnaier  and  U^ilaee 

1-00190971 

* 

„     FuiggUndud       .       . 

1-O0I9O86B 

SilTOP 

Trongtton         .        , 

1-00208260 

Bn«  IB,  tin  I         .        .       . 

Smeaton   .        .        . 

1-00190900 

1-001 9S800 

E^lter  KildBF;  b»W  S,  cina  1 . 

1-00206800 

Laroiiim  and  Lap1a«« 

1-00198766 

t 

Tin(Wn.F»lniOTtli'.        1        '. 

1-00217298 

FinepowtM     .... 

Smeaton    . 

Qrsin  tin         .... 

1-OD218S0O 

Tin 

100281000 

Soft«>Mor;lo«ia2.1inl,        . 

Smeaton    . 

100250800 

Zinc  8,  tin  1,  ■  UtU>  bammond 

Smeatoii    ,       .       . 

1-00169200 

LMd        .         .         .         . 

LaTOieiei  and  Laplace 

1-00281836 

A 

Smeaton    .        .        . 

1-00286700 

^0                 '.'.'.'. 
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lAntar  Bspatman  of  SoUiit  tj/  Heat. 
Dln«uloiu*bIcka  bwukrtMI«l°C.  vbgM(si|IkUII°llMn'0(».  Bipn. 

Ziuc,  bknuiMred  oat  ^  inch  per  foot .    Bmnlon    ....     1-00301100 
Qlau,  from  0°  to  100°      .  .    Palong  ud  Fatit       .        .     1-00086130    i^ 

„      &om  100°  to  200° .         .         .  „  i>  .         .      1-0OO91827    ^a 

„     fiom  200°  to  SOO" „  .        -     1-OOOlOlllt  ^ 

Hm  laat  two  Beunnmcmti  hj  ta  ur-t])«rtiwm«t«r. 
Mtwri.  CalTfiit,  Johnson,  and  Xow«  haTe  detcimiaed  iLe  Untar  ezpaiuiion  of  a  eon- 
ndcnble  nomber  of  metala  and  alloji  b;  a  modi&aitJOQ  of  the  method  abore  deaeribsd, 
for  the  deUila  of  which  wa  niut  refer  to  the  original  paper  pabliihed  in  tha  MechaiacJ 
MmaaM, 

liis  fbllowing  an  the  linear  e^euioaa  of  aiinpla  metala  batreen  0°  and  100°  C. 
thna  detumiiMd : — 

Cadminm  (para) D-003S3 

lead  (pure) 01»801 

Tin  {pure) 0-00373 


Zinc,  foiled  (pure) 040S3D 

8UTar(piM) 0-OOies 

Gold  (pure) 0-OOlU 

Kamnth  (lare) O^tSS 

Wronriit  mm O-OOllO 

CaatuMi 0-OOIIS 

Steel  (soft) OOOlOi 

Antimony  (pore) O-OOOOS 

Flatinnm  (commercial) 0  00068 

Fiwn  thepmxdingtableitvillbewiin  that  the  coeffldentaofnpanaioiiof  thematala 
Taij  with  thnr  phjaleal  eonditioii,  bains  differant  for  the  aune  metal  according  as  it  has 
been  cast,  hammered  and  roliedt  tumensd,  or  annealed.  As  a  general  nil«,  those 
operations  which  inereaae  the  densi^,  appou'  also  to  increase  the  rate  of  expansion  bj 
heut.  But  e*eD  for  lubfltaikcee  in  apparentlj  the  same  amdition,  different  observers 
have  fonnd  ver;  nneqaal  amonnts  of  aipKiisioa ;  (bia  may  Biise.  in  the  case  of  eoa- 
poond  sobetsDcee,  sudi  u  gl>s^  bran,  or  steel,  firom  ■  want  of  uniformity  in  chemical 
eompoution,  and  in  simple  bodiea  from  sli^t  difference^  of  physical  state.  Hence,  in  all 
eases  wfaeie  great  accuracy  is  required  in  the  determination  ca  the  linear  expanaion,  a*  in 
rods  employed  tor  pendulnm  obaervations,  or  for  the  measnrement  of  the  ham  liniw  of 
eiureya,  it  is  impossible  to  rely  npoD  the  reaolts  of  prerions  datfiminationa  of  tba 
expansion  of  the  material  in  question ;  bqt  the  linear  n^aniion  of  each  indiridntl  rod 
must  be  determined  by  a  speaal  experiment :  this  ma  done,  for  insta&ce^  ^&P*  Boida, 
with  each  of  the  four  platmnm  mrasoring  rods  (eadi  two  l^sea;  or  twelre  £>encfa  ttet 
long),  which  were  employed  in  the  maasarement  of  the  arc  of  meridian,  trou  whieb  the 
length  of  the  metre  was  deduced. 

Capper  rods  were  laid  upon  the  platinnm  rods,  and  both  were  flrmly  fixed  tojgnther 
at  one  end ;  the  copper  rods  carried  a  divided  scale  at  the  other  end,  which  intScsted 
directly  the  twenty-thouaaadtb  part  of  their  length,  while  by  means  of  a  vernier 
attached  to  the  cornaponding  end  of  the  pUtinum  rods,  tenths  of  tbrae  divisions,  or 
abont  the  one-hundredth  part  irf  a  j!Vench  line,  could  be  read  off.  In  this  way,  the 
diffeivnce  in  the  expansion  of  two  rods  of  the  same  length  bnt  different  materials  can 
be  determined  witli  great  accuracy,  and  if  the  coefficient  of  expansion  for  the  material 
itf  one  rod  is  known,  the  ooefBdent  of  that  of  the  other  can  be  calcniated. 

If  both  rods  have  the  same  length,  L,  at  0°  and  at  (°  one  has  the  length  L'mr  L 
(1  +■(),  the  other  the  lewtU  .^'- L  (1  +  a'<),  we  hare  L'-  L"-  Llfa-.^').  But 
L'—  L'  it  the  obaerved  di£rence  of  length  at  the  temperature  t° ;  and  hence  if  a  ia 
known,  a'  is  eaaily  calculated.  In  this  way,  Dnlong  and  Petit  deduced  the  linear  ex- 
paosian  of  copper  from  that  of  platinum. 

I(  on  the  other  hand,  the  expansion  of  the  material  of  two  rods  tbna  onited  is 
known,  ud  can  be  taken  as  proportional,  within  certain  limits  of  temperstDre,  to  the 
indications  of  the  merenriBi  thermometer,  the  comUnation  of  the  two  rods-  may  be 
emplt^ed  as  a  metallic  thermometer.  The  measurement  of  temperatarse  in  this  way 
is  apeciallf  valuable  in  the  case  of  standard  meaaorea  of  length,  which  can  dios  be 
made  to  indicate  their  own  temperature.  If,  for  instance,  Uie  Ivo^  rods  have  the  same 
length  at  0°,  and  differ  at  100°  by  the  amount  J),  and  at  (°  by  tlM  amoant  d,  th»  ttn- 

peratme  is  ^ven  by  the  equatioD  <—  -^  100. 
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The  nnequBl  apstuioa  of  difi^Bt  mstaU  lui»  betn  tokra  ■dTtolagc  of  for  the  rom- 
Rlntrtion*of  therrtioEnrt^ns  of  mother  kind.  If  hro  Moigbt  ■trip*  <^  diS^nt  mMufa 
Are  faateoed  t^fther  throughout  their  whole  length,  any  Tsristion  of  temwntntv  innat 
cauae  the  compound  strip  to  bend,  ao  that  ths  leojl  ezpuided  metal  will  br  on  the  cod- 
caTe  idd*,  and  tha  Qoet  eipiiaded  atebJ  on  the  caDTez  lide  of  thacBrre,  Breg net's 
thermometer,  constmeted  upon  this  principlt^  ie  made  from  a  eompoaud  plate  of  pUtinnm, 
gold,  BQd  iiilver,  soldered  t^ether,  the  gold  in  the  middle.  Thia  it  nUed  oat  vaiy  thio, 
and  cut  into  ver;  nurow  strips,  which  are  coiled  nxutd  into  ipiialK  The  thennometer 
couBists  of  Buch  a  spiral  suspended  b;  one  end  from  a  support,  sod  carcjing  a  needle 
iriiich  iwings  round  a  divided  circle  at  the  other. 

Suppoeiag  the  silver  to  be  ituride  of  the  spiral,  anj  rise  of  tempenture  win  be  indi- 
cated bj  the  untwieliDg  of  the  spim^  and  a  fiiH  of  temperatnm  bjr  its  twisting  mora 
tightlj.  The  smsl!  mass  of  this  instmmeDt,  sad  the  low  spopific  heat  of  the  mnteiials 
mnipoaiag  it,  catueitte  indicate  dumgca  of  temperatnie  tttj  rapidlj,  and  to  be  aCbcted 
bj  verj  small  quantities  of  heat. 

Dehrmiiuiliojit  of  CuOcat  ExpanMon.-^Wbni  the  toefident  of  linear  eipamion  of 
a  Hubntanra  is  known,  its  coefficient  of  cobioU  eipanaion  is  obtained  t^  multiplying 
the  linear  Coefficieiit  bj  3,  as  alieadj  explained  (p.  67).  Ths  cubical  eipsjiaion  can 
also  be  oscsiteined  bj  direct;  measorement  The  fbltoiwiDf;  method  was  emplojed 
bj  Dulong  and  Petit  for  this  purpose:  Into  a  glasa  tube,  IB  millimetres  wide,  S 
decimetm  long,  and  closed  at  one  rad,  thej  Intnidaced  «  nxl,  previouslj  weighed,  of 
a  metal  not  atUcked  by  attrrarj.  Let  W  be  its  weight.  The  tnbe  was  Iten  drawn 
out  at  ths  opsn  end  and.bent  as  at  fig.  63S,  after  which  it  wM  filled  with  pure  mer- 
Fig.  838. 


,    and    boiled 


^Si^^^m^Sim 


pi 


wo*  placed  ho- 

rounded    wiA 

nsUlBg  iee,  tb*  point  dipping  below  the  tmrface  of  mercury  contained  in  »  smalt 
esipnile.  II  was  thus  filled  with  nercurj  st  0°.  The  capsule  was  neit  emptied, 
replaced  inder  ^s  point,  and  the  apparatus  allowed  agaia  to  assume  the  temperature 
of  the  atBiospharr.  Then,  bj  weighing  together  (he  tube  and  eapaole,  and  deducting 
from  the  gross  weight  their  weight  before  tbs  introduction  of  the  mercniy,  they  ob- 
tained tht  weight.  W,  at  the  mercury  which  raiactlj  flUcd  at  0°  so  ranch  of  the  capacity 
of  the  tube  «*  was  not  oecitpied  by  the  metal  tod.  The  eiperiment  was  completed  by 
heating  the  inrtrameut  in  an  oil-bath  to  a  high  temperature,  T,  and  weighing  the 
qnanti^  of  metcnry  which  eeraped  from  the  point,  as  in  the  determination  of  a  tcm- 
peratare  by  means  of  the  weighl-thcnnometcr  {p.  !S). 

If  D„  and  D,'  lepreseBt  the  densities  at  0°  of  mercniy  and  of  the  metal ;  A,  x,  and  «, 
the  co^dents  of  cabjcal  axpsurion  of  mercniy,  of  the  mrtal,  anid  of  glass  respectJTely, 
Hieir  Tohmies  at  0°  will  be  represented  by 

WW         .     /JP        W\ 

and  if  ic  is  the  Keigbt  of  memiy  which  escapes  from  ths  tnbe  between  0^  md  f°  the 
weight  of  mereury  remaining  in  the  tube  at  the  latter  lemperatore  will  be  W-r. 
Then  pulling  the  volume  of  this  weight  of  mercury  at  the  temperature  I.  together  with 
that  of  the  metal  rod  at  the  aame  tempanturs,  equal  to  the  capacity  of  the  tuba  which 
contains  them,  wa  hsTS 

whence  a D'       P'  i  yW      W\         /W  -V!\      > 

"w^*-w'\\S,*-u:;)'-\.'-ur)^\ 

It  is  of  eouraa  Mcessarv  that  the  Talnes  ef  A  and  ■  ahoold  have  been  detemiiDed  bj 
prnvKius  eiperimetits  in  the  way  already  dMcribed. 

Another,  to  some  extent  similsr,  method  of  mesanring  the  cubical  e^tansion  of  solid 
bodiaa,  consists  in  determming  their  specifle  gravities  at  rariona  tompai»tnr«e,  the  balk 
of  a  given  weight  of  a  substance  being  inrerwely  as  its  density. 

In  flying  tJiis  method,  (he  vreight  of  water  free  from  air  whidi  fills  a  specifle- 
gravity  bottle  at  various  tempcraturea  is  first  asccitainod;  then,  tie  woi^t  of  the 
bottle  is  determined  hI  the  aame  teropcraturea  after  a  known  weight  of  the  si '   ' 
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umiutioD  lui  been  pat  into  It,  and  tin  inlMiti«M  flUed  with  w>t«r.  Let  W 
reight  of  water  whidi  flUa  the  bottlg  at  tbe  tenperatun  (,  W  Eht  w«g]it  of  tbe 
ibatance,  and  8  the  weight  of  water  and  aolid  Bubetance  which  together  111]  th< 
I  f\  tbeo  tbe  deiUi^  of  the  mbatanee  at  f,  compared  with  tlut  of  watei  at 
«  temperatDre,  U  J),  ~  w_.„_iyL;  ;  and  if  f,  lepieMut*  tbe  balk  iriuch  a 
BBib-TdBBM  of  watot  nHMn^  at  0°  aanaiea  at  f,  the  denaitj  of  the  nbetance  at  C, 
eranpared  with  thaf  of  watet  at  0°,  ia  w  -  Z>^  Xutlj.  U  the  deantf  J>.'  of  tha  anb- 
•tance  at  eotne  othei  tempeistan  1^,  haa  beat  detarmined  in  the  Mme  wav,  It«  mean 
It  of  cubical  azpanaion  Ac  oae  decpcaa  between  I'  and  f  i*  .  *  ~j;']h- 
TMf  of  GfffficKtiU  of  CrMmI  ApoutM  of  SMiafer  V  C. 
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Th«  cubicsl  ezpAiuioa  c^a  cotuiderable  number  of  cryattHiged  oompooDdB  hu  ■Iao 
been  deUrmlned  by  Jonle  and  FUyfair  (Cbem.  Soc  On.  J.  L  121 ;  tbi  a  tabia 
of  the  reaulta,  see  also  Qmalio'i  Htmdbook,  i.  234), 

From  tile  determinatioiu  pTeu  at  lbs  begioniiig  of  Uiu  table,  it  will  "be.  Ken  that 
the  coeffideDta  of  e^xuiBioii  of  solid  bodies  beoume  graater  as  the  temperatnie  rises ; 
but  that  Uie  coefficient  of  exptmsimi  of  pUtianm,  which  at  the  temperatures  of  the 
experinienls  ia  yerj  far  ftom  the  point  at  which  fusion  or  softemng  occurs,  iuereaM* 
mnch  less  Ihan  thsGoeffldenCaof  expannioD  of  the  mora  i^uible  metiila,  copper  and  iron, 
lie  mle  thai  indicstad  hia  been  foand  to  be  verified  in  oUlei  auee  also,  so  that  with 
Bolids,  as  well  as  with  liquids,  the  CDefBcIeala  of  expansion  remain  SAOsiblj  constant  at 
temperatures  tar  remoTed  from  those  at  which  chvige  of  state  occurs,  and  vary  more  and 
more  rspidl;  as  these  Utter  tempenttom  are  ^iproiaehed. 

The  eipaosioD  of  amorphooa  solids,  and  of  those  which  cfjatallise  in  the  regolw 
ayrtem  (Chtstuxdokafet,  ii.  131),  is  the  same  for  all  dimensioD*,  unlera  whan  ihej 
are  sulgect  to  a  mechanical  strain  in  some  particular  direction.  A  fragment  of  anch  a 
aubaCance  varies  in  bulk  with  variations  of  temperature,  but  retains  ^wajs  the  asms 

Crrstala  not  betoomng  to  the  r^;ular  sjstem  exhiint  when  hasted  an  uneqaal  ex- 
pADBion  in  the  direction  of  tb«r  axes,  in  conaequanca  of  which  the  magnitude  of  their 
angles  becomes  altered  (Hitscherlich,  Fogg.  Ann.  i.  12S;  x.  137).  In  crjstala  bo> 
longine  to  the  trimeliic  ajatem,  the  eiponsion  is  different  in  the  direction  of  all  three 
axes;  m  oiragonite,  on  niBtntf  the  temperature  frt>m  0°  to  100°,  the  inclination  of  the 
lateral  &ioes  increases  by  S'  16^,  and  that  of  the  terminal  faces  dimiaishca  b;  6'  29' ; 
irypsam  is,  according  to  Fresnal  (BulL  dcs  Se.  Uathem.  1824,  100  ;  also  Fogg.  Ann. 
U.  109),  more  expanded  bj  heat  in  the  direction  of  the  principal  axis  than  in  that  of 
the  lateral  axea.  Id  crjatals  belonging  to  the  hexagonal  system,  the  expansion  is  the 
same  in  the  directioiu  of  the  Uiree  seconds^  axes  ;  but  different  from  that  according 
to  the  pilncipat  axis.  Ths  ol>tuse  an^es  of'^the  primitiie  rhombohedran  of  calcspar 
ilimioish  by  8}'  when  the  crystal  is  heated  100°,  and  the  acnte  angles  increase  by  the 
..ima  quantity.  Hence  it  may  be  ealeulatad  that  the  relatire  expansion  of  the  principal 
nxis  (compared  with  thaJ^  of  the  secondary  axes)  amouots  to  000342  ;  morpover  aince, 
Tii'cordingtoMitacherlichandDulon^,  the  cubical  expansion  of  calcspst  between  0°  and 
100°  is  rady  0-001961.  it  may  likewise  be  determined  that  calcspar,  when  thus  heated, 
lioes  not  expand  in  the  direction  of  the  secondary  axes,  but  etmlracli  by  0-00036,  and 


n  the  amonnta  of  expansion  u 


raised  from  0°  to  100°  by  t'  6',  in  ferroginoas  bitter-spar  by  3'  2  , 
containing  a  considerable  quantity  of  mancanese,  by  S'  SI  ,  and  in  pure  in>n-spar  by 
2'  22'.  ^Cfl  now,  among  all  these  minerals,  calcspar  forma  the  least,  and  ferrnginous 
bitter-spar  the  most  obtose  r^ombohedton,  it  iollows  that  the  expanaion  in  the  direc* 
tioD  of  the  prindpal  axis  does  not  increase  in  the  sanu  proportion  as  ths  relative 
leoeth  of  the  axis  itself  diminishes  fUitachsrlich). 

The  following  direct  determinationa  of  the  linear  expansion  of  several  crystallised 
anbetances,  between  0°  and  100°,  made  by  Ffaff  (Johroiber.  ISfiS,  7),shoii 
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the  tonn  sbovn  in^,  987.  From  such  Bciystal,  a  ponioD  a&,  edit  cut,  M  that  the 
new  mT&cea  are  perpeDdicuUr  to  the  BQr&ee  of  combiiuition,  m  n,  of  the  two  haliea  of 
the  crjaUl,  and  the  £ice  a  £  is  ground  uid  polished.     AC  the  lempeiatuie  of  the  atmo- 


q)hen,  this  snrfiios  then  eoiutitnlca  a  tangle,  nnbrokeo  plane ;  bnt  when  it  ia  heated 
to  about  00°  oi  80°  C,  the  shap«  of  the  cryatal  altera  in  the  manner  ahown  in^.  538, 
and  DOW  parallel  rajs  of  light  falling  on  the  two  halves  from  a  distaiit  object  an 
reflected  in  diSlrrent  directions,  so  that  two  distinct  imagea  of  the  ol^eet  ma;  be  M«n 
simnltineonaly  bf  teflection  from  the  snr&ce  a  b. 

One  or  two  solid  bodies  an  known  which,  at  least  within  certain  limits  of  tempera,- 
ture.  form  exceptions  to  the  general  mie  of  r^xpansion  b;  heat,  aod  contract  ai  their 
tampeiatiire  is  raised.  For  example  the  sllojr  of  2  pts.  bismoth,  1  pL  tin,  and  I  pt. 
leai(  eipunda  when  heated  from  S°tD  ii°  C. ;  when  still  further  heated,  it  contracts, 
so  tiut  at  56°  iCa  density  is  the  same  as  it  was  at  0°,  and  at  69°  still  greater ;  beyond 
this  temperators,  eipansion  again  takes  plac?  ;  at  875°  the  alloy  has  once  more  the 
BamedensitTaaatO°,  andat  94°,  atwhinhitfuBes.thesameaeatil".  (Eiman.Pogg. 
Ann.  ii.  557.      For  the  not  qait«  coocordant  results  of  H.  Kopp,  see  below,  p.  78.) 

Again,  a  piece  of  Tnlcanised  caouEcboac,  which  is  stretched  %  a  weight  to  double  ita 
lenglJi,  is  shortened  by  a  tenth  when  its  tempnratore  is  raised  G0°  C,  and  the  shortcD- 
ing  rfiect  increaBcs  rapidly  with  tlie  stntching  wei^t  employed.  (Joale,  Proc  Roy. 
Sue  TiiL  35«.} 

EilatioB  hitiBtm  the  8pfc\fie  Rtait  of  Liquid  and  B^id  Bodiei,  andthtir  Cbrffieimit «/ 
Expantion  at  different  &mperatura. — It  has  been  pointed  out  above  (p.  40),  that  the 
specific  beat  of  any  aubstauce  includes,  not  only  the  portion  of  heat  reqnired 
to  cnnse  in  it  a  giren  alteration  of  temperature,  but  also  the  C|uanUty  of  bent  which 
is  expended  in  modifying  its  condition  of  molpcular  equilihrinm,  sjid  whose  most 
obriou*  eitemal  effect  is  an  alterslion  of  the  Toluma  of  the  substance.  We  have  also 
seen  (p.  44),  that  although  no  certain  data  exjat  for  calculating  the  ratio  of  these  two 
parts  of  the  total  spedAc  heat,  except  in  the  case  of  gases,  it  is  neTerthelesa  probable 
Ibat  the  former  part,  or  the  Te<U  ipteifia  Atat  of  a  substance,  remains  the  same  for  alt 
conditions.  Hence  Tariations  in  the  total  or  apparent  meeific  heat  must  be  supposed 
torcsnh  &Tmi  Tariations  in  the  amount  of  beat  expended  in  OTercoming  the  molecular 
£>rcea.  In  sensibly  perfect  gases,  the  consumption  of  heat  in  tbis  manner  is  the  same 
at  all  temperatures,  and  so  small  as  to  be  negligible ;  accordingly,  both  tlie  real  and 

rirent  specific  heats  of  gases  are  constiint  at  ah  temperatures  (pp,  84  and  42).  On 
other  hand,  the  molecular  changes  which  accompany  alterations  of  temperature  in 
liquid  a^  solid  bodies  are  such  as  require  the  sn>pnditur(>  of  very  considerable  qunn- 
titiei  of  heat  to  prodnea  them.  These  changes  doubtlees  conaiet  in  alterations  of  the 
relatire  poaition  or  arrangement  of  the  molecnlee,  but  of  what  preciBe  kind  we  have  no 
'  '  '    ■,  since  tbe  only  measurable  portion  of  the  total  effect  is  the 

n  every  ease  a  measure  of  the  amount  of 
molecular  work  performed  b;  the  heat  independently  of  causing  alteration  of  tempera- 
ture :  for,  as  we  hsre  seen  (p.  59),  the  communication  of  heat  to  water  below  4°  C. 
caasea  a  change  of  bulk  of  the  opposite  kind  to  that  which  it  occasions  above  that  tem- 
perature; but  we  may  nevCTthelese  probably  admit  without  great  error  that,  aa  a 
general  rule,  the  proportion  of  the  total  quant  ity  of  heat  rwjuirsd  to  taiae  the  (empera- 
tnie  of  a  given  substance  1°  which  is  consumed  in  producing  molecular  changes,  is 
greatest  at  those  points  of  the  thermometric  scale  at  which  the  greatest  amount  of 
expansion  accompanies  a  rise  of  temperature  of  1°,  and  is  least  at  those  points  at 
wfaidi  the  corresponding  eipansi OP  is  least,  U  tlii a  supposition  be  admitted,  it  accounts 
•stis&ctoTiljibTtliefkcttJiat  both  the  specific  heats  of  solid  and  liquid  bodies  and  their 
—'•-•— If  of  expansion  increase,  aa  a  role,  wilb  rise  of  temperatnn;  and  that  both 
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thcoe  propeitics  Tsry  miwt  npidlj  in  the  d 

vhich  chuiM  of  tbe  state  of  iggr^^tion  oec     ,        ,  , 

Micanietudela  CItaitur,  Paxit,  IB«3,  note  O,  pp.  133  tf  mo.;  slso  ReKn&nlt,  Mem. 
AoLd.  wiencea,  xxri.  2B5tltig.)  On  the  reUtioos  betweaa  chftnges  of  Tolmne  pnidnced 
b;  extarnol  ibrcM  uid  the  comBponding  erolntion  or  dimppousnoe  of  hott,  lee  below : 
BeUtioni  of  Hent  to  Mach&nical  Energy. 

S.  Change*  0/  State  of  Aggregation  proiMeti  by  Stat. 

Voalan  «ad  •oUAlflMUon. — When  th«  tempentnre  of  a  solid  body  U  iwsed 
GoatinuotiAly,  a  point  is  Teached  sooner  or  lAtor  at  which  it  aelta,  or  txchoigea 
the  BoUd  for  ths  Liqoid  form ;  and  when  a  liquid  ia  cooled,  B  point  is  in  like  manner 
attwDed  at  vbich  it  solidifies.  With  most  homogeneous  sabstuiceB,  the  passage  from 
the  one  state  t^  the  other  takes  plac(>  sudden);  at  some  [orticnlar  temperature ;  thus 
ice,  when  heated  from  a  lower  temperature  to  0°  C,  heoomes  onlj  very  slightly  softer 
or  lees  solid,  while  if  more  heat  still  is  imparted  to  it,  it  changes  at  onoe  into  p«rfecl]y 
liquid  water.  This  temperature  forms  a  definite  limit  below  which  we  bale  solid  ice, 
and  above  which  we  hare  liquid  water,  and  it  is  therefore  called  the  netting  point  of 
Ice.  Some  substances,  boweTer,  paai  when  heated  &om  the  solid  to  t^  liquid  state 
without  showiag  any  definite  meltuig  point ;  for  example,  glass  and  iroa  become 
gradually  softer  and  softer  when  heated,  and  pass  by  impercepUble  stages  ttraa  the 
solid  to  the  liquid  condition.  Sad)  substances  may  be  said  to  bvis  to  melt  at  ths 
lowest  temperature  at  which  perceptiUe  softening  occurs,  and  to  be  Ally  melted  when 
fiuther  elevation  of  tempentore  does  not  make  them  sensibly  mora  dnid ;  bat  no  pre- 
cise temperatures  can  be  ^ven  as  their  meltdug  points. 

Sal(ject  to  the  qnaliflcations  hereafter  stated,  the  follomng  geneni  lawa  may  be 
taken  aa  applicable  to  the  phenomena  of  Rieion  mid  solidification : — 

1°.  The  state  of  aggregation  of  erei^  substance  ia  always  the  same  at  the  same 
temperature:  wlien  iU  temperature  is  raised,  it  melts  at  a  certain  fixed  point,  or  passes 
&am  the  solid  to  tba  liquid  statf,  and  when  its  temperatnio  is  lowered,  it  solidifles,  or 
paaset  &oin  the  liquid  to  the  solid  state,  at  a  point  which  is  also  fixed,  and  is  the  same 
as  its  melting-point.  (For  snbfltancce  which  melt  giwlually,  a  eertais  fixed  inlfrval 
must  be  Bubetituted  for  a  fixed  point  of  temperatun  in  the  enunciation  of  tliis  rule.) 

2°.  The  oommunication  of  heat  to  a  solid  body  at  its  melting  point  caasee  it  to  melt, 
but  does  not  raise  its  temperature;  so  also  the  withdrawal  of  heat  from  a  liquid  at  its 
freezing  point  eausea  it  to  solidi^,  but  does  not  lower  its  temperature, 

3°.  As  a  general  role,  a  sudden  change  of  volume  (nsnally  an  increase)  aecompanial 
thepasBflEC  from  the  solid  to  the  liquid  state. 

We  will  proceed  to  consider  each  of  these  laws  and  the  exot^Uoni  and  modiScatians 
to  which  they  are  snl^jecL 

Melting  and  Fretiing  Pointe. — Tboog^  tbe  tempa«tin»  at  which  the  paassm 
&om  the  K>lid  to  the  liquid  state  takes  place,  and  mee  tvrad,  is  conalant  (under  the 
same  circumstances)  for  each  sulxtance,  the  melting  and  freeiing  pornta  t^  diSennt 
substances  vary  within  verv  wide  limits.  Thus  sulphurons  anhydride  melts  at  —  S0° 
'"'tchell,fler*(i.JaAr™6ffp,ixii.  69),  mercury  at—  40°,  bromine  at  —  T'S^.iee  at  0*, 


phosphorus  at  +  H",  tin  at  236°,  silver  at  1000°,  platinum  at  2000°  (Dsi 

pebray).    (For  the  melting  points  of  particnlai  sr "" ^ "'        "'  ' 

iionarv  where  tbey  are  respectively  described.) 


These  difierences  are  sufficient  to  justi^  the  eoiuluMea  that  «*en  tbose  subatanee* 
which  liave  never  been  seen  to  melt,  would  do  so  at  a  Bttfficn^t^  high  tempentnn,  and 
conversely  that  all  liquids,  even  such  as  have  never  vet  been  froien,  woud  solidify  if 
exposed  t«  a  still  more  intense  degree  of  cold.  Indeei^  in  prcfxwtian  as  new  methods  of 
producing  extreme  temperatures  have  been  discovered,  the  nimiber  of  ini^isible  solids 
and  non-solidifiable  liquids  has  gone  on  diminiehing  continually.  The  only  Eabstances 
which  can  be  considered  really  infusible  are  those  which,  when  heated,  undergo  chamial 
alteration  bdbre  (heir  meltii^  point  is  reached.  The  most  infusilide  of  all  substances 
which  are  chemically  inalterable  by  heat  is,  probably,  carbon  in  the  form  of  graphita, 
and  even  this  body  was  found  by  DespT«ta  to  soften  when  exposed  to  ths  heat  produced 
by  the  electric  cuirent  generated  by  600  Bunsen's  cells  ananged  in  six  series  of  100. 
On  the  other  hand,  absolute  alcohcJ,  sulphide  of  carbon,  and  some  other  liquids  have 
never  been  solidified,  but  at  the  tempemtnre  produced  by  a  miitnre  of  liquid  nitrons 
oxide,  solid  carbonic  anhydride,  and  ether,  Deeprsta  fonnd  that  abaotute  alcohol  beeama 
■0  viscid  that  it  did  not  run  out  on  fnverling  the  Tessel  that  oontained  iU 

In  very  many  eases,  it  happens  thM  a  mixture  of  two  <a  mora  substancea  melta  at  a 
lower  temperatars  than  either  of  its  eotnponeutA  talten  separately :  thus,  a  mixture  of 
1  part  dilbridB  of  sodium  with  2}  or  ^  patU  iet^  mdts  at  about  —20°;  mixtures  of 
&U7  addi  mcU  at  lower  l«mpeiBtatea  than  the  pure  adds;  the  oirboBttee  of  potwnam 
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tnd  wdiam  melt  more  «wilf  when  raised  thua  either  ult  does  alone ;  Roae's  ftuible 
■IW  of  2  pub  biimnOl,  1  part  tin,  and  1  [«rt  lead,  melli  betireen  96°  bimI  98°;  to 
uliojof  I  or  2  mrtaeadnuDiD  with  2miU  tio,  1  parts  lad,  and  7  or  8  patta  bimath, 
nelta  behreen  »<>  and  71°  (B.  Wood) ;  &c 

In  homologous  Kiin  of  analogoiw  oigaiuc  componade,  the  melting  point  of  ndi 
"     -'laTitliitBUomic  weight 

coirenxmdinB  k —  — ^.  ,    „  .         , 

cooled  TciT  w>wi;,  and  are  at  Ibe  same  time  protected  tcoai  all  mechanical  diatniliuiee. 
Far  imtance  «atei-ac  perfect  rest,  and  nnder  a  pressure  somevhat  greater  than  that  of 
the  atmoapbere,  maj  be  coolrd  to  —  li°  without  freesing.  lint  contact  with  »jolid  body 
or  tbie  alishteet  ogitjttion  ia  then  nsuallj  sufficient  lo  cause  lolidiflaljon  to  commence. 
The  B^Ser  the  qnantilj  of  liquid  operated  npon,  the  lover  is  the  tempenttnre  to 

-'--        '-     '-"^—^--    ■-■-'-■■-■"   npport 

.....  ,  »  Oi* 

if  mists  formed  b;  pwtidea  of  liqnid  water  aiupended  in  an  stmo- 
Bphwe  of  wliicli  tne  temperature  was  10, 13,  or  eren  IS  degrees  below  lero;  and  Sorb; 
found  that  in  gkH  tabes  of  O'l  millimelre  in  diamUer,  water  conld  be  maintained  in 
the  lii)iiid  state  as  low  w  —17°. 

Some  lemariuble  phenomena  of  this  kind  have  been  also  observed  hj  Dnfonr 
(Ann.  Ch.  PhjB.  [3]  liviii.  370)  in  the  CBea  of  liquids  cooled  without  contact  with  anj 
solid  body.  His  method  of  experimenting  wae  to  anspend  globules  of  the  liquid  nnder 
eiamin;ition  in  some  other  liqnid  of  the  same  specific  gTavitj,  bnt  of  lower  freedng  point, 
and  in  which  it  was  insolnbfe.  Water  was  examined  while  iniHpended  in  a.  mixtnni'Of 
cWoroform  and  sweet  oil  of  jmond* ;  enlphnr  and  phosphonis,  in  an  aqneons  solution  of 
cblorideofxinc;  and  naphthalene,  in  water.  In  the  experiments  with  water,  the  spheres 
of  Ihie  liqaid  which  floated  in  the  mixtnre  of  chlorofimn  and  oil  were  very  rarely  seen 
to&eeze  at  0°;  in  general,  solidification  ocenried  between  —4°  and  —12°,  the  smallest 
globules,  an  a  rule,  remaining  liquid  to  a  lower  lempriature  than  the  larger  ones,  some 
of  them  haring  bwn  repeatedly  seen  still  liqnid  at —18°  or- 20°.  A((it«tion  and  the 
conlact  of  solid  bocUea  appears  to  have  mnch  less  eff^  in  causing  the  Folidiflcation  of 
liqnida  cooled  in  this  way  than  wbea  they  are  coolfd  to  the  same  extent  m  glasi  venels. 
For  instance,  Dafonr  found  that  the  s;lobulee  of  water  in  his  isperimenta  often  did  not 
Bohdify  when  displaced  or  violently  defamed  by  a  glass  rod,  and  even  that  OTStols  of 
chloride  of  sodium,  sulphate  or  nitrate  of  potaseiam,  engar,  &c.,  would  sometimes  ^1 
f  Amn^A  a  globule  of  water  6  miUimotrea  in  £anieter,  and  cooled  toatleaat  —8°,  without 
prodncii^  any  effect.  ConUet  with  a  fragment  of  ice,  howa»er,  invariably  csnaed 
immediate  congelatioa. 

By  operating  aa  above  deembed,  Bufour  obtained  globules  of  sulphur  ^melting 
point  1 16")  of  B  millimetres  diameter  atill  liquid  at  40°.  and  globules  of  0-B  millimetre 
diameter  remained  liqiud  for  several  days  at  6°  or  10°.  Globules  of  phosphorus  of 
considerable  siie  were  cooled  to  20°,  and  globules  of  1  or  2  miUimebee  £anieter  to  0° 
without  Bolidifying.  Globules  of  naphthalene  (melting  point  79°)  were  obtained  still 
liqilid  at  *0°. 

When  a  liqnid  solidifiea  after  having  been  thus  oooled  below  its  normal  freemug 
pmnl,  the  solidifieation  takes  place  veiy  npidly,  and  is  accompanied  by  a  disengage- 
ment  of  beat  often  BufScieut  to  mise  its  temperature  team  the  point  at  whidi  soUdifl- 
eation  begins  up  to  its  ordinary  freeiing  point  Thia  is  well  seen  with  crystallised 
hyposulphite  of  sodium  {S^tHy.  6H'0),  wliich  melts  in  it.  w»ter  of  erjetilhsatiou  at 
46°,  bnt  when  carefully  cooled  will  remain  liquid  for  a  long  time  at  tha  temperature  of 
the  almo^hare.  If  it  be  then  caused  to  aolidi^,  by  agitation,  or  by  throwing  in  a 
small  fragment  of  the  solid  salt,  the  resulting  rise  of  temperature  is  such  as  to  b« 
distinctly  felt  by  the  band. 

This  phenomenon  of  conlinned  liquidity,  though  seldom  observed  in  so  marked  a 
dwiee  as  in  the  caoea  above  mentioned,  occurs  so  frequentlv  to  a  less  extent,  that, 
when  the  temperature  of  transition  from  tha  solid  to  the  liquid  state  or  act  vtrtA  is  to 
be  used  as  a  mark  of  the  chemical  identity  of  a  substance,  it  is  Innch  safei  to  deter- 
mine  the  melting  point  than  the  frsadng  point,  for  the  fbrmei  temperatitte  is  not  totgect 
to  Tsiiations  of  the  same  kind. 

The  foUowing  method  is  coavenlent  for  lakilig  the  melUng  points  of  sobstaneea  m 
chemical  inreatigations.  Three  or  tour  glass  tubes  are  drawn  out  tiU  their  sides 
become  very  thin  and  their  bore  nearly  capillary,  and  into  each  is  introdnced  a  small 
quantity  of  Ihe  substanca  to  be  examined.  They  are  then  sealed  at  the  bottom  and 
placed  in  a  beaker-glaas  craitainina  water  {or,  if  the  snbatance  melts  above  100°, 
»raf&n  oranlphurie  add),  and  a^Sng  upon  a  small  sand-bath  by  means  of  which  its 
t^perature  can  be  skwly  raised.  Ite  liquid  is  heated  until  the  substance  melW; 
then  allowed  to  cool  slowly  to  the  point  of  solidifitation ;  it  is  then  again  wanned,  ud 
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obtained,  the  meaas  of  vhich  are  the  melting  and  solidifying  poinU  required, 

Infiaenci  of  Prcisurt  vpem  Mrltittg  feint*.— The  rariationB  vbich  oocnr  in  the  pres- 
sure of  the  atmoBpbare  are  without  perceptible  effect  in  altering  the  melting  points  of 
Salida  or  freezing  pointB  of  liquidH,  bnt  greHter  differences  of  pnHnira  are  found  to 
prodnoB  a  yery  senaibJa  effect  This  was  flrel  observed  bj  Prof.  W,  Thomson,  who 
found  that  preeeures  of  S'l  and  16'8  stmospherea  CHussd  h  lowaring  of  the  melting 
point  of  i<»  to  tbe  eilent  of  O-069<>  and  0-120°  respectiTety,  These  results,  therefore, 
Teiified  the prerioDH  theoretical  concIuBiona  of  Pro£  J.  Thomson,  according  to  which  an 
iDcreaae  of  pressure  amounting  to  n  atmoipherea  muet  lower  the  melting-point  of  Ice 
bj<°  —  ».  00076°, — a  formnia  which  giyes  0-Ofil°  and  0128°  ae  the  dlfterenece  of 
melting  point  cotreapandiDg  to  B-1  and  13  8  atmospheraa  nreiwDre.  Bj  a  still  greHter 
pressure,  MooBSon  (Ann.  Ch,  Fhjs.  [311vi.2G2)sacceeded  in  nitiintaimagvaterin  tha 
liquid  state  at  6  degrees  below  lero,  aad  bj  a  pressure  estimated  at  13,000  atmospheres 
lie  caused  ice  to  melt  at  — 1S°.  Ansloeoas  eaecta  hare  been  obserred  with  other  sub- 
stances b;  Bunson  (Jahresber.  uber  (Jhemie,  u.  s.  v,  1860,  48)  and  Hopkins  {ibid. 
IBM,  48).  Their  reaolu  are  ^ven  in  tlia  fallowing  table.  Bunsen  considers  that  the 
obeervalioQB  of  temperature  in  his  eiperiments  were  correct  within  01°,  bat  that 
there  maj  be  an  error  of  one  or  two  atmospheres  in  Che  estiioAtion  of  the  prassoies. 
Frttting  and  Hdting  PoinU  vndtr  ineretutd  PrtMtire. 
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Latent  Btat  of  Fluidity.— 1\.  haa  been  poinled  ont  already  (p.  73)  that  the 
spedflc  heats  of  solid  bodies  increase  tta  they  approach  their  melting  points,  and  this 
fiict  has  been  connected  with  the  increase  of  the  coelGcient  of  eipanaion  which 
gennrHllj  occun  simnltaaeODaly.  In  order  to  raise  the  tempentnre  of  a  solid  body 
1  degree  in  the  neighbourhood  of  ita  mnlting  point,  more  heat  is  needed  than  would 
Hufflco  to  cause  an  equal  rise  of  temperature  at  a  lower  part  of  the  thermometric  scale ; 
in  other  wordi^  of  a  given  quantity  of  hent  imparted  to  a  body  near  its  melting  point, 
a  larger  proportion  goes  to  produce  molecular  modifications  (eipansioa,  softening,  &c.X 
and  a  smaller  proportion  to  produce  rise  of  temperature,  than  ia  the  ease  at  a  lower 
part  of  the  scale.  From  this  point  of  view,  it  becomes  quite  conceivable  that,  at  some 
particokr  temperalnre.  depending  on  the  nature  of  the  Bubstance  under  consideration, 
the  whole  quantity  of  heat  communicated  to  a  body  might  be  expended  in  causing 
molecular  changes  (change  of  the  state  of  aggregation,  with  or  without  change  of 
volume  &&),  so  that  its  efirct  in  producing  a  rise  of  temperature  would  be  imper- 
ceptible.   This  is  exactly  what  takes  place  during  the  melting  (tf  solid  bodies. 

Frem  these  considerations  we  ace  that  the  phenomenon  indicated  in  the  second  lav 
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quefaction,  bnt  is 
IS  what  occurs  at  lower  temperatures.  We  see  also  that  the  fusion 
of  glass  and  other  bodies  which  hare  no  definite  melting  point,  but  in  which  liquefac- 
tion occurs  gradually  and  extends  over  a  greater  or  lees  interval  of  temperature,  does 
not  differ  in  any  essential  respect  from  the  sudden  malting  of  ice  at  the  fixed  tempnra- 
tore  of  0°  C.  In  the  case  of  glKss.  a  certain  small  proportion  of  the  tjitol  quantity  of 
heat  imparted  to  it  during  its  lique&ction,  ia  expended  in  causing  elevation  of  ternpera- 
tiire;  in  the  case  of  ice,  this  proportion  is  so  small  as  to  be  imperceptible  in  comparison 
with  that  which  goes  to  cause  liqnetaction. 

It  was  formerly  supposed  that  the  temperature  of  a  body  was  always  proportional  to 
the  heat  contained  in  it,  and  therefore  that  heat  could  not  be  communicated  to  a  body 
without  raising  its  temperature.  The  cessation  of  the  rise  of  temperature  during  the 
fosion  of  solids  was  first  obserred  by  Black,  while  Professor  of  Chemistry  in  the 
Unirersity  of  Qlosgow.    He  ascertained  that,  during  this  process,  a  eooaiden^e  qnan- 
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0(7  at  hMt,  diSrnnt  for  different  mbatanera,  dEssppran  so  br  u  the  ptodnctjoii  of 
tharmometric  efiects  ia  coueemed — or,  u  he  ezprraaed  it,  becomn  latent — and  that  u) 
rqul  qnautitf  of  hrat  appears  during  folidifleation.  Accardiog  to  modam  Tiawa,  tha 
ei|ire»aion  lalrKl  (or  hiddsD)  ieat  it  not  atrietly  correct,  for  the  effect  of  heat  impaitnl 
to  ice  at  the  melting  point  ujost  as  vinble.  thoa^  not  the  wme,  w  that  which  it  pio- 
ducea  nt  other  temperaturaa.  Nfverihelcse,  the  eipresaion  ia  convenient  from  the  fact 
of  its  being  oniTnwlly  rMoKnised  and  employed.  The  latent  heat  of  fluidity  ia, 
tbpn,  the  quantity  of  heat  which  most  he  imparted  to  oaa  gramme  of  a  nolid  at  its 
melting  point  in  order  to  melt  it  without  raiains  ita  temperature,  or  which  moat  be 
withdrawn  from  a  liquid  at  ita  beeiiiig  point,  in  order  to  reader  it  aolid  without  lowering 
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The  following  table  givea  the  melting  points  and  latent  heata  of  fluidity,  expreaaed 
ID  cvdinuy  heat-units  (gramma -degrees),  of  rarimu  snbetaiiMs,  according  l«  the 
determinatimia  of  Person  (Amu  Ch.  Pliya.  [8]  zxrii  350): — 

Latent  Htate  cf  Flvidits. 


Subnaoa. 

M^W 

^' 

SubHnxe. 

»K;:;' 

sr 

MeMnry 

-88" 

asa 

Tin        .       .       . 

ass" 

14-25 

44 

fi'O 

Silwr     .        .        . 

1000 

211 

air: 

115 
107 

9-4 
117 

Chlorideof  calcium  ( 

28a 

40-7 

270 

12-8 

SS9 

47-4 

320 

13-0 

Sitrata  of  sodium    . 

310-6 

630 

The  latent  heat  of  watw  waa  found  hj  Begnault  and  by  ProTostaye  and  Desaina  to 
be  79°  C.  According  to  Fersoo,  this  number  danotes  the  qoantity  at  beat  TequireJ  to 
convert  ice  at  0°  C.  into  water,  but  not  the  total  quantity  of  the  latent  hrat  in  the 
water,  inasmuch  as  a  certain  additional  portion  of  beat  is  rendered  latent  as  the  tnra- 
peratare  of  tha  ioe  rises  &om  -2**  to  0°  (Ann.  Ch.  Phys.  [3]  ixx.  73).  In  six  eiperi- 
tnents  on  the  fusion  of  ice  prsTionsly  cooled  to  between  —2°  and  —21°  C.  the  latent 
heatwaafonndtovaiy  between  7S'S°  and  SO' 1°,  the  mean  quantity  beins  80°.  Rwnault 
alao  found  greater  nJoes  for  the  latei't  heat  of  water,  aa  tha  ice  had  bora  cooled  lo 
a  lower  temperatnre.  According  to  Eeas,  tha  tme  latent  heat  of  water  ia  S0'S4°  C. 
JthuheanpraredbrKDeaains  (Ann.  Ch.  Phja.  [3]  Ixit.  419)  that  whan  water  is 
cooled  bdow  0°  withant  freeaiug,  the  quantity  li  heat  needed,  in  order  to  raise  the 
temperatareof  a  given  weight  from  <i°  below  lero  to  f  above  cero,  ia  the  same  whether 
the  water  remains  liquid  ^  the  tinu^  or  whether  it  first  freeaes  and  sAerwarda  mslU 
again. 

It  is  interesting  to  compare  these  valoeaofths  latent  heat  of  water  with  those  found 
by  Black  in  1762  {Lecttiret  on  tig  Stmentt  of  Oiemutty,  2  vols.  4to.  Edinburgh, 
1303 :  voL  i.  pp.  120-127).  In  one  experiment,  this  philosopher  measured  the  time 
rnpund  for  the  eonveiaion  of  a  known  quantity  of  ice  at  32°  F.  into  water  at  40°  F.  in 
a  room  of  which  tha  temperature  remained  conatantly  at  47°  F.,  and  compared  it  with 
the  time  during  which  the  temperstnre  of  an  equal  weight  of  water  rose  under  aimilar 
eircomstuiees,  from  33°  F.  to  40°  F.  He  thus  obtained  for  the  latent  heat  of  water 
the  number  13S°  F.,  eqoal  to  772°  C.    In  another  experiment,  he  melt«d  119  parts  of 

parts  of  water  at  $3°  1 
water  and  of  the  glass  ii 
equal  to  7944°  C. 

The  method  adopted  by  Black  ii 
wme  aa  that  still  employed  for  the 
weight  of  the  substance  to  be  examined  is  heated  to  a  known  temperature,  and  then 
innnersed  in  the  water  (or  other  liquid)  of  a  cak^imetOT,  the  temperature  at  which  is 
such  as  to  cause  the  substance  to  melt  if  solid,  or,  if  liquid,  to  solidi^ ;  and  when 
nnifbrmi^of  terapenrtnre  is  established  in  the  calorimeter,  this  temperature  is  deter- 
mined. The  expttimmt  is  thmefbre  quite  sinular  to  the  determination  of  tlie  specific 
heat  of  a  sabstanoe  by  the  method  of  mixtures ;  the  same  appaiatos  may  be  used  and  the 
same  precautions  leqliire  to  be  token  is  the  two  casta  (see  pp.  25-29). 

In  sach  an  experiment  let 
.4  be  the  ireidit  of  water  in  the  calorimet^-,  ^le  watcr-eqoivftlents  of  tha  ealori- 

nwAcr  sod  Utcnnometer  supposed  included ; 
W,  the  weight  of  sabiitance  operated  npon  ; 
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t,  the  iDJUd  tciDpanhm  ol  the  tsloninetcr ; 
t,  tba  final  tcmpanUm  of  the  cmlnnmcUr; 
T,  the  initial  t«mpentan  of  the  (obftiuice  j 

C  its  mettiog  (oc  jnesing;)  point ; 

C.  the  specific  heit  of  Uie  infaatuiee  in  the  solid  state  betvaen  the  tamperatnna 
e  ande; 

e,  its  Kpecifie  Iieat  in  the  liquid  state  betvem  the  Mnpnatona  T  and  C ;  and 

L  its  latent  heU  of  fluidity. 
Suppose  that  the  PI periment  is  made  upon  a  melted  substance  ^ich  gJTM  oat  heat  to 
the  calorimeter  and  Bolidifiea  in  it:  then  itia  plain  that  the  qaantity  of  heat /(  (0—f) 
abaorbed  bj  the  calorimeter  U  nude  up  of  three  parts— first,  the  heat  lost  by  the 
Bubatance  in  eoolinff  from  its  ori^nal  tAmperatnre  to  its  freezing  point ;  aecondlv, 
the  heat  given  out  bjr  it  dnring  solidification ;  thiidlj,  the  heat  which  it  losia  wliiM 
cooling  from  its  fireezing  point  to  the  final  temparatnra  of  the  calorinetre.    Tbat  ia, 

irhence  L  -  ^{e-t)-c[T-K)-C(Z-t). 

The  manner  in  wliieh  this  fbrmnla  wilt  reqau 
appl;  to  the  case  of  a  solid  snbatance  which  is  n 
heat  fivm  I^  need  not  be  ipedaUj  pointed  oat, 

Changtt  of  Volume  aecompanging  Fution  and  Solidification. — Hie 
accelerated  rate  of  ciipaosion  eihibited  bj  most  aolids  ■•  they  approach  their 
tnelting  points,  is  in  most  cases  followed  b?  a  further  expansion  dunng  the  actual 
process  of  liquefaction,  so  that  the  melted  aubetaace  occupies  a  greater  bulk  than  the 
solid  of  the  sama  temperature  bom  which  it  is  farmed.  This  pbiinomeDon  baa  been 
paTticulaj4j  studied  b;  Kopp  (Ann.  Ch.  Pharm.  iciiL  129),  wbose principal  results  are 
as  follows : 

Piotphona  (the  yellow  modification  of  apcciflb  giarity  1-828  at  10°),  expands 
uniformly  up  to  its  melting  point  (11°),  at  which  temperature  its  volume  ia  1*017  of 
what  it  was  at  0°  ;  when  malted,  its  volume  at  the  same  temperatore  in  1-062  of  the 
Tolome  at  0°.  Hence  100  vols,  solid  phoaphoma  at  44°  beoonn  lOS'l  vols.  Jiqnid 
phoaphams  at  the  sainn  temperatnre. 

n.  I  ...   -.    ._. ..i_ .-•_ .-._  n-ynni Is  irregularly  near  its  melting 

""     •  "--at  100^;  1-009  at 


Bulphur  (native  ajitalB,  specific  gnrity  2-OeS)  expands  irr 
point  (11£°).  Its  Tolame  being  1  at  0°,  is  tOlO  at  S0°; 
115** ;  at  the  moment  of  Iukoo,  the  ezpsiuion  amounts  to  6  pi 
increanng  to  1-160. 

(for  (bleached  beea'-wax,  ipecifie  gravity  0-976  at  10°)  expands  very  rapidly  as  it 
apiHoaches  its  melting  point  (61°),  bat  only  0-1  per  cent,  more  at  the  moment  of  nision. 
If  the  volume  at  0°  is  1,  the  volume  at  60°  is  lOfiS;  at  60°,  ia  IISS  i  at  M",!*  IISI, 


n  by  Aiaion  tc 

Sitaric  acid  (pure,  specific  gravity  nearly  I-O  at  10°)  expands  less  than  wax  beforu 
melting,  but  then  expands  as  much  as  11-0  per  cent  The  volume  at  0°  being  I,  it  is 
l'43Sate<P:  l-0»6Bt6D°;  and  1-07S  at  70°,  at  which  temperatura  the  add  melta,  its 
Tolome  increiuiiQg  to  I'lSB, 

Rot^ifuiible metal  (2  pis.  bismnt^  Ipt.  tin, Mid  1  pt  lead ;  specifle gravi^ 8-906  at 
10")  expands,  when  bested  from  0°  to  S9°,  in  the  istioof  1  to  1-00271  but  eontraols  when 
ftirther  heated,  its  volume  at  82°  being  equal  to  that  at  0°,and  at9S°,  equal  to  0'S917; 
in  melting,  between  9fi°  and  9B°,  it  eipaods  by  1-06  par  cent,  ao  that  at  98°  ita  volume 
is  equal  to  10101.    Thia  alloy,  therefore,  contrarta  fiom  69°  op  to  its  melting  point. 

Water  presents  a  remarkable  exception  to  the  general  rule,  and  expands  at  the  mo- 
ment of  tbaion,  or  contracts  on  melting  1^  about  10  per  cent.  One  volume  of  ice  at  0° 
gives  0-908  lolume  of  water  at  the  same  tempeiatun,  or  1  volume  of  water  at  0°  ^res 
1102  volume  of  ice.  Dnfbur  fbnnd,  as  the  mean  of  lil  expenments,  the  density  of 
ice  at  0°  equal  to  0-0175,  t^at  of  water  at  the  same  temperature  being  I.  Bnaanr 
found  for  the  denaiQ'  of  ice  the  number  0'918. 

Solid  \gdratfd  taiu,  on  the  contrary,  expand  at  the  moment  of  fluion,  r.g.  chloride  of 
calcinm  (CaO.aH'O),  by  9-0  per  cent ;  ordmaiy  phosphate  of  sodium  (PNa'HOMSH'O) 
and  hjpoBuIphite  of  sodium  (S'Na'0".6H*0)  each  by  6-1  per  cent 

The  pipaasioD  which  takes  place  in  water  at  tbe  moment  of  solidification  affbrda  an 
explanation  of  seTerel  important  phenomena.  In  tbe  first  place,  it  enables  na  to  under- 
stand why  increase  of  preeinre  should  retard  the  freeiing  of  water,  instead  of  fiici- 
litsting  it,  as  it  does  that  of  most  other  liquids.  Since  the  tendency  of  both  heat  and 
piesBore  ia  to  dimiuiah  the  bulk  of  water  at  0°,  and  therefore  to  oppose  the  change  of 
volume  that  occurs  on  fteeziiig,  it  ia  eaaly  conceivable  that  the  one  infineooe  may  (at 
least  within  ceitajn  limits)  replace  tbe  other,  and  that  a  stioog  presmrs  applied  to 
water  at  or  below  0'  may  as  efcctnally  prevent  its  solidification,  as  the  tx ---■--— 
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of  hatt  whieh  would  raiM  its  tsmparaton  i^re  tfaa  frecsiiig  point.  In  tha  cms  of 
■nbstaneea  whoM  Tolnme  in  the  ooLd  tiata  i*  Uas  Uuu  thrir  Tolame  in  the  liqnid  lUte, 
liiiiiiiiiiii  utA  in  the  opponte  aenae  to  Imt,  ud  thorafbra  retnda  liquefaction  and  pro- 
notM  KilidiGcation. 

This  nine  pheDomenon  is  the  cause  of  the  powerfiil  meebanioal  eHeOs  vhich  oarai 
Then  water  freezes  in  a  fonflned  span.  The  banting  of  water-pipes,  and  the  breaking 
ofJDgs  contaiiiiDe  water,  during  &DBty  wpsther,  are  among  the  most  &miliar  of  thesa 
tl^cti ;  and  to  these  ma;  be  added  tbe  splitting  of  rock*  bj  the  &e«ing  of  water  ia 
their  fiWnree  and  the  swelling  np  of  moist  groond  durina  &oHt. 

The  force  with  which  water  expands  when  cooled,  and  at  the  moment  of  heeotning 
ices  ia  atrikli^lj  illoitrated  in  the  ezperunenls  made  by  M^or  William*,  tit  Quebec; 
Having  filled  a  13-inch  iron  bomb-shell  with  water,  he  closed  the  hole  left  for  intro- 
dacing  the  fiuee  by  driring  Snnly  in  an  iron  plug  weighing  nearly  Slbs.,  and  exposed 
it  in  thii  state  to  tha  frost  After  loma  time,  the  iron  plug  waa  tbreed  oat  with 
a  loud  eiploeion  and  thrown  to  a  distance  of  416  feet,  and  a  cylinder  of  ice^  8 
inches  long,  issued  (toia  the  opening.  In  another  experiment,  the  shell  burst  b^ira 
Uie  plug  was  driven  not,  and  in  this  case  a  aheet  of  ice  spnad  oat  all  round  by  the 
cnck.  If  we  take  into  consideration  the  experiments  of  W.  Thomson  and  Mouason 
«lmu!y  reeocded  (p.  7S),  it  seems  probable  that  some  of  the  water  must  have  r»- 
miiined  liquid  in  these  experiments,  up  to  the  moment  when  the  nsistance  w«s  orsr- 
eome ;  that  it  then  iaaned  from  the  shell  in  the  liquid  state,  bat  at  a  temperature  below 
0°,  and  therefore  instantly  began  to  solidify  when  tha  prasann  was  removed,  and  so 
retained  the  shape  of  the  oriflee  wbeace  it  issued. 

Bismoth,  east  iron  and  antimony  expand  like  water  on  becoming  solid, 
Soluiien  o/  Seltd  Saditt  in  Water, — Veiy  many  solid  sabstances'are  capable 
<tf  dissolving  in  water,  and  thns  forming  with  it  a  nniibnn  mixed  liquid.  As  a  general 
nle,  the  aolVent  power  of  water  increases  with  its  temperatnie,  bat  this  is  not  oni- 
vorsally  the  csae ;  for  eumpli^  chloride  of  sodium  has  vetj  nearly  the  same  solubility 
in  cold  water  that  it  has  in  boiling  wal«r  ;  lime-water  aotorated  at  0°,  contains  nearly 
twice  as  much  lime  as  can  be  dissolved  by  tha  same  qoantity  of  water  at  100°.  Sever^ 
other  coldnm-compannd*  exhibit  similsr  properties ;  thus  tne  iul{JiAte  is  more  soluble 
in  cold  thui  in  boiting  water,  and  becomes  quite  insoluble  in  water  between  HO"  and 
lfiO°(Const£,  Ann.desMiQes,[5]v.  143).  Snlpbaleof  sodium  ismoresalublain water 
at  38°  than  at  other  temperature^  higher  or  lower,  and  has  ahoat  the  same  solubility 
at  0°  that  it  baa  at  100°.  From  the  experiments  of  Sallivan  (Bep.  Brit.  Association, 
I BG9.  p.  292)  it  appears  that  the  solubility  of  ver^  many  salts  attains  a  maximum  at 
soma  particular  temperature,  above  which  it  dinuDishes.  Hence,  perhaps,  the  reaaoti 
why  the  aolnbilitrr  t^  moat  Solids  is  commonly  supposed  to  increase  continnoualy  •• 
the  temperature  rues,  is  that  it  has  hetai  determined  only  at  tsmpsrUnraa  below  100°, 
and  that  the  points  of  maximum  solubili^  tot  most  snbstuieas  lie  higher.  If  this  be 
so,  the  solnbihly  of  sulphate  of  sodium,— and  of  the  few  other  Mlti  (»«Luiate  of  sodium, 
sulphate  of  iron)  in  wbieh  similar  properties  have  been  observed, — is  only  in  to  £tt 
■nomaions,  that  its  temperature  of  maxiiBunl  solnbility  is  lower  than  that  of  most  other 
substanccB.  Water  which  ia  saturated  at  a  given  ten^ierature  with  one  substance  can 
nanally  dissolve  an  additional  quanti^  of  another. 

The  lii^ae&ction  of  solid  bodies  by  solution  in  liquids,  obe^  esaantially  the  same  laws 
as  their  liquefaction  by  the  direct  application  of  heat.  It  u  bcilitated  or  retaidnd  in 
the  tame  way  by  great  variationB  of  pressure,  and  is  attended  by  the  absorption  of  a 
certain  quantity  of  heat,  which  is  evolved  again  whan  tbs  dissolved  substance  separates 
from  solution  tn  the  solid  form;  usually  dao  the  volume  of  the  solution  diffen  from 
the  combined  volumes  of  solid  subttance  and  water  at  the  same  temperatnre ;  and, 
lastly,  solntions  present  the  phenomenoD  of  supenatoration,  analogous  to  that  of  tho 
delened  solidification  of  liquM*. 

Aa  might  be  expected  from  llie  analogy  with  the  liqua&etian  of  solid  bodies  in 
general,  increased  pressnie  fiivouis  solnUon  in  eases  wherc^  as  ia  usual,  tha  volume  of  the 
water  and  diaaolved  substance  is  leas  after  solution  than  the  volume  of  the  water  aod 
Bubstiuice  when  aepatate ;  and  diminishes  the  solulnlity  of  cnbctances  whose  volume 
when  dissolved  is  greater  than  their  volume  in  the  solid  state,  together  with  that  of  the 
water.  (Comp.  Sorb;,  Froc  Boy.  Soe.  xii.  638,  also,  Uollar,  JahrMber.  1M2, 
pp.  U-13.) 

The  absoiption  of  heat  which  occurs  daring  solution  is  taken  advantage  of  by  tha 
diemist  t^  the  artificial  production  of  low  tempeniturea.  The  table  on  the  next  page 
girea  a  teiw  of  the  most  frequently  nsefbl  freezing  miitnrcH,  with  the  reduction  of 
temperature  which  can  be  producad  by  means  of  each.  In  order  to  obtain  the  onatest 
poBOblft  effect  by  the  nae  of  any  of  theae  mixtures,  it  is  necessary  to  use  a  consideiable 
qaantity  of  the  materials  (S  or  3  pounds  at  least);  otharwiee  the  whole  hetl  required  fbc 
t^  liqoej^ion  ia  famished  by  the  containing  vessel,  and  the  whole  of  the  mixture 


L)glc 


TiecomM  liqnid  before  itH  tpmpnntnre  has  ^xfn  mncli  rednced.  It  is  also  of  importanM 
that  thii  matariali  should  be  miiad  ai  intimatel;  an  poseibl?.  Other  more  powerful 
betang  mixton^  depending  on  the  emplojinent  of  coodeosHl  puna,  will  be  described 
hemaSlex. 

TaiU  of  Frerang  Mixfum. 
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XS^^l 

?s:"^x^ 

»WHtCT        .             .             . 

i  Nitrate  of  ammoninm 

1   -■•' 

26= 

(Water     . 

IS 

1  Nitrate  of  potawrinm 

-120 

a2« 

(Water     . 

-m 

29" 

(CarboDiite  of  sndtnm 

(Soow.orpoandedioe 

20» 

(Chloride  of  sodinm  . 

Snow,  or  pounded  ice 

iS° 

1  Crjatallaed  chloride  of  caldum         . 

CiTBUUised  sqlphate  of  sodium 

30° 

Fiom  a  table  alrea^  given  (p.  60^  it  will  be  Been  that  « 


Bubstances  in  aolntion  hwtn  at  »  lower  tempeiatore  than  pnre  water,  and  Uiat  l__ 
depreaBion  of  tbe  freezing  point  incTeawa  witb  the  qnantity  of  lubetaace  in  solution. 
This  lotUr  point  is  prored  still  more  dietint^lj  b;  the  more  recent  experiments  of 
Budorff  (FhiL  Hag.  \i\  nii.  S62),  from  which  it  appran  that  the  depression  iaTei7 
nfarlj  in  eiact  proportion  to  the  quantity  of  ealt  diaeolved.  The  ice  which  forms  ftom 
■  dilute  solution  of  a  salt  yields  nearly  pnre  water  when  melted. 

When  a  saturslfd  solution  ia  cooled,  the  excess  of  diMoIved  Bobstance,  beyond  tliat 
which  saturates  the  liquid  at  the  bwer  temperature,  geoemlly  separates  out  in  the 
cryatalliiie  form ;  sometimcB,  however,  eapeciijly  if  the  solution  is  cooled  slowly  and  is 
kept  at  perfect  rest,  a  condition  of  mistable  equilibrium  ma^  arise,  like  that  of  liquids 
cooled  below  their  oidjoary  freezing  points  without  solidifying  in  which  a  greater 
quantity  at  substance  is  retained  in  solution  than  the  liquid  would  be  capable  of 
dissolTuig  if  it  were  put  in  contact  with  it  in  the  solid  form.  In  this  state,  solutions 
are  said  to  be  supersaturated;  and  the  same  canaea  are  in  general  sufficient  to 
cause  the  separation  of  the  excess  of  dissolved  aubstAuce,  as  cause  tJie  aolidification  of 
overMJOoled  liquida. 

If  an  aqneoni  solntlon  of  a  salt  is  btuled  in  a  flask  of  which  the  neck  is  drawn  ont  to 
a  fine  poml,  and  if  the  point  is  then  hermeticslly  sealed  when  all  the  air  has  been 
expelled,  the  solution  very  frequently  remains  sopersHtnrated  when  cold ;  but  on 
breaking  the  point,  so  as  to  readmit  the  air,  even  if  this  is  done  withont  shaking  the 
aolnttOD  in  the  least,  or  allowing  the  smallest  fragment  of  glass  to  lall.into  it,  crystalli- 
sation in  most  cases  begins.  Xf|  however,  the  air  that  enters  the  flask  has  been 
previously  passed  thioogh  a  rod-hot  tube,  or  even  if  it  bas  been  merely  filtered  through 
H  coluDm  of  cotton  wool,  ctyatallisation  does  not  take  place  (comp.  Loewel,  Jahreabei. 
18[>2,p.3S9;  Schroder,  Ann.  Ch.  Pharm.  cii.  46;  also  partjcularly  Qmelin's  ^and- 
book,  I.  9-U).  The  most  probable  explanation  of  tbi9  diScrence  is  that  the  solid 
particles  of  soluble  matter  contained  in  the  onheated  or  nnflltered  air,  disturb  the 
molecular  equilibrium  of  the  solution  by  dissolving  in  it,  and  so  cause  crystallisation 
to  bej[in.  'Riis  explanation  ia  confirmed  bv  the  &ct  that  a  supersaturated  solation 
frequently  does  not  dystalUse  if  stirred  with  a  glass  rod  or  platinum  wire  which  has 
been  recently  heated  \o  redness,  but  crystallises  instantly  if  touched  with  a  tod  that 
baa  lain  long  exposed  to  the  air. 

By  cooling  anpersaturated  solutions  below  0°,  they  may  be  brought  into  snch  a  con- 
dition,  that  either  ice  or  the  dissolved  aalt  will  eiyatamsp  out  according  to  ^nicumstances. 
Thus  Rudorff  fonnd  (foe.  cit.  and  Pogg.  Ann.  cxvi.  66)  that  a  small  fiiigroent  of  ice, 
thrown  into  a  strongly  cooled  solution  of  platinocyunide  of  magnesilun  Or  sulphate  of 
sodium,  caused  a  ciystaUiaation  of  ice,  the  whole  of  the  salt  remsining  dissolved,  until 
a  verf  Large  proportion  of  the  water  had  been  transformed  into  ice ;  while  •  fragment 
of  the  solid  salt  thrown  in  caused  the  salt  to  crystallise^  but  no  ice.  The  cna^ls  of 
ice  and  of  the  salts  used  in  the«e  experiments  were  easily  distingniehabts  by  Iheir 
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diSeieiit  eolann  uid  Bpnnflc  gnTitiea.    ThoM  nsollB  we  quite  (jitJugpnii  to  tlis  einml- 
bmeoiu  aapanta  cxjntaUiaitioi!  of  two  or  more  sdta  contaiimd  ia  the  same  eolutioa. 

VAporlMtlon  aaO  OondenaMian. — Whan  a  qnuitity  of  T&ter  or  alcohol  u  left 
exposed  to  the  ur,  it  ^TBdanll;  dinappRais,  oviag  to  itj  tmufbrmatioa  into  a  tnnqannt, 
invisible  vapour,  which  diB\i««  into  the  atmo^hare.  Thie  formatian  of  Tapoiir  at  the 
free  Bor&ce  of  a  liquid  conedtatea  evaporation.  It  takea  place  mote  or  leea  rapidl; 
vith  all  liqoida,  except  eome  of  (Lose  which  an  eaoilj  decompoaeil  bj  heat  when  their 
temperature  is  tnfficientlj  high.  Some  liquids,  inch  as  wattf ,  evaporate  at  all  tempa- 
ratoree,  bnt  this  is  not  the  caie  with  all:  fbr  instance,  mercoiy  givea  off  no  lenaible 
qnan^ty  of  vaponr  at  ^  10°,  and  two  baaiDs  may  be  placed  near  each  other,  under  an 
ezhaOBted  reoeivQr,  at  the  ordinary  tentpeimtare,  one  contaiaing  oil  of  vitriol  and  the 
other  a  aolntion  of  cUoride  of  barinm,  without  the  nnallest  precipitate  being  formed  in 
the  latter.  Some  solid  bodiea,  t.g.  ice,  iodinr,  camphor,  give  off  Taponi  wilhoat 
reviouslj  p^issing  into  the  liquid  state ;  and  it  is  proved  by  Reenault'i  eipenmenta 


u  both  stal«a  of  oggcpgation,  THpoors  ol 
Fig.  bKfy. 


r 


Tmtiott  of  Vapoart. — The  qnanti^  of  aoy  given  liqnid  which  can  ev^Mnte  in 
in  enclosed  spaca,  either  previonsly  vacnooi  or  already  containing  a  gaa  oi  vaponj,  is 
limited,  and  depends  on  the  natiii«  ot  the  liquid,  on  the  tempentore,  and  on  the 
eatent  of  tli«  encloeed  space.  When  the  liquid  is  in  emeaa,  that  ia,  when  some  of  it 
lemains  after  the  tbrmatioD  of  the  Lugeat  quantity  of  npcmi  that  ii  poidbU  nndv 
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the  dnramHtsnecB,  evaporatioi]  ceaies  when  the  rapour  exerU  ft  Mrtain  preasnm  upon 
tho  Hides  of  the  contaimug  veaseL  The  l&ws  of  eTsporation  are,  therefore,  moat  euUj 
airiTed  at  bj  stadying,  in  tiie  Bret  inatsnce,  the  pheDODUoa  of  the  formotioD  of  Tapoor 
in  n  TBCanm,  in  which  cue  the  pcemtre  exerted  bj  the  Tapoor  ilaelf  il  the  onlj  one  to 
vhich  the  aides  of  the  ytMfl  are  exposed. 

If  a  gUss  tube,  cloaed  at  one  end,  aboat  a  yard  long  and  three-qnartara  of  an  inch 
wide,  is  filled  with  nian;ai7  and  inveTted  ia  a  baain  of  (hat  liquid,  as  shown  in  j!^.  639, 
a  TacnouB  apace,  about  eis  inches  in  length,  is  (brmed  at  the  top  of  the  tube.  On 
now  passing  np  a  drop  or  two  of  ether  or  alcohol  into  this  apace,  the  liquid  will  imme- 
diat«Ij  emporate,  so  that  the  surfiMe  of  the  mercni;  and  of  the  tube  will  remain  drj, 
bnt  the  mercurj  column  will  be  depreB9«d  bj  the  elastic  force  of  the  TBpour  which  has 
been  formed.  The  amount  of  this  elastic  force,  or  of  the  pressure  which  the  vt^nc 
eierts  npon  the  sides  of  the  tabe  and  upon  the  lop  of  the  colnmn  of  mercury,  is  bti- 
dentlj  meBanred  by  the  diSerence  between  the  height  of  this  colnmn  and  that  of  the 
barometer  at  the  time  of  the  experiment.  On  transferring  the  tube  in  this  condition 
to  a  mercury-trough  provided  with  a  dpop  cylindrical  well  {^.  610),  and  depressing 
it  slightly,  the  space  occupied  by  the  vaponr  above  the  mercoiy  will  be  diminished  i 
the  tension  of  the  Taponr  will  therefore  iooreaae,  and  the  maccury  colnmn  AC  will  be 
still  fiirtber  depressed.  But  on  continuing  to  diminish  in  this  way  the  Tolume  of  tlie 
vapour,  a  point  will  soon  be  reached  at  which  part  of  it  returns  to  the  liquid  state  aod 
ooadeDsefl  as  a  dew  npon  the  inside  of  the  tube  and  on  the  mercury ;  and  if  the  height 
of  the  colnmn  A  C  be  measured,  as  soon  as  the  first  trace  of  condensed  liquid  become* 
visibly  it  will  bs  fbood  to  remain  the  same  until  the  tube  boa  been  depressed  so  &< 
that  the  whole  of  the  Tapour  has  been  converted  into  liquid, 
Fig-  S41'  and  the  tube  becomes  mled  with  mercury,  mnnounted  by  a 

drop  of  liquid  ether  or  alcohol.     The  progrves  of  the  experi- 
ment ia  this  stage  wil!  be  eaaUy  nnderstood  <him  fia.  641, 
where  C  D  repreBCnta  the  tube  when  the  Liquid  Unit  begina 
to  appear  in  the  space  above  the  mercuiy,  and  A  B  the  level 
of  the  manmry  in  the  tube  above  that  in  the  tiouf^    As 
Ok  tube  is  depressed  suocesaiTsly  to  the  pobitiuna  C,  D,.  and 
C,  D|.  more  and  more  of  the  vapour  is  liqnefied,  bat  the  re- 
maining portion  nerls  neither  more  nor  Ipse  pressure  than 
the  quaality  which  existed  in  the  tube  at  the  instant  when 
liqnHhctiou  flnt  began  to  take  place;  and  hence  the  sur- 
fsice  of  the  mercury  remains  immovably  at  the  level  AR 
Again,  if  the  tube  is  raised  up  out  of  the  menmry,  the  top  of 
the  mercury  column  will  still  remain  at  the  level  AB,  until 
the  whole  of  the  liquid  has  a^iain  evapi^ted  into  the  space 
?  above  it,  but  from  this  point  it  will  bpgin  to  rise  higher  and 
higher  aa  the  tube  is  still  Airther  raised;  if,  however,  when 
the  tube  has  attained  its  highest  position  (so  that  the  <Kien 
end  ia  only  just  covered  by  the  mercury  in  the  trough),  an  additional  quantity  of  etier 
or  alcohol  is  passed  np  into  it,  the  column  of  mercmy  will  sink ;  and  it  the  quantitr  of 
liquid  passed  up  is  more  than  can  evaporate  in  the  portion  of  the  tuba  unoccupied  by 
the  mercury,  the  snt&ce  of  the  Utter  will  sink  again  to  the  level  AB  (Jig.  Sll^ 

These  eiperimentji  prove  that  when  a  vapour  ia  compressed,  its  temperature  remain- 
ing always  the  same,  its  elastic  force  increases  op  to  a  certain  limit  which  it  cannot 
exceed,  the  effect  of  any  farther  compression  being  to  change  it  to  a  liquid  \  and  that 
when  a  vapour  is  in  contact  with  any  portion  of  the  corresponding  liquid,  in  a  space 
otherwise  vacuous,  its  elastic  force  always  attains  this  limit,  whatever  may  be  tha 
relative  volumes  of  vapour  and  liquid.  In  this  condition,  a  vapour  ia  aaid  to  be  aatn- 

Haxinutn  Tentum, — The  maximum  tension  which  the  vapour  of  any  liquid  Cftn  exert 
depends  upon  the  nature  of  the  liquid,  and  upon  its  temperature. 

If  we  pass  up  into  the  flrrt  of  three  barometric  tabes,  like  that  repr«wint«d  in 
Jig.  539.  a  small  qnaiti^  of  ether,  into  the  second  some  alcohol,  and  into  the  third 
some  water,  taking  a  larger  quantity  of  each  liquid  than  can  evaporate  completely 
within  the  tube,  the  mercarf  column  will  be  depressed  to  a  different  level  in  each, 
supposing  all  three  to  have  the  some  temperature.  If;  for  instance,  the  temperatore  i* 
lO"  C,  tbe  mercuiy  will  be  depressed  abont  Hi  inch^  in  the  first  tub*,  nearly  1  inch 
in  the  second  tube,  and  a  little  more  than  J  inii  in  the  third. 

If  the  three  Inbea  are  now  gradually  heated,  by  surrounding  them  with  warm  water  or 
••lierwiBe,morevBpourwillbeformedfrom the liquidcontainodineaehof  them;  tieelastic 
force  or  tension  of  aach  vapour  will  accordingly  increase,  and  the  mercury  will  descend 
lower  and  lowar  in  the  tubes  as  the  temperature  riaee.  At  about  36°,  the  tension  of 
the  eth«T-T»pour  will  have  become  equal  to  that  of  the  atmosphere,  and  lienee  at  this 
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toatwtnw,  thamemrfin  the  tuba  ccmtainiDg  it  will  lum  been  diircn  dovnWMto 
be  at  Um  Nune  lenl  w  tbat  in  tha  revanmi ;  ftt  >boat  786°  the nnw  wiU  be  the  cue 
vith  the  mercaij  in  the  ■loohol-tnbe  i  and  at  about  l6o° -with  that  contained  in  the 
w&ter-tnbe. 

When  a  latnrated  T^tonr  ii  cooled,  the  pM—nie  span  it  nmaining  lulaltand,  com- 
plete liqae&ction  takea  places  joat  u  it  doea  when  the  prcwnrc  a  increwwd  and  the 
tempeAtaie  lemsiu  the  lama,  Tha  condition  of  aattmtion,  or  m^Tininin  lenaion,  ia 
thenfore  a  limiting  condition,  beyond  vhich  a  Tsponi  can  neither  be  compreaaed  not 
coaled  withont  Ktoming  to  tha  itata  of  liqaid. 

On  the  other  hand,  when  a  Htantad  Taponr  not  in  OOntaet  vith  an  ez«eaa  of 
liquid  ia  heated,  it  coma  to  be  aatonted  (nnieaa  the  preaanie  apon  b  ia  inoteaaed  at 
the  aaoe  liine  to  a  oaiTat|iODding  extent).  Henee,nena  ftutfaerqiuuiti^  of  liquid  ia 
bioaght  m  contact  with  a  T^onr  which  haa  beca  tiioi  heated,  mora  npoor  ia  formed  ia 
the  aame  ^ace,  until  aaCorabon  ia  again  ptodaead,  and  the  tenaion  incnaaaaat  the  aane 
lime  dU  it  leaehca  the  maximun  teoaion  cocnnranding  tothe  hi^ier  lemMcatan. 

Oitlaiction  betieein  Vapour*  wU  Oiut*. — It  boa  berai  aliaady  atated,  that  when  the 
apace  into  which  a  liquid  can  er^aaiBta  ia  iacceaaed  nntil  the  wWa  qnanttlj  of  liqnid 
boa  become  Taponr,  the  lenaioD  of  the  Tapooi  dimintahea  with  aiqi  flmh«  ineieaae 
«f  volnme ;  and  that  when  a  T^onr,  not  in  eontaet  with  the  liquid  bna  whidl  it  ia 
Gnnied,  ii  compreaaed,  ita  tension  aagmenta  nntil  liqnefaction  be^na.  In  pnpoition 
ae  a  vapour  nnder  tluoe  conditiona  ia  expanded,  ita  tenaion  bcconua  dmim  and  men 
Marij  inTeiaelj  [BopaHianal  to  tha  ralnme  which  it  ocmpiea ;  that  i^  ita  propcftiei 
appioadi  m«re  and  more  nearly  to  those  of  a  perfect  gas.  Sii^lariy,  when  a  lataratad 
VHponr,  not  in  contact  with  an  exnaa  of  liquid,  is  heated,  ita  el>ati«  force  iniarfaaas, 
and  it  expand*  if  the  presBare  upon  it  ia  not  pioportionably  angmented ;  aad  aa  tha 
tempenton  rilea,  tha  relation  between  the  taiuion  oi  elaatu  fbroe,  p,  of  the  Taponr, 
ita  ToMme,  %  aad  ita  bm^cratnie,  t,  oomea  to  be  more  a«d  maia  naarlj  oipmaaad  hj 
the  eqnataon 

po  -  J(«  +  0: 
which,  at  we  haTe  iliMdy  seen  (p.  1$).  expresses  the  relation  between  theaa  three 
qoantities  in  the  case  of  a  perfect  gaa  (see  alsa  n.  fiO). 

Henee  the  pbTsieal  properties  of  nponre,  when  sntteientlj  e^ianded,  and  at  anffi- 
riently  high  temperatum,  are  identical  with  those  of  the  permanent  paea. 

Prom  this  it  ia  natoial  to  oonclnde,  conTenelj,  that  the  eo-called  parmanent  gaaea 
themeeliee  an  onlr  Taponra  which,  at  ordinaiy  pressures  and  tnmpemtorea,  are  Teiy 
Ckr  remored  from  tlieii  paints  of  aeration,  and  that  bj  exposing  them  to  lower  tem- 
peratuKe  and  increasing  the  pressure,  a  point  might  be  reached  (or  each  of  them,  at  which 
thepniaaDTe  woald  be  equal  to  the  maximum  tension  iriticb  it  was  capable  of  exertjng  at 
the  tempenitare  of  the  experiment,  and  therefore,  that  an;  Airther  ainuaution  of  tem- 
perature or  jnoease  of  preaaure  would  canae  it  to  become  liquid.  Hue  conclusion  baa 
beeo  actuall;  Terifled  in  the  ease  of  man;  gaaa  formerlr  regarded  as  }>ennanent,  the 
onlr  rrnam  which  hnve  hitharto  reaiated  tdl  attempts  to  uqu^  them  being  hydrogen, 
ia  oxide,  carbonic  oxide  and  marsh-saa.  (The  methods  em- 
liqnefaetion  of  gaaea  will  be  further  coonderM  in  connection  with  the 
«d  for  obtaining  great  rednctiona  of  lempetatura.) 
/  FopouM  tn  pretence  of  Permanent  6airf.~-The  fiuniliar  fact  of  the 
Taporalion  of  water  in  the  opeo  air  efibrda  aofficient  proof  that  the  presence  of  a  pet- 
niinent  gas  in  anj  giTen  space  does  not  prBrent  TOlatile  liqaids  giving  dT  Taponr  into 
the  same  space.  By  measnring  the  Tolnme  and  elastic  force  of  a  given  quantity  of  dry 
air.  or  oUmt  ^u,  then  introducing  a  little  more  of  any  liquid  than  can  completely 
evaporate  in  it,  and  when  Mjuilili^am  has  been  re-established,  a^ain  measoring  the 
vdnme  and  daetic  force  of  the  mixture  of  gaa  and  vapour,  the  tension  of  th?  latter  can 
be  ascertained.  In  thia  way  it  haa  been  found  that,  when  the  liqnid  eierte  no  eolrent 
ordiemieal  action  upon  the  gaa,  the  combined  tenaion  of  gaa  and  vapour  ianearlj  equal  to 
tha  Bq>ant«  tanaion  of  the  gaa,  inereaaed  by  tha  maximom  tension  which  the  vapour 
is  c^iable  c^axeiCing  in  an  otherwiae  vacnonB  spam  at  the  temperature  of  tha  experi- 
ment. In  oth«  waida,  the  vapanr  given  off  by  a  liquid  at  any  lemperatnte  has  nearly 
the  same  maximnm  tension,  whether  it  is  formed  in  a  apace  previoDSlyvacaona  or  Slled 
with  a  permanent  gaa.  The  only  eeeential  difference  between  tha  eraporlldon  of  a 
liquid  in  a  vscunm,  end  its  evaporation  in  a  gax,  is  that,  in  the  former  case,  the  Taponr 
attains  the  condition  of  saturation  in  an  inappreciably  short  time,  while  in  the  latter, 
thia  eondition  ia  arrived  at  more  bIdwIt.  Bf^anlt's  eiperimenla  (Hte.  Acad. 
Bdenees,  xzvi.)  prove,  however,  that  liquids  do  not  give  off  vapour  of  qnita  so  great  a 
tension  in  a  qtaee  occupied  by  a  permanent  gas,  as  they  do  in  a  vacuum,  and  that  the 
dintrNiee  increases  as  Uie  temperatote  rises. 

BoiHuff  i^tnte.— £B)iUt(»M.— From  the  facta  stated  in  tha  laat  paragraph,  it  fbUowa 
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»  at  vUch  the  TwoDi  of  &  liquid  iatiodQMd  isb>  tlie  buomatrie 
d  eieit  nffldent  eUnic  force  to  iiive  tbs  merciuy  doim  to  Ilia  bottom  of 
the  tube,  an  m>  to  maka  it  itaiid  at  tha  nine  leral  innde  and  outside,  ia  also  the  tun- 
peratoTB  at  which  the  Tapoor  formed  on  heatiiig  tha  liquid  in  the  air  voold  exert  an 
elastic  force  equal  to  tile  etmoapberie  preasiire.  Aa  aliwdy  <t*t«d,  the  Bnt  of  theaa 
elKicta  ia  prodnced  by  ethra-Tapoar  U,  35°,  bj  aloobol  at  786°,  and  by  vater  at  100°; 
thete  temperaturea,  howeTsi,  aie  those  at  which  the  liquids  reapecdTely  boil  when  heated 
in  the  open  air,  the  barometer  being  at  ita  average  height.  The  boiling  point  of  « 
liquid  is,  therefore,  the  temperature  at  which  the  tenaLou  of  its  Tapoor  becomes  equal  la 
the  fttmospberic  prenaiira.  Thia  temperature  ia  eridentl;  not  absolntelj  constant  fiir  each 
liquid,  bat  TSriee  more  or  lees  with  aJteistiona  of  the  preseare  of  the  aCmospbeni.  A 
liquid  at  its  boiling  point  ia  in  a  limiting  condition,  comparable  to  th&t  of  a  satiiratAd 
vapour ;  an j  diminution  of  pmwure  or  incresse  of  tcjnperatuTe  eqoallj  caoaes  it  to 
pass  from  the  liquid  to  the  vaporous  stste.  The  two  conditioiu  are  in  &et  oonter^ 
minoos ;  and  the  temperature  at  which  a  liquid  produces  vapour  of  anj  given  maxi- 
mnm  tenuon,  is  also  the  temperature  at  which  the  liquid  vould  l>ail  under  an  mtmo- 
Rpberic  preunre  equal  to  that  tenaion.  Hence  the  observation  of  the  pRsnim  nndrr 
'  '  '   K  liquid  boili  at  Tarioue  lempervtnnw  mnstitutea  a  method  of  detennining  tha 


The  phenomeDon  of  ebuUitioD,  which  presents  it 
lower  part  of  a  mosa  of  liquid,  already  at  inch  a  temperature  that  the  tension  of  ita 
Taponr  is  equal  to  the  preasore  <J  the  atmosphere^  results  from  tha  transfbrmalion  at 
the  liquid  into  vapour  at  the  points  where  (he  beat  is  applied,  ud  the  Meapa  of  thii 
vapour  in  Ihe  form  of  bubbles  through  tbe  anperincnmbent  liquid. 

The  tempetBtDies  at  which  difierent  liquids  boil,  nnder  the  ordiaaiT  stmo- 
spheric  pressure,  nij  very  greatly.  They  will  he  found  given  fOT  each  Uquid  in  tha 
article  irf'  this  dictioniiry  wherein  it  ia  specially  described ;  in  the  following  table  a  few 
boiling  poiots  are  given  iu  order  to  illusbate  the  i&oge  of  temperature  throng  which 

7\:ile  of  Boiling  Rmtt, 


LlqoW. 

BolJlDt  Polal. 

AmboHtr- 

NitMuaoiide     .        . 

-e7-9» 

7fiB 

K<«n.uU 

Carbonic  anhydride    . 

-78-3 

787-3 

-83-7 

749-8 

Bu^ 

Sulphurous  anhydride 
Chloride  of  ethyl 

-lo-a 

744 

+  110 

768 

Pi^ 

Oxide  of  ethylene 

13-5 

748-S 

Wnra 

Aldehyde  . 

lB-8     - 

73* 

Kopp 

Ether 

34  3 

742 

Sulphide  of  carbon      . 

4T-9 

765-8 

Pim« 

Melhylic  alcohol 

ei-o 

764 

Delia 

Bromine    . 

03-0 

780 

Pierre 

Alcohol     . 

7B-4 

780 

BenaenB     , 

80-4 

762 

'Kopp 

■Water 

1000 

760 

Acetic  add 

118-9 

750 

I^phthalene 

m-5 
3ia-s 

744 
7478 

■• 

OaofTiWol 

390 

PdiUier 

8M 

Mercury    . 

IM 

B^pianlt 

Sdphnr     . 

440 

IDomaa ;  Derille 

')     andTniot 

Cadmium  . 

880 

Derille  and  Tn»at 

Zine.        . 

1040 

DtttmbtaHon  of  BvQitig  Pobat. — The  boiling  points  of  diffisentliqnids  being  amoiif 
thui  moat  ehancteriatic  poverties,  the  detomination  of  them  bscomn  a  tb^  frequeni 
It  opemtioo  in  chemical  research.    The  method  recommoided  by  Eo[^  il 


1,  need  not  mndi  exceed  that  of  the  bulb  of  tiie  tbennometer.  This  tsmu  ia 
closed  by  a  eork,  tltrongh  the  centre  of  whioh  the  thermometer  is  inserted,  in  such  a 
way  that  it  can  be  raised  or  lowered,  so  that  the  bulb  may  dip  either  into  the  liquid  or 
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mpotir.  It  is  generally  adriuble  to  giTS  the  therniometra'  tha  Utter 
R  Till  be  Been  b;  -miat  follows,  the  tempovtuTe  of  the  liqnid  mu^, 
aeei   which   not  unAvqaentl;  oceor,  rise  Bomewhu  above  the  true 

boililie  punt ;  bat  eren  when  this  ii  the  case,  &  thcmioiiittfr  in  the  Tmpour  will  nhow 

tbeiadboiliiig  pcniit  of  the  liquid:  imdernearlj  all drcnmBtaiicca,  the  thermonicter will 

■tuid  knnt  in  the  vapout  than  it  does  in  the  liqnid,  if  this  is  a  mixture  of  two  or  more 

t^widi  c^  diflimnt  boiling  point*  inatead  of  a  pnre,  bomo- 

fjBDMiiu  labataiice.      Thioo^  a  second  hole  in  the  cork  is  Fig.  542. 

uacrtcd  a  daae  tnbe,  open  at  both  ends,  and  bent  at  a  right 

angle,  M  mown  in  ^.  643 ;  br  oonnedjng  thia  tnbe  with  a 

miiiliiisir,  tha  losa  or  the  liqnid  naed  for  the  exporiment  can 

be  ncTCDted-      The  lipoid  ia  heat«d  Mther  bj  applpng  a 

BDiidl  flame  to  the  outside  of  the  Tcssel,  or  by  means  of  a 

wxta^bath  cr  sand-bath,  eare  being  taken  that  the  aides  of  the 

TCselaboTB  the  liquid  do  not  get  orer-heated.     The  indirotitHis 

of  the  thermometer  an  obaerved  during  the  whole  time  that 

the  liquid  is  beins  alow!;  boiled  awa;,  nntil  only  a  small  quan- 

titf  lemains.     "the  temperature  thus  observed  ia  not,  noW' 

CTB',  in  moat  eaaes,  the  ttiie  boiling  point  of  the  liqnid ;  ntnallj, 

part  of  tha  meient;  column  in  Uie  thermoiiieter  rises  above    ; 

the  cock,  and  it  thoafote  expoaed  to  a  lower  temperature  than   \ 

that  at  the  boiliDg  liquid ;  cmseqnentlj,  the  upper  extremitj 

of  the  eolimui  studs  at  a  lower  punt  u>an  it  would  do  if  the 

thennomem  were  com^etel;  inunuved  in  the  liquid.    In 

onder  to  find  the  eorrectioii  which  it  thus  becomea  neeeaaaiy 

to  apply,  a  second  thennometer  is  placed  so  tliot  its  bulb  is  in 

contact  with  the  stem  of  the  thermometer  inserted  into  tha 

corL  of  the  boiling  Tcaeel,  and  ia  hwlf  wij  brtireen  the  lop  of 

the  mejvury  eolunui  of  the  latter  thennometsr  and  the  middle 

of  the  cork.    The  temperature  indicated  by  this  second  thenaometcr  naj  be  taken 

as  the  mean  tempcratiu«  of  Qiat  portion  of  the  mereuij  colamn  of  the  toineipal  Uter- 
is not  hwted  by  the  vapour  of  Che  boiling  liquid.   L^  th*-  '-"•»—•»•» 


r 


.  _  lat  tha 

middle  of  tbe  cork,  that  is  to  say,  the  length,  ezpreaaed  in  degreea  of  the  scal^  of  that 
pMion  of  the  memrr  column  of  the  principal  thermometer  of  whidi  the  mean  tem- 
peiatane  ia  fi ;  laatly,  let  S  be  the  coefficient  of  a^nmint  ezpaomon  of  mercniy  in  the 
gUaa  of  whidi  the  thermometer  is  constructed,  ^he  aorrection  to  be  a[flied  to  the 
directly  otaamd  t«mpeiataie  T'  ia  then 

-  N{T~l)t. 
Aa  alna^  stated  (p.  57X  '  ■u'7  always  be  taken,  in  calculating  the  value  of  this 
enrtamon,  aa  —  0-OOOIMS. 

The  taUe  which  fbUows  on  p.  SSgivea  the  amouuta  of  the  correction  in  question  for 
nrioM  TslnM  of  S  and  of  T—  t.  I^e  amonnta  corresponding  to  other  values  rf  these 
beton  can  be  eaailf  deduced  by  inlerpoUtion  from  the  nnmbera  given  in  tha  table. 

This  table  snfllcientty  shows  that  the  correction  in  question  can  never  be  neglected  in 
Bcmrate  experiments,  and  that  in  the  case  of  liquids  of  high  boiling  points,  ita  value 
xmr  become  veiy  considerable.* 

ffince  the  bouing  punt  of  a  liqnid  depends  on  tlie  piessure  to  which  the  liqnid  is 
Bolgrctcd,  another  correction  becomes  necessary  in  order  to  redece  determinationa 
made  nndar  the  Taiyieg  preomre  of  the  atmosphere,  to  the  valnea  which  would  be 
fbimd  if  the  atmos[diers  exerted  always  ita  normal  preaanre,  eqnal  to  that  of  760 
Biilliiai^iis  of  mercnjy  at  0°.  Strictly  speaking,  the  correction  to  be  applied  to  the 
boiling  p«Bt  of  a  liquid  observed  under  an  atmospheric  pressure  differing  by  a  given 
•maoBt  from  the  above  ataodard  pmiarek  variee  with  the  nature  of  the  Iiijuid ;  aince 
equal  attentions  of  presaare  io  not  cause  precisely  eqnal  changes  in  the  boiling  ^inla 
of  diffirsnt  Uqnids.  NeTprthcleaa,  the  greatest  Tsristiona  which  ever  occur  in  the 
pHssme  of  the  atmosphere  are  relatively  so  small,  that  they  may,  withont  any  appre- 
ciable siDT,  be  rrgarded  as  affecting  the  boLling  points  of  all  kquids  equally:  to  the 
ettent,  nams^,  of  0-1°  for  a  vsriation  of  pressure  of  S*7  millimetres  of  mercur^r,  this 
nnniber  bnng  deduced  from  direct  determinations  of  the  boiUlig  point  of  water  under 
dificrmt  pMasures. 

In  irtlat  follows,  whenever  the  boiling  point  of  a  liquid  is  spoken  of  without  further 
(^lanation,  it  is  to  be  understood  to  mean  the  boiling  point  under  a  pressure  equal  to 
that  of  TIN)  millimetzesof  mareaiyat  0°, 

•  II  h  onrloiu  ttuU  ■  pKdnlr  diallar  Hrrmlaa  sugbl  to  be  a^lM  to  all  Ihen 

■■■UeliKiTportknsdIwRiMCarTkattaaiMBK -— .- .-^ -...-— 
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Gretmtrtaneet  Itttat  nedify  tit  Soiling  Point. — Although,  wben  »  liquid  is  hntpd 
in  anch  k  mBnner  that  vapDU  an  e*caps  fre«1;  from  borib  put  of  \u  miUte,  llie 
npour  M  formed  hu  ■  tenmon  rqiul  to  the  preasnre  upon  the  &ee  aurface  of  the  liquid 
U  soon  U  the  teapentare  of  the  latter  reiich<«  the  boiling  point,  tbia  tempml.uia 
ma;  of^ertheicea  be  attuned,  and  eren  coDBidcnblf  einvded,  withont  the  fonntitioD 
of  a  trace  of  vipaor,  if  no  portion  of  the  surface  of  the  liquid  ia  &ee]y  exposed.  These 
eonditiona  can  be  reahaed  by  Bospendio^  the  liquid  to  Iw  examined  in  a  aecond  liquid 
of  eqiud  apeciflc  gravity,  but  higher  boiling  poioC. 

The  phenomena  whioh  cake  ^uce  uniler  these  circnmataiieea  hsTS  been  partieulariy 
■tudied  bj  Dufour  (Ann.  Ch.  PhjrB.  [3]  Ixriii  378).  Id  order  to  examine  them  in 
the  eaae  of  water,  he  emplojed  a  miiture  in  the  reqaiaite  pniportions  of  oil  of  cloTea 
(pievioualy  heated  alone  to  about  2(H}°)  and  linseed  oil.  The  water,  alrrai^  healed 
to  80°  or  S0°,  waa  dropped  gently  into  the  mixture  of  oila,  ao  aa  not  to  dialnib  the 
film  which  coated  the  bottom  of  the  Tenel,  and  the  temperatsre  of  the  bath  was 
gradnally  raispd.  Under  theae  cinumetaneea  the  ordinary  boiling  point  of  water,  100°, 
waa  passed  without  the  occurrence  of  any  perceptible  change,  and  traeea  of  ebullition 
scarcely  began  to  show  thenualiea  below  110°  or  116°.  Even  at  these  temperatures, 
ebuIlitiOD  seldom  b^an  except  when  [be  globulei  of  water  came  in  contact  with  tha 
■ides  of  the  vesael  or  with  the  thermometer.  A  burst  of  vapour  then  occurred,  and  the 
globule,  more  or  less  dimintahed  in  size,  waa  driTen  rapidly  away,  like  a  pith  ball  after 
touching  an  electarified  condnclor.  These  Contacts  were  ofcourse  more  difficult  to  avoid 
in  the  caae  of  large  than  of  small  globules ;  hence  tlie  latter  remained  liquid,  as  a  rule, 
to  higher  temperatures  than  the  former. 

In  these  experiments,  it  waa  a  rate  exception  when  ehnllition  occntred  between  100° 
and  110°!  Te^  commonly  globules  of  10  nun.  in  diameter  reached  120°  or  130°,  and 
in  one  eipen'ment  the  last  temperature  waa  attained  by  a  globule  of  18  mm.  dia- 
meter, and  therefore  containing  more  than  3  c.&  of  water.  Spheres  of  10  or  12 
mm.  diameter  oflen  reached  140° ;  those  of  £  or  S  mm.  reached  165°;  and  others 
of  &Dm  1  to  3  mm.  attained  17£°  or  eren  178°,  temperatuisa  at  which  the  elastic  force 
of  the  TBpDor  which  forms  at  the  ftoelj  exposed  ERirfuw  of  watsr  ia  between  8  and  B 
atrDoqtheres. 

At  these  high  temperatures,  the  contact  of  a  aolid  body  Teiy  geaorslly  ocearioned 
the  sudden  partial  or  completB  TsparisalioD  of  the  globules,  accompanied  by  a  hissing 
sound  like  that  produced  on  immerang  red-hot  iron  in  water.  This  iuTariablj 
occurred  when  the  globules  were  touched  with  piects  of  wood  or  chalk,  shreds  of  cotton, 
paper,  &c.  bat  not  always  on  contact  with  a  glass  rod  or  metallic  wire,  the  difiereuca 
appearing  to  depend  on  tlie  porous  structure  of  the  former  sabstanccs.  A  platinum 
wire  appeared  to  lose,  to  some  extent,  by  frequent  usage,  the  power  of  causing  sudden 
Tacurisation. 

Juddoi  ebullition,  amounting  even  to  an  explosion,  if  the  temperature  was  above 


coit  through  a  globule.  A  ainular,  but  less  violent,  affect  waa  pradnced  by  the  psnags 
<rf' a  weak  galvanic  mmeiit  liiese  results  are  attributed  by  Snfonr  less  to  the  contact 
of  the  globules  witb  the  conducting  wires,  than  to  the  disengagement  of  gas  at  tha 
axtremitieB  of  the  latter. 

Saturated  aqueous  solutiona  of  various  salta — fbr  example,  chloride  of  sodium,  sulphate 
of  copper,  nitrate  of  potaaaium,  &c — alao  remained  liquid  at  tempeiatares  much  above 
fbiai  boiling  points,  when  immeraed  in  melted  atearic  scid  resting  on  a  layer  of  melted 
eolphur.  In  like  majmer,  globules  of  chloroform  (boiling  point  61°),  soapended  in  a 
solution  of  chloride  of  zinc,  oflen  remained  liquid  up  lo  97°  or  9S° ;  and  globolea  of 
lii^id  Bolphnroua  anhydride  (boiling  point  —  106°)  could  be  heated  in  dilated  sulphorio 
acid  aa  high  as  *  8°.  In  all  these  cases,  the  same  caiues  that  operated  in  the  case  of 
water,  sufficed  to  occasion  the  sudden  complete  or  partial  conversion  of  the  ovei^eated 
^bules  into  vapour. 

These  reaulta  throw  important  light  upon  the  nature  of  ebullition,  and  seem  to 
indicate  that  it  is  to  acme  extent  an  acridenlsl  phenamenon.  In  order  to  understand 
them,  we  must  remember  Ibst,  the  globules  being  surrounded  on  all  sides  by  liquid, 
evaporation  cannot  go  on  at  their  si^face  in  the  ordinary  way.  They  are,  however,  in 
a  state  of  tension,  or  unstable  equilibrium,  such  that  a  very  slight  cause  may  occasion 
the  BuddPE  formation  of  vapour  of  more  than  the  atmospheric  tensioB.  The  moat 
effectual  of  such  causes  would  obvionslj  be  the  contact  of  a  minute  globnle  of  air  or 
other  gas ;  thiBglobule,  however  small,  would  be  a  space  into  which  vapour  could  be 
given  off,  and  this  vapour,  having  an  elastic  force  greater  than  the  pressure  (that  of  the 
atmosphere  and  the  upper  layers  cf  the  liquid]  whereby  the  globule  vss  prevented  &om 
expandino;,  would  force  back  the  liquid  walla  of  (he  bubble  of  gaa,  suddenly  converting 
it  into  a  Mige  bubble  of  steam.  Hence  the  unfailing  efficacy,  in  causing  Cue  ebullition 
of  the  oveAeatedglohulesof  liquid,  of  the  passaged  an  electric  current  ot  tlie  contart 
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of  poronH  snbBtBiices,  nch  ivs  chalk,  wood,  paper,  tcv,,  irhieh  either  know  air  to  Mcape 
trout  their  pore*  when  immeiwd  in  the  heated  lianid,  or  can;  down  into  it  mull 
globules  of  uT  adhering  to  them.  These  globulea  allbrd  apace  ft^  the  eomnuTieement  at 
the  formatioii  of  Tspour,  and  this  proecaa  being  once  begun,  the  epaee  ia  iodeased  bj 
the  force  of  the  Tapoor  ahvad;  nrmed  wiUiiD  it  In  the  absence  of  ain-  such  apao^ 
the  liqnid  rioboJe  is  id  a  condition  somewhat  analagoiu  to  tlkat  of  a  drop  of  melted  glaaa 
irtiieh  haa  Men  aoddenl;  cooled  in  water  (Bnprrra  drops),  BDd  whidi  fktli  to  powdpr 
on  reeerring  tlte  emnllect  xoratch :  there  is  no  reaaoD  wbj  the  fbrmation  of  vapour 
■hontd  begin  at  one  point  of  the  maw  rather  than  at  another,  and  thni  the  whole  remaius 
in  a  Mate  of  molecnW  teneion  mitU  sometbingoocon  at  •omeputicalar  point  to  weaken 
the  eSM  of  the  forcvs  which  oppose  the  (bnoatioD  of  Taponr,  or  antil  the  tension 
increasea  (in  consequence  of  rise  of  temperatuie)  to  sueh  a  degree  that  theee  fbreee  are 
overcome  simiiltaneonfilj  throughout  the  whole  maea.  It  wiU  be  seen  fnitfaer  on  that 
these  eonsidentianB  einctlj  agree  with  the  ei{dsnation  which  the  neehanicai  theorj 
of  heat  affi>rda  of  the  posaage  from  the  liquid  to  the  gasaons  state. 

Ereu  when  liquids  are  heated  in  open  Tsaaela,  the  occurrence  of  ebnUltJos,  or  the 
formation  of  vapour  in  the  interior  of  the  mass,  appears  to  depend  on  like  accidental 
eauaes.  Thoa  the  infioence  of  the  nature  of  the  veaasl  wherein  a  liquid  ii  contained 
haa  been  long  recogniaed.  It  has  been  obserrpd,  for  inatance,  that  water,  which  wi!l 
boil  ateadiljat  100°  in  a  metallic  Teasel,  ma;  oflen  be  heated  to  10S°  or  106°  without 
boiling,  in  a  glass  Tessel  preriooal}'  washed  with  strong  sulphuric  add.  Uuder  these 
drcnmatances,  ebullition  generallj  takes  place  Teij  irregularly :  at  a  certaiii  tptnpera- 
ture  a  sudden  burst  of  vapour  occurs,  and  the  temperature  of  the  liquid  falls  at  theaame 
time  to  nearlj  the  noimaJ  boiling  point ;  the  liquid  then  ftmains  tranquil  for  a  time, 
until  the  temperature  having  a^n  risen  coniiderablf ,  auolbar  bunt  of  vapour  takes 
{dace,  and  to  on.  The  "  bumping  "  of  heated  liquids  wiiich  results  from  this  inter- 
mittent formation  of  vapour,  ia  familiar  to  ever;  cnemiat.  Itmajlw  prevented  to  soma 
extent  bj  putting  into  the  liquid  a  few  scraps  ofplatinum,  or  a  globule  of  mercatr  :  a 
small  piece  of  charooal  is,  however,  much  more  effectual  than  either  of  these,  though  not 
always  adminible.  This  irregular  ebullition  occurs  much  more  frequently  in  some 
liquidsthan  others,  and  to  a  greater  extent  incertainglaas  veaaela  than  in  others.  For 
instauce,  methjlic  alcohol  (boiling  point  61°)  may  show  a  difference  in  its  temperature 
of  ebullition  amounting,  acootding  to  Eopp,  to  fi  or  6  degrees,  depending  on  the  venel 
in  which  it  is  extuuin^  When  a  liquia  is  boiling  steadilj  in  a  glass  losk  or  retort, 
it  may  almost  alwBvs  be  noticed  that  the  bubbles  of  vapour  start  from  one  or  two 
particular  points  of  uie  aurjkce  of  the  glaaa,  indicating  the  eiist«i]ce  of  some  iiregolarity 
of  the  glasa  at  those  points  favourable  to  the  formation  of  vapour.  Another  ilh^tralion 
of  the  neceesilT  of  some  other  cause  than  mere  temperature  in  order  to  bring  about  the 
ebullition  of  liquida,  is  afforded  by  the  remarkable  observation  of  Professor  Donny,  of 
Qhent,  that  water  thoroughly  deprived  of  air  and  sealed  up  in  a  rather  long  ^lasa  tube 
quite  free  from  air,  may  be  heated  to  1SB°  at  one  end  of  the  tube  without  boiling,  and 
IB  then  suddenly  and  violently  thrown  to  the  other  end  1^  a  burst  of  vapour.  An 
additional  &ct  a  the  same  kind  may  sometimes  be  observed  dnring  the  distillation  of 
liqnida  under  the  ordinazj  pressure.  The  writer  haa  occaaioDally  seen  a  liquid  diatil 
very  rapidly,  thus  showing  that  vapour  was  being  formed  mpjdly  at  the  surfiice,  although 
ebullition  coald  not  be  maintained  by  Ihe  use  of  a  more  powerfiil  flame  than  that 
which  had  sufficed,  at  an  earlier  stage  of  the  experiment,  to  boil  a  larger  quantity  of 
the  same  liquid. 

The  whole  of  theae  phenomena  cease  to  be  unintelligible  i^  with  Dufour,  we  diatin- 
gulEh  between  the  boiling  point  of  a  liquid,  and  the  temperatore  at  which  the  elastio 
force  of  its  vapour  becomes  equal  to  the  pressure  of  the  atmosphere,  and  define  the 
boiling  point  as  the  lowest  tempemture  at  which  ebnllition  can  occur,  instead  of  as  the 
tempersrure  at  which,  under  normal  conditions,  it  miiti  occnr, 

l^heroidal  Stale. — When  a  drop  of  water  is  allowed  to  fall  npon  a  piece  of  iron,  the 
temperature  of  which  considerably  exceeds  100°,  it  retains  its  globular  form,  moves 
about  rapidly  on  the  surioce  of  the  iron  without  vetting  it,  and  evaporates  with  com- 
paiatlve  slowness.  As  the  iron  cools,  a  point  is  reached  at  which  the  globule  of  water 
wels  it,  spreads  over  its  surtsce,  boils  and  quickly  disappears.  The  condilioa  of  the 
globule  first  described  has  been  distinguished  aa  the  spheroidal  state.  This 
condition  con  be  asanmed  by  all  volatile  liquida  when  they  come  in  contact  with  the 
■urface  of  either  a  solid  or  a  liquid  body  heated  comridenibly  above  their  boiling  points. 
The  temperature  of  a  Kouid  in  the  spheroidal  state  Is  alwayabelow  its  oidinary  boiling 
point,  notwithstanding  the  higher  temperature  of  the  surface  on  whitji  it  resta.  The 
absence  of  ebuUilion  is  therefore  due  in  this  case  to  some  other  cause  than  that  which 
produces  the  phenomena  of  deferred  ebullition  which  were  considered  in  the  last  paragraph. 
It  is  Ihe  result  of  a  want  of  perfect  contact  between  the  liquid  and  the  heated  surface. 
Hany  experiments  prove  that  the  liquid  globule  rests  upon  a  sort  of  cushion  of  its  own 


BOILING  POINTS  AND  CHEMICAL  COMPOSITION.    89 

imponr,  pradneed  hj  the  he*t  radiated  from  the  hot  sm&ce  agaiiut  its  under  nde.  As 
tut  u  Uiia  Tsponr  escapee  from  imder  the  ^bale.  iti  place  ii  mpplied  bj  a  fresh 
qnanti^  [mdneed  in  the  same  mj,  to  that  the  globule  u  eoiutancly  bnojed  op  by  it, 
and  oewt  mnea  into  aatnal  contact  with  the  heated  snrfaee.  U^  hovarer,  the  tempe- 
ratnra  of  the  latter  ta  allowed  to  tkU,  the  fbtniation  of  TSponr  becomes  leaa  and  len 
mpid,  ontil  at  last  it  ia  not  aoppUed  bat  gdod^  to  prerent  the  globule  tonehing  the 
hot  metal  or  liquid  on  irhich  it  reeta :  aa  loon  aa  contact  occurs,  heat  ia  i^dlf  im- 
parted to  tha  globule,  it  enters  into  ebullition,  and  qnickly  boils  away. 

According  to  Bmtigny'a  sntsiinente^  the  lovpst  teraperatnre  at  which  a  metallio 
Tcasal  will  cause  the  sphenndal  Mate  to  he  assumed  by  water  is  113° ;  for  alcohol  the 
lowest  temperatnrs  ia  134°,  and  for  ether  61°. 

Solid  bodiea  which  er^mnte  without  becoming  liquid  alao  aasoiue  a  condition 
o  the  inheroidal  state  of  liqnidii  when  they  are  placed  upon  a  surface  whoss 
Enciently  high  to  v^nrba  them  very  rapidly.  TbiM  is  jetj  dirtjnctly 
■mi  un  throwing  a  piece  of  aolid  carbonate  of  ammoniam  into  a  red-hot  plstinam 
eroidble,  and  when  a  fragment  of  solid  carbonia  anhydrida  is  placed  upon  any  good 
cmdnctiiig  surface  at  the  ordinary  temperature. 

Elfert  of  SttbtloKca  in  Solution  on  tke  Butting  Point  of  Liqiiidt. — Liquids  holding 
solid  bodice  in  solution  boil  genenlly  at  higher  temperatures  than  th^  do  in  the 
pnre  state.  On  the  other  hand,  the  boilinf^  point  uf  water  is  lowered  by  micinK  it 
with  alcohol,  and  that  of  alcohol  by  mixing  it  with  ethar;  the  boiling  point  of  a  mix- 
ture liMUg  ^ways  intennediata  between  the  boiling  points  of  its  components.  The 
eSeet  of  salts  in  raising  the  hoUing  pcdnt  of  water  may  be  considered  ss  alao  coming 
nndec  this  rnle.  The  following  table  gives  the  boiling  points  of  Mtnratsd  solutions  of 
■sToal  salts,  aeeording  u>  Le^iuid,  • 


^ 

MlKd  In 

^iS' 

Mt. 

V^ 

Nitrate  of  ealciom 

Acetate  of  wdinm 
Nitrate  of  sodium 
Chloride  of  strontium  . 

T98'2 
362-2 
SU5'0 
209'0 
2a*-8 
1176 
8M1 
88-9 

189» 

Ifil 

13« 

124-* 

121 

117-8 

ns-9 

IU-2 

Tartralfi  of  potassium  . 

Chloride  of  sodium       . 
FhoBphata  of  sodium  ( 

(dried) 
Carbonate  of  sodium    . 
Chloride  of  barium      . 

2962 

81  S 

<r2 
112-a 

4S-B 
601 

lur 

104-2 
108* 
lOfl-8 
1048 
104-4 

(For  Ltgnnd's  determinations  uf  thv  boiling  points  of  weaker  solution*  of  these  and 
•Mna  other  salta,  and  for  the  nmilar  e^mime^its  of  Qiifflths  and  Faraday,  see  Ometin's 
aataool.  i  269,  270.) 

VtTj  coutradit^oiy  opinions  hsTe  been  maintained  by  different  ohserTen  irith  regard 
to  the  temperature  of  the  Tapour  which  issues  from  boiling  saline  aoIntioOL  It  lias 
been  said,  on  the  one  hand,  to  be  the  same  as  that  of  pure  watn'  boiling  under  the 
Mme  pressure ;  and,  on  the  other  hand,  to  be  equal  to  that  of  the  highest  stratum  of 
thesolntion.  According  to  the  recent  experiments  otA[aEnnB(Fog^  Ann.cziL40S), 
the  latter  statement  sppcKn  to  be  nearest  the  truth.  These  expenments  ptoTe  de- 
oiivelj  that  the  Taponr  of  boiling  eolations  is  hotter  than  that  of  pu»  water,  and  that 
its  tempeialoro  rises  aa  the  solutiooE  become  more  concentrated,  and  therefbre  boil  at 
higher  temperatnres ;  nerarthelesa,  the  Taponr  was  alwayi  fijnnd  a  little  colder  than 
the  mass  of  the  boiling  solution,  and  the  difierence  wu  greater  at  high  temperatures 
than  it  waa  at  low  ones. 

Bdationi  brtveen  the  SotUna  Point  o/ tubttanee*  and  their  Chemieal  Compotition,— 
Many  attempts  have  been  made  to  trace  some  connection  between  the  boiling  points  of 
dil&ient  liquids  and  their  chemical  composition.  The  moat  exteoeiTe  and  important 
aniea  of  obsermtionB  that  have  been  made  upon  this  point  are  due  to  Eopp  (Ann. 
Ch.  Fharm.  xcti.  2,  330;  icviii.  267,  367  ;  Phil.  Trans.  1880,  257).  The  principal 
conclusions  deducible  from  theae  in»estigationa  are  as  follows ; — 

1,  Analogous  compounds,  presenting  the  smne  difference  of  composition,  very  tte- 

Inenllj  differ  hv  the  Bamo  amount  in  their  boiling  points,  or  the  intcrrol  hatween  their 
-n; :„.,  „  proportional  to  their  difference  of  eompoaition.     A  compound  con- 

lore  or  less  than  another  of  aDalogoiu  function,  generally  bmls  at  ■ 
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tamparatim  f  n  39  degraea  higher  or  Io««t  tfaan  the  latl«T,  and  if  it  containa  aS  joan 
or  feaa  it  eomiaaiil;  boila  at  x  k  B  di>grees  lovar  or  higher.  A  puticiilai'  inatauw  of 
the  Bpplioticu  of  thii  rule  ia  to  homologoiu  compoDiida :  in  the  homatagona  iicida 
C*H*'0'  {AcTDB,  i  BO),  aod  in  tho  corresponding  alpoboli  and  eompoand  ethen,  the 
addilioD  al  CH'  to  the  fonnuU  of  a  compoimd  niaca  ita  boiling  point  on  an  arerage  bj 
19°,  igreeing  vith  the  abore  rule. 

2.  An  acid,  OB>0',  boila  at  a  IcmpentoTe  40°  higher  than  the  alcohol,  C°H"+'0 
(Ai/COHOLa,  i.  97),  the  oxidation  of  which  maTjuive  riue  to  llic  nrid.  . 

3.  A  compotind  ether  (Eiuna,  ii.  fiL2),  OH'-O*.  boila  at  a  tempentuie  83°  loirer 
than  the  add,  C"H'>'0',  iaomeric  with  it. 

If  we  aUrt  from  tlia  boiling  point  of  elhjl-alcohol,  ~  7S°,  these  three  propoaitiona 
enable  jam  to  ^tnil&te  the  boiJjng  points  of  a  large  nnniber  of  organic  sobstancea, 
alcohols,  adds,  and  cMmponnd  elhers,  reproaentcd  by  the  sboTe  geneiil  fonnn)«k  The 
fbllnwing  tablea  Mrre  to  ahow  how  far  the  boiling  pointa  thna  calculated  coiteapond 
with  thoae  actnatly  obaarved. 

SoOhiy  PoinU  of  AlaolicU,  OH^  *  >0. 


Cilcii- 

K>M 

FonnU. 

S 

Hethjiic  akohol    . 

CH'O 

69° 

(Eane.  iff;  Delfia,  SO-S";  Xopp,  efi°;  Pierre. 
)3e°;  Dumaa  and  FJligot,  66'6°. 

Bthjlic  alcohol      . 

CH'O 

a 

Kopp,  Delffe,  AndrewB,  78° 

Tritjiic  alcohol       . 

cra-o 

9T 

Chancel,  96°. 

Tctrylic  alcohol      . 

C'H'*0 

116 

Wurta,  109». 

Amylic  alcohol      . 

CH«0 

13S 

JPasl«tir,ia7''-129»;  Cahonra, Pierre, Kopp. 

jDelfis,  132°;  Eiedther,  1360. 

HezyUc  alcohol      . 

C*H"0 

164 

Fsgct,  US"— 1640. 

Heptylic  alcohol     . 
Cetffic  alcohol       . 

C'H"0 

173 

Stideler,  177O-177-S0. 

C'-H'K) 

S41 

i'am,  and  SUbenaann.  868=7 

Soiling  Fointt  ofJeidt,  OH»-0'. 

»™. 

,™u 

IS 

Formie  add  . 
Aoatieadd    . 
Fropionieadd 
BntTiicadd  .        . 
Valerie  add   . 
Caproic  add  .        . 
(Enanthylic  add    . 
PeE^eaeid      '. 

CH'O' 
C^H'O' 

CH-C 
C*H»0' 

crH'-c 

C'H"0' 
CH"0' 
CTH'W 

89= 
118 
187 

ise 

176 
194 
213 
232 
261 

ilOO";  Kopp,  lOfi". 

pel^    1160;    Kopp,    IITO;   Sibille-Anger, 

)1190;  Bnmaa,  120O. 

JDuniaa,  Malaguti,  and  Leblanc,  abont  1400; 

JLimpricht,  Kopp,  142°. 

JKopp.  Delffs,  Ifieo;  Pierre,  1630;   PeloOM 

isnaQelia,  aboat  164°. 

Dnznas  end  SiBB,  Driffa.  1760;  KoOT,  17BO. 
(Bnurierand  QowUlb,  Wurtx,  188°;  tehling, 
;  2020—209". 

Stiideler,  218°. 

Fohling,  236°;  Parrot,  288°. 

Perrot,  22S"';  Cahoim,  260O. 

In  other  gronpfl  of  compounds,  a  difierence  of  CR*  in  the  compoeition  of  analogona 
■nbalancea  correaponda  frpqiientlj  to  a  newlj  constant  difference  of  boiling  point :  but 
this  diSerence  someticiea  umounts  to  more  tbun  19  degrees,  and  Bometiroea  to  lesa. 
For  inatance,  in  (he  series  of  hjdrocMbona  CH--',  homologous mth  benzene,  (>H',a 
difference  of  CH'  in  composition  corresponds  to  an  aremge  difference  of  about  24°  ia 
boiling  point ;  in  the  series  of  alcohol-radida!  (or  hjdrides)  C'H*^',  homologous 
with  ethjl,  CH",  (or  msish-gas,  CH')  the  difference  of  boiling  point  corresponding  to 
the  same  diflerence  of  coim>odtion,  is  also  nearly  24° ;  in  Uie  leriES  (d'  acetonea 
C*H'*0,  it  is  about  22°.  On  the  other  hand,  the  difference  of  boiling  point,  corre- 
a  dUference  of  CH'  in  compodtion,  ia  lest  than  18°  in  the  anbjdridea 
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TENSION  OP  VAPOURS. 
Bemug  Rimlt  of  Om^mmi  Ethn,  OHV><. 


.„ 

FWmk. 

Ota*ndBiilai>tF«lat. 

Fonnateofmsthjl    . 

Acetate  of  mrthvl  .    ) 
Formate  of  «tb^   .    | 

AoBtateQf«th;l    .    . 

A««ateofhi^yl    . 
Fomateoftetrrl  . 

Valerate  of  mMlvt. 
Bntyrate  of  oUitI  . 
Aceteteoftebrl    . 
Formate  <rf  am  jl   . 

TalenteofsUijl   .    1 
Bnhrstc  of  tri^l  .     I 
AratalBofam;!     .    ) 
C^Boatoof  elhjl  .     ) 

BntymteofMDjI  .    . 
VJentootamyl   .     I 
Acetate  of  caprjl  . 
P<Jar80Dat»ofeH.Tl 

CH'O* 

CH-O* 
OWO" 

(fH-O* 
01I-0' 
C-H-0' 
CH-O* 

38° 
Si 
74 

S3 

113 

131 

160 
16S 
1B8 
207 
284 

lopp.  Andwra.  83°;  Ijsbig,  86"— «8«. 
rAndrews,  66°;  Eopp,  StP;  Jhuna*  and 

Lieb^  De!ffl^■  B3«>i  Kopp,  65°;  LowCft 

jlhlnu^  and  Bonflaj.  Rmw,  Zopp,  Dalffl^ 

FaTra'and  SabenDUiD,  DalA,  88° ;  Kopp, 
86O;Pi«ne,102'. 

Wart^  aboit  lOO''. 

Kopp,^Be=-98°;  lampriebt  aod  TJalar, 

Kopp.  il4°— 11S°. 

Pel^uw.  110°;  Delffl,  118°;  Kopp.  llC; 

Pi»te,  119°. 
Wnrte.  114°. 

DelSh,  IM'i  Kopp,  about  116°. 
Del».^133;  Otto, kopp. Berthabt,  1  S8°- 

Bertheiot,  aboQt  130°. 
fWion™,  iaB°;  Kopp,  Dellft,  188°, 
L™b,  120°;  Fsbiing,  162° 
Wrightoon,  about! 68°. 

Dtiffl,  173°— ire". 

Kopp,  IBS ;  Balard,  about  HW°. 

CdMni™,  216'*— 218;  Delfi.  224". 
Bnirier  and  Gowlelh,  211°. 
Gorgey,  284°;  DelS,  289°. 

C*H*— K)*,  bomologona  with  (UMtio  uhTdridf^  CHK)*  (namely.  abo«t  13-6°);  in  the 
ethoia  of  the  moAm  C*H^-*0',  homolc^iu  with  cnalifl  add,  C*B*0*  (namelj,  about 
14°);  «ko  in  thecaibonatM,aafa>boC7aiiatceandbot*tMDf  theala)bol-ndicl«eC°B?^'. 

iWe  ranlta  aeem  to  shoir  tbat,  a*  a  nin,  the  gTBaler  the  qaaati^  of  oxygen  con* 
teinvd  in  any  Kriee  of  eompoanda,  the  emallar  ia  the  eSM  on  the  boiling  point  of  a 
dtffeience  of  compoaition  amonstiiig  to  CH>, 

In  the  dikiridea,  bromidei  and  iodides  of  the  aloohol-radiclps  OH^**"'.  adiS^ncein 
eompoaitiiai  of  CH'  caoaea  a  difiersDce  in  boiling  point  of  from  24  to  31  degi««  ;  ia 
the  commending  anlphidea  and  nUphydntce  (merotptMui)  the  diffisenee  also  oonsideii- 
aUy  mceMda  19°. 

Mtaiuremnt  of  tit  Ttmion  of  Fa p own.— The  Taiioua  methods  that  haT« 
been  employed  for  measniing  the  mazimnm  teoaion  of  Tapoon  at  different  tempeiatniei, 
depend  npon  principlea  already  explained.  We  bave  here  to  deacribe  briefly  the 
Dunner  in  which  dieae  principles  vete  pat  in  [otuUce,  and  to  state  the  most  important 
Tcaolte  obtained. 

The  t«naion  of  Tsponn  at  temperatnrea  below  the  ordinary  boiling  points  of  tha 
correaponding  liqnida,  and  tberefoia  at  preasnrea  leas  than  that  of  the  atmosphere,  hare 


employed  by  Begnanlt  {SdtOion  da 


experiments  made  I^  this  metliod.    Tbe  liqnid  whose  Tspanr  is  ti 

^wa  oat,  bent  at  a  right  an^e,  and  cemented  into  a  nwrow  T-tnbe  of 
r,  the  other  braucbsa  of  which  eommnnicale.  one  of  them  through  a  diTing  tnbe 


is  contained  ^        ,  ,     . 

•enled  withont  ain  tiaee  of  air.    This  bulb  is  intivdnced  into  a  glan  globe,  the 
of  which  is  then  ibawa  '  "  '  ' 


lart  tube  fterma  l&e  banmelw,  the  AetifMaioni  of  which  are  obanrad;  ite  upper  part 
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ia  iiuid«  %  metid  water-Iiath,  one  fue  of  which  it  formed  Ij  a  sheet  of  pUle  gUti,  and 

in  irtiich  an  1190  coottuned  tbe  nppei  p*rt  of  an  oidinaiy  b*n>met«r,  to  KirTs  »a  & 

jn^  ,,,  Btandard  of  coiDparisoB,  and  the  gUaa  globe 

rij/,  am.  apokeD  of  abore;  this,  aa  ahown  in  the  figure, 

neta  on   a  metal  ring  carried  hj  a  mpport 

riatog  from   the  bottom   of  the  bath.     Pre- 

Tioua  10  begianing  the  experimenla,  the  in- 

aide  of  the  glus  globe  and  of  the  tnbea  com- 

mnninting  with  it  ia  reodrred  abeolntel;  drr 

l^  Tepeatedl;  pumping  out  the  air.  and  eueh 

time  alloving  it  to  be  flUed  again  by  air  dried 

by  poeaing  throueh  the  sulphuric  acid  diring 

tube.     Thtcif  by  brining  a  piece  of  het  uiiir- 

coal  near  tbe  outeido  of  tbe  globe,  the  bulb 

containing  the  liquid  is  bunt,  and  the  eiperi- 


bjol 
iofth. 
the  globe  ia  immereed,  and  the  diffo^nce  in 
hmeht  of  the  two  barometera. 

The  same  apparatue,  alightl;  modified, 
■erred  for  the  determination  of  tbe  tenaion 
of  TapouTi  in  presence  of  air  or  other  gases. 

For   the   determinBtion  of  the  tension  of 
the  vapour  of  wafer  at  higher  temperatnrcB, 
■  Regnault  (ibid.  p.  SIS)  employed  the  ap- 
paratus represented  in  fy.  fit  J,  an  apparatus 
which   enabled  him  to  measure  the  preeeure 
under  which  water  boiled  at  rarioua  tempe- 
raturea  (aee  p.  S3).     The  apparatus  consists 
of  a  copper  retort,   containing  the  water  to 
he  experimented  upon,  and  communicating, 
through    a    tube  surronnded    by   cold  water 
(whereby  the  ateam  produced  is  condensed  and  whence  it  continually  flows  back  aa 
water  into  the  retort),  with  a  copper  globn  of  24  litrce  eapamty.    This  globe  is  con- 
nected with  ■  manometer  which  indioilea  the  preasure  inside  the  whole  apparatna,  and 


of  the  boiling  water  in  the  retort  IS  indicated  by  four  thermometer^  two  of  which  dip 
into  the  water,  and  two  into  tbesteiim.    In  order  to  preTentany  alteration  in  tbe  capa- 
cities of  the  bulbe  of  tbe  thermometers,  resulting  fiom  the  preaeure  of  tbe  Tapour  upon 
them,  thiy  sre  enclosed  in  iron  tnbea,  ctoeed  at  the  bottom  and  containing  mercury. 
The  foUowing  table  girts  the  reanlta  obtained  at  inlerrala  of  &Te  degreea  between 
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98 

—  12°  kud  +  230°.  (For  tablM  of  the  touiona  of  ntet-yvpoxa  at  each  d«gn«  eenti- 
gnde  between  Ulree  limita,  and  at  each  tenth  of  a  degree  between  - 10°  u>d  +  SS° 
and  babreni  8S° and  IDl^,  Ma  RagnaaK  Zno.  eii.  pp.  621-833.) 

JfoTtmiHu.  7>itjfoB  0/ IFater^gpaWf  tri>»«wi  -32°«wi  +230°.    (Begnaalt) 


T^^r. 

-i^iSSX 

.^■Si. 

.Jr"- 

0-320 

66° 

146° 

8136-66 

30 

60 

148-791 

160 

3581-23 

66 

186-916 

166 

4088-66 

20 

0-827 

70 

333-093 

160 

4651-83 

IS 

1-400 

75 

2B8-617 

16.1 

6274-54 

10 

2-093 

80 

364  643 

170 

«fiBi-e» 

3-113 

86 

433-041 

175 

0717*3 

4-600 

90 

S26-4S0 

180 

7646-39 

6-G34 

96 

633-778 

189 

8463-23 

10 

9-16E 

100 

760-000 

190 

9442-70 

12-609 

106 

906-410 

196 

10619-63 

17-391 

110 

1075-370 

200 

11688-96 

35 

23-650 

116 

1269-410 

12966-66 

31-648 

120 

1491-280 

310 

14324-80 

41-827 

125 

1743-8BO 

16801-33 

64-906 

130 

2030-280 

320 

17390-36 

49 

71-391 

135 

3353-730 

326 

19007-04 

SO 

91-982 

140 

2717-630 

330 

30926-40 

DeteiminUioiu  cj  the  tenaioD  of  ■wtteof-ympcynz  np  to  111  denma  hiTS  alao  been 
made  bjr  Magnaa  (Pogg.  Ann,  Izi.  325)  bj  a  meUiod  eaaentiaJlT  rtEinilar  to  the  flnt 
of  thoae  above  deacribeiL  Hia  reaulta  agree  cloaelr  with  thoee  of  Begnault.  (Fortbe 
older  detenoinatiaaa  of  tbe  preamre  of  ateant  at  bigh  tempentniefl  by  Arago  aod 
Dnlonft  aerOioelin'B  RanMeok,  i.  262.) 
ThefbUowiog  table,  by  Fairbaicn  and  Tate (PhiLTnuu.  1860,  p.  230),  gim  the 
s  at  which  wster  ia  completely  cooTerted  into  aaturatad  ateam  imdar 
^.janrea,  togeUier  -with  the  volnme  of  steam  fbrmed  under  Uieoe  eireninatancee 
idwith  tbtit  ^the  water  from  irtkich  it  ia  prodnced. 

JVomra,  ThnptratLTt,  and  Votmn*  of  BtOurattd  BUim. 


Frwnn. 

T-p. 

»»,^ 

v.,™. 

iDCbH. 

iiim»».. 

Caillmta. 

136-77° 

68-20" 

827  S-3 

8-63 

31S-0 

165-38 

68-61 

6388-6 

169-36 

70-76 

1920  3 

12-47 

316-7 

170-92 

77-18 

8722-6 

12-61 

320-3 

171-48 

77-49 

3716-1 

346-0 

171-93 

7940 

34381 

406-6 

182-30 

83-49 

3051-0 

466-3 

188-30 

86-83 

2623-4 

23-88 

681-3 

198-78 

9206 

3149-5 

S3-61 

1381-I 

343-90 

11716 

843-1 

344-83 

ue-28 

908-0 

246-22 

118-4S 

892-6 

266-00 

268-14 

287-21 

369-20 

274-78 

273-30 

09-60 

3639-8 

279-13 

187-46 

194-64 

2666-3 

283-68 

138-21 

287-26 

111-80 

133-36 

3106-1 

292-53 

114-74 

114-34 

seoi-9 

288-25 

143-36 

TVnnoH  qf  Vapvurt. 


Akodol. 

„>.. 

ttolphldaof 
drinn. 

a,i.,.«™ 

Bmucix. 

OJIoT 
tnrpmlH. 

'C. 

mn>. 

mn.. 

mm. 

.a. 

mm. 

Bun 

-  20 

SS 

67 -S 

43-S 

4-9 

10 

6-6 

113-3 

81-0 

13-4 

0 

128 

183-3 

1320 

26-8 

21 

+   10 

24-3 

288-4 

203-0 

48-a 

2-9 

SO 

4* -6 

433-3 

3018 

160-6 

763 

■       4-4 

to 

1339 

909-8 

617-0 

182-3 

108 

60 

3603 

1728-S 

1183-7 

761-0 

3886 

26-6 

SO 

8128 

3024-4 

2033-8 

1404 -6 

769-6 

81-3 

100 

1884  9 

4SfiD'3 

3329-6 

2426-6 

1362-3 

1311 

120 

3218-7 

7TOZ-2 

S14G-4 

S916-2 

2268-3 

140 

6837-0 

7668-9 

68668 

3637-0   ■ 

464-0 

150 

7268-7 

7226-6 

433B7 

606-2 

Tennon  of  Vapovm — continnad. 


"•■-■"-- 

m™..t-                       I 

"^z^ 

■A'= 

Am™™... 

"■ar 

''"r"' 

t™^ 

^wT"' 

T...i«.. 

=c. 

■KB. 

mm. 

BD. 

-c 

nn. 

"C. 

mm. 

240-0 

441-4 

0 

0-0200 

120 

1-63^ 

628-8 

10 

■0268 

IfiO 

4-26< 

287-6 

878-8 

280S-e 

29 

■0372 

180 

11  00 

20 

47B-6 

1397-7 

4273-0 

80 

■0630 

20D 

1990 

10 

782-6 

2140-6 

6946-0 

40 

■0767 

260 

75-76 

11861 

3162-g 

770B-3 

60 

■1120 

3U0 

242-1 

■tlO 

1719-6 

4612-2 

lOBfle-3 

80 

■1643 

350 

663-2 

20 

24620 

6467  0 

14161-6 

70 

■2410 

400 

16870 

30 

3431-8 

8832-2 

18036-3 

80 

-3628 

460 

3384-3 

40 

4670-2 

11776-4 

22682-6 

80 

-6142 

600 

8620-2 

60 

8220-0 

27814-8 

100 

■7466 

620 

8284-9 

traui  whicb  the  airave  tablea  ore  constmcted  ahow  that  this  role  is  not  atrictly  true,  but 
u  naarij  so  in  moat  cues  for  Bmoll  intervals  of  temperature  above  oc  below  the  boiling 
points :  beace,  in  order  to  correct  boiling  point  obaervations  for  the  variationii  of 
atmoapherie  prcMnre,  it  ma;  be  aanmied  without  senaible  error  that  a  di&erence  of 
preMure  equal  to  27  milliiaetCM  of  mercmy  caoiea  a  difference  in  the  boiling  points 
of  all  liqnidi,  eqoal  to  that  which  it  prodnoea  in  the  can  of  water, — namd;,  0-1°  C. 
(see  pp.  86  imd  92.) 

Tnuiat  of  the  Vapwn  of  Xixtd  Liquidt  and  of  Salint  fiWuiwn*.— Segnanlt'e 
experimgnts  on  tlie  tension  of  the  vapour  of  mii«d  Lquidi  prove  that :  (1)  when  two 
liquids  exert  no  solvent  action  npon  each  otbat,  ss  <mi<«r  and  mlpiide  of  carbon,  water 
and  biMoridi  of  carbon  (CC1*),  or  water  and  ieiums,  the  teasion  of  the  vapoor  which 
rises  from  a  mixture  of  tbemis  vec;  nearly  equal  to  the  anm  of  the  teoBiona  of  the  two 
aeparate  liquids  at  the  same  lemperatnre ;  (2)  with  water  and  ether,  which  diaeolve 
each  other  to  some  extent,  but  not  in  nit  proportiona,  the  tension  of  thn  vsponr  of  the 
mixture  is  mnch  le«  than  the  sum  of  tensions  of  the  separate  Hqnida,  being  scarcely 
equal  to  Clut  of  ether  only ;  (8)  when  the  two  liquids  dissolve  each  other  in  all  pro- 
portions, as  ether  and  anlphiiie  of  carbon,  benzene  and  alcohol,  wat«r  and  alcohol,  the 
tension  of  Uie  vapour  of  the  mixed  liquid  is  intermediate  between  the  tensions  of  the 
sepHTate  liquids. 

The  tension  of  the  vsponc  of  saline  solntioDB  has  been  examined  by  Begnault  and 

mlwir.    I8AH.  42-47-    IftM).    47^0^.       TtHmiinll'a    •vnuninanta  i>a» 


bjWnl 


r  (Jahresber.  1868,  42-47 ;  1S80,  47-49).    Segnsnlt's  experunents  wen 


t.GoogIc 


TENSION  OF  VAPOURS.  9S 

nide  by  means  of  the  ^tpsnttos  Tepnsmtod  in  jig.  M3,  p.  93 1  WflHiur  smploftd 
t  diS^Rntly  amiiged  kppaiatiu,  bat  ODe  irtuch  depended  on  enentuUj  tha  Mma 
principles.  It  ksoIU  from  these  inTestigationB  tlist  tlie  lauion  of  IIm  nfNXur  of  s 
■olntian  is  leae  tbsn  thst  of  the  Tspour  of  pun  mter  ftt  the  Mai*  tampviUiin,  and  tbst 
iatiiB  ease  of  efBaicaceat  salts  and  of  salta  that  IM  pmnHHOt  in  Uw  air,  the  diminq- 
tion  of  the  tensioa  of  tlie  Tsponi  emitted  bj  Uie  tolotion  is  ezaetfy  praportional  \a  Ilia 
quantity  of  nit  diaolred  in  ■  ooiutaat  Vaig^t  of  wat*,  but  in  the  ease  of  deliqoeacent 
salts  it  is  pFoportional  to  the  quntitritf  hjdiatad  salt  dissolied :  e.  17,  for  a  aolntion 
of  potash,  to  tJie  qoantitT  of  KH0.2H*0 ;  for  a  aolatiou  of  anda,  to  tha  qnanti^  of 
NaHO-liSK) ;  foF  a  solution  of  chloride  <rf  caldiim,  to  tha  qoanti^  of  CaCLSHK). 
Ths  abeoLntesinoiuit  of  diminutian  of  tension  depend!  on  tiietempeiatare,  and  becomaa 
graatm  sa  the  temperstun  rises. 

Tinutim  of  Vopotfrt  is  an  uaevmiy  keattd  »p<ue. — In  an  endoaad  apace,  the  tampe- 
ntora  of  which  is  different  at  different  parts,  the  n^oni  of  a  liqnid  can  Msaine  a  state 
ot  statical  equilibrium  only  when  ita  taoaion  is  sqnal  to  the  maiiniiun  tension  corre- 
■ponding  to  the  temperature  of  the  coldest  part  ^  the  space.  If  the  v^iour  hasi  to 
b^ltn  with,  a  gnater  tennon  than  this,  Hquefactioo  will  take  placa  in  the  coldest  part, 
''is  prosura  is  greater  than  that  raidt  the  vaponr  can  suppoit  at  tl 


'CompItU  VaperiMtion  of  Liqaidt  under  gnat  prtmnt. — When  tb 
a  liquid  is  raised  sofflcieDtly  hi^  Taporisation  occurs  voder  the  hi^eat  pre<  . 
which  the  substance  can  ba  aubiected.  Alodiol,  ether,  or  rock-oil,  endoied  in  a  tuba 
of  strong  glass  or  iron,  is  coDiplelaly  couTerlfid  into  vapour  only  when  the  Riaca  not 
occupied  by  the  liquid  is  somewhat  greater  than  the  Tolume  of  the  ligoid  itsru!.  With 
rock-oil  the  empty  space  may  be  somewhat  smaller  than  with  alcohat,  and  with  ethar 


Rill  less.  Alcohol  when  thus  halted  acqtiiree  increased  mobili^,  expands  to  twice  ita 
original  Tolume,  and  is  then  saddenly  converted  into  Tapoor.  This  change  takeaplaca 
at  207°  C.  (lOl'S"  Fah.),  iriien  the  aWkd  ocenpiea  jnst  half  the  ndmne  of  the  tube ; 


3  tube  ia  more  than  half  filled  with  alcohol,  it  bursts  irtien  heated.    A  glsss  tube 
Jiiid  filled  with  water  becomes  opaque  irtken  bsated,  and  bnrtts  after  a  few 


if  the  to 

one-third  t  _  ^    ,  .  _         ,   .     .   . 

seconds.  If  this  chemical  action  of  the  walar  on  the  glass  be  diminished  by  the  addi- 
tion of  a  little  carbonate  of  soda,  the  transpaiencr  of  the  glass  will  be  much  less 
impaired  ;  and  if  Che  space  occapied  by  the  water  be  *  c^  the  whole  tube,  the  liqnid  will 
ba  converted  into  vsponr  at  sbont  the  temperature  of  melting  sine  (Cagniard  de  la 
Toar).— If  liquid  carboDto  anhydride  sealed  in  a  glass  tubeoceupies  )|  ^  the  volume  of 
the  taba  at  0°,  it  neither  increases  nor  diminishes  in  bulk  whea  heat«d,  because  the 
Ml  of  voltune  pcodoced  by  heating  is  jnst  compensated  by  the  diminution  cansed 


by  vaporisstion.  il  it  occnpies  }  of  the  space  at  0°,  its  volume  diminishes  when 
heated,  and  increases  when  it  is  cooled,  becaose  the  loss  by  evaporation  ptep  -  ' 
over  the  expansion.    If  it  takes  np  f  of  the  space,  its  volume  increases  by 


when  it  is  cooled,  becaose  the  loss  by  evaporation  pteponderatee 

"  't  takes  np  f  of  the  space,  its  volume  increases  by  heat  and 

thermometer;  but  at  +  3Cl''(8S°  Fah.)  the  whole  is  converted 


The  ns,  which  at  0°  occupies  the  space  above  the  liquid  carbonic  anhydride 
idensM.  yield  A  of  its  volume  of  liquid  acid ;  and  that  which  is  produced 
old  give  I  (}  ?  umelin)  of  ita  volume  of  liqoid  carbonic  anhydride  at  0°. 


into  vapour.    The  gf 
would,  if  condensi 
at  +  30°  would  gi 
(Thilorierl) 

When  chloride  of  ethyl  was  heated  in  a  vpiy  thick  sealed  tube,  the  upper  surftce  oeased 
to  be  distinctly  marked  at  about  170°,  and  was  replaced  by  an  ill  defined  nebulous  ions 
poeseasing  no  reflecting  power ;  an  the  temperature  rose,  this  lone  iucreasad  in  width  in 
both  dirrctionB,  becoming  at  the  Mine  time  more  and  more  transparent  After  a  time, 
the  liqnid  was  entirely  converted  into  vaponr,  and  the  tube  became  quite  transparent 
and  appai«ntly  einpty.  As  the  temperature  f^  the  same  phenomena  were  reproduced 
in  the  oppoaiee  order  (Drion,  Ann.  Ch.  Phys.  [3]  Ivi  S3).  Similar  appeaianoes  were 
observed  on  heating  ether  in  a  sealed  tube  to  about  1S0°.  According  to  Drion,  the 
t«nperatare  at  which  ether  is  completely  vaporised,  in  *  spaoe  nearly  three  time* 
its  original  volume,  is  I90-G°.  The  predss  temperatnree  obacared  in  these  experiments 
ore,  however,  of  no  real  signillcance,  nnleas  they  are  aoooniMnied  by  awurate  deteimi- 
natjona  of  the  corresponding  real  volumes  of  IM  liqnid  and  vapour. 

It  has  been  similarly  oburved  by  Andrews  that  iriien  liquid  carbonic  anhydride  was 
gradually  heated  to  31°,  the  surbce  of  demarcation  between  the  liquid  and  ^  became 
ninter,  foat  its  curvature,  and  at  last  disappraied.  The  spaoe  was  than  occupied  by  a 
homogeueous  fluid,  which  exhibited,  when  the  pressura  was  snddeidy  dimiidabed,  or 
the  temperature  slightly  lowered,  a  peculiar  appearance  of  moving  or  flickering  itiiat 
throughout  its  entire  mass.  At  temperatures  above  31°  no  apparent  liqnefection  of 
carbonic  anhydride  or  separation  into  two  distinct  forms  of  matter  could  be  efCM^ed, 
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eren  vhrn  a  pmaoFe  of  300  or  400  atmo«pheree  vu  Applied.    Nitroiu  oxide  gave 
■ImiUi  resolta.  (Andreva,  in  Miller'i  Chemical  Phyna,  ed.  1803,  pp.  328,  329.) 

Latent  Stat  of  Faporilation, — Vbea  best  ia  imparted  to  ■  volatile  liqaid.  its 
effect  is,  at  most  tcmperataTea,  twofold.  Part  of  it  gons  to  inemae  the  teiuperatnn  of 
the  liquid,  and  pait  to  caoae  vaporisation.  Bnt  wheo  a  liquid  ia  boiling  andar  conataLt 
prosBure^  however  much  heat  is  eommnmcated  to  it,  the  whole  of  it  ia  absorbed  ia  pro- 
ducing the  aecond  of  thma  eCTecta  ddI;.  Convfisely,  -irhen  heat  ia  withdrawn  &om  a 
saturated  vaponr,  mideFa  pTesaure  wbiebia  maintained  couatant,  thevapoor  is  ehaugpd 
info  a  liquid,  wilhout  alleretion  of  temperatnre.  The  conaumption  of  heat  in  vaporiaa- 
tiOD,  without  tb«  prodnctidn  of  a  correeponding  elevation  of  temperature,  and  its  ptdIu- 
tion  during  condensatioD,  annccompanied  by  a  conwionding  fou  of  temperature,  were 
first  obserred  bj  Black.  These  pbenomeDa  were  described  hj  him  bj  ssjing  that 
dniing  the  fermer  process,  a  certaiD  quantitj  of  sensible  heat  beeama  bt«iit,  and  that 
this  latent  heat  became  sensible  agaJD  doriag  condensation.  Tbe  quantity  of  heat  that 
must  be  given  to  a  liquid  lo  convert  it  into  vapoor,  or  which  nmst  be  withdrawn  from 
a  vapour  to  convert  itiato  liquid,  withont  causing  change  of  tempfrature,  is  still  spoken 

Tbe  determination  of  this  qnantity  is  made  bj  determining  the  spsdBo  heat  of  the 
sabsCance  for  an  interval  of  temparatnm  within  which  it  passes  from  the  liquid  to  the 
vaporous  state,  or  viet  verti,  snd  is  therefbre  in  principle  similar  to  the  detannination 
of  the  latent  heat  of  fluidi^  (p.  77).  The  following  table  gives  the  number  of  onits  of 
beat  which  must  be  irapiutol  to  a  unit  of  weight  of  Tarioos  liquids  St  their  respeetiva 
bailing  points,  in  order  to  convert  them  into  vapoura  at  the  saina  temperatorsi.  The 
letters  F  S  in  the  third  and  sixti  eolumna  denote  that  t^e  detenninations  wore  msda 
b;Favreand  Silbermann  (Ann.  Chim.Phya.r3J  zxxvii  461-470);  the  lettw  A 
denotea  determinations  by  Andrews  (Chem.  Soc.  Qo.  J.  i,  27);  and  Rg,  by 
Beguanlt^ 

Latent  Heat  of  Vapeun, 


Lrtwl 

I-t«.t 

Hntol 

Vnpour. 

ObMTvm 

8llb.t»>». 

ss.;' 

m«rT«.. 

Water    .        .        . 

S35-7T 

FS 

Valerie  add  . 

103-63 

F8 

63690 

A 

!  Butyric  acid  .        . 

114  67 

S3fl-67 

Bg 

106-80 

Bromine         .        . 

4580 

A 

92-68 

A 

6142 

86-87 

'  Acetate  of  methyl  . 

1  Formate  of  Bthjl    . 
Formate  of  methyl 

1I0-2O 

Sd^X  of  car- 

" 

106-30 

117-10 

;; 

\kn    .       . 

i  Iodide  of  ethyl        . 

48-87 

3-0S3 

Iodide  of  methyl     . 

46-07 

Aleohol. 

308-92 

FS 

1  Oxalate  of  ethyl     . 

72-79 

20240 

A 

Butyrale  of  roelbyl 

B7-33 

FS 

MothyUc  alcohol     . 

26388 

FS 

Elhal     .         .         . 

68-44 

263-70 

A 

68-78 

Amylio  alcohol       . 

121-37 

F3 

Terebena       . 

67-21 

Ether    .        .        . 

8111 

Oil  of  lemons 

70-02 

9n*s 

A 

UTdronu4>anB  from 

AmyUc  ether. 

89-40 

FS 

amylic  aloohol : 

Acetic  acid    . 

101-91 

(a).(B.P,206'') 

60-91 

Formic  acid  . 

120-72 

(fr).(B.P.-:iO'') 

6B-71 

" 

The  latent  heat  of  vaporiBation  varies  with  the  temperature  at  which  the  vapour  is 
formed ;  more  heat  ia  for  lostanoe  required  to  convert  a  given  quantity  td  wntfr  at 
60°  into  vapour  of  the  aame  temperature  than  to  produci   ' ' 


,  ur  of  the  aame  temperature  than  to  produce  the  same  change  in  water  at 
100°.  It  wossnppoeedbyWatt  that  the  latent  heat  of  vaporisatioD  diminished  exactly 

at  the  same  rate  as  the  sanaible  heat  increased,  ar  "■-*      _»  .i     .  -      . 

constant  at  all   1  ->  .    .. 


le  sum  of  the  two  remained 
■onatant  at  all  temperatures.  But  Begnault  (S'lation  da  Expirienixt,  &c., 
^p.  636-728 ;  also  Wor/a  of  the  CavenduA  aociety,  voL  i.  p.  294)  has  shown  that 
(hisianatthecaae.  Heflnds  that  the  total  qoantit/of  heat  ^  (expressed  in  beat-units) 
which  a  unit  of  weight  of  satnTat«d  aqueous  vapour  contains  at  the  tempanilure  t°  C, 
exceeds  the  amount  contained  in  tlte  same  weight  of  water  at  0°  l:^  the  qosntitf 

A    -    60e-S  -t-  0-306  f. 
If  from  this  we  gnbtract  the  quantity  of  heat  which  a  nnit  of  weight  of  wator  at  ** 
contiuns,  beyond  that  which  is  contained  in  the  same  weight  of  water  at  0'"  ' 
iiuult'a  determinations  of  the  speciQc  beat  of  water  at  dlfierent  ' 


I  Beg. 
^841, 


iATENT   HEAT. 


w  tenipentuTes  uc  given  u 


Lataie  Eft  of  Water-Vapnur. 


T«-l-.. 

» 

L. 

■!>. 

■IB. 

(PC. 

4-60 

0-008 

6oe-fi 

BO 

Sl'flS 

1-121 

621-7 

100 

780-00 

1-000 

637-0 

636-5 

160 

8fi81-33 

4-713 

662-3 

«007 

300 

11688-96 

1S-3S0 

067-( 

4B4'S 

330 

ioe26-«o 

37-63a 

676-« 

4tl-« 

The  fonowing  formnlB  itpamaA  in  like  manner  tile  nmlta  of  Begiiftu}f  i  detar- 
minatbiia  (lUm.  AcMi  ScicDcea,  xzTi.  881)  of  tbetotal  heata  of  Tspoiintion  of  leTenl 
odus  tntiatanccs  at  TBnoni  tempentiuee : 

SnlpUde  of  carbon:  X—    00-0  +  0-14001  f  -  OOOOtlSS  f. 

EtlMt:  1  —    B4'0  +  O-4S00  I    —  0-0O0G5«5  P. 

Bonune:  X  —  lOO'O  +  0-3443  I    -  0-000131S  <>. 

Chlarofcnn:  A  —    67'0  +  0-137B  (. 

P«Khtarideofaaibtnl(OCI*}:  A.-    £20  4-0-14631   -O-000173A 

Acetone:  A  -  140-5  +  0-36S4  t   -  0000016  <•. 

The  fbHoring  table  pree  the  total  hMts  of  TapocuaUoa  of  eome  additional  liqnidt 
•t  the  tempenUnna  tt  vhich  they  botl  nndce  tbe  otdinaiy  Btmnphena  prMnn 
{Hid.  91i): 


^.. 

BollUif 

TdmI 

..-™.. 

S* 

Tuul 

Huor 

Alcohol         . 
Amjlic  alcohol 
Oil  of  lemons 
Oil  of  torpeotine 
Petrolene 
Chloride  of  othvl 
Iodide  of  ethyl 

78-26= 
132 
174-80 

irie-ifi. 

12-SO 

265-6! 
211-78 
160-43 
13916 
104-87 
97-70 
68-96 

Chloride  of  tin'         '. 
Chloride  of  aneDic  . 
Trichloride  of  phoe-) 
phonu                   I 
Acetate  of  ethyl       . 

aO" 
133 
73  80 
7* 

6096 
46-84 
69-74 
87-2* 
164-49 

TtcgniHilt  flndo,  Bi  the  Renlt  of  direct  ezperiments  (ibid,  003),  "  that  the  tot&l  heat 
ofiBporisation  of  a  liquid  in  a  durent  of  gae  ia  equal  to  that  whieli  the  Bame  liqnid  ab- 
•orba  irhen  it  boiU  in  «n  atmogpheie  formed  by  iti  own  Tapour,  and  exerting  an  eUatio 
force  eqoal  to  that  actnallj  acqairad  by  the  T^nor  of  the  liquid  in  the  cnireat  of  gae." 

Coldpredticed  by  VaporUation.  lAqvefaeHim  of  Gatet. — When  the  oraporation  of 
a  liquid  ia  LsatenEd  bj  redocing  the  preaanre  npon  it  and  continnally  reraonng  the 
Taponr  vbich  formg,  or  by  exposing  a  large  aurface  and  rapid];  renairing  the  atmo- 
apnere  in  contact  vith  it,  the  consequent  absorption  of  heat  la  such,  in  the  caac  of  the 
more  volatile  liquids,  aa  to  produce  a  very  considerable  fall  of  temperatnre.  Water, 
for  inatasee,  may  be  frozen  l^  placing  it  under  the  exhauated  rcceiTe;  of  an  air-pump 
near  a  v«h1  of  atcong  sulphoric  acid  (Leslie).  The  rapid  Tolatiliaation  of  more 
TolaUJe  liquids  producm  Mul  more  atriling  reeulta,  and  in  fact  constituCea  the  most 
effectiial  meana  known  of  prododng  extremely  lo«  temperatures. 

Br  candng  a  rapid  strram  of  ixj  air  from  the  bellowa  of  a  glass-blowers'  lamp  to 
bubble  by  MTeraltnbee  at  once  thiou^aboat  200  grammes  of  ether,  Loir  andDnoD 
(Bull.  8oe.  Chim.  Paris,  L  1S4 ;  Stooe  dn  32  Join,  ISSO)  siicce«ded  in  redncing  the 
tempemtnre  of  the  liquid  to  —34°  in  4  or  6  minutes,  and  maintaining  this  temperature 
Tery  nearly  constant  for  at  leoat  16  or  20  minatea.  At  this  temperature  considerable 
quantities  of  eyioKigeK  can  be  condensed  at  the  atmospheric  preaaure.    The  conrlensa- 
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Bnlphnronauihydride  in  place  of  ether,  a  tenpenton  of  —BO°cui  be  produced,  and 
thia  U  unplT  auffldmit  tor  the  liquefikction  of  iMlli  chtorise  and  ammonia.  Lastly,  hv 
eTaporatJngliqaid  uumonU  (which  boila  in  Uieairat  —  iS'T')ia  an  exhantrted  tecviTi 


Bpb«ne  pi  . 

An  appuatus  for  the  liqnc&Ctioo  of  amlnonia,  to  le  cued  tor  refrigeration,  has  tieen 
described  by  Regoault  (U&n.  Acad.  Sciences,  zzri  600),  and  &  verj  nmple  con- 
trirance  for  tbe  same  pnrpoee  wu  exhibited  bf  Oarri  at  the  Intemitional  E^ibition 
in  London  in  1362.  (For  a  desdiptioii  uid  ^ors  of  the  laiC  *ppg,rHtiLa,  tea  Miller'a 
Chtmieal  Phytiet,  ei.  1S63,  p.  SBS,  footnote.) 

SeTeral  gm™  con  be  liqoefled  by  increased  prowure  alone,  withont  redacJnK  their 
temperature  below  tiiAt  of  the  atmosphere.  The  neceasaij  pressiu*  cttn  often  ba 
attained  by  erolnng  tha  eaa  in  an  aneloasd  space  (as  in  a  naTed  glass  tnbe) ;  nader 
tlieM  cironmst&nceB,  the  daslic  force  cODtiaaes  to  increase  until  the  point  of  mazimnm 

" TJ 

...        „    Ton^t  iron  bottle  nnnected  with  a  wrought  iron 

.  _jn  the  liquid  cerbonic  ai^ydride  thus  produced  is  allowed  to  eaope  in  a 
n  into  the  air,  port  of  it  is  jmm»djately  Taporised,  and  the  consequent  abaorp: 
tion  of  beat  is  sufBcieot  to  cause  the  remsinder  to  condense  to  a  whiti^  cryatalline 
solid,  like  snow.    The  piiaciple  of  this  method  was  flnt  put  in  pnetieeby  Faraday 


B;  tha  «T^)oiatioD  of  gues,  condeosed  by  any  of  tlia  processM  abora  indicated,  the 
lowest  tempemtuFes  yet  attained  can  be  produced,  the  greatat  digree  of  ootd  hitherto 
lecoided  bnog  — 140°,  the  temperature,  accordiiig  to  Natterer,  (f  a  miitun  of  liquid 
nitfoua  oxide  and  biimlphide  of  carbon  evapomting  in  vacuo. 

Still  mora  powartnl  means  of  liqae&ction  than  those  already  mentioned,  were  em- 
plovedbv  Faraday  in  his  later  eiprrimente  on  thia  subject  (Phil.  Tiaas.  1B4S,  p,  170), 
and  he  tberpby  succeeded  in  reducing  to  the  liquid  state  all  known  gascB,  with  the 
exception  of  oiygen,  hydrogen,  nitrogen,  nitric  oxide,  carbonic  oxide,  and  marah-gas^ 
— and  in  solidifying  the  greater  Dumber  of  them.  The  method  Adopted  was  to  suhject 
the  gases  to  the  joint  action  of  powerflil  mechanical  pressor^  aud  extreme  cold.  The 
first  object  was  attained  by  the  successive  action  of  two  air-pumpt,  the  fint  haying  a 
piston  one  inch  in  diameter,  the  second  only  half  an  inrtL  The  first  product  a 
pmsanre  of  about  20  atmoapheres,  the  second  increased  it  to  upwards  of  60,  The 
lubea  into  which  the  gas  thus  condensed  was  made  to  pass  were  of  green  bottle- 
glsss,  fram  i  to  }  of  an  inch  in  eiternai  diameter,  and  had  a  cnrratilre  in  one  portion 
of  their  length  adapted  for  immersion  m  a  freerine  mixture.  The  mixture  employed 
coneisted  of  solid  carbonic  anhydride  and  ether.  The  cold  prodaced  by  it  amoonled  to 
.-766°  in  the  open  air,  and  to  —110"  ander  the  exhausted  imeiyer  of  the  lur-pump. 
Many  gases,  when  subjected  to  this  extreme  degree  of  cold,  ware  liquefied  without 
The  use  of  the  condensing  apparatus :  this  was  the  case  with  chlorine,  cyanogen,  am- 
monia, sulphuretted  hy^twen,  aneniuretted  hydrogen,  hydriodic  acid,  hydrobiomic 
acid,  carbonic  anhydride,  ethylene,  nitrous  oxide,  antl  oxide  of  chlorine.  Fluoride  of 
si]  icon  Iique£ed  at  a  pressure  of  0  stmosphcrEd,  The  following  were  solidified  when 
subjectedto  the  action  of  the  carbonic  anhydride  bath  in  tvcuo.'  hydriodic  acid,  hydrobro- 
mic  acid,  snlphoroas  anhydride,  sulphuretted  hydrogen,  carbonic  anhydride,  oxide  of 
chlorine,  cyanogen,  ammonia,  and  nitious  oxide.  The  following  gases  did  not  solidify, 
even  at  t^  lowest  temperature  that  could  be  obtained :  etbyfone,  fluoride  of  silicon, 
fluoride  of  boron,  phosphoretted  hydrogen,  hydrochloric  acid,  aud  arseniuretted  hydrogen. 
The  Bti  gases  mentioned  at  the  mmmencsment  of  the  preceding  paragraph  showed  no 
signs  of  liquetaetioD  when  cooled  by  the  carbonic  anhydride  bath  in  vactm :  hydrogen 
and  oxygen  at  37  atmospheres,  uitTogen  and  nitric  oxide  at  BO,  carbonio  oxide  at  40, 
and  maxeh-gas  at  32  atmoqiheres. 
Andrews  has  since  succeeded  in  eiposbg  these  gases  to  still  greater  pressurea,  but 
.thout  producing  liquefaction,  although  a  bath  ofether  and  soud  carbonic  anhydride 
IS  used  ;  air  was  reduced  to  g^  of  its  bulk,  oiymn  to  ^  hydrogen  to  jjn  carbonio 
-a...    I         !_-._-       11.  .      1    ..  I.     (rigioii  yoinjne.     Hydrogen  and  catbonio 
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tb«Dt  to  a  t«npan|iiiv  at  whieh  the  oonatitiunt  it  i>  vialu-d  to  Isolate  nm  in  Taptmr, 
vhila  tlie  others  remwn  still  aolid  or  liquid.  The  oidinaiy  Bfthod*  of  performing 
this  opention  of  diBtill&tion,  uul  toc  ■pporatiu  commonly  emplojed  are  too 
fimiilitic  to  merj  ehnniat  for  it  to  b«  dbcmui?  to  dcBcribs  them  hen  in  datiiL  (tor 
a  foil  deaciiption  of  ths  prooeai  and  the  modifications  that  become  dedrable  in  paiti- 
niu  cases,  the  raader  ia  refcned  to  A  Bandhook  of  CkmiaaS  ManimUatioa,  Im 
C.  QreTilleWIUiamB,  London,  1857,  pp.  £D2'341.) 

When  the  liquid  submitlad  to  dlitillacion  is  a  miitore  of  two  or  mora  substances  of 
nneqaal  Tolatdlitj,  the  nponr  fbrmed  when  ebullition  begins  ([aneraUy  contains  a 
larger  perc^itage  of  the  meet  volatile  constitueut  than  the  liquid  remaining  in  tike 
raloit,  Beuee,  the  oomposition  of  the  liquid  alters  as  the  distilUtion  oontiDueB,  and  its 
bailing  pcoDt  risea  accordingly.  Od  the  other  hand,  if  ths  boiling  point  of  a  liquid 
fsmains  sonstant  during  distjllation,  it  is  usuallv  an  indication  liut  its  compositioD  ja 
tuuitcMd  hj  the  process,  and  Iherefora  that  Uie  oomposilion  of  the  tliatiilBtiT  slgo 
eoDtisaes  tw  same  thron^ioat.  The  boiling  point  of  a  liqiud  beoomes  thereibre  a  tstj 
Bsefbl  indication  of  tha  nnifonn  or  Taiyin^  natare  of  the  prodoeta  of  its  distillation, 
and  bj  mlleetiiig  apart  the  portions  which  pass  over  at  diSannt  temperatures,  a 
mixtare  of  difibrent  Uqnids  may  often  be  to  a  gieat  rztent  Raolved  into  its  oonstitUBnts. 
It  sddoB  hanxBii  brnviwr,  axeept  with  a  mixture  of  two  Uqnids  whose  boiUu  pointa 
are  -nrj  disteit  BnHn  etch  olbcr,  that  a  sin^  opentjon  of  this  kind  ^vea  either  con- 
itiUMittuiaataUof pnri^.  ThisiseapecialJjthecasawhsnthadistillabonispeifhmed 
in  a  Mtott  01  Mtus  Tcosel  whidi  allow*  the  T^nni  to  pass  to  the  condenssr  alnoM 
im»ffllialiilj  after  ila  fixmation.  Under  theas  arcDm^anaa^  the  distillate  obtained  at 
an^  psriod  of  the  o^aation  is  almost  identical  in  composition  with  the  vapour  that  is 
naing  bom  the  liquid,  and  thcs«fon  contains  a  oertain  qoanti^  of  ereiy  oonstitosnt  of 
the  liquid  that  ptodnces  Tsponr  cd'  sensible  tension  at  the  temperature  at  which  ebulli- 
tioD  is  gung  ov.  Hence,  in  order  to  effect  any  graat  amount  of  asparation  in  thia 
manner,  the  .<i^»J1Ut«  most  be  collected  in  aeparate  fractions,  each  of  them  cornmonding 
to  a  definite  interral  of  tanperatore  ;  each  fraction  must  then  be  bactionallj  distilled 
hv  itaelf  i>  the  aame  way  as  the  oriranal  liquid,  (he  prodacts  which  psss  orai  between 
the  same  temperatures  on  the  second  distillation  of  the  Bret  bactions  being  collected 
togEther  J  and  this  process  most  be  repeated  as  long  as  any  further  sepaation  into 
Fig.  Mfi. 


tnaaiAfd  tube,  of  tbefbrm  shown  in  jb.  Hfi.    The  thannometer 

^nght  limb  of  die  braachad  tube,  andiasoa^uatedintheerakorpisceofindia-rabbsr 
tube  which  holds  it  in  its  place,  that  the  tap.  of  Hit  balb  ts  just  below  the  «p«ning  af 
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tbe  aide  brandi  by  wliieli  tbe  raponr  psssM  ta  the  condenaer.  In  an  BppBTntiu  Um 
■rTBQged,  tlio  THponrrUmg  ^m  Lhe  liquid  comeB  in  contact  vith  A  considerable  anrbn 
of  gLus  cooled  by  contact  vitb  tlie  air,  berore  it  ia  able  to  leave  tbo  dietiUiDs  Teeeel:  tb« 
oonHequenca  ie  that,  in  proportion  ■■  it  riaes  aboTe  the  anrfa™  of  the  boiling  liqnid,  it 
becomes  more  and  mora  oomplBtfll/  frfl«d  from  ita  leas  Tolatile  oonstitnente ;  and  the  t»- 
pour  whicb  ollimatelj'  reaches  the  condecser,  at  an;  atage  of  the  operatioa,  is  identical 
vith  the  most  ToUcile  portions  that  wonld  be  obtained  b;  the  repeated  fractional  distil- 
lation of  the  liquid  reaoltiiig  from  the  completecondetieation  of  the  vapour  existing  in  the 
flask  at  the  time.  Infiwt,  oae  distillation  made  in  thiawaT  is  eqaivalpnt  to  sereru  mads 
in  a  retort ;  neT^thelesii,  this  method  ia  not  alwaya  applicable,  sines  the  temperaCnrs  ot 
tbe  boiling  liquid  requires  to  be  alwajH  cooHiderablyhigher  than  that  of  the  liqnid  ivhicb 
ie  actually  diatiliing,  othenriae  (be  irhole  of  the  Taponrwonld  he  condeniied  before  reaoh- 
ijtg  tbe  exit  tnbe — and  this  wonld  nmetimea  caiLee  chemical  alteration  of  the  substance. 
The  composition  of  the  diatillate  which  a  liquid  jKeldiat  any  period  of  its  distillation 
does  not  depend  aolel;  upon  tbe  tensian  of  the  vaponts  of  its  several  constituents  at  the 
temperature  of  ehnllition  ;  it  ia  greatlj  influenced  alao  by  their  relative  proportions, 
and  by  the  densities  of  thei^  Tapoura.  In  diatilliog  a  volatile  liquid  eoDtainitig  a  small 
qnanbty  of  a  less  volatile  one  (for  inatanco,  benieno  containing  a  little  w»ter),  it  may 
very  often  be  noticed  that  the  whole  of  the  lees  volatile  eomstituent  is  contained  in  tm 
first  few  drops  of  (be  distillate.  This  is  because  the  latter  ■ubetance  produces  vapoiv 
of  whatever  teciioa  corresponds  to  tbe  temperature  of  ebullition  of  the  mass  of  the 
liquid,  just  as  a  larger  quantity  of  it  would  do  ;  this  vapour  difftases  itself  through  that 
of  tbe  more  volatile  conatituent  and  ia  carried  forward  with  it  into  the  condenaHr ;  a 
farther  quantity  of  the  less  volatile  vaponr  is  then  formed,  and  the  proeoas  oontinnai 
thus  until  the  whole  of  the  less  volatile  liquid  has  been  volatilised,  sitbough  Uis  tem- 
persitore  may  not  have  approached  within  man;  degrees  of  its  boiling  point. 

The  inflnence  of  the  vapour-den  aitiea  of  the  several  constituents  of  a  miisd  liquid, 
npon  )be  rapidity  with  wbicb  the;  respectively  distil,  baa  been  specially  poinlsd  out  by 
WankIyn(Proc.Koy.  Soc.iii.  634)ftndbyBertbelot(Compt.rend.  Ivii.  430).  Lear- 
ing  out  of  consideration  the  influence  of  tbe  adbeoion  of  the  ingredients  fbr  each  other, 
the  qnanti^  of  each  ingredient  which  diatila  may  be  found  b;  multiplving  its  tension 
at  the  boiling  poiat  of  the  mixture  by  iU  vapour-denaitj.  Heness  (he  uquid  wboaa 
vapour  has  the  highest  tension  willnot  necessarily  distil  the  quickest:  what  tbe  other 
liquids  want  in  tension,  Ihey  may  make  up  by  the  gi     "      '       ''       '  '  '  '  ' 

they  give  off.  Wanklyn  gives  the  following  eipeni 
18  gnas.  of  methylic  alcohol — boiling  point  66°,  vapour-density  I'lOT — was  mixed  irith 
17  grms.  of  iodide  of  ethyl — boiling  point  72",  T»our-density  6-397 — and  the  mixturs 
was  distilled  until  rather  more  than  one-thiid  had  passed  over.  The  distillate  ( lt'7 
grms,)  conaiBted  of  6-0  grma.  of  metbylic  alcohol  and  8'7  grms.  of  iodide  of  ethyl, 
showing  that  the  less  voUtile  eonatitnent,  owing  to  its  greater  densitv  of  vapour,  had 
distilled  most  quickly.  When  tba  vapour-densities  and  tensions  are  mversefy  prt^or- 
tional,  tbe  mixture  must  distil  over  nnchanged.  This  inflaence  of  vaponr-density  goes 
a  great  way  to  exphiin  why  homologous  bo<Ues  are  so  difficnlt  to  separate  by  fractional 
distillation.  The  more  complex  the  ibrmula  the  higher  the  boiling  pointy  but  also  the 
higher  the  vapour-density,  and  Ibarefbre  the  greater  the  value  of  the  vapour.  It  alao 
explains  why  oila.  Sec  distil  so  readily  in  steam ;  for  aqueous  vapour  is  one  of  the 
lightest,  while  oily  vaponra  are  generally  heavy.     (Wanklyn,  loc.  cil.) 

The  action  of  the  sun  upon  the  water  at  the  sur&ce  of  tba  earth  canses  a  natural 
process  of  distillation  upon  an  enormous  scale  to  be  always  going  on.  The  water 
evaporated  &om  the  earth's  surface  tiaes  in  the  atmospbeiv  as  vapour,  and  being  after- 
wanis  deprived  of  its  heat  of  vaporisation — partly  byiadiation  into  apace,  and  partly  by 
contact  with  mountain  summits,  or  with  the  cold  air  existing  at  high  elevations  — 
lelttms  to  the  earth  in  the  various  farms  of  dew,  tniet,  rain,  snow,  hail,  &c.  In  this 
way  an  immense  quanti^  of  water  ii  being  eontanually  lifted  from  the  sea-level,  a 
Urge  pn^Kntion  of  which  does  not  fiill  agun  directly  into  the  sea,  bat,  being  deposited 
oa  elevated  portions  of  tbe  land,  beeomM  the  inexhaustible  source  whence  ati^anu  and 
rivers  are  supplied.  Tbe  watery  vapour  which  reaches  the  higher  and  colder  regions 
of  the  atmosphere,  ia  there  condensed  into  snow.  This,  aa  it  falls  again  towards  the 
earth,  returns  to  the  condition  of  water,  if  the  air  through  which  it  paasea  is  sufScientlr 
warm  to  liquefr  it ;  but  part  of  it  reaches  the  earth  unmelted,  and  that  which  &lis 
upon  r^ons  whose  mean  temperatnre  ia  below  zero,  accumulates  to  form  the  enormous 
masses  of  ice  known  as  glaciera.  Now  it  ia  nniveraally  admitted  by  geologists  that, 
at  an  epoch  by  no  means  (geologically)  remote,  ezteusiTB  ^^adeis  exited  where  nono 
have  been  known  within  historic  times,  and  that  glaciers  wbidi  still  exist  bad  then  a 
very  much  grater  extent,  In  order  to  acconntfOT  the  former  existence  of  so  much 
la^er  ■  quantity  of  ice  at  the  snr&cs  of  the  earth  than  that  which  is  now  to  be  found, 
it  baa  often  been  supposed  that,  at  the  jieriod  when  this  ocenned,  the  mean  t«mpan- 
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ton  of  the  oartb  was  oanndenbW  lonr  Uun  U  pnsoiL  But,  tsTjiidtiU  bu  pointed 
out  (Btal  eotuidtrrd  at  a  MoiU  of  Motion,  pp.  1S3,  1S3),  ersD  admiUiDg  Buch  (o 
hare  beeo  tbs  ease,  the  abeerred  renilC  would  not  have  followed.  li  oold  a  necenai/ 
to  nutdeuie  the  nponr  of  water  into  ice,  best  is  ao  hm  needed  for  the  first  production 
of  tlie  TH»nr.  HeoM  the  conditioD  of  the  earth  which  is  in  reality  indicated  bj  tha 
Tait  deTelopment  of  gladen  in  fbimer  agn,  \t  one  ia  which  the  jnoeeaa  of  distillalion 
went  ou  more  rapidly.  Tbeaa  eoneiderationa  haTO  been  receutiT  eamed  further  bjr 
Fraokland.  He  haa  ihowu,  by  the  companaon  of  well-eatabliehed  data,  that  tha 
height  of  the  line  of  perpetual  enow  above  the  aea-level  at  different  parte  of  Ibe  earth, 
depeoda,  not  only  ddoq  the  temperatore,  but  alao  upon  the  amount  of  atmoephenc  pre- 
eipitation  which  takce  place;  and  he  ooncluda,  from  I^dall'a  ezperimenta  on  the 
absorption  and  radiation  of  heat  by  acueoiu  vapour  (see  Kij>iatioii  of  Hk4t),  that 
the  condensation  of  the  raponr  contained  in  the  atmoephere  takes  place  chiefly  by  tha 
direct  radiation  of  ite  heat  of  Taporisation  lata  space.  If  tJ^is  condusion  ia  correct^ 
condensation  must  have  ocrnrred  with  nearly  equal  readiness  at  all  stages  of  the  earth's 
history,  and  all  that  was  therefore  neceaaary  to  cause  a  greater  atmospheric  precipita- 
tion in  past  times,  was  a  more  rapid  supply  of  aqueous  vapour.  Hence,  according  to 
Franklaud,  the  glacial  epoch  of  the  geologists  is  an  indication  of  a  higher  mean  ttiiupe- 
tatore  of  the  ew^'t  surface  in  fbrmei  agea,  and  not  of  a  lower  temperatare.  The 
ciimatological  Oonditiona  of  tbis  epoch  heconaiderH  ta  have  been  a  neceeaary  consequence 
of  the  continuous  cooling  of  the  earth's  crust  irom  the  high  temperature  which  it  is 
admitted  to  have  had  at  a  still  earlier  era  to  that  which  it  has  at  present.  In  the 
earlier  e^cs  alluded  to,  the  temperature  of  the  earth  is  lupposed  to  have  been  such  that 
a  ^at  port  of  the  waters  of  our  present  occku  must  hare  eiisted  as  vapour;  and  not- 
withstanding that  rapid  oondeusation  of  this  vapour  most  have  occurred,  the  surfiu»  of 
the  earth  was  too  hot  to  allow  the  precipitated  water  to  accumulate  as  ice.  But  as  the 
cooling  prozreased,  the  temperature  of  the  land  would  fall  more  quickly  than  that  of 
the  ocean  ;  hence  a  period  would  arrive  when  the  former  would  be  ao  &t  cooled  that 
ice  could  accumulate  upon  il^  while  the  temperature  of  the  water  atill  remained  such 
tltat  evaporation,  and  consei^uentJy  condensation,  went  on  much  more  rapidly  than  at 
present.  It  is  during  this  period  thal^  according  to  Franklaud,  the  glacial  epoch  occurred. 
Its  ceantion  he  attrtbates  to  the  farther  action  of  the  same  cause  as  Uiat  which  produced 
it ;  namely,  to  the  progressive  cooling  of  the  earth,  which  hai  now  arrived  at  such  a 
point  that  evspotatian  no  longer  tuea  place  with  lufflaent  rapidity  to  nipplj  the 
materials  required  for  the  formation  of  the  enormous  glaciers  of  former  agea.  It  ia 
knpoanble  to  discnss  here  the  cause  of  the  former  high  tempemtiire  t£  the  earth's  sor- 
&ee,  indicated  by  the  tropical  fauna  and  flora  which  preceded  the  glacial  epoch,  and, 
according  to  Franklaud,  by  the  glacial  epoch  itself;  but  it  has  been  proved  by 
Thomson  that,  for  ages  long  anterior  to  either  of  the  periods  referred  to.  the  internal 
heat  of  the  earth  c^o  nave  produced  no  sensible  eflTcct  npon  the  climate  of  the  anrfaca. 


n  that,  for  ages  long  anterior  to  either  of  the  periods  referred  to.  the  i 
le  earth  c^o  nave  produced  no  sensible  eflTcct  npon  the  climate  of  "-- 
Just  s«  in  the  process  of  distillation,  as  carried  on  in  the  laborutory,  thei^ 


feienc*  of  heat  from  the  retort  to  the  condenser,  and  consequently  a  constant  lendency 
to  the  approximation  of  (heir  lempersturrs :  ao  one  uf  the  effects  of  the  great  natural 
pioceea  of  distillation  is  the  partial  equalisation  of  the  temperature  of  diffcront  parts  of 
the  earth's  surface,  and  of  the  different  strata  of  the  atmosphere. 

Tarious  instruments  and  processes,  mostly  depending  an  principles  already  explained 
in  this  article,  have  been  proposed  for  measuring  the  quantity  of  aqueous  vapour  eiist- 

ain  the  air  at  any  given  time.  A  full  descnption  of  all  the  most  important  of  them 
be  found  in  the  article  IlTasoiiiTaB. 

SuBUJCATioit. — When,  during  the  distillation  of  a  volatile  substance,  the  temperaturs 
of  the  receiver  is  kept  so  low  that  the  vaponr  which  enters  it  passes  at  once  into  tha 
BoHd  state,  without  previoos  liquefaction,  the  process  is  called  sublimation,  and  tha 
product  a  sublimate.  This  process  ia  often  reaurted  to  for  the  puriflcation  of  sub- 
stances which  volatilise  rapidly  at  temperatores  below  their  melting  points. 

OaMng—  of  Flljll«*l  ■Iguatma.— Some  solid  snbetances  are  capabto  of  existing 
nnder  two  or  morefbnuadistingnisbedfrom  each  other  by  differences  of  specific  mvity, 
hardnea^  crystalline  form,  fusibility,  optical  and  electrical  properties,  &&  Carbon, 
for  instance,  exists  as  diamond,  graphite^  and  charcoal,  as  well  as  in  other  secondary 
modifications ;  phosphonu  occurs  either  as  an  easily  fusible,  translucent,  ycllowiali, 
oyBtalUne  substance,  or  as  a  much  less  fusible,  opaque,  amorphoua  body  ot  a  brick-red 
colour;  and  so  fbr  many  other  subBtauces,  simple  and  campound.  It  thus  often 
happens  that  the  different  modiflcations  of  the  same  Bubstsnce  differ  more  in  their 
physical  properties,  than  other  snbstancea  do  which  are  chemically  distinct;  and  the 
passage  bom  one  modification  to  another,  though  not  amounting  to  a  change  of  state  of 
■ggregatlou,  may  be  considered  as  a  phenomenon  of  the  same  dasa  as  such  changes. 
Accordingly,  it  haa  been  fbnnd,  in  all  cases  in  which  this  point  has  been  investigated, 
that  the  passage  ot  a  solid  body  fivm  one  modification  to  another,  i*  attended  eithel 
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nith  derelopment  of  vitb  absorptian  of  heat.  Th«  expofanents  which  hars  been  tatSn 
on  this  sDl:!]ect  ue  not  nmneroiu  enough  to  e&able  any  ^neral  coDclnsions  to  be  dnvn 
fiom  them  vith  Rmt  cratAiiity,  but  the;  appau  to  indicate  that  deretopmeQt  of  heat 
luuallT  attend!  the  pansnge  from  *  fitreoiu  oc  amorpbons  condition  tu  k  OTstalline 
ooDJi  tioD,  and  coneeqnentJjfiiat  thn  opposite  change  is  aecompanied  b;  abaorptioc  of  beat. 
The  foltowing  are  examples  of  trans formationg  of  tbo  kind  uader  mnsidFratioii ; — 
1.  If  melt«d  snzar  be  alloired  to  cool  to  abont  88°,  and  then,  vhile  it  is  still  soft  and 
viccid.  b«  rapidly  aod  frequently  extended  and  donbled  np,  till  at  last  it  eonsieta  of 
threada.  as  in  drawn  engar,  the  tempentare  of  the  mass  quickly  rises  So  as  to  be«ama 
inBnpportable  to  the  hand.  After  this  liberation  of  heat,  the  snear  on  again  eoolin^ 
is  no  longer  a  glass,  but  conaiaU  of  minnte  crystalline  grains  and  has  a  prarly  lustre. 
The  same  change  may  occnr  in  a  gradual  numner,  as  when  a  clear  stick  of  barleyniagar 
becomes  white  and  opaque  in  the  atmosphere  (Qraham,  EUmenti  of  Cietniilrv,  2iid 
ed.  i.  40). — 2.  When  the  soft  vitreoDS  sulphur,  obtained  by  pouring  ttdphm  mehed  at 
180°  or  200°  into  cold  vatoF,  is  gradually  heated  !n  an  aii^tatb  of  whica  the  tempera- 
ture is  about  0B^,  tbe  temperature  of  the  Butphur,  as  soon  as  it  reaches  93°,  rises 
suddenly  to  110°,  and  it  then  passM  immediately  into  the  hard  crystalline  state  which 
it  would  have  assamed  gradually  at  the  ordinary  tcmpctatnrB  (Regnault,  Ann.  Cb. 
Fhys.  [3]  i.  SOS),  lie  prismatic  crystals  of  sulphur  obtained  by  Vision  haTe  been 
long  known  lo  pass  gradually  into  octahedral  crystals.  The  same  change  takes  place 
mudt  mora  quieklj  wfaeu  the  crystals  ara  agitated,  or  when  they  are  pot  in  contact 
will  sulphide  of  carbon,  even  if  thia  liquid  is  already  saturated  with  snlpbnr. 
Mitseberlich  toond  that  the  rapid  transformation  of  pricanatie  into  octahedral  sul- 
phur which  occurs  under  these  circomstaneee  was  attended  by  the  erolution  of  a 
quantity  of  heat  sufficient  to  taiae  the  temperature  of  the  Bulphor  employed  by  12°,  or 
which,  taking  into  acmust  the  specillc  heat  of  sulphur,  amcinuted  to  2*27  units  of  heat 
per  gramme  of  solphui  (■£>£  uri.  124).  Favre,  who  has  estimated  by  an  indirect 
process  (Jahresber.  I8G3,  p.  29)  the  heat  erolred  in  the  trsnsfbrmatioD  of  one  tariety 
of  lulphor  into  another,  finds  that  the  quantity  of  beat  liberated,  when  one  eqaiTalent 
(16  parts)  of  ordioary  sulphur  is  courerted  into  the  modiflcatian  insoluble  in  snlphide 
of  carbon,  amouste  to  3102  units,  and  that  the  CDUTrraion  into  the  same  modification 
of  one  equivalent  of  soft  'ntreoug  sulphur,  evotm  3SD4  units  of  heat. — 3.  Selenium, 
When  oompletely  melted  and  then  rapidly  cooled,  eonstitntes  a  black  mass  with  a 
briUiaDt  sorfiue  and  a  fracture  exactly  reaembiing  that  of  obsidian  or  of  blai^  ^asi. 
When  this  is  heated  ve^  gradually,  a  sadden  rise  of  tomperatnre  to  2CK)°or23l}°takes 
place  as  soon  as  the  th«nnoniet«  BiriTea  at  96°  or  97".  Th£  selenium  is  afterwards  of 
a  bluish  pey  oolour,  and  has  a  distinctly  metallic  lustip.  Its  fikcture,  iiistead  of  being 
ntreous,  now  showa  a  line  gntralar  stmctnre  like  that  of  grey  cast  iron.  The  beat 
erolved  in  the  transformation  is  estimated  by  Begnault  assnfScientto  raise  the  tem- 
perature of  tbe  selenium  operated  upon  by  more  than  200  degrera  (Ann.  Ch.  Phya. 
[3]  ilri.290)._l.AecoFdinKtoFaTre  (£?«.(»''.),  28,246  units  of  beat  are  evolted  when 
one  equiTalent  (31  parts)  of  common  phosphorus  is  converted  into  red  phoephorns. — 

5.  The  trsnsfiirmation  of  1  gnn.  of  armgonito  into  calc-spar  corre^tonds  to  the  arolution 
of  I2'9  units  of  beat  (Farre  and  Sill>ermann,  Ann.  Ch.  PhTS.  [tl  zzxriL  4S6). — 

6.  Many  amondtous  minerals  and  artificially  prepared  metallic  oxides  become  tem- 
porarilyincandeseentwheD  gently  heated,  and  are  then  found  to  have  bectane  rajit^lina 
irithoDt  haTing  undergone  any  altiration  in  weight.  Osdolinite  (silicate  of  yttriam) 
exhibits  this  behaTionr  in  a  remarkable  degree.  (For  ftuthn  ezamplea  of  analoeooa 
changea,  see  Omelin' t  Sandlxiok,  i.  104-107.) 

The  existonce  of  oione  seems  to  proTe  that  the  same  chemietl  substance  U^  exist 
even  in  the  gaseous  state,  in  more  than  one  modification,  and  analogy  renders  it  pro- 
bable that,  when  sncl^is  the  case,  the  transformation  of  one  modification  into  ths  other 
is  attended  by  calorimetric  phenomena.  Sulphur-vapour  at  temperaturre  only  slightly 
aboTe  tJie  bouing  point  of  sulphur,  and  at  800°  and  upwards,  a  an  instance  of  another 
kind  of  difierenca  in  the  [vopeities  of  one  and  the  same  gasMiu  snbtfaaee,  wfaidi  nu- 
doubtedlT  depends  on  the  quantity  of  heat  i^eeeut  in  it,  allhoudi  the  heat  Mcded  lo 
diange  the  one  modification  into  the  other  has  not  been  iMaaBr^. 

i,—B*lationt  of  Stat  to  CItemieal  Af/inUy. 
Vhatsrer  maybe  the  real  nature  of  that  property  of  matter  called  «hemie*I 
affinity,  by  Tirtno  of  which  mutual  alterations  of  c(»ipoaition  occur  when  chemically 
dissimilar  bodica  are  brought  together  under  appropriate  oonditiont^  one  most  im- 
portant bet  is  deul^  established  with  regard  to  it ;  namely,  that  its  maniiMationl 
are  always  accompanied  by  the  productjon  or  annihilation  of  heat.  Change  of  compo- 
■ition,  or  chentical  action,  and  beat  an  mutually  convertible :  a  giren  amount  of 
diemical  action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity  of 
heat  must  be  directly  or  indirectly  expended,  in  order  to  raverae  or  undo  the  «^teniical 
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mcliOB  tkat  hM  frnddced  it    The  [aodncdoa  of  b»at  hj  clienical  Bction,  and  tb« 


dodng  b«t,  tftiOelallr  otHiauU  in  cJuDgiog  Itie  elemeata  of  wood  ind  m*l,  togc^er 
Willi  atBHiqilwnc  <a^gai,  into  carbonic  anhydride  luid  vater,  and  btctt  one  iovwa  that 
the  hcmt  vlnitf^ai  be  tboi  obtained  from  ■  giren  qoantitj  of  coal  if  limited  and  i(  at 
'  \j  always  the  u 

a  problem  of  Tery  gnat  difficoltf ;  cliiefl;  because  i^emical  c 
'Tcty  afUoB  take  pisee  alone,  bat  are  aJmoat  always  aixompanied  bj  physical  cuaiig«a 
imobing  (brthcr  calonmetcic  e^cla,  each  of  which  rcqnirea  to  be  accantely  messond 
•nd  allgved  fi>r,  before  tbe  effect  due  to  the  diemical  action  can  be  rightly  estjnuttcd. 
Thiu  tba  oltimate  ramlt  eome^  is  most  casra,  to  be  dedooed  from  a  great  namher  of 
indrpco^iDt  meanuenrals,  each  of  which  is  liable  to  a  certain  amoHnt  of  error.  It  ia 
tbtrelbra  not  Hspriatng  that  the  nmlts  of  vaiiooa  eiperimcnt^  should  difier  to  a  com- 
paradTeIjBn«t  extent,  and  that  aome  oncettain^  should  still  exist  as  to  the  exact 
qpantitj  of  heat  oom^HWdiiig  to  even  the  aimpleat  cases  of  chemical  action. 

■«•*  aiwvlnA  In  wmfU  OhuImibIIuwi. — The  nadioni  in  which  the  erolntirai  of 
heal  is  most  •triUug^yendent,  an  of  course  those  which  ace  accompanied  bTTisihleinoui- 
^combaUion;  and,accDtdiiigly,thetariie«teipnimaDtBOD  tbehcati^cbemi- 
bBdnAKDoesolelytothehBatdiaengB^innpideomlHutiona.    LaToi 


loty  of  loe 

bannag  ia  a  cncrent  of  air  known  weigbM  of  (M  subataiwes  examined.  In  1814, 
CouDt  Rumford  made  oiperiments  of  asmilarkiDd  by  means  of  a  water^calorimeter. 
His  chief  object  was  to  ascotain  the  relatire  calorific  ralaea  of  the  principal  combustibla 
anbstancea  in  actual  uaa  as  Aid.  and  from  this  point  of  view  his  reeaitii  still  posseas 
CDBsidsnble  Talae,  altboagh  they  cannot  lay  claim  to  acioituBc  accuracy.     Id  oideF  lo 


lus  calivimetar,  o 

sach  experimsnt  when  the  watsr  of  tbs  CI 

nmidiiigair,  as(hehadfonnd  by  prelimioary  UiaU)  it  wtmld  be  hotter  at  the  end  of  tha 

•nenBient.    In  this  way,  the  calorimeter  gained  heat  from  the  air  during  the  fliat 

hijf  1^  «a(^  operation,  and  lost  ao  almost  exactly  equal  qoaatity  during  tSe  aeoand 

iuU,  ao  that  ttw  total  eBM^  was  almoat  no-  jiy.  ^g 

thmg.     TUa  ailiflEa,  employed  fin  the  Bmt  "' 

ttuB  by  Bnarfonl,  has  bscB  adopt«diD  uettriy 

•TWy  EDbaeqacBt  inrntigBtiaa  retatJBg  » 

calorimetiy.     Tbe  nperimeots  of  Bamlcird 

were  foDowed  by  tioee  of  Crawford,  Dal- 

ton,  and  Clement  Deeormea,  asd  mors 

reoeotlj  by  tbe  inveatigirtionscf  Desprata 

and  Dslong.    Tk  reeeaidiM  of  the  last 


of  ha  p 

ipc^enaire    rnearehea    hitiiBitO    made 

>  this  aDbjeet  are,  however,  tbow  of 
jravTB  BDd8ilb9rro«nn(ADn.Ch,Phys, 
[)]  xxxir.  U7  :  xxxTi.  6  ;  zxxviL  406),  and 
Andrews  (PhiL  Hag.  [3]  xxiiL  3S1  and 
426). 

TliaealoiiBetwemploTedl^FaTreand 
Silbermann  in  their  experimienta  oneom- 
bustion  in  o^gen  gao,  and  in  ether  action* 
vhsreby  laige  qoantitiM  of  heat  were  ga- 
Bsralad,  ia  (cpresented  in  section  in^.  US, 
the  Bcale  ef  which  is  ane-Sfth  of  that  1^  the 
actual  maratua.  The  calorimeta',  mo- 
(mIt  so  eaUed,is  Ae  CTlindiical  vessel  C  C  C, 
mads  of  cown  J^^t*"  exteoially  with  silver 
and  hti^bOj  pofiabed,  and  oloead  b;  a  covfr 
of  the  aame  laiiUiisI     This  ia  sonoonded  - 

tn  a  MMtnd  veaaa^  A  i,  also  of  sUTflced  copper,  but  having  the  poliahsd  surikce  inside, 
ttsspace  between  C  and  Abeii^  filled  with  swan's  dmni;  ontcide  ttu*  again)*  a  third 
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■pace  irMdi  sepantea  tM>  Tcsael  from  &  amiaina  water,  the  temperatare  of  wbieh  ii 
indicated  bj  the  tbeBnometer  I,  sad  which  lervea  to  neatraliae  the  effect  of  aceidental 
VitfiatioDa  ot  Iho  t^mpentare  of  the  atmoipbere.  The  chamber  in  which  the  cmibas- 
tloDE  lake  [dace  i»  made  of  gilt  copper-ptito,  and  ie  repreaeDled  bj  A.  Wheo  the 
oombostioiu  aie  to  be  mado  in  oijgBD,  the  ga«,  preTiouiIj  pnriSed,  eDten  thii  phamber 
bj  tiie  tabe  d ;  the  prodocta  of  comboetioii  eecaw^  if  gaseous,  b;  the  rertical  tube  (,  and 
paai  from  thence  into  the  aenteotiQe  S,  where  utej  giTe  up  their  heat  to  the  water  of 
the  calorimeter,  and  then  flnallj  leave  the  appantoa  by  the  npper  port  of  the  tabe  t : 
when  no  gBseoas  piodacta  are  formed,  the  aiCremity  of  thu  tabe  is  eJoaed.  If  the 
Bubetanoe  to  be  burned  is  a  gaa,  it  enters  the  eombnstion-cfaaiiiber  by  a  jet  ccmnected 
with  the  tabe  o  ;  solid  bodiffl  are  attached  to  flne  platinam-wirea,  suspended  from  the 
cover  B,  which  closes  the  combiutioD-chBmbeT ;  liquids  are  bnnied  in  small  capsules, 
or  in  lumps  with  ssbeetos  wicka  ;  charcoal  ia  placed  ic  a  sort  of  sieve,  through  the 
openings  of  which  the  oxygen  has  access  to  it.  The  pn^ms  at  the  combaitioD  can  be 
watch^in  the  mirror  m  throngb  a  window  in  the  tube  below  composed  of  a  triple  disc 
of  glass,  alnm,  and  qmirti.  The  temperatnre  of  the  water  in  the  calorimeter  is  kept 
nniform  throughout  by  means  of  the  B^tHCot  aaa,  which  is  moved  by  special  mcehaniBm. 
In  all  eases  where  it  was  practicable  t«  do  bo,  Favre  and  ^becmann  deduced  the 
quantity  of  substance  burned  tnim  the  veight  of  the  producta  of  combustion. 

The  Bj^iarBtuB  employed  by  Andrews  was  of  much  simpler  constmctioii.  When  the 
Bubetances  to  be  combined  were  in  the  gaseons  state,  and  the  prtxlocta  of  combuetion 
were  also  gaaBons,  the  two  gases  were  mixed  in  the  proper  proportions,  as  in  a  eudiome- 
bic  experiment,  and  introduced  into  a  vessel  of  thin  sheet  copper,  of  about  24  cubic 
inches  capacity.  This  vessel  was  closed  b;  a  screw,  through  which  passed  a  silver  wire, 
insulatod  from  it  by  a  cork,  and  connected  by  a  thin  platinum  wire  within  the  vessel 
to  a  second  silver  wire  soldered  to  the  screvr  iteelf.  By  passing  a  voltaic  current 
through  the  platinum  wire  for  an  instant,  it  eonld  be  healed  to  redness  and  the  gaseous 
mixture  exploded.  The  copper  vessel  was  introduced  into  a  larger  vessel,  which  was 
filled  np  with  water;  this  was  suspended  in  a  cylinder  provided  with  a  movable  cover, 
and  the  whole  was  enclosed  in  an  outer  cylindrical  vessel,  arranged  so  as  to  admit  of 
its  being  made  to  rotate  opoD  ita  shorter  axis.  The  apparatus  having  been  mouulKl, 
was  caused  to  rotate,  so  as  to  bring  every  part  to  a  unifbrm  initial  tempentnrt^  which 
was  carefully  read  off  by  a  very  sensitive  thermometer.  The  thermometer  was  then 
withdrawn;  the  gasM  exploded;  the  outer  veeael  of  water  closed  by  a  cork ;  and  the 
Bppaiatns  caused  to  rotate  for  thirty-five  seconds.  The  thermiHueter  was  then  agaia 
introdncfid  and  the  rise  of  temperature  ascntained ;  after  which  the  appaiatus  was 
made  to  rotate  a  third  time  for  thiity-Bve  seconds,  and  the  temperature  again  observed, 
in  order  to  ascertain  the  cooling  effect  of  the  atmosphere  upon  the  apparatos  daring 
the  time  that  Hie  experiment  lasted :  it  was  found  that  this  effect  seldom  eicseded  ^ 
lit  the  total  qnanlity  to  be  measured. 

Vnien  sdid  bodiea  were  borned  id  oxygen,  the  combustion  waa  effected  in  a  oopper 
Terael,  (tf  about  260  cobie  inches  in  capacity,  which  waa  filled  with  oxygen  ;  a  known 
weightoftheoombostible  was  plocedin  aaniall  platinum  dish,  aadwhen  all  was  ready, 
itwas  fired  by  means  of  a  voltaic  current  sent  throngh  a  very  fine  platinum  wire.  The 
ve«el  ID  which  the  combustions  took  place  was  inmiened  in  a  large  t^lindm  containing 
a  known  qaandty  of  water,  and  nurroundcd  by  an  outer  vessel  of  tin-plate^  to  jovvent 
radiation.  The  co[^>eT  vessel  could  be  moved  up  and  down  in  the  water  by  meana  of  ■ 
lever.  Particular  expedients  were  sometimca  Tcqoired  to  insure  ignition :  thus,  in 
burning  Eiuc-filings  and  other  metals  in  oxygen,  a  small  fragment  of  phosphorns  (from 
I  to  8  miliigranunes)  was  employed  to  kindle  the  metal ;  tlK  weight  of  the  phosphorus 
being  known,  the  heat  evolved  I7  it  could  be  calculated  and  deducted  frimi  the  totJil 
amount  produced.  Some  of  these  experiments  lasted  a  quarter  of  an  hour  and  upwards, 
so  that  the  correction  (br  the  cooling  effect  of  the  air  bwime  of  considerable  importance^ 

When  the  comboEtions  were  raada  in  chlorine,  the  substance  to  be  burned  was  en- 
eloeed  in  a  thin  glass  bulb,  which  was  broken  by  agitation  sAer  being  immersed  in  the 
gas  ;  in  these  experiments  it  was  not  neceeeary  to  apply  heat  to  cause  the  eombostion 
to  begin.  The  chlorine  itself  was  usually  contained  in  a  glass  veesel,  filled  with  it  by 
displacement ;  in  the  experiments  on  potasiinm,  a  brass  vessel  wss  used,  perfectly  diy 
chlorine  having  no  action  on  brass.  An  excess  of  the  metal  was  always  used,  so  as  to 
insure  the  complete  absorption  of  the  chlorine,  and  tlie  qnantityof  the  latter  substance 
eonanmed  was,  in  most  caaea,  ascertained  by  weighing  the  quantity  of  water  which 
rushed  into  the  vessel  aftar  the  experiment  on  opening  it  onder  water. 

The  following  table  gives  the  qnantitiea  of  heal,  expressed  in  heat-nnito  (gtamme- 
degreee),  evolved  in  the  eombualioa  of  various  elementaiysubalwicoa  in  oxjgen,rBfMTed 

f1)  to  I  gnp.  of  each  element  burned,  (2)  (o  I  grm.  of  oxygen  consumed,  (3)  to  1  atran 
Bxpreased  in  gima.)  of  the  Mrenl  elemcoila. 
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HEAT  OF  COMBUSTION. 

Beat  of  Qomhut^on  of  Eknntary  AtJtdmMt  m  OrjigrM. 


n.oltrlcna.M     brlM-of 


Hjdiagan       . 

Cubon: 
Wood-durcoal 
Gaa-retoTt  carbon 
Natira  gnphits   . 
Artifidal  gi^tiite 
DuHnond 

MatJTe 

BecMiIfy  melted  . 

FbocphoniB: 

(yellow)       . 
Tone       .        .        . 

Tin        '.        '.        '. 


ptQ* 
/mO 
FfeK)- 
SdO" 
CcaO 


B(MT 
77B7 

77S2 
7770 

S220 
2260 

2307 

6747 
1330 
lfi82 
1U7 


2963 
30S0 
3018 


2220 

2260 
2307 

44fil 

sseo 

4153 
4230 

2391 


O4SO0 
S6960 
06664 
93664 
93144 
93910 

7irJ40 
72320 
73821 

178167 
86460 
88.i9-J 

136360 
38304 


7.  fo"<'y. 


Uili  Sictli 


--™. 

,^ 

UDlUorhflllttOlTHt 

ObHmr, 

in  (DimaHoii  or  I  malt- 

culxiritacultin.w 

produtu 

Carbonic  oiide   . 
Stannona  oxide  . 
Cnpnina  oxide     . 

CO" 

SnO- 
CouO 

(2403 

J2431 

619 

2S6 

67284 
S8064 
69684 

18304 

Alldl«1TB. 

1^  aobataneea  eanraerated  in  this  table  cootoin  exactly  half  as  mncb  oxygen  aa 
the  completely  ozidiBed  products,  and  on  comparing  tbe  amoimC  of  heat  evolrni  in  Ibe 
formation  of  one  molecius  of  etuinie  or  CDpric  oxids  &om  the  convBponding  loirer 
oxide^  irith  the  qnanlity  produced  when  amolecnle  of  the  »»ijie  prodnct  is  formed  by  the 
complete  oxidatios  of  the  metal  in  oce  operation  (eea  preTions  table),  we  And  tliat  tbe 
Mmbingtion  of  the  eecond  half  of  the  oiyD;en  coDtained  in  theie  bodice  erolree  ameibl; 
h&lf  u  mnch  sB  the  combination  of  tbe  whole  quantity.  In  the  formation  of  carbonia 
anhydride,  howerer,  the  second  half  of  the  oiygfD  appear*  to  dsTelope  more  than  two- 
thilda  of  the  total  amonnt  of  heat ;  but  this  reanlt  is  probably  due,  in  part  at  least,  to 
the  bA  that  wbea  carbon  ii  burned  into  carbonic  Hnhydride,  a  oonsidenible  but 
miknovn  qoaDtity  of  heat  is  expended  in  converting  the  solid  carbon  into  gii,  and 
thns  escapee  meamremeQt ;  while,  in  carbonic  oxide,  the  carbon  already  aiists  in  the 
guseoDB  form,  and  therefore  no  portion  of  the  heat  erolred  in  the  combustion  of  thii 
■obstabce,  is  similBrly  expended  iu  prodndag  a  change  of  stale. 

It  eeems  probable  also,  that  a  similar  eiplnnation  mny  be  given  of  the  inequalities 
in  the  qaantitiea  of  heat  produced  by  the  combustion  of  different  varietice  of  pure  car- 
bon and  of  >nlphur,^that  ie  to  say,  that  a  portion  of  the  heat  genented  by  the 
eomboetion  of  diamond  and  graphite  goes  to  uwimilBte  their  molecalar  condition  to 
that  of  wood-eharcoal,  and  that  there  is  an  analogons  expenditure  of  heat  in  the  com- 
buBlioD  of  natiTe  Bulphnr :  indeed,  witli  regard  to  the  lattor  case,  it  is  prored  by  direct 
experiments  (see  p.  102),  that  the  oppoaite  change  to  that  supposed  to  take  place  here 
of  recently  melted  sulphur  into  tho  same  moJecnlar  condition  M  nalire  Holphnr  ia 
tctximpanied  by  disengagement  of  heat. 
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comWlion  u  solid,  putof  thabeat  miut  be  anaibed  to  the  ■olidin»tionoftheoxjgeD 
alisarbed.  Again,  the  heat  of  comboitioli  of  IjTdrcigen,  as  given  aboVB,  includes  the 
latoDt  heut  of  TsponsatioD  of  the  water  formed.  In  Andrews'  experimeDta  thr 
temperature  of  the  calorimeter  was  about  20°  C. :  at  thii  temperature  tJie  latent  heub 
of  vaporisation  of  9  gnos.  of  water  (the  quantity  formed  from  1  grm.  or  atom  of 
hydrogen) tnaj  betaken  aa  —  £500  ;  and  deducting  thisquaotity  from  S3,8SI,«s  havfl 
u  the  number  of  units  of  heat  eralved  by  the  chemical  combination  of  1  grm. 


hydrogaa  and  8  grms.  oxygen,  according  to  th«c  eiperimeDta.  Favre  and  Silbermann 
do  not  give  ths  temperature  of  their  calorimeter,  but  probably  the  same  earrectiDn 
may  be  applied  la  their  eipenmwts  without  much  error:  they  then  give  S4,lfl2 — 


C5IK)  —  28,962  as  the  tma  heat  of  eombostioD  of  1  gem.  of  hydrogen 

The  experiments  which  have  been  made  on  the  heat  of  combuMioi)  of  definite 
eompounda,  other  than  the  three  already  mentioned,  relate  almost  exdnsiTtdy  to  bodirs 
compoeed  of  carbon  and  hydrogen,  or  of  carbon,  hydrogen,  and  oxygen.  The  results 
ohtained  by  Farre  and  Silbermann  and  Andrews  are  contained  in  the  followins  table. 
The  numbers  here  given  represent  the  total  heat  produced,  and  therefore  indi^  that 
due  to  the  condeaution  of  the  raponr  of  wat)ir  formed  in  the  experiments. 

Many  of  these  numbers  mnat  tie  ngarded  as  approximations  only  (and  sometimea 
as  not  very  close  approiimacione)  lo  the  truth.  The  chief  caoses  Of  nncartaiii^  willi 
regard  to  them,  besides  the  difficulties  inherent  in  the  experimental  dataminationa 
themselves,  are  the  difFerent  calorimelric  properties  of  the  anhstaneea  examinad — 
di&eronces,  that  in,  in  regard  to  Bpedtic  and  latf^t  heats — and,  in  tome  CMM,  their 
admittedly  doubtfiil  pnrity.  Hence  it  is  impossible  to  trace  any  exact  eotretpondencc 
brtween  the  compoeitiDn  of  the  bodies  experimented  upon,  and  the  amount  of  heat 
which  tbey  evolve  npon  eombnation.  A  few  general  coticlOBiouB  are,  however;  indicated 
with  sufficient  dnmesa  to  make  it  worth  wmls  to  dwell  upon  them  briefly. 

In  the  first  place  it  appears  that  the  heat  of  combnition  of  a  compound  is  in  general 
less  than  the  heat  of  combnstjon  of  its  elements.  This  rule  is  verifled  in  t£e  casa 
of  all  the  hydrocarbon!  given  in  the  table,  with  the  exception  of  olefiant  gas,  whose 
heat  of  combustion  w  almost  exactly  the  same  as  that  of  its  constituents,  according  to 
Favre  and  Silbermajin'a  determinations,  and  somewhat  greater,  according  to  Andrews. 
When  ft  hydrocarbon  is  bomsd  into  carbonic  anhydride  and  water,  the  chemical  change 
which  takes  place  consists,  not  merely  in  the  union  of  carbon  and  hydrogen  with  o^raen, 
bat  also  in  tlteir  separation  from  their  previous  state  of  combination  with  each  other. 
Now,  it  is  an  almost  self-erident  proposition,  and  one  which  has  numorer  tM^Ted 
direct  experimental  confirmation,  that  whatever  may  be  the  caLximetrio  tthet  of  any 
"="-11  chcmieal  ehttagt,  ths  caJorimetric  effect  of  its  reversal  ia  equal  and  opposite. 

m  marsh -gas, 
K  that  their 

separation  is  attended  by  the  disappearance  of  an  equal  quantity  of  teat.  The  heat 
prodocod  by  the  combustion  of  one  molecule  of  maish-gas,  CH*,  is  therefore  less  Hun 
the  quantity  due  to  the  combustion  of  one  atom  of  (gaseous)  carbon  and  four  atoms  of 
hydrogen,  by  the  quantity  of  heat  absorbed  when  these  atoms  separate  from  combina- 
tion with  each  other.  Aasuming  (fbr  want  of  more  cnrtain  data)  that  the  heat  ef 
eombostion  of  an  atom  of  giBeoas  carbon  ia  twice  that  of  a  molecule  of  carbonic  oxide, 
we  have,  tor  ths  heat  of  eombustioD  of  C-t  H<  (in  round  numbers),  131,(300  -t-  (i  >  34,460) 
—  372.140 ;  bnl  the  hest  of  oombnstion  of  CH*  is  209,000,  which  ^ves  272,410  -  209,000 
=  63,440  as  the  ntnnbcr  of  nnits  of  heat  produced  ty  the  oombioatioD  of  1  atom  of  carbon 
vilh  4  aloms  of  hydronn,  or  absorhed  when  these  atums  sepante.  In  like  manner, 
we  have,  for  the  heat  rf  oambnstion  of  C*  +  H',  (2  x  134,600)  +  (4  x  34,160) -107,040 
units;  and  dedncting  thun  this  the  heat  of  oombnstion  of  ole&ant  gu,  we  have 
407,000  — 332,000  =  TS.OOO  for  (he  calorimetric  effect  due  to  the  aepantion  of  the  atom* 
of  a  molecule  of  oleAant  gas  from  each  other.  The  diflereace  between  63,400  (the  heat 
of  formation  of  CH*)  and  7S,000  (the  heat  of  formation  of  CH'),  namely  11,600,  may 
periiaps  be  taken  aa  representing  the  calorimetiic  eflTect  of  the  combination  or  separa- 
tion of  the  two  atoms  of  carboo  contained  in  olefiant  gas.  The  fact  that  the  heal  of 
combuatioD  of  olefiant  gas,  as  found  by  direct  experiment,  ia  very  nearly  equal  to  the 
mm  of  the  beats  of  its  oonstitusnts,  when  the  heat  of  an  atom  of  carbon  is  token  at 
96,960  units,  the  quantity  deduced  from  the  combustion  of  wood-charcoal,  probably 
indicates  that  the  heat  of  vaporisation  required  to  change  the  physical  condition  ot 
two  atoms  of  carbon  from  tiiat  of  wood-duicoal  to  that  which  it  has  in  the  fonn  of 
defiant  gas,  is  nsariy  the  same  as  the  heatrequired  lo  separate  the  atoms  of  a  molecule 
of  olefiant  gas  bom  each  otller.  That  the  heat  of  vapoiisadou  of  carbon  is  very  con- 
ndevable  is  fiuthes  indicated  by  the  great  difference,  already  alluded  to,  between  the 
oftloriflc  siKct  of  the  first  and  second  at«u«  (^  oxyg«i  oontkinad  in  carbonie  anlijdrid^ 
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HEAT  OF  COMBUSTION. 
M(  of  Oambitiiim  of  Ompotendt  in  Oxygen. 


SobMua. 

F«^ 

Untuar 

».I«<.lRd. 

OMnw. 

^ 

"JK 

Uwacm. 

Mucr. 

11S108 

209728 

AodnmL 

lUah^      .        .        . 

CB* 

16 

< 13068 

S09008 

j  FaTO  and 
ISilbennanD. 

(11943 

834376 

Andrswa. 

Olefiutgu    . 

cm* 

28 

M186» 

I330S4 

)  Favreaad 

j   Silhmn.nn 

AmTlese 

(7H» 

70 

11491 

804870 

C'H" 

140 

11303 

1S82420 

(from  »n7lic  alcohol 

C"H" 

164 

11263 

1734348 

boUmg   point   180°)  , 

Cetylem 

C"H" 

234 

llOSJ 

2476328 

C»H" 

380 

1093S 

3060840 

,1 

Oiloflenuiu.        .        . 

Cf"H" 

136 

10969 

1490424 

OiloftiirputiitB    .        . 

C"H" 

1)6 

10852 

1476872 

Tenbmo 

C"H" 

136 

10662 

1450033 

» 

£thef     .... 

CH"0 

74 

S028 

868072 

Ainjlicrth«r(imim«?)  . 

C»H=0 

les 

101S8 

1S0S704 

" 

MeU^lic  alcohol     .        . 

CH'O 

S2 

S307 

169834 

Ethjlie*l«dic.l       .        . 

OBn 

46 

)7184 
f  8S60 

330464 
816100 

Andreva. 

Amjlie  alcohol 

Cff'O 

88 

89(9 

788393 

FuireaDd 

Cetrlie  alcohol;                ^ 
(Wnl  heat  of  ftiaion 
»*i«l)        .        .         1 

C"H^ 

243 

10629 

367;!218 

H 

Fonnicarid    . 

CHW 

46 

2091 

96186 

Acetic  «jd      .        .        . 

(WO* 

60 

IMS 

210300 

Bntjihtdd    .        .        . 

CJPO- 

88 

6647 

496930 

Valeric  acid    .        .        . 

CH'W 

102 

6439 

666778 

P«ta.iti«!  add .        .        . 

O'BVO' 

366 

9316 

3384896 

.Stearic  acid    .        .        . 

C-H-0' 

284 

9716 

276984* 

^ 

Formate  of  incth^.        . 

Aeetataofmetlifl   . 

o««o« 

60 

4197 

3S1820 

CBKf 

74 

6842 

S9630B 

AceUtcofetbyf      !         '. 

CHW 

7* 

6279 

CH^)' 

98 

6293 

863784 

Bntyratc  of  methyl 

(yH-fy 

102 

6798 

69344T 

BBtyrat«of8thyI    .        . 
VntenitBofmrthTl. 
Valarato  of  ethjf   .        . 
AcfMs  ofUDTl       . 

cm'-o* 

118 

7091 

ssisee 

CB-W 

116 

7376 

866816 

CH^' 

130 

7BS5 

10I8S60 

CH«0« 

13D 

7871 

1036230 

Talnsteofai/yl     .        . 

172 

8fi44 

1480668 

ndmitataofe^l             > 
(>permaceti)        .         \ 

O-HWO* 

480 

10343 

4964160 

- 

Hyd«to  of  phenyl.        . 

cwo 

94 

7842 

78T148 

„ 

8Q]plddcor<wbon.        . 

CSi 

76 

3400 

3SS400 

.. 

tivdlaifa]>  the  fact  that  the  h««t  of  combostion  of  ■  molecule  of  nlDhide  of  carbon 
txeeeda  the  lom  of  the  beats  of  its  constitnenU. 

It  -win  be  nndoratood  that  tha  foregoing  calcolatiooB  Me  giTon,  rather  fbr  the  sake 
of  drawii^  attention  to  the  Decconty  of  taking  account  of  nif  the  change^  whatlur 
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cbemical  or  phjncal,  «r]u<dl  Mcompanr  a  pjtD  chamiol  Kaetion,  vhan  w«  ue  dit- 
eiusing  tlu>  qoBntitj  of  heit  [oodoeed  bj  it,  tluui  bcoiiiw  tha  nsolts  BniTrd  at  are 
snppoMd.  to  be  numericaUj  ■ccnnUe.  Indeed  it  ia  by  do  tdcbdb  probable  Clut  theaa 
nanlts  an,  at  beat,  aiijthiDB  mora  Qian  roughly  ai)pToiimatiTe ;  for,  to  mentioa  no 
other  HjiiTCe  of  oncertaiiit;,  uie  swninptioD  that  we  naTe  made,  that  the  heat  produced 
br  the  complete  combustioii  of  carbon  ia  twice  as  gi«at  uthat  evolred  b;  the  combua- 
tiOD  of  the  aame  qnallti^  of  au-bon  in  the  form  of  carbonic  oxide,  ia  moat  likely  not 
■tiictlj  true.  For  it  bai  been  painted  out  by  Bntlerow  tliat  the  four  usita  of 
combining  capacity  (CLUsmoi-TioH,  L  1010  et  lej.)  poseweed  by  one  atom  of  carboD 
are  not  exactly  eqninlent  to  each  other  in  chemical  function,  and  Erleomeyer  hu 
auggmted,  wilJi  gnat  probablli^,  that  the  difference  betwMn  them  it  dne  to  difierencea 
in  ue  atrength  of  tlie  chemical  afSnity  with  which  «acli  unit  anten  into  combinatioti 
(see  leferencea  in  the  article  Fobhdl^  ii  701).  If  this  be  ao,  the  combinatioD  of 
an  atom  of  carbon  with  one  aloni  of  oijgen  moat  erolve  more  heat  thanthe  combination 
of  the  product  ao  formed  (carbonic  oxide)  with  a  second  atom  of  oxygen. 

The  nnmben  in  the  above  table  show  that  the  heat  evolved  bj  the  combnitioD  of 
equal  weights  of  the  hydiocarbona  (CE*)',  homologona  with  olefiant  gu,  diminiahea  aa 
their  molecular  wdghta  iDcreaae.  Bat  it  ia  not  eoaj  lo  uj  how  br  thia  leaitlt  may  be 
doe  to  accidental  causea  (the  nmnbeia  given  are  dednced  &om  a  single  eiperiment, 
except  in  Ibe  case  of  olefiant  gas,  for  which  FaTre  and  Silbermann  obtained  very  con- 
cordant rcBalta  in  two  eiperimenta),  or  to  the  influence  of  the  physical  properties  of 
the  anbatancea.  It  may  be  remarked  that  the  iaomeric  aobstonces,  oil  of  leinons,  oil  of 
tnipentine,  and  teiebene,  also  gare  different  qBuititiaa  of  heat,  althoogh  tlieir 
motecalar  weights  are  the  aame.* 

The  acids  homolcf^us  with  acetic  add  may  be  regarded,  empirically,  as  fonned 
by  fJie  combination  of  the  hydrocarbons  (CH')*  with  oxygen  ;  that  is,  the?  may  be 
considered  as  products  of  the  partial  combustion  of  the  hydrDCarbona.  Hence,  we 
ahould  expect  each  acid  to  giTe  out,  when  burned,  less  heat  than  the  hydronrbon  co-i- 
tainingthe  aame  quantity  of  carboa  and  hydrogen,  and  this  ia  ahowu  by  the  numbers  in 
the  above  table,  to  be  really  the  case,  the  difference  between  the  heat  of  combostion  of 
an  acid  and  that  of  a  given  hydrocarbon  being  greater  in  proportion  as  the  acid  is  more 
oxidised.  Thus,  starting  from  amylene,  C'H",  and  comparing  with  it  qaantitiea  of 
Taleric,  butyric,  and  acetic  acids  which  contain  the  aaine  quantity  of  carbon  and 
hydrogen,  we  have  the  following  nnmberB : 

1    molecule  amjlene,  C'H"  —  TO  prodncea  804400  oniU  of  heat^ 

1  „  Talericarad,  CH"0'-CH''  +  0' =102.  „  8S080O 
U  „  bntyricacid,lfCH«'-<?H»  +  CW-110,  „  621200 
Z{       „        acetic  add,   iJC'H'O'  -C'H'*  +  0* -160,       „        625760  „ 

Compared  in  this  way,  the  difference  in  compOBition  between  amylene  and  valerta 
add.  namely  O',  is  four  times  as  great  sa  that  between  valeric  acid  and  butyric  add, 
and  the  corresponding  differences  in  the  heats  of  combuatLon  of  thoM  substances  are 
exactly  ahnoet  in  the  aame  proportion :  but  this  cloee  agreement  is,  probably,  in  great 
part  accidental :  for  the  heat  of  combustion  of  acetic  add  is  decidedly  greater  than 
what  might  be  calculated  in  the  same  way. 

The  table  further  ahowa  that  iaomeric  substances  byno  means  always  giT«  out  equal 
quantities  of  heat  when  burned.  For  instance,  Metic  acid,  CE'd*.  prodncea  con- 
mdeiabty  less  heat  than  ita  isomer,  formate  of  meth^ ;  butyric  acid,  CII'Cp,  less  than  its 
isomer,  acetate  of  ethyl ;  valeric  add,  CH"0",  less  than  its  isomer,  bntyrate  of  meUivL 
That  differences  of  this  kind  would  be  found  to  eiial^  might  have  been  deduced,  with 
considerable  probability,  from  the  differences  in  the  chemical  constitution  of  the  adds 
and  of  the  isomeric  ethen  :  for,  of  the  four  eqmvHlents  of  oxygen  contained  in  these 
compounds,  one  must  be  regarded  as  combined  with  hydrc^n,  and  the  other  three  with 
carbon  in  the  adds  ;  whereas,  in  the  ethers,  all  four  equivalents  of  o^gen  are  com- 
bined with  carbon.  Hence,  the  differences  between  the  heata  of  coTnbuation  of  the 
adda  OH^O*  and  .those  of  the  isomeric  ethers  may  be  ascribed,  at  least  in  part,  to 
the  difference  between  the  heat  of  combustion  of  an  equivalent  of  carbon  and  that  of 
an  equivalent  of  hydiugen ;  but  considerations,  such  as  have  been  already  alluded  to, 
make  it  impossible  to  laaign  any  exact  numerical  value  to  this  difference. 

But,  according  to  the  eiperimenta  hitherto  made,  not  only  do  the  acids  differ  from 
the  isomeric  nthera,  in  the  quantity  of  heat  which  Ihey  produce  when  burned:,  but  the 
ethers  differ  from  each  other ;  for  instance,  acetate  of  methyl  produces  more  heat  than 
its  isomer  formate  of  ethyl ;  valerate  of  methyl,  more  than  its  isomer  butyrate  of 
ethyl ;  acetate  of  amyl,  more  than  its  isomer  valerate  of  eChyL  It  is  not  eaay  to  suggcot 
any  chemical  reason  for  the  existence  of  auch  differences  as  these ;  nor  even  to  discover 
any  empirical  relations  of  a  general  kind  among  the  experimental  results. 
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HEAT  OF  CHEMICAL   ACTION. 


[For  the  methoda  of  calrailstiiig  the  heatmg 
ths  tempentnrs  pradacsd  bj  its  cDmbnstiDn, : 
fulL,  ii.  722  tt  leq^ 

Cambiuiiofu  in  CkiortM, 


d  direct  c/tnbmatU 


CUormt,  finrmnu,  mil  lodmt. — 


•— - 

.^ 

„.«.....  ...,^ 

ow... 

bflfnii.oi 

X^,," 

Si?-.fcSi 

Hjd^gen      . 
Phoepbonu    . 
Poumlum      . 
Inn      . 
Zino      . 
Tin 
Anenie 

SK;,  : 

Heicnrr 

HOI 

■a" 

FeKa- 
ZdCI 

SnQ* 
AUCP 
Cna 

SbCl' 
P 

(2*087 
123783 
3422(?) 
2«Sa 
17« 
1529 
1076 
964 
961 

707 

878 
670 
607 

2943 
821 

U27 
897 
70* 
8S9 
800 
822 

2*087 
23783 
216*8 
10**76 
32695 
S06J8 
81722 
2*9S2 
80194 
30191 
29131 

AbrU. 

Favra  ud  Snbemuim. 

Andrews. 

Tbe  heat  erolTRd  br  the  dinet  imioD  of  bromine  ud  iodine  witJi  line  ■ 
also  beeadetamiined  bj  Andieva  (Trana.  BoT.Irieh  Aead.  zix-qnoted  i: 
ChemUal  PAyiiea,  p.  311} :  the  mmlts  obtained  afe  giTea  in  the  next  tabli 


IMiL 

ProiBct. 

UulU 

(  boil  ■«>[>■<) 

bj  lira,  or 

^ii 

|n..c.n>n>. 

t.r 

^■i^sr"" 

BrOITtfM. 

S:.  ■: ; : 

ZnBr 
Few 

1269 

1277 

.Jbdine. 

1 

EOS 
298 

406*0 

Ziae,     .       . 
Iron        .        . 

Znl 
Fe^' 

819 
*63 

1 

209 
63 

26617 
80*6 

KeU  prodneea  by  reaeUoiia  In  tb«  \ret  ir>j — Of  the  TBriona  reactioiia  in 
'  the  vet  my,  which  hsTe  been  studied  ctlorimetiicaUj,  it  will  be  moet  conTmienl  to 
conaidsr  flist  thOM  irhich  tkke  place  between  water  uid  othet  bodies,  since  Buch 
actioiiH  intervene  in  man  j  other  ouee  also. 

Dilvlon  of  Acidt  mth  JTaiiT,— The  heat  produced  by  tiie  dilution  of  strong  acids, 
eepedaUy  mtphuric  arid,  baa  been  the  rabject  of  many  inTCStigations,  tie  most  accorate 
of  irhich  are  probably  those  of  Favre  and  Silberoiann,  Thome  en  (Fogg.  4nn. 
IxiXTiiL  319  ;  zc  261 ;  Jalireeber.  18fi3,  p.  30);  and  Favre  and  Qnaillard  (Compu 
Tend.  1.  IIGO).    We  giTe  below  a  fev  of  the  reaulta  obtained. 

Bulphurie  acid,  SO^'  -  98. 
Thomaen  detarminedthe  qnantitrofhejt  eTolTed  by  themiitnreof  atronf  anlphnm 
acid,  and  of  tbe  aame  preTloiBlj  diluted  with  different  qnanfities  of  water,  with  an 


to    98  gmu.  (-1  molecnle)SO<H* 


Fbttb  haa  determined,  in  eoqjnnction  with  Silbeitiuuin  and  irith  Qoaillard,  th« 
quantity  of  heat  poduced  by  tlie  ancceaeiTe  additions  of  Icnown  quantitiea  of  water 
to  abnng  anlphuiie  add.    Btth  aeta  of  experiment*  were  made  with  tbe  uteresiial 


T0..1 

c«u.tir. 

erol™!. 

milTilr. 

■ddldOG  at 

mir-i. 

HokfldH. 

HolMulw. 

HolKUh.. 

eises 

886-30 

6 

13861-90 

mill  «"»■«» 

7Bi-lS 

9 

14416-38 

SB  184 

7 

lfiO08-!2 

3832-20                    1 

48J-36 

8 

lM73-fi8 

.    .    .     S512'80 

1 

Mia-80 

1068-80 

13 

I6B37-24 

18W'40  >,,.„„ 

483'OZ 

Ifl 

17020-28 

Z22'4S 

20 

17242-72 

.     .     .      3214-00 

2 

97Ge-Bn 

141-ae 

24 

17384-30 

'--!«»■« 

88-88 

28 

17471-26 

6S08 

S3 

17686-32 

1159780 

«-28 

SS 

17679-60 

I 

.    .    .     117900 

4 

12776-80 

S2-08 

40 

17811-68 

A  Hltla  bait  wu  ttnl  ptndncrd  bj  Llw  ■drUtlm  of  tba  ih 
Tben  Dnmben  aba*  that  a  fpren  t^nantitj  of  vstn  sddad  to  niphnria  arid  noliv* 
tbe  wmc  qnanli^  ot  h«t,  whsthu  it  be  added  all  at  onee,  or  in  niocHnTa  nnall 
portioDi,  and  that  the  heat  irbieb  a  p-ren  qnantitj  of  vator  ptodncet  IB,  acoordiiiglf, 
leaa  in  pioportioB  w  the  imonnt  pmnoulj  added  ii  gnatm. 

Sitrvi  Add,  HO'H  -  63. 

The  fbUWiag  taU*  fans  Ota  remlta  of  Thomson's  Bxperiinf<Dt«  on  lh«  heat  «*olT«d 

on  adding  an  axcoas  crF  irator  to  nitrio  acid,  oithei  undiluted  or  already  containing  a 

certain  Quanti^  of  water.    The  namban  r^er,  as  osoal,  to  molecular  |ffoportions  of 

arid  and  water  expressed  in  grammea : — 

NO^  nuzed  with  excess  of  water  srolved  7fi60  unit*  of  heat; 

(NO*H  +  0-421  H>0)  mixed  with  sxans  of  water  erolTed  6880      „        „ 
(NO^  +  H^l      „  „  „  „        4088      „        „ 

(NCH  +  1-6      HK))      „  „  „  „        8780      „ 

(NO^  +  l-fiB    WO)      ,.„..„        8484      „        „ 
CSCFa  +  2        HH))      „  „  ■  H  »        2714      „        „ 

(MO»H  +  2-i      IPO)      „  „  „  „        318*      „ 

mora  +  8-8      H-O)      ,.„.,.        1892      „ 
(NOfH  +  t-a      HK)}      „  „  ,  „  9Sa      „        „ 

It  will  be  observed  that  tile  heat  which  can  tw  obtained  by  the  additionof  watw  to 
nitrio  acid  diminishea  as  tJia  qoantilf  of  watvr  alreadj  prowmt  in  the  arid  is  greater, 
bat  that  the  diminntion  takes  placc^  at  first,  mndi  1ms  rapidly  than  in  the  caoa  of 
<aJ[Aniio  arid. 

jMtieJmd,  CVK)*  -  60. 
The  following  results  kk  those  of  Farre  and  Qoaillard:  ws  give  them  in  order  to 
call  attention  to  the  absorption  of  heat  (indicated  by  the  miMiu  sign  in  the  second 
oolaran)  prodoced  by  the  first  qoantitiea  of  water  added: 
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HEAT  OF  CHEMICAL  ACTION. 


Tlieaa  nnmbon  pUinlT  alioir  tlw  ■imDltalieaiii 


ons  (^  them  athuided  widi  abaorptiou  of  bent,  the  other  iritb  Ita  prodoctioB.     The 


of  k  giTHa  quautitj  of  wal«r  continiully  inertasa  (oontniy  U>  vbat  Ukfa  pUcs  witli 
(utphniic  and  oitriB  HCtds),  shomng  that  the  hent-BbagTbing  iction  itiil  ttktt  plae& 
bat  to  a  less  and  less  extent,  nutil  mora  tbaa  flra  molecolas  cf  water  hara  been  addad 
to  each  molecnle  of  ac«tic  add. 

WheD  aocoeasiTa  qnaotitiea  of  alcohol,  np  to  ten  molacolea,  are  added  to  aeetie  acid, 
each  addidoD  eaoaea  abaoiptioD  of  heat;  but  the  anmeiical  n«alt*  dearlj  indicate^  in 
Ihie  case  aloo,  the  (unnltuaana  ooeaireiMe  of  diatiaet  phenomenk   FaTia  obtained  the 
following  leaolt*: 
Hi)l«eal«a  of  alodiid  meeeaaiTelT) 


added  to  1  molecnle  of  acetac  [- 


TJmte  of  heat  obfOrM 
additioD    i^   each 
qoantitj 


.91-91     Ml     7-SS     14-88    Sl-BS    41-*7    M-SO 


Abam-ption  of  heat  alao  frtqneDtl;  oecnn  on  the  dilution  of  nline  nlntuota,  a 
phenomsiyni  viOi  Mgard  to  which  nnmanma  quantitatiTa  detenninationa  hare  been 
made  b;  Fbtt«.  It  u  probable  that  in  Umo  eaaea,  a  el>aiige  takea  place  more  or  leea 
■naloeoaa  to  the  liqne&ction  of  a  aolid  bj  eolotioD:  aeetie  aoid,  mt  «  talt  diMolred  in 
a  email  qnantitj  ot  water,  ma;  be  conoeiTed  of  aa  being  unpaftctl;  tiqaefled,  ao  thai 
further  liqne&ction,  aeeompaoied  bj  Ihe  diBappeerance  of  a  certain  qnantitj  of  heat, 
takca  place  tm  the  addttioo  of  more  water.  Viewed  in  thia  way,  ttaeae  phenomena 
wieartobecompBAUe  with  thegradnalBeltine  which,  aawehaTew  "      *~" 

takea  ^^aee  in  eome  aobda  nndei  the  direct  aetim  of  beat. 


Beaetieini/  Aadt  md  Bate*  in  antenee  <^waer, — It  will  be  Mnt;  nl 
the  tbormal  eneCa  which  ma;  NXUt  fton  the  reactioB  of  difihrant  anbstancea  upon  each 
other  in  pTMWwectfwalM,  are  eren  nuva  eoin[ilieat«d  thin  anjtf  tboaewludi  lUTe^ 


tion  to  the  diS^ent  epecifle  heale  of  the  naerati  and  pnxucta,  and  to  the  different 
qnantitiee  of  heat  abacnbed  b;  them  in  diaac^ine,  or  giren  ont  by  them  in  combining 
with  water,  the  conyeinon  of  eolnble  mbitaDiMa  into  insoluble  onee,  ae  a  comeqiieDce 
of  the  chemical  action,  or  the  inrerae  change  of  inBolnble  into  eolnble  bodies,  are 
among  the  Mcondar;  canaaa  to  whifh  part  of  the  calarimetric  effect  ma;  be  dns  in 
these  raaes.  The  areatar  number  of  these  disturbing  canH*  ma;  be  got  tid  of,  or  at 
noDDt,  b;  effecting  the  reactions  in  the  presence  of  com- 
'«r,  but  then  tJie  difficult;  of  accnratelj  measBring  the 


least  Torj  much  reduced  n 


The  fallowing  table  giree  the  nnmber  of  u 

OiUxrf 

Ua«. 

BfH-..™itM,iu,v.ri«.A.id.=               1 

^ 

Salphuric. 

NllHc 

AcMIc 

Potassium 

47 

IftOSS 

16510 

16660 

1S978 

Sodinm     .        . 

ai 

ifieio 

162S3 

16128 

13600 

Ammonium 

2S 

i4flao 

13676 

13S36 

12849 

Barium     .        . 

78-6 

16360 

16306 

13262 

Caldmn    .        . 

28 

I6S43 

16983 

14678 

MagDesinni 

ao 

14440 

12840 

13220 

12270 

Hanganese 

3fiS 

1207a 

10B60 

11236 

9982 

ine!        .        . 

4a'fi 

104fi5 

8323 

8307 

7720 

Cadmium. 

«4 

10340 

8116 

8109 

7646 

Copp«T      .        . 

89-7 

7720 

6400 

6416 

6284 

ySd    ,     . 

S7-7 

11933 

10460 

10412 

9246 

Cobdt      .       . 

s7-r 

11780 

9B66 

10374 

9272 

Lead.        .        . 

111-7 

9240 

7168 

Silver        .        . 

lie 

0206 

andSIbermann'sfotpnimentsiin  the  tannsfiirmatiwi  of  eqniTalent  qnanttiea  of  tmSo— 


ing  QButral  salu  with  tlie  fbUoTiiig  kdditJoiial  acids,  U  ahowa  io  the'naxt  Ubte : 

AMU 

Pirtuta. 

S«!.. 

AcMi. 

IN*_h. 

Sod.. 

H;<irobRiii]ic  acLd   . 
Hydriodie  icid 

«i5  f    .    i 

Formic  add      .        . 

leein 

lfi698 
1S1SB 
18920 

17766 

ifiisg 
isosr 

16*07 
15656 

18308 

Vstirietetd   . 
Citric  add      . 
Oiulicadd     . 
Tartaric  irid  . 
Curbonic  acid 
HjdrMnlphuiia       ) 

Mid     .           .            ( 

136fiB 
14156 
1342a 
12U78 
6477 

13S0O 
13178 
13752 
L265I 

6«S0 

Nameroua  det«rmiDationi  of  s  similar  kind  hare  also  been  made  byAndravi 
(Traos.  Boj.  Iriah  Academy,  lix.  1  Rep.Brit.  AsMieiat.  1849,  p.  69  ;  aea  abo  HilUr'g 
Chemical  Phytic*,  p.  Z61).  The  folloinnff  ia  the  moat  important  of  the  caucloBioiu  at 
which  he  arrived:— "An  eqniTaleBt  of  the  aame  base,  combined  with  difTerent  acids, 
piodacea  tuarli/  the  aams  quantity  of  heat ;  but  an  equivalent  of  the  BSme  acid  oom- 
biDBd  with  diffbtvnt  bases,  produces  different  amonnts  of  heat."  It  is,  however, 
■carcely  neadfot  to  point  out,  that  such  a  difierence  as  ia  hers  impliad  between  the 
chemiisd  behavionr  of  acids  and  bases  does  Dot  really  exist  in  nature,  and  that  ita  ^i- 
peariiiK  to  be  indicated  by  the  experiments  in  quefltioo,  could  only  result  from  tiie  acci- 
dent <k  the  bases  examined  representiiig  a  greater  range  of  vaiTing  chemical  energy 
than  the  acids. 

The  leanlta  obtained  on  bringing  together  an  alkali  and  an  add  in  vsriooa  propor- 
tions are  of  eonriderable  interest  They  ahow  clearly  that,  at  least  in  the  case  of  the 
most  distinctly  chsracterieed  acids,  chemical  aetioD  takes  place  only  between  definite 
atomic  proportiODa  of  *£id  and  alkali.  The  nnmbeis  given  below  Tepreeent  the  nnmber 
of  units  CI  heat  evolved  by  one  eqaivalent  of  potash  or  soda  (the  quantity  containing 
39  pis.  potaasinm.  or  S3  pts.  sodium)  when  acted  on  by  vuTing  qoantitiea  of  acid. 
I  equivalent  potuBll 
witli  1  eqmvalent  solphnric  acid  gave  16609  units  of  heat. 

.,   a         »  ..  »      ..     IS609     „        „ 

„   1         „  aeetio        „      „     1393S     „        „ 

„   2         „  „  „      „     13833     „        „      (FaTT«  and  Silbennann). 

The  remits  of  Thomsen's  ezperimests  (Jahreaber.  18Si,  p.  30)  with  sulphuric  acid 
and  potash  and  soda  are  as  follows : 

Equivalents  of  add  i  f  1  I  3  4 

„  ,,.<3oda        S434        10658         16368         16320         16624         15216 

ueat  oTolveajp^^^^^     ^^^g  ggg^         j^g^g  _    _  j^^^^ 

It  win  be  seen  that  the  evolution  of  heat  increases  sensibly  in  the  same  proportion  as 
the  quantity  of  acid  used,  up  to  onn  equiTslent,  but  that  beyond  Una  point  no  fUither 
increase  in  the  amouDt  of  boat  evolved  accompanies  the  augmentation  of  the  quantity 
of  acid.  Hence  it  appears  that  add  snlphstee  of  potssaiom  and  sodium  are  not  formed 
in  presence  of  a  large  quantity  of  water,  a  conclusion  which  agrees  with  Favre  and 
Siltiermann's  observBtion,  that  the  evolution  of  heat  which  takes  pluce  on  adding  one 
eqnivalent  of  base  to  a  dilnte  solution  of  acid  sulphate  or  sulphite  of  poUusium.  is  the 
same  as  if  the  sei^nd  equivalent  of  acid  contaiaed  in  the  salt  were  employeiJ  in  the 
free  state.  By  experiments  on  the  heat  evolved  on  adding  successive  quaDtitlea  of 
other  adds-— each  as  boric,  silidc,  phosphoric^-to  one  equivalent  of  soda  or  potash, 
Thomsen  found  that  the  heat  produced  was  at  Bat  nearly  in  proportion  to  the  quantity 
of  acid  added,  but  thnt,  as  the  latter  was  increased,  the  evolution  of  heat  increased 
also,  though  in  a  continually  slower  ratio. 

Evoiitiiim  of  Heat  in  th^  formation  of  Aqutmu  SfHutioni. — When  a  gas  dissolves  in 
wator,  the  heat  due  to  the  chemical  action  is  augmented  by  that  due  to  the  physical 
pbenomenoQ  of  the  liquefaction  of  the  gas  ;  so  also,  when  a  solid  body  is  difaolred  in 
water,  the  total  thermal  effect  observed  is  due  in  port  to  the  chemkal  action  taking 

Slace  between  the  water  and  the  solid,  and  in  part  to  the  liquefaction  of  the  anbatance 
Issolved.  In  the  former  cose,  the  chemical  and  physical  parts  of  the  phenomenon 
both  cause  evolution  of  heat:  in  the  latter  esse,  the  physical  chanee  occasions  disap- 
pearance of  heat ;  and  if  this  effect  is  greater  than  that  dno  to  the  chemical  action,  the 
ullimato  result  of  the  oombined  process  is  the  production  of  cold,  and  it  is  this  which 


COLD  BY   CirEMICAL  DECOMPOSITION. 

i*  most  luuallj  obsarrsij.    The  tbitainng  taLln  eontu'n 
Klbermuui'i  ezperimcnta,  calculated  for  one  gnunine  of  gai 
SaltiiiM  of  Gait  i»  Water. 
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614S 

aatuOon  of  SalU  in  Water, 
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Mmtersmt. 
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!6S 
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4S-S 

„         Vidinm     .        . 

49-1 

„       ammoDiam 

65-8 

Il-l 

„       ealdum       .        . 

27-1 

ealejum    . 

24-7 

„       rtrontiuin    . 

412 

84-4 

„       1»«1    .        .        . 

14-8 

'i,           nae           !         ! 

14-8 

„       dlTar. 

81-1 

nniDic  ml^t. .        .         . 

IZl 

Fb(i*pluite<tfaodiam  . 

S2'3 

+  10-7 

21-9 

Sulphite  of  dnmini^  ud 

21-S 

OialKa<£^   .        .        . 

67  0 

39-7 

^ol-ram     .         .        . 

asi 

Aeidoulataofpotisntun   . 

«2-l 

Taitnteofpotanium 

17-8 

18-0 

Bodium      .        . 

21-a 

SB-6 

Tartaric  add      .        .        . 

19-8 

61-9 

8-9 

■odium   .^^    .        . 

40-9 

eS'i 

AcetatB  of  aodiQin 

281 

calcium    .        . 

is-s 

cldum      .        . 

8-6 

baiimn     .        . 

iss 

l»d  .        .        . 

14-8 

„          Aontiniii. 

34-9 

Addaert^ofpoUannln  . 
CarboMto  of  aodinm  .        . 

19-3 

+  82  2 

(2-7 

+  68-8 

Add   carbonaUi   of   potaa- 

+  7a'7 

aimn       .        .        .        . 

ai-6 

87-8 

Sulphide      of      potaannm 

29-2 
70-S 

(anhydPOU.)    .         .         . 

+  86  9 

The  fore^ing  table  iododM  numben  reUliiig  to  tbe  Ktlubilitj  of  aome  aaltawhich  air, 
in  Molitf ,  ctLhec  quite  iiMolnUe  or  T«i7  alightl;  aolnble  id  water.  Theae  Dnmben  are 
dedooedfrom  acompuiami  of  thoae  vhich  reprEeent  the  heat  of  fbnnation  of  theae  aalta 
with  the  Bumben  expnaaing  the  heat  endred  by  tbe  aame  baa»  with  othw  acidK. 
Hie  beat  of  fonnatiolt  id  aalta  which  an  inaotuble,  and  thunfore  separate  oat  in  tlie 
lolid  fbno,  ia  nanally  otmnderaUy  gMter  than  the  beat  of  IbnoatioD  of  aolable  ults 
of  theBBtne  baaea  uid  adda,  andit  ia  Utia  pxcea*  which  in  the  above  ubia  iigiTen  aa 
the  heat  abaoibed  on  acdntion  by  incfa  nlta  aa  aulphata  of  barium,  anlpbate  Ol  atrou- 


Ihannal  e&ctof  that  action  iUelf,  baa  alrcsdj  been  relerred  to  (p.  IDS)  aa  one  which 
m^t  with  great  nrobabflity  be  aaanmed  aa  tme.  A  direct  conaequenee  of  thia 
popoaitioniB  that  u«MpanitHHio/ any  tm>  bodiet  ie  attended  milh  the  dieorpiiim  of  a 
mumtity  ^  Iteat  equal  to  tlut  which  it  eeolved  in  their  enmbination.  Thelzuth  of  this 
dedadion  haa  been  oiperimentally  ealablished  in  varioua  casea  by  Wooda  (FhiL  TSag, 
r4]ii.  368;  iT,  370);  Joule  (iiii.iii.  481)  andPaTreandSilbflrmann,  by  comparing 


le  beat  evolved  in  the  elBBtrolyiia  of  dilntfl  BOlphi_. 
aah^  with  Uiat  which  ia  dereloped  in  a  thin  metallic 
■trength  ;  and  by  comparieon  ot  the  heat  evolved  in  promasea 
panied  by  aimultMieoaa  decompoaiUona,  with  that  STOlved  when 


comparing 

acid,  or  aolutiona  of  metallic 

by  a  current  of  the  aams 

~  ~  of  combination  accom- 

combination 


„ct,CoogIc 


lit 


HEAT. 


In  the  ezperimenta  of  Wooda,  a  Toltaic  carrent  iraa  first  mado  h>  pnm  through  • 
tcsmI  coDtaining  dilute  galphuricBCid,  and  thoquantitj  of  gas  evolved  m  a  given  tima 
was  dRlsnuiaed,  and  aUo  the  simultimeoiifl  rise  of  tempcntnre,  the  strength  of  the 
current  being  measured  at  the  aame  time  b7  the  tangenl-mmpmis  (ii.  i60).  The 
electFoljtic  cell  was  then  remored,  and  A  Uiin  platinum  wire  introdui^  bi^ween  the 
poles,  of  such  B  lengtJi  as  to  produce  a  resistance  equal  to  that  of  the  sleetroljta.  The 
qusntjtj  of  heat  erolred  in  this  vin  vas  then  determined,  and  found  to  exceed  th^ 
vhich  was  preTiooslj  evolved  in  the  electrolytic  cell,  bj  a  quantity  equal  to  that  which 
would  be  evolved  bj  the  combinaljon  of  the  oiygf  n  and  hydrogen  set  free  by  the 
current  in  the  previous  eiperiment. 

Joule  made  similar  experiments  on  the  decomposition  of  dilute  aolphnric  aoid,  sul- 
phate of  copper,  and  sulphate  of  line;  and,  rogardiog  the  difierence  in  the  quantity 
of  heat  evolved  when  the  current  trHvened  a  circuit  completely  melallic,  and  when  the 
metallic  dreqit  was  broken  by  the  interposition  of  an  electrolyte,  as  the  heat  absorbed 
by  the  leparHtion  of  the  elements  of  the  electrolyte,  he  obtAined  numbers  which  agree 
veiy  foirly  with  those  found  by  other  experimanters  for  the  heat  evolved  in  the  unioD 
of  the  same  elements,  as  shown  in  the  fbllowing  table,  which  gives  the  quantities  of 
heat  evolved  or  absorbed  in  the  oxidatioa  or  reduction  of  1  gramme  of  each  metal, 
according  to  vurions  experimenters. 


JoDi*. 

Del«(. 

.^.. 

F..r..a<l 

o™,. 

Wo«U. 

&   : 

Hydrogen. 

1185 
33653 

1297 
31587 

600 
1315 

33808 

055 
1277 
34463 

3*686 

611 

1307 

The  pirooritioD  in  question  has  also  been  confirmed  by  expernneDts  of  anodier  kind. 

Thoa,  for  instance,  hy  determining  the  heat  evolved  whan  diSerent  metals  were  dis- 
solved in  water  or  dilute  acid,  Woods  found  that  it  Was  less  than  that  which  would  b« 
produced  by  the  direct  oxidatioa  of  the  same  metals,  by  a  ^uuatity  equal  to  that  whiah 
would  be  obtained  by  burning  the  hydrogen  set  froe,  or  which  was  expended  in  decom- 
posing the  water  or  acid;  and  tlier^ore  that,  irtien  this  latter  quantity  was  added  to 
his  results,  they  agreed  with  the  numbers  given  by  experiments  of  dinct  oxidation. 
The  quaii  titles  of  heat  evolved  by  I  gramme  of  the  several  metabf,  when  augmented  bj 
that  cotreeponding  to  the  deeompositioa  of  the  water  or  acid,  were  as  follows: — 


HeuL 

H«.hr«i^cM,ot 

U«>l. 

""il?^.""' 

Sodiiun. 

Potassium 

Zine      .        .        . 

Iron       .        .        . 

Copper  .        .        . 

8293 

1746 
130T 
1204 
611 

Tin 

Load       .         .         . 

Mercury          .         . 

Silver  '.        .        . 

Bismuth 

695 
256 
118 

9S 

95-5 

rndirasl  mtthodt  of  deUrmining  Heat  of  ConMnaAon.— Aaauroing  the  truth  of  the 

Sropoeition  that  in  the  decomposition  of  a  oomponnd  as  much  heat  is  absorbed  a>  ii 
,,j_..3  ^- ;.. ,_ 1..    ,.  -       .    -         .         ...  .  


that  adopted  by  Woods  in,the  experiments  d 
Silbermann  hare  made  a  veiy  extensive  series  of  determinationa  of  ^e  quantities  of 
heat  evolved  in  reactions  which  could  not  have  been  easily  investigated  directly.  Their 
experiments  wore  made  with  the  mBrcurial  calorimeter,  and  the  heat  due  to  ■  given 
process  was  in  some  cases  deduced  from  two  distinct  reactions.  Thu^  the  heat  of 
ibnnationofoiideofdnc  was  deduced  (1)  from  the  solution  of  metallic  line  in  dilute 
Bulpburic  acid,  (2)  fcom  tie  solution  of  zinc  in  dilute  hydrochloric  acid.  For  the  pur- 
poses of  calculation,  the  formor  reaction  was  considerMl  as  consisting  in  the  formation 
of  oxide  of  Kino,  with  Brmoltsneoaa  decomposition  of  water,  Zn'  +  H'O  =  Zu'O  +  H', 
and  in  the  subsequent  fonnalion  of  sulphate  of  linc  by  the  action  of  this  oiida  on  the 
dilute  sulphuric  acid,  Zn-O  +  H^SO'  .-  H'O  +  Zn'SO'.  The  heat  absorbed  by  the 
cslorimeter  during  the  solution  of  1  gramme  of  line  was  6e7'9  gmmme-degrees ;  this, 
according  to  ths  aupposition,  reprtsented  the  heat  of  oxidation  of  the  linc  +  tbe  heat 
of  formation  of  snlphate  of  zinc  from  anhydrous  oxide  and  dilute  sulphuric  acid  — the 
heat  absorbed  by  the  decomposition  of  water.    CWling  the  heat  of  oxidation  of  one 


,i,:cc  ..Google 
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SDiai^  of  rioc  X,  aai  calenlatlng^  from  the  dinvt  detrrmiDttioafl  prerioUHlj  recorded, 
C4lariiiu4ne  (Acta  of  the  other  procvnea,  va  faa*e 

Jr  -  HT-0   -I-   lOfitM  -  SSI-f   -  129!'8. 
SimiUilj,  vhen  1  eninma  of  dne  wu  diMoInd  io  dQalo  bjdrochloric  add,  60S-B  noiti 
of  farat  wore  abnAwd  by  the  nknnielsr,  and  tlie  Iblloviiig  equation  waa  obtoilMd  t4> 
repnaaot  tha  heat  of  oxidation  of  that  Wfnght  of  eiik  : 

X     ~     li03'8  -t-  lOSO-4  -  274'S      -      12B9-S; 

HfBtatwiitaJ  HMt»>nnriw<  Haw  (TotTd  bf 

■Twaur.  hrdradilwte  actd  on 

B  ranlt  irtiidi  agrees  almost  exactlj  with  the  fbr^oing. 

Thia  Diunber  ^nng  been  obtaiiiBd,  the  heat  of  oiidatioa  of  metallic  eoppar  eonld  be 
dfdaosd  in  ■  dmilar  nuoDer  fnnn  tlie  qnaiititj  of  heal  eet  tne  when  a  known  weight 
of  nnc  WBS  diaaolTod  in  a  aolaUon  of  eo^iliate  of  copper.  In  thia  mtj  the  namber  684 
wu  found  {(x  the  heat  of  ozidatian  of  I  gramme  of  copper. 

ThefbllowingtaUegiTta  the  liesta  of  combination  of  one  equivalent  of  leteral  metile 
with  one  eqaJnUBt  of  Tariou  metalloid^  dedoMd  bMa  expeaiiaeata  ed!  thia  kind: — 


r 


•assr". 


1«1  ilaiiil 


.Fotaannm 


34M3 
7023 B* 
73filO» 
41491 
37828 
2I8SS 
2787B 
6113 


2S7S3 

loweo 

94847 
e020S 
49SA1 
20624 
44730 
S4S00 


20940 
17768 
9138 
9668 
6624 


Taking  tha  h«t  dBTrioped  in  the  finmation  of  anj  giTeo  compoimd  ai  a  mManra  of 
the  enetgjr  of  the  offlnitr  of  ila  coaalitaait^  a  eaitain  deflnit^iee*  mod  predaion  of 
meaning  an  given  to  aneh  tama  aa  atrau^  and  weak,  activr  and  inert,  which  are 
often  BMd  in  nfennea  to  chemical  raagenla  in  ibUmt  a  va^e  aenaa ;  and  on  romparing 
the  nmnbeia  ii'[iieeiiiilii]g  the  heata  ^  fbnaatioD  of  Tanooa  oompoonda,  thaj  will  be 
found  to  bear  oat  in  a  general  waj  the  nuuinar  in  which  auch  tflrma  ara  conunonly 
applied.  The  resulte  recorded  in  the  above  (able,  fte  iDalance,  aeTva  to  explain  cer- 
tain iacts  which  have  oftsn  been  quoted  aa  anwaalow*  and  oppoaad  to  tha  eommoulj 
leceind  idea  that  the  afflniliea  ^  chlorine  are  atrongar  tlian  tfaose  of  bromine  or 
iodine,  and  the  afflnitiea  of  bromine  atroiwa  than  those  of  iodine.  The  fKtt  fdnred 
to  are  rach  aa  these:  the  obsBrvation  of  Fehling  that  in  the  fractional  precipitation 
of  a  aolution  containing  both  chloridea  and  bronudea  with  nilnte  ot  lilvn,  the  whcda 
of  the  bromine  ia  contained  in  the  flrat  portiDna  of  the  precipitate;  the  similar  obaar- 
Tstion  of  Field  (Chem.  Soc,  Qn.  J.  i.  234),  and  the  deeompoaitioa  of  chloride  of 
ulver  when  brought  in  contact  with  on  aqneoni  aolntian  of  bromide  or  iodide  of 
potaasium.  deMribed  bj  tha  same  chrmiit ;  and  particalvlr  th«  violent  decompoaition  - 
of  ehimide  of  ailTer,  attended  with  evolntioD  of  beat,  which  tslua  plaoa,  a*  OMeired 
bj  Devi  lie  (Ann.  Ck  Pharm.  cL  198),  when  aqneoua  bydriodic  acid  is  poiinid  opoo  it. 

The  pacipitation  of  bninida  or  iodide  of  nlver,  to  the  exelnaion  of  the  chloride,  in 
caeca  of  frsclioiuil  predlatBtioD  with  nitrate  ot  ailver,  and  the  conversion  of  chlonde 
of  silver  into  bKonids  M*  iodide  bj  contact  with  an  aqneoua  solution  at  iodids  of 
potassinm,  msy  ba  eonntdemd  u  «Meoti«llj  thf  ••m*  phanomenon.  When  the  latter 
traaafeiBation  is  azpreased  bj  an  sanation,  the  sobstnecs  wboae  formolB  appear  in 
the  left-band  nember  of  the  eqaation  ara  those  whidi  snfler  decompoeition ;  while 
those  which  are  formed  ^tpear  on  the  ri^it-hsnd  side ;  and  on  comparing  the  ealari< 
metrie  walnea  of  the  aevend  terms,  maki^  doe  allowance  tm  tlieir  state  Of  solution  or 
otherwiaa,  we  find  that  the  sum  of  the  caEirimetric  valnas  on  the  lefb-hnnd  nde  of  the 
aqnstion  ia  Icaa  than  the  aam  of  the  calorimetric  values  ^  the  substances  on  the  ri^lt- 
band ;  tbna  indicating  that,  although  the  conversion  of  chloride  of  bUtw  iiit«  bromide 
or  iodide  hj  simple  aubatitulion  would  be  attended  with  absorption  of  heat,  the  con>- 
Inned  effect  of  all  the  actions  which  take  place  in  the  czperimenis  under  consideration 


is  too 


te  an  erohitian  of  heat. 


bjGoogIc 


18  we  h&TS 

A«CI  +  KBr     - 
Calorimetrie  taIqm  >«800      85878 

120478  122709 

therefore:  hmt  9Tol*«d  in  Uie  icadion  -  132700  -  120478  -  3281 

X+   KI       -        Agl 
<    72479  


CuloriiiMtric  nine*   : 


186fil     97091 


SniDt:  107379  11ST42 

therefore:  heat  erolTed  in  the  reaction  •>  116742  —  107379  —  B48S  gTamme-dMreea. 
Similarly,  tor  the  reaetion  of  •qocoai  I^driodie  add  od  chloride  of  silTer,  we  EaTe : 
'     Aga  +    m       -        Agl    -f   HCI 
Calorimetrie  Talaea    84800     IMKU  18881     40192 


19804 


88843 


.  88843  -  49804 


-  9039  Bramiiw-dwreM. 
of  DxioAtioD  han  De«n  in- 


thenfore:  heat  erolved  in  the  reaction  ~ 

The  heat  tTolved  in  a  conaiderabls  i 

directly  dplermiaed  hj  F»Tre  (J.  Phi    _. 

1883,  pp.  23  ei  wjA  for  the  moet  part  by  dbetiiiK  tao  oiidatiimi  in  prcwnce  of  water 
in  the  mercnrial  calorimeter,  by  means  (tf  hjpochloroae  add,  whoee  lieat  of  formation, 
calculated  for  one  eqniTalent  of  chlorine,  he  foukd  by  [seliminuy  ezperimenta  to  be 
—  7370  nnita, 

For  the  detaila  of  thie  inTeatigation  we  mmt  itfa  to  the  original  pap  an ;  the  moat 
importaDt  reanlte  obtained  ai«  aa  follows,  ealenlated  alwaj*  fix  one  eqniTalnnt  of  the 
dement  operated  npon. 


».■«»-. 

rniaa. 

Hat  mind. 

RmUo. 

(     209476 
I     181230 

4-36    149 

nioiT!>»><!  ■Kbydride       . 

190490 

140894 

a-91    1- 

48303 

I- 

Anetiio         .        .        . 

Aneniotdd     .        .        . 

110767 

IM 

Solid  opaqneirMmioas  acid 

78883 

;    :  ".  j 

°sr?^"""'~i 

71690 

1- 

100373 

Triddoride       .        .        . 

94804 

Arwnie 

Trichloride      . 

71883 

Nitrogen 

Nitrooiondt   . 

-8724 

Nitric  oxide  . 

Nitric  add        .        .        . 

Kitmne  acid  . 

37269 

StuVhnricadd  '. 

27839 

SolphuF      (poHion      of 

flowenofndphnrin- 

eolnUe  in  enlphido  of 

64110 

carbon)     .        . 

FLurde  enlphur      . 

67211 

383    1-71, 

63407 

Kxlium)    .        .         j 

anlphnr        .        .         j 

Solphnrona   add   CBKvte  1 

88873 

,« 

1- 

9«lphnr         .        .        . 

^^ClUfeT"^    : 

20Z83 

23206 

1-    ' 

Selenicadd      . 

38360 

1-56 1 

Oxalic  acid   .        '. 

Carbonieoiiifc{FaTrc«nd( 

SHbennann)  .        .         ] 

30140 

0^          .        .         j 

H838 

1- 

Oxalic  anhydride      .        . 

33410 

2-36 

™".-  •  '•  's 

and  Silbennann)   .         j 

48480 

3-27 

Chlorine 

Chloric  anhydride     .        . 

-6623* 
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It  u  obriom  that,  eren  luppoaing  the  principle  npon  vhjdl  Ouat  indirect  (i«t«iv 
mioatiiw*  m  Bi«da  to  b«  qnita  comet,  Mad  all  the  intecfrring  drcomataiicei  to  Iwt* 
bewtskminto  taeoiuit,themaltBam>edat  cmnndt  beof  thewudegiMof  Kooia^ 
u  thow  obtaiixd  bj  mora  dinct  meUHidi:  Ibr  tiia  total  UMcrtaintT  f>»fi-h'i)g  to  tU 
the  ind^iaitdtmt  data  bom  which  thfij  an  deduced  will  be  acciunidated  upon  llwin. 
HoieOTer,  alllioiisbaeompBriaonaftlisheatof  chemical  action,  at  detmnined  diractlr, 
with  that  deduced  iadiracUj,  generallj  ahows,  in  the  aimple  cam  in  whidl  it  i«  poaaible 
to  imlitata  lodi  a  oomparuon,  a  degree  of  agretment  which  maj  ha  taken  a«  a  con- 
flnnation  at  the  rnrrnrtnfa  of  the  principlea  whenb;  the  calculated  reiult  i«  arrived 
at,  and  ts  ptoring  thal^  at  leait  in  theae  caaea,  no  modi^^  citeiuiMtanM  of  anj  great 
impcrtance  hai  been  oTeriook»d  in  the  calenlatiwi,  atiU  it  cannot  b»  eutiidoed  aa  prared 
hj  exiMing  eiperimeata  that  the  eold  of  decompoariion  i*  ote^w  equal  to  the  heat  of 
combiitation.  On  the  other  hand,  it  mcdu  ^babla^  on  graianl  gronndai  that  tlie 
calorimetric  tfect  of  a  given  diemical  noeesi  ia  not  an  abaolatalj  eonatant  qoauti^, 
but  that  it  is  to  aome  extent  dependent  on  accompanjing  ph;iical  eoni^tiona.  U 
particular,  it  BeemB  likely  that  it  must  vai;  more  or  leas  with  the  tempoatore  at  wbich 
the  chemical  actioD  ukea  place,  and  therefore— to  take  a  paiticular  example — that  the 
heat  evoivtd  hy  the  combiitatioD  of  mernir;  with  oxygen,  at  a  eompantivelj  low  teui' 
peratnra,  ia  not  equal  to  the  heat  abfrrritd  by  the  decompoeitioa  of  oxide  of  rocTcniy  at 
a  higher  tampetatore.  The  eqoality  of  these  two  quantitiea  of  huat  would  idtoIvc  also 
the  eqnalitj  of  the  apedflc  heat  of  oxide  of  metcnij  with  the  iram  of  the  ipecific  beati 
of  ita  eleraaitB ;  otherwise,  the  qnantitj  of  heat  Deeded  to  niiae  the  temperature  of  a 
pTSn  qnantitj  of  mercnir  and  oi;gen  froia  the  otdinarf  temperstore  to  a  temperatora 
above  that  at  iriuch  oxide  of  uierciuy  ia  decompoaad,  wonld  be  different  if  the  two 
■obetsnces  nmaised  nncombined  during  the  isoessa,  from  what  it  would  be  if  thej 
flnt  entered  into  combination  and  aftarwarda  aepaiated  again ;  and  ainee  the  final  con- 
ditioo  of  the  mercury  and  oxjgen  wonld  be  the  *ame  in  each  eaoe^  the  diShrence 
between  the  qnantitiea  of  heat  wonld  have  diBa[n>ealed  without  producing  any  apparent 
rKct.  In  the  particular  caaa  that  has  been  taken  as  an  example,  it  ia  posaibU  that 
the  specific  heats  of  the  elementary  bodies  are  together  equal  to  the  speciSo  heat  of  the 
compound,  or  that  the  difference  may  be  compensated  t^  the  dift^reiice  in  the  latent 
heats  (rf  vaporisation  of  ongen  at  the  temperature  of  combination  and  at  that  of  de- 
compoaition.  But,  aitbough  Ihia  may  b«  the  caue,  eiperimeatol  proof  that  it  ia  so  is 
alill  wanting ;  and  even  if  it  were  a^rded  here,  or  for  any  other  paiticutar  anbatonce, 
there  would  BtOl  not  be  sufficient  warrant  for  asanming  as  a  genenitlv  eetabtished  fact 
that  the  cold  <rf  decomposition  is  equal  to  the  heat  of  combination,  indepritdeutly  of  the 
conditions  under  which  these  processes  reapectively  occur.  In  connection  with  these 
ooDsideratirais,  it  is  perhaps  worth  while  to  draw  atteulion  to  the  &ct  that  tbe  heat  of 
combustion  (rf  hydrogen,  d!ednced  by  Joule  ftom  the  electrolyaia  ot-wate-r  at  theordinair 
temparatnre,  is  deeimd^  leu  than  that  &und  by  other  eiperiroeatan  who  dstennined 
dittctly  the  heatof  eombnation  at  a  hudi  tempeiatiire  (seep.  114).  These  experimenta 
are  pi^iaps  not  anffldently  comMnble  in  other  rc^iecte  to  jnitili  us  in  attaching 
moch  importanM  t«  this  iMult;  W,  lakii^  it  a*  it  stands,  it  is  in  ham 
fiKt  that  the  epedfio  heat  of  water-vapour  u  lees  tt-"  **"-  ™"  "*  *""■ " 


The  laws  by  which  Thomson  conaidera  that  the  development  of  beat  in  chemical 
action  is  governed,  appear  to  involve  views  similar  to  those  above  explained.  The 
fundamental  propoaitionB  assumed  by  him  are  aa  fbllowa : — The  intensity  of  the 
chemical  energy  of  the  same  body  at  a  constant  temperature  ia  unchangeaUe ;  the 
whole  quantity  of  heat  developed  iu  a  given  chemical  action  is  ■  measure  irf  the  chemical 
energy  therein  exerted,  and  is  pEoportiooal  to  the  dififerenea  betweoi  tlw  total  ehemieal 


enosy  of  the  leu^ta  and  the  totel  chemical  energy  of  the  produeta. 
&ai  prodtuta  hj/  Chenf'tal  Decoatpetitim. — There  are  a  few  phenon 


at  least  apparenth,  exceptiona  to  the  general  rule  that  heat  is  evolved  in  Mmbination 
and  absorbed  in  dseompoeition.  It  waa  found,  for  instance,  by  Favre  and  Silbermann, 
that  diarcoal  evolves  more  heat  bv  buruing  in  nitrous  oxide  than  by  burning  in  pnm 
oxygen.  The  excess  of  heat  in  this  case  conld  only  be  due  to  heat  evolved  in  the 
dec«mpoBition  of  the  nitrons  oxide,  and  direct  experiments  proved  that  this  decompo- 
sition waa  attended  with  evolntiiHi  of  heat  They  foond  ftartho-  that  heat  ii  produced 
in  the  deeompoaition  of  peroxide  of  hvdnwen  by  platinum,  and  (com  the  expenments 
cf  Farre,  already  recorded,  it  ai^ieara  uiat  heat  ii  absorbed  in  the  oxidation  of  chlorine 
to  bnoditorooa  or  to  cUoric  add.  Feihaw  these  and  similar  phenomena  may  be 
bnn^Atinlo  harmony  with  the  general  role,  bv  taking  into  consideration  the  evolution 
of  hnt  due  to  the  combination  of  two  similar  atoms  to  form  a  molecule,  and  the 
eomsponding  absorption  of  heat  due  to  the  separation  of  the  atoms  constituting  a 
tnolecnle  of  an  elementary  body. 

The  influence  of  high  temperature  in  promoting  cbemiciil  action — as,  for  instance 
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betwesn  taygen  and  bjdngtii,  which  oambinB  when  heated,  bat  BM  withont  action  on 
each  other  m  the  njd— is  not  an  dCeptioD  of  the  Idnd  1mm  lefond  to.  It  ianther  a 
thenuamelne  than  a  otlorimetric  pheDomeotoi ;  high  t«inparKlnN  bring  a  bT<mTable 
eondition  for  ehonieal  aetion  in  theaa  eaees,  bat  in  no  waj  its  canae.  At  toj  Jaw 
tempeniUires  chemical  aetioll  qipeaia  in  all  casea  to  be  mneh  retarded:  aa  one  illiu- 
tntion,  it  maj  be  mentioDed  that  wbtn  liquefied  ammonia,  cooled  to  abont  -~66°,  is 


poorad  npou  concentrated  sulphuric  acid,  the  tvo  li^Didi  form  aapaiale  lajen,  and  Rk 
some  tima  aoaAiDn  takes  place  betveen  them  (Loir  and  Drion).  Pbae[Aoms  and 
iodine,  whiGh  combine  eDeigltieaU;  and  with  TiTid  comboitioD  at  eonunon  tampwatana, 
maj  be  ahaken  together  in  a  tube  cooled  by  a  freetdng  mixtnre,  withont  axarting  the 
lightest  action  on  eadi  other. 

6.  Belationi  6/ Hial  to  Eiiafrieilg. 
Sleotriot^  prodooea  ^  MaKtr—Pyro-dteirieili/  dtvdopti  in  Orj/ttalt, — To  irtiat 
has  been  alreadv  said  on  this  sn^ect  in  the  article  ELacraicrrT  (it.  t\l)  ve  have  onlj 
to  add  the  leaolts  airiTsd  at  b^  QaugaiD  (Ann.  Ch.  Phjs.  [3]  It!!.  6)  in  reference  to 
the  pyiD-eleetrici^  of  tonnnalines.  He  finds  that  this  pbenomenoii  obers  the  following 
laws  : — (I.)  Vfhen  an;  number  of  tourmalines  are  united  by  tbeii  polss  of  the  same 
uamf,  ther  fiirm  a  batter;  which  produces,  under  any  giren  circnmstauces,  a  quantitj 
of  electricity  exactly  equal  to  the  nun  of  the  qoantitiet  which  the  sereral  tonrmalinee 
would  [a|odace  sepaiBtdy  under  the  u 


the  same  condition^  by  any  one  of  the  pnsms  taken  separately. 

(3.)  The  quantity  of  electricity  pn>dnced  by  a  priam  of ' 

[e  sectional  area,  and  ia  independent  of  ita  length. 


(3.)  The  quantity  of  electricity  pn>dnced  by  a  priam  of  tounoaline  is  [ooportional  U) 


(1.)  The  qnand^  of  electricity  which  a  tounoaline  derelopea  when  lis  temperature 
ia  lowered  «  giren  number  of  degrees,  is  independent  of  Uie  length  of  time  in  which 
the  cooling  ia  effected. 

(I.)  When  a  tonnnaljiie  is  heated  a  given  number  of  degrees,  the  qnantit;  of  elnv 
tridCy  doTeloped  is  precisely  the  aame  as  that  which  womd  be  produced  if  it  were 
cooled  to  an  equal  extent, 

Gkugain  finda  that  the  derdoiiinent  of  eleetiidly,  eoM«qnent  on  the  alteratioD  of 
the  tempomture  of  a  tourmaliDr,  is  very  much  more  marked  if  one  pcde  of  the  oystal 
is  pUced  in  electric  ciHnmanication  with  the  earth,  than  when  the  crystal  is  completely 
ininlated. 

Tiermo-Electriaiy. — When  two  bars  of  disaimilar  metali  are  soldered  ti^ther  at 
each  end,  a  continuous  currant  of  electricity  eircaktea  through  tlie  circuit  formed  by 
them,  aa  long  aa  the  two  wlderin^  points  are  at  different  temperOitureH,  ths  directioa  ot 
the  current  ^iog  reversed  acoording  as  one  or  the  other  of  thwe  points  is  the  hotter. 
The  electro-motive  force  (ELatTrnicrn,  iL  4SS)  developed  at  each  solderinK  point  ia 
directly  in  proportion  to  its  absolute  temperature  (p.  fiZ^  and  therefore,  since  the  electro- 
motive iurce  dereloped  at  one  end  is  contraiy  to  that  developed  at  the  other,  the  re- 
sultant electro-motive  fbrce  of  the  whole  drcuit  ie  proportional  to  the  differencs  brtween 
the  tempenturea  of  the  soldering  points.  (ClaDsius,  Thomson.)  (See  ftuther, 
il  412,  418.) 

MMit  v*adaoed  br  MlaBtrtaUf. — The  laws  ngnlating  the  develt^ment  of  heat 
l^  the  sadden  diachaige  of  frictional  electrid^,  or  electricity  of  high  tension,  have 
aoeady  been  Seated  ^  in  tbe  article  ElbctbiCtti  {ii.  39o),  and  in  the  same  article 
^  470)  it  has  been  shown  IliBt  the  heat  produced  by  a  coctinuons  current  cof  elecbicity 
IS  the  exact  equivalent  of  (he  cbemicsl  action  whereby  the  current  ia  generated.  In 
the  applieadon  of  this  rule,  the  total  chemical  action  throughout  the  circuit  must  be 
taken  into  accoaot,  elecliolytic  decomposition  being  counted  positive  or  negative  accord- 
ing as  the  direction  of  the  conent  which  would  be  generated  by  it,  were  it  to  take 
place  independently  of  the  battery,  is  the  same  as  that  of  the  battery  or  the  conttaiy. 
As  Anther  ezplBined  in  the  article  ref^red  to,  the  heat  developed  by  an  electric  current 
is  relatad  to  tlie  intensi^  of  the  enrrsnt  and  to  the  resistance  of  the  circuit  in  the 
manner  expressed  by  the  formula  : 

S  -  PS (a) 

where  S  re^vsents  the  beat,  /the  intensily  of  the  cnneot,  and  B  the  reeistance. 
Fntttng  i!  for  the  riectro-motive  force,  we  have,  by  Ohm's  foimnla  (ii.  i59): 


tlie  above  eqoatiou  (a)  may  be  writtan : 

H  -  IE (4) 
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Fntti  tlui  it  fidlo««  tluit,  bv  dimbbUog  tlie  rMuUnce  of  Ihe  dt«nl,  th*  clectTO-motiTe 
fbrce  remainiDg  the  Mine,  me  total  brat,  H,  ran  be  ■DgmeDled  indefinitely,  the  intea- 
^Sj,  toA  thembre  nlso  the  chemical  actiOD  in  the  batter;,  inenwsiiiff  in  pniportioa 
to  the  dimiiiiition  of  rfeiitance.  But  id  an;  single  poition  of  the  cuenit,  wlvxe  miat- 
BDce  ii  r,  the  derekipiiifnt  of  heat  will  attaiD  a  "■«•"""■"'"  ibi  a  pmiicnlai  value  of  r. 

The  he«t  ptodneed  in  this  part  vill  in  fact  be  A  •<  iV  »  t-g — ^i*-  the  TsJoe  of 
which  laat  eipTcanon  reaches  a  maximnm  when  B~t,  fining  the  conatint  retiitHDca 
of  the  reioBinder  of  the  dicnit,  inclndiiig  the  bitterr.  Henee,  in  order  that  as  large  ■ 
nropoTtioD  as  poeiuble  of  the  vhole  heat  of  the  eimut  maj  be  gencratml  in  the  conduct- 
ing -wrrr,  and  as  anmll  ■  proportion  lu  pMeibla  in  the  battery,.the  internal  reeiatance, 
S,  of  the  battery  must  bo  eqiiil  to  the  resistance,  r,  of  the  remainder  of  the  circuit.  And, 
sinee  the  heBting  power  of  the  current  nprsaents  its  total  ennuy.  it  fbllows  tbiit  the 
EunB  propoition  DCtween  the  inlems]  and  eitcmat  resiatuice  of  the  eircnit  is  the  most 
AdTHitageous  that  i;Bn  be  adopted  for  ctlniiiDg  the  mrrent  to  prodace  chftngea  of  aq; 
Other  kind  ontdde  the  battery. 

Hernial  phenomena  of  a  [«rtictilu'  kind  occur  when  an  electric  eonrnl,  ioilead  of 
tiiTaraing  a  homt^neona  condnctor,  passes  from  one  substance  to  anolher.  Then,  in 
addition  to  the  derelapment  of  best  coirrspunding  to  the  resistance  of  the  conductor, 
according  to  the  iawB  stated  in  the  last  pangraph,  a  farther  deTelopment  or  absorption 
of  heat  Ukee  place,  depending  upon  the  dirsftiai  of  the  current  If  the  current  eroasea 
ttie  point  tf  joneHou  ra  two  cUsaunilar  portiDnB  of  the  drcnit,  in  the  same  direction  ss 
the  thenno-decbrieconentvhiid]  would  be  genemted  by  the  a^)lication  of  heat  to  thin 
pointy  then  the  beat  dereloped  there  is  lew  than  curtenwitda  to  the  resiatance  of  that 
portion  of  ths  dicnit,  or,  in  other  words,  heat  ia  absorbed  ;  if  the  cnrmnt  pavea  the 
point  of  junction  in  the  opposite  direction,  the  heat  generated  ia  more  than  what  coi^ 


With  a  janditm  Ibnned  of  the  sams  two  aetal^  the  deTelopment  or  absorption  of 
heat  thos  ooeaaioned  is  poportional  to  the  intcnsi^  of  tbe  current  b;  which  the  junc- 
tion ia  traTvaed.  With  combinations  of  different  inet«l>,  the  extent  to  which  this 
pbeiiomeiion  oecnia  variea  with  the  positions  of  the  metals  in  the  thermo-electrie 
serieifii  112),  being greateatteUNM  combinotiona  which  gira  the  meet  intenaa 
thermo^ilectiu  currents. 

6.  Bclalioni  of  Heal  to  Mtckanical  Entrgy. 

In  preceding  parts  of  this  article,  we  have  seen  thai  increase  of  rolume  snd  of  elastia 
fbrce  are  imons  the  moat  nnirersal  of  the  effects  of  heat.  In  this  way  heat  is  constantly 
prodnciiie  motion,  and  when  this  motion  is  concentnttd  in  a  given  solid  body,  and  a 
definite  Erection  is  giren  tc  it,  aa  in  ths  steam-engini',  heat  becomes  by  fu  the  most 
impiatant  artificial  source  at  mechanical  power  that  we  poBBess.  Conyersely,  innuma- 
niUe  fsmiliiir  ftets  supply  us  with  illustrations  of  the  production  of  beat  at  the  eipeine 
of  mechanical  power.  Thus,  in  all  machines  there  is  a  certaia  ioas  of  power,  the 
work  perfbrmcd  by  the  machine  nerer  representing  the  full  mechanical  eqUTalent  of 
the  power  needed  to  drire  it.  That  portion  of  tha  mechanical  eneiCT  supplied  to  the 
maf^ne  which  ii  wsated.  ao  Ikr  as  the  performance  of  nacfnl  wore  is  concerned,  is 
expended  in  oveieoming  Uie  puaire  resistances  by  which  the  motion  of  the  machine  is 
Oppaaed;  such,  ibr  instanor,  aa  frictioo  between  contignona  anrtbce*  not  moring  with 
toe  same  velodtTi  of  the  rigidity  of  stnpa  or  cords  used  to  transmit  movement  lh>m 
one  part  to  another.  But,  wicnerer  motion  ia  produced  in  opposition  to  friction,  or  a 
rigid  body  is  ft>rcibly  bent,  heat  is  generated ;  tbe  mechanical  energr  expended  in  pro- 
ducing these  effects  is  loet  to  the  purposes  of  the  machine,  but  the  neat  erolTed  ii  its 
represent  at  ire.  Pennssioti  is  another  means  by  which  mechanical  power  can  be  de- 
stroyed and  heat  aenerated  in  ita  stead.  These  and  similar  facts  luTe  long  attnicted 
the  attention  of  philosophers,  and  great  importance  has  been  attached  to  them  in  re- 
ference to  moiA,  of  tbe  theories  that  haie  been  unggested  from  time  to  time  to  explain 
the  nature  of  heat  and  the  elfeclB  which  it  prodncea.  The  following  is  a  qnotation 
from  Black's  Lecturta  on  Chemirtrg  (toI.  i.  pp.  31,  32),  and  relates  to  Bacon's 
inrestigafions  into  tie  nature  of  heat  contained  in  hia  freatiea  Diformd  Calidi: — 

"ITie  only  conclusion,  howerer,  that  he"  (Lord  Verulam)  "is  aWa  to  draw  from  the 
whole  of  his  &cts,  is  a  teiy  general  one,  viz.  that  heat  is  mot  ion. 

"  "nds  conelnaiDn  is  fonnd^  chiefly  on  the  coDiideration  of  sereral  means  by  which 
heat  ia  produced,  or  made  to  sppeBr,  in  bodies ;  as  the  percaasion  of  iron,  the  friction 
of  solid  bodies,  the  collision  of  flint  and  steeL 

"  The  first  of  these  examples  is  a  pmetice  to  which  blacksmilha  hare  sometimes 
e  fbr  kindling  a  fire ;  they  lake  a  rod  trf  soil  iron,  half  an  inch  or  less  in  thick- 

,    ad,  la;'        ■  '    "  '■  '     — "*--  "-'  -■' 

quickly  on  ii 


ni  hot,  uid  can  be  emplojed  to  kiodlu  BhaviiigB  oi  vood,  or  othri  very  eombiutible 

"  The  heat  prodadlile  b;  the  itrong  frietioB  of  solid  bodlea,  occnn  oftau  in  moam 
puts  of  hokT}^  mMcbiDtrj,  whan  pn^mr  cam  ii  sot  taken  to  diminiih  that  friction  as 
mnih  aa  poaaible,  bj  th«  inteipcaittoii  of  lubrialiiig  Rnbctancoi  i  aa  in  the  azlca  of 
wh»ela  that  ai«  haaTj  thanuelTca,  or  hcsnlj  loaded.  Thick  fomta  an  said  to  have 
taktn  Bie  ■ometiinaa,  by  the  friction  of  bnnchea  against  one  another  in  stormj  weather. 
And  BaTigea,  in  diKrent  parts  of  the  wodd,  have  leconne  to  the  friction  M  pieeae  of 
Tood  for  Undling  theii  flna.    .... 

"  The  thiid  example  above  adduced  in  the  eotUsiou  of  flint  and  steel,  is  ouiTenall; 

"  In  ill  these  examples,  heat  is  pradacKd  or  made  Co  appear  snddcDly,  in  bodice 
which  have  not  received  it  in  the  luoal  wbj  of  communication  from  othen,  and  the  only 
cauM  of  ita  production  is  a  mecbanical  force  ot  impDlae,  or  mechuiinl  violttnce." 

Fiom  theae  and  nuu>T  other  similar  phenonutua,  it  ia  abnndantly  clear  that,  hj  the 
eipenditore  of  heal,  mechanical  woA  can  b«  el&cted,  and  that  heat  can  be  prodoced  by 
the  r^xpenditnre  of  work.  Diimiasing,  thenfora^  fcT  the  pnaent,  all  consideratimiB  as 
to  the  ultimate  nature  of  heat,  we  may  aaj  that  heat  and  weak  aia  mutually  eoDTertiUe, 
and  we  have  in  this  eedion  to  consider  the  conditiona  iriueb  ngnlate  the  tnnafonnation 
of  one  of  tbeae  forms  of  energy  into  the  other. 

'Work  pradaevd  br  MmM, — The  meanire  of  the  woA  done  by  heat,  when  it 
eansea  eipanaion,  is  obviotialy  the  prodnct  of  the  reaiatance  overcome  into  the  apace 
throash  which  the  ezpaosioD  takes  place;  thatia,  if  r  denote  the  resistance,  and  vandc' 
the  initial  and  Dual  Tolamea  of  the  body  which  nndeigoai  expansion,  the  woA  done  bj 
the  hMt  will  be  reprraented  bv 

In  eatimating  the  tesistanee  bj  wfaieh  the  eipanaion  of  a  girra  body  is  oppoeed,  it  is 
needfol  to  tale  into  account,  not  only  the  external  preainire  npon  its  surfiue,  but  aluo, 
aa  has  been  almdy  pointed  oM.  (^.  40  and  73),  tne  molecnhu  fbrees  which  tend  to 
maintain  nnaltered  the  relative  poaitiona  of  ita  nltimate  particles.  The  work.  A,  per- 
fonned  by  heat  when  it  cauaea  expansion,  must  therafore  be  conndered  aa  made  np  of 
the  inttrial  tnr/c,  a^  peifonned  m  oppoaition  to  internal  molecular  tarer*.  and  the 
Mfemol  work,  a.  expended  in  ovcnomiug  extenal  preaaote.  In  solid  uid  liquid 
bodies  the  ratio,  — ,  of  tlie  internal  to  the  external  work  ia  very  coaaidecablc^  but  in  a 


reautance  la  inaenaible:  hence,  u  thia  case  —  —  0,  or  a^  —  J.      Bat  since  it  u  the 

Of 

external  work  only  which  ■■  available  for  the  production  of  extonal  eSeda,  the  oon- 
aidecation  of  the  tiBoiformation  of  h«t  into  mechaninl  energy  ia  mnch  simpler  in  the 
case  of  gaaes  tJian  in  that  of  liqnid  or  solid  bodies;  it  ia  ftuther  mnch  the  moat 
important  piactjcall;.  for  although  the  heat  employed  in  the  performance  of  internal 
woik  upon  sulidH  or  liquide  ia  not  necessarily  lost  DllimBlely,  it  is,  for  the  time  at 
leail,  ti^ally  unavailable.  We  may  perhaps  con^iaie  the  tranofbrmation  of  heat  into 
work  wHJi  the  commercial  transformation  of  labour  into  wealtli :  then,  a  perfect  gas 
will  repKSrnt  a  medium  of  tranaformaCion  ooimianible  with  an  iuduatrial  proceaa  which 
requires  no  previoaa  expenditure  on  the  part  of  the  workniaa  to  enable  him  to  exdhange 
hia  labour  for  wagea ;  while  a  solid  or  liquid  will  represent  a  medium  of  transfbrmation 


a  a  certain  quantity  of  labour,  which,  Ibr  the  time  being, 
-  -     'aalth. 

In  order  that  wodl  my  be  continnonaly  performed  by  heat,  it  ia  not  enough  that  a 
portion  of  air  or  c^Ikv  gaa  ahould  be  expanded  once  Ibr  all  in  a  cylinder  doaed  by  a 
piston,  or  in  any  otbar  aimilar  apparatus.  It  is  true  that  modon  would  be  thua  pro- 
duced, and  tbtt  ttda  mi^t  be  the  full  equivalent  of  the  heat  expanded,  but  the  process 
would  soes  eoBM  to  an  end.  Praetjealfy,  t^e  extant  to  which  a  gia  can  be  amended 
■o  11  to  produce  motim,  ia  very  limited,  both  bj  Ihe  eiie  of  the  apparatus  that  can  be 
nasd  aad  by  the  temparalnrFs  tliat  are  attainaUe.  In  order  that  the  prooes*  miy  be 
oontinuona,  the  action  of  tlie  machine  by  means  of  iriiieh  the  tnmaformation  ia  effected, 
most  be  periodic:  after  a  certain  cycle  of  changea,  all  ita  parts  must  return  to  the  same 
rehitive  poaitiona  and  condition  ai  they  had  at  Brat,  ana  the  air  or  gas  must  return  to 
ila  original  pressure  and  temperatnre.  Snch  a  cycle  might  evidently  be  rroeated  inde- 
dnilfly.  end  if  any  tnuufoimalion  of  heat  ioto  work  were  Elected  by  il,  the  aame 
unouot  of  tmniiformation  would  take  pLuc  each  Limo  the  cycle  wub  completed.    At 
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pagra  AO  and  51,  m  stir  that  in  the  ptasage  of  ■  gaa  through  a 
(iona,  with  Twpect  to  tatnpantiue,  preaann-,  and  Tolome,  vhit^ 
gnphkallj  hj  a  netan^  and  an  anch  that  the 
jbul  state  of  the  gaa  ii  the  nune  aa  ill  Mate  at  tha 
brgiiminv  vS  the  ^tKna,  a  certain  qoantit;  of  heat  is 
extended,  which  ia  proportional  m  amount  to  the 
area  of  the  rectangla  repreaeuting  the  BDCcesaion  of 
ehangea;  bnt  it  vaa  not  there  explained  what  be- 
eomea  <^  the  heat  thna  ezMBded. 

fietaning  to  the  Bouaidenition  of  thl*  caar,  and 
naing  the  auae  notation  as  brfore,  it  ia  plain  tlut, 
' — ' ' "[Bof  thegaa  &om  the  itata  Ato  the 


be  repnaented 


irtiieh  ia  npnaeuted,  in  kilogramme-metm,  b/ 

and  tliat  lAila  the  ga«  retuma  ftom  the  condition  B 
to  the  eoodition  A,  along  BCA,  then  in  expended  a 
qnanlitr  of  mnfc  rcpreaentad  br 

A-.,iy-,y. 

and,  thcrefiae,  daring  the  whole  cjde  ADSCA,  a  qoantit;  of  week  ia  nltimatelj  gained 
-But,  bj*  tba  bat  fqoation  on  page  61,  the  amonnt  of  lieat  expended  at  the  came  time  ia 


«-«•- 


£<••-<)  (T'-rH'-'Ji 


g-g-    'V,.  '(-"--*•)  .•■•<«)■ 

If  we  aaaome  that  the  difference  between  the  apedflc  heat  onder  conatant  preaanre  and 
the  ipeciilc  heat  at  constant  Tolnme  ia  conatant  for  each  gaa,  and  ia  invrraelj  propor- 
tional to  ita  iaamtj  (a  relation  irtiieh  ia  implied  in  equation  (a),  p.  12),  the  coeffi- 
cient of  (J  —  A")  in  thia  mpreaaion  ia  conatant ;  we  ma;  therefore  represent  it  by  -' 
and  write  eqnation  (r)  thus ; 

G-C-^C^-^-)       or      E{Q-Q)~A-A: 


eqnal  to  E  kilwnnune-metc 
The  Talue  tit  E  an  be  d 


a  deduced  fh>m  equatioD  («)  b;  intrvdociiig  the  numnical 
mnea  of  the  conatanta,  nameJ  j  : 

H  -  10,3S3  kikgr.,  ■  -  0  OOSeSi,  2>  -  1-293  kilogr. 

e'-m  0'3374,  and  0  <-  0-16S  (p.  12). 

Theae  nlnea  giie  na : 

£-423; 
that  ia  to  aaj,  when  heat  ia  tranafbnned  into  work,  eTei7  kilogramme-degree  of  heat 
(1000  of  the  heat-unitj  hitherto  employed  in  this  article)  conanmeS  gpnerstea  423 
kilogramme-metna  of  work  ;  or,  man  generally,  the  heat  needed  to  laine  the  tempera- 
tan  of  any  given  wei^t  of  water  &om  0°  to  1°  (X,  ia  eqaivalent  to  the  amonnt  of 
mechanical  energy  required  lo  raies  423  timea  the  aame  weight  of  mter  throng  ooo 
made  troia  tlie  aurface  of  the  earth. 

Tha  ratio  Bia  thrrefote  called  the  mechanical  equiralent  of  tha  nnit  of  haat, 
and  it«  reciprocal  ia,  as  we  shall  see,  the  thermal  eqniTalent  of  the  nnit  of  work. 

That  tbe  relation  between  the  heat  oniended  and  the  work  geoeiated  ii  tiei/easarily 
ooDitant,  whatever  the  procpm  may  be  by  which  one  is  tranaformed  into  tha  other, 
reunite  from  the  following  conaidecations.  If  by  one  process  a  nnit  of  heat  coold  be 
made  to  perform  B  nnits  of  work,  and  by  another  prooesa  E  +  e  unite  of  work  could 
lie  gencmt^  by  the  asmf  quantity  of  heat,  a  portioQ  of  the  mechanical  energy  producwl 
in  taia  aecund  procesa  might  be  expended  ia  revcniiig  the  Qnt,  so  as  to  regenerate  tbe 
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original  qnintit  J  of  heat :  thai  bj  combiniDg  the  two  proceuM,  the  first  being  wotkcd 
bauvudi,  each  imic  of  hnt  exp«aded  vonld  lepFodnce  ilaelf  and  i  nnitii  uf  work  ta 
addition ;  there  would  thus  be  gennration  of  in*ehiiiic*l  energy  vilhont  ui;  formpond- 
ing  uuiihilatioa  of  tnj  other  fonn  of  enei^.  (The  principle  here  implied,  that  a 
giTen  qu&ntitj  of  work  is  capable  of  giTing  rise  to  ai  mnch  heat  ■■  ie  needed  ibr  ila 
own  pntdaction,  reaolls  fnim  the  abore  eqnatioD  (n),  bnt  it  will  be  fluther  conaideied 
in  whatfoUows.) 

Nevertheless,  inconsequence  of  the  nnaroidable  defects  of  all  experimeiital  processes, 
the  values  of  E  dedudble  bf  difif  rent  methods  are  not  exactly  equal,  but  the  agnn- 
meiit  between  them  is  quite  BufBcient  to  establish  the  fjudamental  principle  of  tha 
real  constant^  of  the  relation  between  heat  and  work.  A  table  giving  the  results  of 
the  most  importaat  deterininatioDs  of  this  ratio  will  be  found  fiirther  on  under  the 
bead  Heat  produced  by  Work. 

Under  all  circnmBtancea,  the  quantitj  of  heat  which  mast  be  empk^ed  in  ordet  to 
eSect  the  tranafbmiatjon  of  a  giren  amount  of  it  into  work  amridtfalil;  eic«eds  the 
quanlit;  transformed.  In  the  example  altoTe  contidered,  the  tots]  qoaotitj  of  heat 
imparted  to  the  gas  was  Q;  but  of  the  work.  A,  generated  by  this  amoant  of  heat 
dnring  the  passage  of  the  gas  fnim  the  stale  A  to  the  state  B,  a  certuin  portion,  A', 
was  emplojed,  duringthe  retom  of  the  gas  to  its  initial  stale,  in  rrgcnerating  the 
quantity  of  heat  (/,  The  useful  work  performed  was,  therefbre,  A  —  A',  and  the  quan- 
tity of  heat  tnnsfonned  wa«  Q~  Q^,  and  the  ratio  of  this  to  Uie  total  heat  employed, 
namely,  ■  ,  represents  the  dBdency  of  tbe  process  of  transformation,  or  the  thIus 
of  the  engine  in  which  it  takes  [dace  as  a  source  of  mechanical  power.  The  maximnm 
value  which  this  Aaetion  is  capable  of  attaining  depends  on  the  range  of  temperature 
passed  tluongh  by  the  fluid  which  is  the  medium  of  (runsformation.  This  can  be  most 
easily  dprnonatiated  in  a  case  where  the  changes  of  the  volume  of  the  gas  take  place  at 
constant  temperatures ;  that  it,  wliere  it  is  kept  at  one  temperature  during  the  whole 
proeeaa  of  eniauBion  and  at  another  dniing  the  whole  proceas  of  contraction. 

These  conditiotii  are  appioximalety  realised  practically  in  the  air-engine  invented 
by  the  Bev.  Bobert  Stirling,  in  1816.  Thib  engine  coosiets  essentially  of  two  cylinders; 
a  larger  one  to  which  the  heat  is  applied,  which  we  may  call,  for  distinction,  the  beating 
cylinder,  and  a  smaller  one,  which  may  be  called  the  working  cylindii,  wherein  the 
tranfiimiatioa  of  heat  into  woA  takes  place.  The  bottom  of  the  woridng  <grliiider  ii 
connected  by  a  pipe  without  a  valve  wiUi  the  top  of  the  heating  cylinder.  Withiu  the 
heating  (rlinder  is  a  plunger,  composed  of  non-conducting  materials,  which  occupiea 
nearly  hauits  length,  and  between  it  and  the  sides  of  the  cylinder  are  passages  by 
which  the  air  can  pass  torn  one  end  to  the  other  when  the  phmgprii  raised  or  loWRiaL 
In  the  working  cylinder  is  ■  piston  which  fits  it  aii^tight ;  this  piston  and  the  plunger 
of  the  other  cylinder  are  both  attached  by  connecting  rods  (o  cranks  fixed  to  the  same 
iLile,  bnt  making  an  angle  of  ninety  di^rees  with  each  other.  The  heating  cylinder 
is  closed  at  the  tap,  and  the  rod  from  which  the  plunger  hangs  paasea  thmngh  an 
air-tight  staffing  box  1  the  working  cylinder  isopen  at  the  top.  Heat  is  applied  to  tlis 
bottom  of  the  heating  cylinder,  and  the  upper  [urt  is  kept  cooL 

The  action  of  the  engine  is  as  follows ;  Suppose  the  plunger  fo  be  at  the  top  of  the 
heating  cylinder,  and  oonseqnently,  the  piston  in  the  working  cylinder  in  the  middle  of 
its  stroke  ;  then,  if  heat  is  apphed  lo  the  bottom  of  the  heating  cylinder,  the  air  con- 
tained there  below  the  plunger  will  he  expanded,  and  will  press  the  piston  upwards ; 
bnt  tbe  mOttOD  of  the  piston  being  communicated  through  the  axle  to  the  plunger,  the 

"le  oeatii 


latter  will  descend,  and  displacing  the  heated  air  from  the  bottom  o 

it  into  tbe  cool  space  at  the  top.    The  elastic  fbrce  of  tl 

B  piston  will  lie  forced  down  by  Che  pressure  of  the  ai 


cylinder,  drive  it  into  tbe  cool  space  at  the  top.  The  elastic  force  of  the  air  being  thus 
diminished,  the  piston  will  lie  forced  down  by  the  pressure  of  the  air  upon  its  nnpo; 
aniface  ;  the  plunger  now  returning  to  the  top  of  the  beating  cylinder,  1^  air  will  tx 


jm,  where  it  will  be  again  heated,  and  the  piston  will  be  again  forced 

up  by  its  expansion.     Thus  by  the  alternate  heating  and  cooling  of  the  same  quantity 
of  anr,  the  motion  of  the  engine  is  kept  up. 

In  consequence  of  the  manner  in  which  the  piston  and  plunger  are  respectirely  con- 
nected with  the  axle,  each  attains  its  maximum  velocity  while  the  other  is  at  rest,  so 
that  the  action  of  the  engine  during  one  revolution  may  be  considered  as  essentially 
made  up  of  four  periods:  in  tha  firsl,  the  temperature  of  the  air  is  raised,  its  volame 
remaining  the  same,  and  consequently  its  pressure  increasing;  in  the  second,  the  sir 
eipanda,  performing  work,  but  so  much  heat  is  imparted  to  it  daring  the  Ripanston, 
that  its  temperature  remains  constant ;  in  the  third  period,  the  temperature  of  the  air 
iereducedto  whatit  was  at  the  beginning  of  the  first  period,  its  volume  being  unaltered, 
und  therefore  its  elastic  force  being  diminished ;  and  in  the  fourth,  it  is  compreased  to 
its  original  volume,  the  beat  generated  by  the  corapression  being  withdrawn,  so  that 
the  air  remains  at  the  same  temperulure  throughout  the  whole  procoBS,    Theae  four 
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amraHTe  onnliaiu,  constitntiog  togrther  one  cycle  in  the  sctioD  of  the  mgincs  maj  ba 
T«pnaantcdb7>^i*B™°  "■'^■■/?-^*^  "'>''*  t^B  nbaeuM  O  A  npnsenti  thn  Totosie 
«g,ofkiinitofweigbtafur*ttliKiiii-  _. 

tidtnnpeiHtarafg,  uid  thsoidioBte 
AM  reprewDts  the  coireepoDduig 
fKtranpa.  The  ut  u  fint  heated, 
vithoDt  cbu^e  of  Tolnme,  fhim  Ihs 
temperatDre  t^  to  the  tetnprntnra 
t,;  dnring  thii  opaiatioD, ila  siaatic 
farce  ineraaaaa  to  p^,  rqmeaiited 
ID  the  dugram  bjthie  ordinataAF; 
■sd  to  effect  thia  ehai^  a  qaandtj' 
of  heat  pqiul  to  o((,  —  t,)  must  be 
impatted  to  it,  e  beutg  the  ipeciBc 
best  of  air  ftt  a  oomtaitt  Tolnme; 
but  aa  no  expaniion  take*  plaM,  no 
ToA  u  pemsmed.  Ifezt,  the  air 
expanda  from  the  Tolama  t„  to  tho 
TDlnma  e,,  npreaented  bj  the 
sbacinK  O  B.  Snee  the  t«mpeis- 
ton  of  tbe  ail  ia  keft  eoDstaat  irfaile  it  expanda,  the  p 
Tslome,  a  rehttira]  represented  bj  the  hywrboHe  are  P  Q,  lo  that  the  flnal  pKMOie  of 
the  cipuded  air  ia  lepreMiited  ij  the  ortinate  B  Q.  ti.,:—  >■.:.  .,~_r.^»  _•«■ 
'WDifc  IB  perfbitBed.  midi  ia  obrioaalj  proporikmal  t<  .    , 

between  the  an  F  Q,  the  axia  of  abMiMC,  uid  the  two  oidinataa  A  P  and  B 
in  order  to  prerent  the  cooling  of  Uie  ffiB  doriiig  its  aipatnioD,  a.  qoanlity  of  heat,  o, 
mnat  be  giTeu  to  it,  of  wfaieh  the  mee^nieal  equiTalent  ii  euctlj  tbe  Bitcnial  won 
vhidi  thu  an*  rroreaente.  In  tht  thiid  opention,  the  air  i>  cooled  to  its  initiiJ  tem- 
perature t^  ite  Tohune  remaining  im&ltared,  Hnd  tbenfbre  no  voA  heing  geuentnl  or 
eapraided.  The  preaaore  ia  thiu  mdneed  ftom  B  Q  to  B  N,  and  a  qnanlJty  of  beat 
requires  to  be  wiuidr>w>  equal  to  0  (<,  ~  (,).  LasUj,  the  fir  ia  compreased,  while  kept 
■t  the  Mxutant  tenpenittm,  („  to  its  Miginal  Tcdnme  f,.  To  efect  thia,  work  mnat  be 
expended  and  beat  molt  he  remored  from  tilie  air.  The  relation  between  Tolniae  and 
preasnre  beii^  repreecnted  bj  the  b jperbolic  arc  K  H,  tbe  woii  needed  for  the  00m- 
preeriou  of  the  sir  ia  represented  bj  Uie  area  A  M  N  B,  and  ia  preeiMiIj  the  mechanical 
equiralent  of  the  quantity  of  beat,  ^,  which  mnat  be  withdrawn  from  the  air  in  order 
to  mautaiu  its  tempanOara  conitant  dnring  the  ptocees. 

Acooidinglj.  dnnng  tbe  fint  two  operations,  the  uir  leeeiTea  a  qnantitjr  of  heat 
equal  to  c  ('i  — 's)  +  f>  and  derelopea  a  quantity  of  external  work  geometric^j 
repreaeoled  bj  tbe  aornce  APQB.  In  l}ie  two  fiulowing  operations  the  air  loeea  a 
qosntitj  of  heat  equal  to  e  (t,  -  t,)  +  q',  and  there  ia  expended  a  qnantit;  of  work 
■'    "ly  repreaenH  '  ■  "       ■— —     —      -       ■         ■■  .-.         . 

refors,  j  — 0' 

by  the   ana  MPt^,  01  .        ...    _ 

penditiin  of  beat,  dnring  the  complete  cycle  of  openliona,  ia  g ;  the  qnantity  g  girrn 
out  by  tbe  air  dnring  its  rompienioa  at  the  temperatnre  t,  cannot  in  any  way  be 
made  available  for  (he  maintenance  of  the  action  of  the  machine,  and  may  tberefoie  be 
eonaidered  as  entirely  tmt.  Tbe  qnantity  of  heat  c{li  —  t„),  which  thf  air  giTcs 
ont  when  cooled  Iram  tbe  temperature  f,  (0  tbe  temperature  („  may.  on  the  con- 
tiU7,  be  employed  lo  heat  another  quantity  from  (,  to  (,,  and,  tberefore,  dou  not 
make  pari  of  the  ultimate  expenditure.  The  reaeon  why  thia  portion  of  heat  can  be 
recorered,  while  the  quantity  j  cannot,  ia,  that  it  is  beat  of  a  higher  tsmpnatnre, 
whereaa  /,  being  heat  of  the  trmperature  (g,  ia  nsdcea  for  heating  any  body  lo  a 
IMnpantnre  bi^er  than  (g.    The  ntio  of  the  utafil  expenditure  of  heat  to  the  totul 

expenditOM  ie,  therefore,  9.^ZS., 
i 
Tbe  inthies  of  the  quantities  eandif'eaii  be  found  as  follows: — representing  the 
mechanical  cqaiTalent  at  beat  by  £j  we  haTr,  aa  a  consequence  of  the  abore  diacuraion, 

Ej     -     aurCAFOB,     and^'     -     sBrf.AMNB, 
and  oonseqnently 

g-j"  surf- APQB  -  eurCAMMB 

J       "  snSceZPQB 
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APOB  u  to  lli<  iurface  AMNB  aa  AP  to  AIL   Therefore,  iZj'    _   4L^_^ 

_ '  y*  ~  f'..  Batf  1  and  fg  m  tlis  pienurei  exerted  b;  Ihe  lune  mus  of  gas, 

under  the  BamB  Tolnme,  e,,   at  the  two  tempenitiiN*  <i  and  (g  ;     coowqaentlj, 

g[_^  g  +  <i  ^.     equation  i,  p.  4S),  and— 

Pe       a  +  (o 

f  -  ;•  Pi  -  y-  (a  4-  (.)  -  (a  +    t,)  r,  -  t, 

a  "  Pi         "  ■>   +   'i  ■  'i 

T,  and  rg  repmentiiig  the  abaalutA  tempmitnree  (see  p.  62)  <!oiT«^oading  to  tlie 
ccBtigrade  temperatcTes  f ,  and  t^ 

A  aimilat  inrMligatiOD  of  an;  otber  engisa  in  which  work  ia  gttoerated  by  the 
npendituK  of  heat  in  cauniig  tjie  altfrnate  expansion  and  contndion  of  a  gas,  would 
lead  to  the  Mme  exptwsioa  for  its  maiitaom  efficiency ;  hence,  in  ertry  aiiMpugine, 
whatever  ita  mode  of  action,  prorided  no  heit  ia  apent  uwJaaalT  in  eanaing  changea  of 
tempentuce,  the  ratio  of  the  naeiiil  eipeaditore  of  heat  to  the  total  expeoditnre  is 
e^ul  to  the  difference  of  the  absolute  t«nipei«tare4  between  which  the  engine  voikB, 
divided  b;  Uie  hi^eat  of  theae  temperaturte. 

The  asTaemcnt  of  this  theoretical  deduction  with  the  ivaolta  of  pmeticBl  experience, 
ia  one  oftha  moat  concloaive  atgnmaita  that  can  be  brongh  t  forward  in  &Tour  of  the 
view  whidi  ngaida  heat  as  a  node  of  energ^r  convertible  into  mechanical  energy,  and  in 
oppooitioD  ti>  the  older  view,  aoenrdiuK  to  which  heat  ia  regiLnled  as  an  iodeetnctible 
entity,  and  the  production  of  mechanical  energy  by  it,  aa  depending  upon  ita  intns- 
terence  &<nD  a  hotter  to  a  colder  body.  According  to  this  latter  theory,  the  efficiency 
of  an  air-engine  ought  to  be  much  greater  than  that  of  a  ateBm-engine,^ — a  concJuaion 
which  has  not,  however,  hitherto  been  eonflrmed  in  practice.  Taking  a  ipecial 
example,  the  quantity  of  heat  tranatbnned  into  work,  compared  with  the  total  brat 
supphed  to  a  atsam-engine,  might  be  calcolated  upon  this  theory,  aa  follows ; — Let  the 
engine  be  mppoaed  to  be  worked  at  a  preasure  of  fi  atmoapheres,  and  conanquenlly  at 
the  lempentnre  102°.  Each  kilo^ramnie  of  aatonted  stnun  supplied  to  the  cylinder 
at  this  temperature  requires  fiir  its  formation,  according  to  R^gnault's  expenmenlo 
(p.  97),  653  kilogtimnie-degreaa  of  heat,  minus  the  heat  contaioed  in  the  water  with 
which  the  boiler  la  ftd.    If  wo  aappoae  the  eng^e  to  be 

the  pressure  of  the  stmoapheie,  and  that  the  steam  r  ^   .... 

expansion,  it  will  eae^ie  Into  the  atmoaphere  with  the  temperature  100°,  and  when 
cooled  again  to  the  temperatura  t,  of  the  water  aapplied  to  the  boiler,  each  kilogramme 
will  gjve  out  637  — t  kflogianune-d^reea  of  heat:  under  these  conditions,  therefore, 
the  itoam  only  looea,  durins  iU  expansion  in  the  engine,  (e£3  —  f)  — (637  —  ()  —  16 
degrees  of  heal  oat  of  theMiole  qnantity  contained  in  iL  If  f.  the  initial  tempenture 
of  Ihe  water,  be  10°,  for  ezampLs,  643  kikgramme-degreea  of  heat  will  have  l>een 
required  to  generatfl  each  kilogiamme  of  steam,  and  the  fraction  ^^  or  not  quite  ,'j, 
will  repreienl  the  proportion  of  the  total  heftt  which  has  been  conve^M  into  mechanioil 
J.  The  value  of  this  fraction  may  be  increased  somewhat  by  adding  a  condenser 
e  engine,  so  aa  to  obtain  a  Dealer  range  of  expanaion.  If,  for  example,  the 
lempemtura  of  the  condenser  is  11^,  and  the  ateam  expands  in  the  cylinder  nntil  ita 
tensum  ia  the  aame  aa  that  in  the  condenser,  or  SS  mitlimetree,  conditiona  which  are 
never  quite  attained  in  practice,  Ihe  quantity  of  heat  (riTen  up  to  the  condenaer  by 
each  kiWramma  of  steam  will  be  61S  —  10  —  679  kUagmmme-dlsrees;  and  if  the 
boiler  is  hi  with  the  ooodensed  water  at  the  temperature  10°,  the  formation  of  this 
quantity  of  ataam  will  have  lequiced  963  —  -40  —  S13  kilogramme-d^ireea.  In  this 
easc^  theiefcn',  613  —  fi7E>  —  34  parta  of  heat  will  be  converted  into  woi^  out  of 
every  613  parta  imparted  to  the  boiler:  accordingly ^^  or  Tciy  neariy  -ff,  will  be  the 
fi«ction  repreeentii^  the  efficiency  of  the  engine. 

This  calcohUion  (borrowed  from  Segnault,  Kim.  Acad.  Sciencee,  ixvi.  intiod. 
pp.  V.  vi.),  it  will  be  obeerved,  luppoaee  that  all  the  heat  which  is  not  regained  in  Ihe 
condenser,  or  contained  in  the  steam  which  escajiea  into  the  atmosphere,  haa  been 
converted  into  work ;  neverthelesa,  the  efficiency  of  the  en^ne  comes  out  much  below 
what  is  actually  attaiaed  in  practice.  By  canfVil  experiments  on  large  enginea,  of 
'-  -'  "Kl  horse-power,  in  which  the  foea  -•'---' '---■ '  -■    ' 


to  the  ei 


upwsida  of  100  horae-power,  in  which  the  foea  of  heat  by  radiation  and  eondnctioa,  oi 
bv  other  aecideatal  causes,  was  estimated  and  allowed  for,  as  aeenrately  as  poaaible, 
R  i  rn  found  that  the  diShrencs  between  the  quantity  of  heat  auffilied  to  die  boiler,  and 
that  absorbed  by  the  oondenser,  anotinted  to  between  ^and  },  on  an  average  toabont 
},  of  tha  fcniMr  qnantily.  PracticaDy,  therefore,  the  steam  engine  ia  betweoi  t^irice 
and  three  dmea  aa  effident  a  machine  ai  would  ^>p<ar  from  the  above  calculation. 

The  k«  to  this  contradiction  bebreen  theory  and  practice,  lies  in  a  fiUse  asanmption 
that  haa  becD  made  in  the  calculation.    It  waa  assunifd  that,  when  aaUmted  steam 
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axpiDilii  ID  the  cjliniter  of  m  stmm-nigi)ip,  it  mnuins  ia  Ui«  state  of  ■alnntad  itcam, 
and  tlie  he&t  cmitsiDed  in  it  «m  ntjmated,  in  aocordaQee  vitli  Uiis  nppontiaa,  bom 
Bcgnaolt'i  dBteiminatioiui  of  llie  total  hmit  of  aataratsd  staam  at  varioiu  tMnpe- 
ntnres.  Ia  bet,  hovarei,  Batoratn]  st«Bm,  if  it  perforau  eit«rii«l  work  wbile  npand- 
in^  BoSrn  partial  condsiuatJOD  at  the  same  time,  and  the  latent  heat  of  Tapoii«atiolt 
of  the  Bteam  wbidi  coudenaea  becomea  anulable  Git  the  prodoctioQ  of  voA  in  tha 
ejlinder.  It  is  not  thsrsfore  satitnted  gteam  wbidi  tacttpet  from  tba  cjlindo  of  an 
engiae  wncking  under  the  conditiims  ve  haTs  gnppoaed,  bat  a '  mixtnie  of  itaam  and 
Tatar,  containing  a  qnonti^  of  beat,  Iras  than  Uie  total  heat  of  Taporiaation  of  an 
equal  weigbt  of  satiuated  ateam  at  the  aame  temperatnre  bj  ths  latent  heat  of  ra- 
porisatioD  of  the  proportion  of  vater  pnaeiiL  The  nereeaitjr  of  thin  eondenaation  waa 
dedncad  hj  Bankine  in  1849,  and  aoon  allenrarde  b;  Clanaina,  aa  aoeeenair  con- 
M^nenee  M  the  existence  of  tlte  mechanical  eqaivalnnt  of  heat,  and  shown  to  be  tiis 
priDcipal  canae  of  the  aceomalation  of  water  in  nqjacketed  ateam-ejlindeia,  which  had 
b>ng  been  known  as  a  practical  inconvenience  in  tha  wooing  of  stAam  crpansiTel^. 
The  beneficial  effect  of  employing  snpertieatfd  (team,  and  of  enclosing  the  nlinder  in 
a  at«am-jaeket,  is  that  the  steam  can  then  expand,  perfbrming  external  work,  witbont 
ondecKoiug  liqnebctian.  The  condensation  of  aqneaas  Taponr,  when  it  data  work  on 
expanding,  is  distJndly  seai  in  tlie  Jbnnation  of  a  mist  nnder  an  air-pomp  reeuTer, 
containing  nunst  air,  when  the  piston  of  the  pump  is  raised. 

The  &d:  tliat  a  conaidNable  part  of  the  hrat  sapplied  to  a  steam-boiler  is  contnmed 
in  converting  the  watv  into  steam,  ia  not  therefore  a  reason  why  an  air-engine,  in 
which  no  poitian  of  heat  ia  similarlj  expended  in  cansiug  a  <^ange  of  state,  ■hoold  be 
more  eSteunt  llun  a  iteam-enipne ;  and  ths  inveslagation  of  the  conditiona  nnder  wbich 
worii  ia  gentmtfd  in  tli«  steam-engEne  leads  to  the  ganenl  remit,  that  tbe  efEdenc;  of 
asj  heat-engine  is  independent  at  the  mtore  of  the  flnid  which  is  tbe  medimn  of 
tnmafonnation  of  heat  into  wmk,  and  which  may  be  air,  steam,  or  any  other  raponr  or 
gas ;  but  tha^  anppoeing  the  reception  of  heat  to  take  place  wholly  at  one  temperature, 
and  the  r^eetion  of  heat  wholly  at  another,  the  heat  tmnsformed  into  mpchanical 
enaisy,  is  to  the  whole  heat  received  b;  the  flnid,  as  tbe  range  of  temperatnre  is  to  Uie 
•bsolnta  temperatoie  at  which  heat  is  ceceired,  snd  that,  between  giren  limits  of  tem- 
jrrfit ^^r*.  t**" mj-riimnn  efficien^is  attained wbcn  thereccption  and  rqectionof  hwttake 
^aec^  in  the  mannw  jnat  stated,  at  the  highest  and  lowest  tempetatnrea  reapectiTety. 

The  moat  enkdnaiTe  confirmatian  of  Chii  remit  is  that  when  it  is  applied  to  the 
olcnlation  of  the  mechanical  eqnivalent  of  heat  from  Hirn's  experiments  on  large 
steam-enginea  alicaih  referred  to,  the  mean  niunberlbnndis  413,  which  difl^  by  only  2} 
per  cent,  from  that  dedoeed  at  the  beginning  of  this  section  fiinn  the  thermodynamio 
[ODperties  of  air. 

Miiar  proAMWd  ttr  ^7ork.^Tn  the  introdndion  to  this  article  (p.  16),  it  is 

nted  odC  as  a  geavral  fiict  thai  heat  may  be  generated  tiy  rerening  any  of  its  effects. 
_  oeess  by  whwh  bwt  is  made  to  generate  woii  may,  therefore,  by  reversal,  become 
a  pmcees  for  the  conversion  of  worii  into  heat.  Bat,  as  mentioned  at  the  place  qnoted, 
mechanical  energy  ma;  be  transformed  into  heat  by  non-reversible  processes,  soch  as 
its  eipenditnre  in  frictum  or  percussion.  Therearealsoindirectmethodsof  transfoiming 
work  into  best  which  cannot  be  reraraad,  slap  bj  step ;  for  instance^  mechanical  energy, 
used  to  give  motion  to  a  m^neto^ectrio  machine,  can  be  cansed-lo  generate  electridtj, 
and  tMs  electricity,  if  not  (Kpended  in  eSecting  chemical  cbanees  or  m  repiodncing  me- 
chanical energy,  takes  the  torm  of  heat  in  traversing  the  condncting  wire,  slthon^  by 
iu){Jying  heat  to  the  bomogencons  condoetiv,  eleebrici^conld  not  be  regenerated.  This, 
therefore,  is  an  indirect,  non-reversible,  proceaa  itf  transfbrmatiDn.  Bnt  it  is  foood  that 
wbelhar  the  process  by  which  mechanical  mergr,  iv  work,  is  converted  into  heat  is 
direct  or  indirect,  reversible  or  non-rereraible,  the  (jnantity  of  heat  generated  by  a 
given  qnantity  of  mechanicel  energy  enieadad  U,  within  the.  limits  al  expoimental 
eircr,  always  the  same,  and,  within  simiw  limits,  the  same  as  the  qosntity  of  beat  fe- 
qnired  to  regenerate  the  miginal  qnsntity  of  mechanical  energy. 

The  aimtdeHt  mode  of  traoaforming  work  into  heat,  is  perhaps  the  compieseioD  of  • 
gas,  hj  which  means,  ns  in  the  familiiir  experiment  of  the  fire-srringe,  a  temperature 
snffidently  high  to  inflame  easily  combustible  sabstancea  can  be  prodoced  without 
difflcnlty.  The  generation  of  beat  ia  this  mannercsn  be  made  a  continuous  pvcees,  by 
sHemately  eompreeseing  the  gas  at  a  high  tempwaturc  and  allowing  it  to  expand  at  a 
low  temperature.  The  reversal  of  the  four  operations  represented  1^  the  disgram,  fy. 
fi47,  p.  121,  would  Donatitote  such  a  process,  and  by  the  application  of  reasoning  such 


nptesented  by  ^  —  ^',  and  that  the  heat  generated  thereby  woold  be 

e  -  «  -  J  w  -  A 

E,  being  as  before,  the  mechanical  equivalent  of  heat. 
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Tha  flcp«nditnn  of  necliftiiltal  energy  ii: 
attmided  mth  tha  pradncliaa  of  haM.    Acoording  to  T&omaon,  the  themal  effiict  of 
eampMaioit  m^  be  aipreiad  by  the  fivmoU : 


where  I  ie  the  eSbct  in  queetion,  t  the  tibaalut«  t«mpentUTe,  b  Ihe  ociefficieDt  of  expu- 
aion  bj  heat,  p  the  preiuiare,  B  the  mechanical  eqiuTslitnt  of  heat,  aod  e  tha  ipoEifiD 
hrat  of  the  sabaliuiee.  iniis  formula  hu  been  rrriQed  by  Jonle  (Proe.  Roy.  Soe.  iz. 
498)  by  experimenla  on  nter  and  npon  oil,  the  temperaturea  Tairlng  in  the  fint  ease 
between  I'2°  Q  and  40-1°,  and  the  presaorea  bftwma  16'64  and  2fi'34  ahnoaphwea; 
in  the  ezperimenta  on  oil  the  temperature  wis  always  about  1 7°  and  the  |iiimiiiia  w«e 
varied  from  7*9!  atmoapherei  to  25ii.  In  the  eiperimentB  on  water  at  1'2°,  pnaanie 
eaoaed  a  lowering  of  temperature  instead  of  a  rise,  ai  in  the  other  experimenta, — • 
reaolt  wbkli  agieea  with  the  bet  that  water  contradx  by  heat  at  tJiia  tampantntc 
Similarly,  when  weighta  are  laid  upon  metallic  pillars,  heat  ia  CTolred,  and  ia  abeoibed 
whan  they  are  remoTed,  the  qnantity  erolred  or  absorbed  increaaing  with  the  wetghta 
employed  (Jon  le,  tiuf,  tiu.  594).  Uonreraely,  the  etrettitng  of  metallic  wire*  tauaee 
heat  to  diaappear.  Joole  found  (Urid.  riii.  3Sf )  that  an  iron  wire,  j  inch  in  diameter 
waa  cooled  i  degree  C.  when  atntdied  by  a  weight  of  776  lb.  SimiUr  resnlta  ware 
obtained  with  cast  iran,  hard  ateel,  copper,  and  lead.  The  thNmal  ^ecta  were  in  all 
eaaes  fbnnd  to  be  almost  idetitieal  with  thoie  deduced  from  Profeaaor  Thoroaan'a 
theoretical  inveatigation,  the  particular  formula  applicable  to  the  case  in  qneatian  being 
Q  •m  !-=£,  where  Qia  the  heat  abaorbed  in  awire  one  foot  long,  and  the  other  aymbola 
hare  the  same  signiflcationB  aa  above.  Toliauuaed  india-mbhar,  which,  wbeo  stntehed, 
contracts  by  heat  (p.  73),  became  hotter  when  the  etretchiog  weight  was  applied,  and 
colder  when  it  was  nmoved.  Similar  results  h«Te  been  obtained  by  Edlund,  (Ann. 
Ch.  Fbya.  [3]  Ixiv-  !4A),whaaeeiperinients  lead  to  the  following  general  conelnaiona: — 

1.  mien  a  metal  is  stretched,  without  exceeding  its  limits  <^  elasticity,  a  oooling 
efleet  ia  produced  proportional  to  the  mechanical  force  emplojnd  to  atretiJi  it. 

2.  If  ue  metal  afterwards  return  to  the  original  Tolome,  perfbnniug  in  so  doiltg  » 
qn4ntityaf  external  work  eqnal  to  that  expended  in  trtietching  it,  it  if  hMted  to  the  same 
extent  as  that  by  which  it  waa  prerionaly  nxded,  and  conseipMntly  nopoctioDsi  to  Ihe 
mechanical  force  by  which  the  metal  waakspt  in  tha  stratched  slate  bebre  eonlraftuig. 

3.  U  OB  the  other  hand,  the  metal  leaumes  ita  ori^nal  bnlk  without  perfarming 
external  work,  it  is  more  atront^ly  heated  than  in  the  prerious  ease,  and  the  diffiMaae* 
between  (he  two  heatinz  effects  is  pn>portJODal  U>  the  extamal  work  performed,  in  the 
one  case,  by  the  metal  Oiirin^  its  contraction. 

4.  From  tbeee  three  principlea,  it  fallows  that  when  a  metal  passes  from  the  Toluma 
y„  to  the  Tolome  Vi,  withont  eiceedioff  the  limits  at  perfect  elasticity,  tbe  accompanj- 
ing  calorific  effect  does  not  depend  solely  upon  the  initial  and  final  volumes,  but  also 
npon  the  manner  in  whtcb  tbe  entire  change  takes  place. 

ExFXBDIBlfTU.  DaTEUaSATIOX  OF  THK  MaOSaNICAI,  EoCnVALBn  OF  HajiT. — ft  i> 

obvious  that  any  of  the  proceeiea  whereby  work  is  transformed  into  heat,  or  beat  into 
work,  may  serve  for  the  determination  of  the  numerical  ratio  existing  between  the  unit 
of  work  and  the  unit  of  heal,  provided  the  process  is  such  as  to  admit  of  the  acennl* 
measurement  of  the  work  or  heat  expended  and  of  the  heat  or  work  produced.  The 
eariiest  attempt  to  ascertain  the  value  of  this  ratio  appears  to  have  been  made  by 
Coiuit  Bnmford.  His  eipeiimenti  described  in  bis  essay,  entitled  An  Etfrrimmlal 
Inquiry  aoKcerning  tht  Boune  of  the  Heat  vkich  u  txcUrd  bg  Frictiim  (tttd  before  Uw 
Boyal  Society,  Jannaiy  25.  1798,  and  published  in  the  Phil.  Trans^  alKi  in  "  K*t^$, 
Folitieal,  Econanucal,  and  Fktlotephieai,  by  Beiuamin  Count  of  Rnmford,"  3  vols.  Sto, 
Land.  I7S8-1802,  voL  ii.  p.  469),  were  made  by  pressing  a  blunt  steel  bonr  against  the 
bottom  of  a  cavity  made  in  a  brsaa  cylinder  which  waa  caused  to  revolve,  while  the 
borer  was  kept  stationary.  Conddenng  the  state  of  opinion  at  the  time  aa  ta  tha  pro- 
bable nature  of  beat,  lliese  eiperimenta,  and  eepoci^ly  the  condnsions  drawn  bma 
them  by  their  author,  are  very  remarkable,  but  it  is  only  of  late  vesn  that  they  hare 
attracted  the  attention  which  they  deserve.  In  tbe  most  complete  experiment,  the 
brass  cylinder  was  placed  inside  a  wooden  box  containing  18-77  !b.  avoirdnpoia  of 
water;  tbe  temprniture  of  (he  water  at  the  beginning  of  tbe  experiment  was  6QPF^ 
and  waa  found  to  rise  continuouBly  when  the  cylinder  was  set  in  motion,  until  at  tha 
end  of  21-  hours  the  watJ-r  boiled,  liumford  states  the  results  of  this  experiment  in  a 
tabular  iorm,  taking  account  of  the  weights  and  specific  henta  of  the  brass  cylinder  and 
steel  borer,  and  gives  the  total  quantity  of  heat  produced,  exclusiTO  of  the  amount 
accumulated  in  the  wooden  box,  uhI  of  uiat  which  waa  lost  by  radiation,  aa  anffldent 
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to  TtOK  the  tnaperwtiiTe  of  26-5S  lb.  of  wkWi  ISO  degracs  Fahrenhat,  or  Aom  tha 
frvttagto  the  boiling  poiot;  he  then  qnotoa  expmmsnCa  b;  Cri.irford  and  by  him- 
arif,  from  vtiidi  he  coDchides  "  Uut  ma  quuihty  at  hnt  produced  eqiutbly,  or  in  a 
a  ooiitiDtuI  lOiMia  (if  I  may  use  that  eipresBion),  by  the  friction  of  Uia  blunt  Btael 
boar  ifjauiat  the  bottom  of  the  hoUov  metstlic  cyUnder,  in  the  >zp«rimeDt  under  con- 
VM  grtaltr  Oum  that  pradnoed  eqoabl;  in  the  sombnatioii  of  nin«  wax 
li  }  of  an  inch  in  diamctec,  all  bnmuig  together,  or  at  tha  Mme  timc^  with 
attr  on^it  flaraM." 

Tbe  tvopngrapha  vhich  fidlow  this  are  eepeeially  lemaikaMe,  a«  thejr  ibov  that 
BamSird  distinctly  aav  the  aonics  of  this  heat  in  the  mechanical  eaeigy  which  wu 
expended  doling  its  [ffodiictiDii : — 

"  .Aa  the  maehiueiT  nacd  in  thii  eiperimait  conld  easily  be  carried  round  by  the 
fan*  of  one  horae  (tboogh,  to  lender  the  work  lighter,  two  hoiaes  ware  actually 
emplojnl  in  doing  itX  these  compntatioas  show  fnrthcr  bow  laige  a  qnaatity  of  beat 
might  be  prodooed,  by  proper  mechamcal  contriTance,  menly  %  the  strrngth  of  a 
hmaev  wiUwot  Are,  light,  combnition,  or  ehemicai  decomponlaon ;  and,  in  ease  of 
nenflsitj,  the  heat  thos  produced  mig^t  be  noed  in  cool^  TictuaU. 

"  Bat  DO  dnumstaneee  can  be  itnagined,  in  which  this  method  of  procurinff  heat 
wonld  not  be  dindrautsgMna  ;  for  more  heal  mi{^t  be  obtained  by  naing  the  fodder. 
■eeCTWrj  far  the  n^port  of  a  horse,  u  fbd." 

AflcT  briagiiM;  Ibrwaid  aigameDts  aod  diraet  experimenta  to  Drove  that  the  erolution 
of  beat  CBanot  haTe  been  doe  to  an  alteration  in  the  capacity  lor  heat  of  the  particles 
of  ^wtal  datadied  from  the  largw  solid  miiimn  by  the  friction,  and  that  it  eaimot  have 
been  fdraidied  by  the  air,  nor  by  the  water,  nor  by  the  piecM  of  metal  by  which  the 
cylinder  and  bcirrr  were  eaimrted,  he  aays  ; — "It  appeais  to  me  to  be  eitremelj 
diAcol^  if  But  quite  impoaiitle,  to  form  any  distinct  idea  of  anything  citable  of  beioB 
exdled  and  coBmunuMed,  in  tha  mitnnsr  the  heat  was  excited  lud  oommnnicated 
Id  theae  axperimenlK  except  it  be  KonoN." 

Aocoidiiig  to  Jonlo'a  induction  of  these  results,  they  indicate  that  the  heat  required 
to  raiae  the  tenperature  of  a  pound  of  water  one  d^;ree  Fahr.,  ia  eqaivatent  to  the 
f»mnlmiii-«l  aneigy  rrpreaented  by  1031  fbot-pounda.  This  namber  diflen  conndenbly 
tnHn  thatdedncad  &om  tha  more  accurate  eiperimente  to  be  describrd  below  ;  bntthe 
difR!t«Bce  is  4^  die  kind  that  might  bXTe  been  anticipated,  and,  considering  the  manner 
in  which  Rumbnl'i  eiperimeDts  were  mode,  it  is  not  excesaiTe.  It  will  be  seen  that 
Iheee  were  not  of  a  kind  to  fiirnish  accnmte  data  for  drt^rminitig  the  quantitatire 
relation  between  beat  and  vorit,  and  it  even  seems  likely  that  the  i<ua  of  iniitituting  a 
cmnparisou  between  these  two  qusntitiea  first  occurred  to  Bumford  after  Uie 
rxperimenls  were  finished,  his  idvo,  dnring  their  perfbrraance,  haring  been  rather 
qoalitatire  thatt  quantitative,  aod  his  primary  olgect,  aa  indicated  in  the  title  of  his 
paper,  to  Bserrtam  the  nature  of  the  sonrce  of  tha  heat  dereloped  by  frictioo.  But, 
allhougfa  the  namerieal  reenlts  of  this  iaTeetigation  irere  not  safBaently  definite  to 
poosfrsi  any  great  Talne,  the  inrefltdgation,  se  a  whole,  is  of  great  importance  as  indi- 
eatiiie  a  durtinct  stage  in  the  development  of  ideas  concerning  the  nature  of  heat  and 
its  rations  to  other  forais  of  energy  ;  and  it  is  for  this  reason  that  we  have  devoted 
to  it  K>  comparatiTely  large  a  share  of  space. 

Tbtae  ideas  seem  to  hiire  Ndrancvd  but  little  beyond  this  point  until  about  tljs 
year  lSt2.  In  that  year  J.  B.  Mayer  introduced  into  science  the  e^iresaion  "  mecba- 
aieal  equiralent  of  heat"  (Ann,  Cli.  Pbarm.  iliL  233;  PhiL  Hag.  [4]  ixir.  371).  and 
thoeby — pnbahly  aa  mncb  bb  by  the  cslcnlation  of  tbe  numerical  ^ue  of  this  equiva- 
Int,  fbonded  upon  the  then  inoccnratety  known  ratio  of  the  two  specific  heata  of  air 
— amtribnted  to  promote  flie  general  adoption  of  the  view  that  heat  and  work  are 
mntoally  oonrertJble.  Jn  the  samn  year,  C  o  I  d  i  n  g,  of  Copenhagen,  communicated  to 
the  B(>pl  Society  of  Denmark  experiments  on  the  production  ofheat  by  friction,  Anni 
which  he  concluded  that  the  evolution  of  heat  was  proportional  to  the  mechanicnl 
raergy  expended,  and  independent  of  the  nature  of  the  sobatancea  between  whieh  the 
ftietion  took  place.  But  it  was  Joule  who  wag  Ihe  flnt  to  publish  experimenta 
which  were  al  the  aame  time  Bnfflciently  varied  and  aafflcienlly  aecnmte  to  attract  the 
general  attention  of  scientific  men,  and  to  be  accepted  by  them  as  definite  pmof  that 
the  transfbrmation  of  mecbnnical  energy  into  heal,  or  of  heat  into  meclianicul  energy, 
takes  place  in  every  case  according  to  a  constant  numerical  ratio. 

Joule's  first  experiments,  bearing  directly  upon  the  subject,  irere  publixhed  in  IS43 
<I%iL  Ma;.  [3]  iiiiL  441  J.  In  this  investignlion  he  showed  that  the  heat  evolved  by 
the  riectnc  cuTrent,  furnished  by  a  magneto-eleetric  machine  ia  proportional  to  the 
mechanical  energy  expended  ;  and  that  the  work  done  by  an  electro- magnetic  engino 
ia  derived  from  the  work  of  chemical  affinity  in  the  battery,  work  which  would  olherwiac 
he  evolved  in  the  form  of  heat.  From  these  facta  he  drew  the  conclnsior,  "That  the 
qiiaoti^  ofheat  capable  of  increasing  the  temperature  of  a  lb.  of  water  by  one  degree 
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of  FabretihBit'a  aealp,  la  tqutl  to,  and  m&f  be  cooTetbid  ioto,  i 
eapsble  of  iminng  888  lb.  to  thr  perpendiculkr  height  of  oae  foot"  Id  a  mbaeqnent 
pap«r,  read  bcfora  the  RojbI  Society  in  lS4i(PhiL  Mag.  [3]  nvi.  376,  3T9),heBh(nred 
that  the  heat  abaarbed  and  evolved  by  the  TarefactioD  and  condmutioD  of  air  ia  pro- 
portional to  the  amount  of  mechanifal  ennt^erolved  and  absorbed  in  thoee  opetatutna, 
and  obtained  •  numerical  remit  cloaely  agreeing  with  (hut  of  the  electro-magnetic 
experimonta  just  refeirod  to.  In  I846  and  1S17  (i/ad.  ixvii.  !DS  ;  and  zxxi.  178)  ha 
determined  the  hrat  evolved  by  the  fiietion  of  vater,  spmn-oil,  and  tnercnrj,  and 
obtained  the  nnmbera  781'6,  783'1,  and  787'S.  hj  experiment!  on  thne  liqnida  remee- 
tively,  aa  npreaenting  the  namber  of  fbot-ponnda  which  ia  eqnivalant  to  the  beat 
required  to  nute  the  tempMatOT*  of  1  lb.  of  water  1°  Fafarenbsit. 

Still  more  elaborate  and  earefiil  experimenta  vere  made  by  101110,  in  1849  (PhiL 
Trams.  1S60,  p.  61 ;  ChMn.  Boc  Qn.  3.  liL  316).  npoD  the  Mction  of  water,  mercvf, 
and  eaet-iion,  bj  a  metbod  amilar  to  that  adopted  in  those  Inst  mentioned,  ^ne 
^paiatna  empk^ed  in  this  invcatigatioa,  for  (he  eip«riments  upon  water,  conaiatad  of  a 
Mass  paddle-wtieel  fnnisked  with  eight  sets  of  revolving  vanea,  worfcing  between  foor 
sets  of  stationaij  ranea.  This  revolving  appa- 
ratus, of  which  fy.  619  shows  a  vertial,  and 
Jig.  660  a  horiiontal  section,  was  flrml;  fitted 
into  «  oopper  veMel  (see  fy.  661)  dontaiaing 
water,  in  the  lid  of  wliieh  were  two  naAs,  one 
for  the  axis  to  rerolve  in  witboat  tonching,  the 
other  fbr  the  insertioD  of  a  thmoometer.  A 
similar  apparatus,  bat  made  of  iron,  and  of 
smaller  siip,  having  aii  rotatory  and  eig^t  aels 
of  stationaiy  vanes,  waa  Dsed  for  the  experi- 
ments on  tAe  friction  of  mercaiy.  The  appa- 
\  ratns  for  the  frictiou  of  tast-iron  consisted  of  • 
I  vertiea]  axil,  canving  ■  bevellrd  east-imn  wheel, 
'  against  which  a  bevnlltd  wheel  was  prnssed  bj 
'rer.  I'he  wheels  were  andoeed  in  a  eaat- 
vnael  tilled  with  menmy,  the  axis  pasnng 
thmq^HieM  In  each  apparatus  motion  was  given  lo  the  axis  by  the  deacent  of  lead^o 
weights  »  (/j.  661)  mspraided  hy  strings  (imn  the  axes  of  two  wooden  puUeyl,  one  of 
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Fig.  66D. 


D  appantns. 
:    The  temper 


be  eaaily  attached  to  m 
The  mode  of  eiper 
apparatuB  having  been  sscprtained  ;  and  the  weights  wound  up,  the  roller  was  fixed  tc 
tlie  aiia,  and  tfao  precise  height  of  the  weights  aacertsined  ;  the  roller  was  then  set  at 
liberty,  and  allowed  to  revolve  till  the  weights  touched  the  Boor.  The  roller  was 
then  detached,  the  weights  wound  up  again,  and  the  friction  renewed.  Tbti  having 
been  repealed  twenty  times,  the  experiment  was  Concluded  with  another  observation  of 
Iha  temperature  of  the  apparatas.  The  mean  tempeiatura  of  the  apartment  was 
ascertained  by  observations  made  at  the  beginning,  middle,  and  end  of  eadi  experi- 
ment. Corrections  were  mods  for  the  effects  of  radiation  and  conduction  ;  and,  in  the 
experiments  with  water,  hi  t3u  ^oantitjes  of  heat  abeortied  by  the  copper  yrmtl  and 
the  paddle-wheel,     In  the  ezperimenta  with  mercoiy  and  cast-iron,  iba  beat-«apari(y 
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of  tli«  cntiM  Bppanhu  wm  Moeitttined  b^  oIiMrnof;  the  beating  oSect  irhkh  it  pro- 
ddCedoD  B  known  qMMlit;r^**'^i°*'>'<^  itvti  unmiMd.  Id  all  the  enerimenti, 
MiFectioDs  Tere  bIbd  made  tor  the  Telod^  with  which  the  wei^ita  came  to  the  gnund, 
Bod  (m  the  (riftion  and  rigidi^  of  the  Btrings.  The  thcrmometerB  naed  wm  capable 
otiDdieatine  a  Tanation  of  tempanton  aa  amall  aa  jh  of  a  degree  FahreabdL 

Tbnfolloiniig  t«ble  eontain*  annmatTof  tbeienTtaoblauiedbjthia  taethodj  the 
■Mond  column  gin*  the  remits  a*  thn;  wne  obtained  in  air ;  the  third  colnnn,  the 
nme  leaolta  eoneeted  Ibr  a  Taeuum. 


Memay    . 
Out-iioD 


7TS-640  772-6S3                  773693 

(77S-782  773-8U(                ,..-^ 

j  779-303  7763fl2l                774-OHa 

1776-987  776IM6i 

J  774-880  774'93I)J 


774-987 


Mill  iiKiiiij  In  nuke  allonnce  fbr  the  qnanCitj  of  fuce  ezprnded  in  producing  theae 
eOecla.   The  nnmber  772-692,  obtainad^  the  friction  of  water,  i«  n^uded  aa  the  nott 


Ugidd,  it  ahoayt  pnrpartioiutl  to  ttt /arv  txpmiei . 

3.  7%at  tit  qtamtUsof  itat  capailt  of  incniumg  Iha  ItTiiptrxiturt  a/lib.  q/n».r 
{toeigird  m  taem,  ani  betmeat  G6°  imd  60°  F.)  iy  1°  F^  regtarafor  itt  tvolvHim  llu 
iivaiditKn  of  a  meclumieid forot  refraetdtd  by  tie/ali  <^  772  lb*,  lirmigh  tit  fae* 
of  I  foot. 

Or,  Hu  Meat  oapaUt  efmentuitig  tie  temperalurt  of\  gramtnt  of  umler  hvi"  C^U 
«fKt«a&nf  to  afirM  rtpratnttd  ^  th»  fail  of  433-fiS  gnaitma  Ikrougk  tit  tpact  of 
1  metrt.     IHm  it  antteg^utiUlf  lit  tqinoaJent  of  "  a  tmit  of  heat." 

Since,  in  eonaeqaenoe  (tf  the  resenrchea  that  have  been  mentioDed,  tlie  attention  of 
adentiSc  men  haa  been  prominenU;  called  to  the  mndiiil  eqni-ratenee  of  heat  and  w 
■ereral  inTestigntiona  have  been  inade,  either  (or  the  eipreaa  poipoaa  of 
the  namciieal  ratio  eipreinag  that  (oniTalenca,  or  inTolving  determinaooiu  irom 
wfaieh  that  ntia  can  he  calcuated.  ui  the  following  tiible,  taken  from  Verdana 
Eipott  dt  la  Jtiorit  Jiicaniqat  dt  la  ChaUar  (Faria,  18S3),  the  moat  troatwaithj 
determinatioDa  of  the  mechamcal  eqaiialent  of  heat  are  put  together.  The  nambeia 
haie  giren  lepreaent  the  nomber  of  kilogram  ma-metrea  wbich  ia  eqniTalent  to  1  kilo- 
gnoune-dtsree  centigrade,  or  the  numbrr  of  gnmme-metKa  which  ia  eqtuTalent  to 
I  gramme-degree. 

Ta^  of  drttnmnatioti*  of  tU  Moeluaioia  F^tiaknt  of  Heat. 
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DiMUfiCAL  TaiOBr  op  Beat. 

For  very  long,  two  riTal  theorios  hme  been  held  regarding  the  Datnre  of  beat :  on 
the  one  hand,  heat  has  been  viewed  as  having  a  materinl  eiisteace,  tboogh  differinE 
frum  0Tdinai7niatUtcin  being  vithont  weight,  and  in  other  respeota  j  od  the  other  haui£ 
it  has  been  reguded  as  a  state  or  condition  of  ordinaij  matter,  and  geneiallv  u  a  con- 
dilioQ  of  motion.  From  the  latter  pait  of  the  laat  century,  until  the  modem  reseaiches 
upon  Hie  mwhanical  equivalent,  the  former  view  had  b;  for  the  greater  Dumber  of 
adherents.  Ite  popularitj  maj  be  traced  chiefly  to  the  teaching  of  Black  and 
Lavoisier.  By  the  former  of  these  philoaopberB,  the  Tarioua  capacities  for  beat,  or 
opeeific  heata,  of  different  bodieo^  oeem  to  have  been  regarded  on  onologoits  to  the 
TariooB  pToportlona  of  the  same  acid  ceqairod  to  neutralise  equal  quantities  of  different 
base! ;  white  the  solid,  liquid,  and  gs«eouB  etiitei  were  explained  bj  him  an  repreaent- 
ing  so  many  distinct  proportions  in  which  heat  was  capable  of  combining  with  ordinary 
matter.  Veiy  simibir  views  were  advocated  by  Lavoisier:  he  regarded  all  gasoB  as 
cpmpounds  of  a  base  charaeteriatic  of  each,  with  caloric,  and  ouppoaed  tiiat  when,  as 
the  result  of  chemical  action,  they  oasnmed  the  liquid  or  solid  atnte,  this  caloric  was  set 
&ee  and  appeared  as  sensible  heat.  Caloric  was  thus  the  physical  repressntative  of 
phttsiston,  in  the  same  way  as  oxygen  was  its  chemical  representative :  the  physical 
ponioQ  of  the  phenomena  previously  attributed  to  dephlogiaticalion,  beine  regarded  by 
Lavoisier  as  caused  by  the  liberation  of  caloric,  just  as  the  chemical  poition  waa 
piplained  by  him  as  combination  with  oxygen.  Tbua  he  uniformly  BpeH][B  (  Traili  Hi- 
tBrnUare  dt  Chimie)  of  the  "  deoomposition  "  of  oiygen-goa  by  combustible  substancea, 
intd  oxygen  (which  combines  with  the  combustible)  and  caloric  (which  is  set  &ee). 
It  is  trae  that  Lavoisier  guards  himself  sgainst  dednitelj  expressing  his  belief  in  the 
existence  of  caloric  as  a  substance,  but  he  enumerates  it  in  Lis  list  of  elements,  snd 
seeks  to  explain  all  calorimetric  phenomena  by  the  asalt^  of  the  combination  or 
separation  of  elementaiy  bodies.  HeD<»,  whether  regaided  by  him  as  naceasarily 
material  or  not,  it  became,  for  his  followers,  "  on  Imponderable  element" 

It  will  be  seen  that  heat  waa  compared  to  a  material  substance,  by  both  Bhick  and 
lavoisior,  in  order  to  explain  its  then  known  qnautilstive  relations ;  and  from  this 
point  of  view,  the  conception  introduced  bv  them  had  the  great  advantage  of  being 
more  easily  grasped  tbac  any  which  the  advocstes  of  the  immaterial  nature  of  best 
had  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite  quantities  of  an 
exceedingly  subtile  substance  or  fluid,  than  of  definite  quantities  of  motion  which  was 
itself  nnd^ned  as  to  its  nature.  It  was  a  direct  coosequence  of  the  material  Tiew, 
that  heat  should  be  considered  as  indestructible  and  as  tne^wble  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  shottld  be  regarded  as  at 
all  Hmes  the  same. 

The  grealoet  difficulty  which  the  upholders  of  the  substsntial  existence  of  heat  had 
to  meet,  was  its  production  by  mechanical  means,  a  phsnomnDan  of  which,  as  we  have 
seen,  several  instances  were  distinctly  recognised.  Here  it  was  not  easy  to  den;  the 
actual  generation  of  heat,  and  to  explain  the  effects  as  depending  merely  on  its  altered 
distribution.  Nevertheless,  the  evolution  of  heat  by  friction  and  percuseioD  was  gene- 
tally  eoDsiderad,  by  the  advocates  of  the  material  new,  as  in  some  way  T«sulting  from 
a  diminution  in  the  capacities  for  heat  of  the  bodies  operated  npon  ;  and  this  explana- 
tion derived  considerable  support  froa  the  remark,  made  by  Black,  that  apiece  of  son 
iron,  which  has  been  once  made  red  hot  by  hammering  (see  p.  119),  cannot  be  so 
heated  a  second  time  until  it  has  been  heated  to  redness  m  a  fire  and  allowed  to  cool. 
In  this  case,  certainly,  it  seemed  as  though  the  barameriug  forced  out  heat  from  the 
mass  of  icon,  lite  water  &om  a  sponge,  and  that  a  fresh  supply  was  taken  up  when  tlie 
inin  was  pat  in  the  flee.  But,  as  has  been  shown  already,  this  explanation  did  not 
satisfy  Bumfocd,  who,  in  the  investigation  described  shove,  made  direct  experiments 
upon  the  specific  heat  of  the  chips  of  metal  detached  b;  the  friction,  and  found  It  to  be 
identical  with  that  of  brass  under  ordinary  circumstances.  An  experiment  which 
proved,  if  possible,  still  more  decisively,  that  the  heat  generated  by  friction  cannot  be 
ascribed  to  a  dimination  in  the  specific  heats  of  the  substaneee,  wss  made  by  Davy, 
in  I7S9,  the  year  following  the  publication  of  Rumford's  researches.  Davy 
arranged  two  places  of  ice,  so  that  they  could  be  caused  to  rab  against  each  other  under 
the  exhausted  reiieiver  of  an  air-pnmp,  but  so  that  it  was  impossible  for  heat  to  be 
imparted  to  them  by  conduction,  and  found  that  by  friction  they  were  rapidly  eon- 
verted  into  water,  tbat  is  to  say,  into  a  Uquid  whose  specific  heat  was  twice  as  great  as 
that  of  Ice.  From  this  experiment  Davy  drew  tbe  same  eooclnsion  that  Rumford  had 
drawn  from  his  own  results,  and  expressed  himself  in  very  similar  terms : — "  The 
immeduite  cause  of  the  phenomena  of  heat  then  is  motion,  and  the  laws  of  its  commu- 
nication are  precisely  the  same  as  the  laws  of  the  communication  of  motiou."  {MtmenU 
of  ChemiaU  Fhilosojihy,  Loudon,  1812,  pp.  94,  9fi,}    Similar  views  were  vei;  forcibly 
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■drocaWbjDr.  Thomas  YuuDgin  liia  Lrcttmi  on  SaiunU  Fhiloiopltn  i  but,  b; 
the  m^arity  of  adeatific  tarn,  taAa  mich  u  ve  hare  be«a  referring  k^  Chaugh  lecog- 
nised  OB  dimcultin  in  the  way  of  the  miileriiil  thpory  of  heat,  were  not  allowed  to  cause 
itfl  rejection.  The  eaae  and  apparent  precision  vith  whif>h  the  qnantitatJTe  pheDomeEka 
of  latent  nod  epeciflo  heat  could  ba  eiplained,  or  at  leuflt  eipressed,  upon  thij  theory, 
atiG  cansed  it  to  be  eenenillj  preferreil  to  one  which  gare  a  lesB  dftlnite  and,  aa  il 
Kcmnl,  more  bjpothelicnl  eiplanation  of  these  phenomena.  The  mechanical,  or 
djnamical  theoiy.  which  irganlfd  hrat  aa  conaiatin^  in  a  slate  of  molecolar  motion, 
cannot  be  said  to  hare  been  drttnitet^  eBtabliahed  natd  it  alaowaa  made  qnantitative, — 
until  it  was  shoirrt  that  raact  numerical  laws  regulated  the  production  of  heal  bj  vork 
orof  woi^  bj  heat,  equally  with  its  production  duriizg  aolidification,  or  disappeaimnce 
duting  fusion.  This,  as  we  hare  seen,  woa  eOectnally  aecomplisbed  by  Joule,  aiid 
chiefly  as  the  result  of  his  iDTestieationi  and  of  others  conducted  in  the  same  spirit, 
philomphers  have  now  been  compelled  lo  extend  their  ideas  of  quantity  from  matter  to 
energy,  and  thua  hua  srisen  the  new  science  of  Energetics,  or  the  qoantilaliTe  study 
of  the  tFsnsfonnatioDS  of  energy  ([as  chemiHtry  is  the  quantitatiTe  study  of  the  trana- 
fonnation  of  matter),  comprehehduig  and  uniting  all  the  differeuC  bnncbes  of  physical 

of  doTclop- 
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the  general  nature  of  the  theory,  and  to  show  in  what  sort  of  way  the  eonceptioa  that 
"  heat  ia  motion "  has  been  applied  to  the  explanation  of  such  ^enomena  as  have 
formed  the  anbiect  of  this  artide,  we  give  here  an  outline  of  the  new  of  the  constitu- 
tion of  gases  which  this  theory  afforda,  fimt  pnt  forward.  In  ita  present  form,  by  Joule 
(are  Ann.  Cfa.  Fhjs.  [3]  L  381)  and  subseqaently  dereloped  by  Xro  nig  (Pogg.  Ann. 
xciz.  3\S)  and  Clausiis  {ibid.  3£3),  and  of  the  explanation  of  the  relations  existing 
between  solida.  liquids,  and  gnsca,  which  has  been  dMuced  from  it  by  the  last-named 
philosopher.  The  account  which  follovi^  of  these  applications  of  llie  dynamical  theory, 
U  ^tiksa  Iram.'Vl ^ttb' E  8app\emaa\,  ia  Graham'i  EUnurtUof  ChcTKittry.  It  will  be 
aeen  that  the  explaoatiotia  of  phenomena  which  this  theory  aiTbrda,  are  at  least  equally 
deflnile  with  those  which  ota  be  given  upon  the  ricw  of  the  material  nature  of 
beat. 

First,  then,  it  ia  aaannad  that  the  particlta  of  ail  bodies  are  in  conatant  motion,  and 
that  this  motion  constitutee  heat,  the  kind  and  quantity  of  motion  Tarying  according 
'.0  the  state  of  the  body,  whether  soiid,  liquid,  or  gaaeoos. 


-.™">ey 

,  je  against  each  other  or  againat  an  impenetivbis  wall.  This  constant  impact  of 
the  iwdeculee  produces  the  aipansire  tendency  or  elasticity,  which  is  bhe  peculiar 
characteristic  of  the  gnsaons  state.  The  rectilinear  moTement  is  not,  howerer,  the  only 
one  with  which  the  particles  are  afiected.  For  the  impact  of  two  molecnles,  unless  it 
takes  pincc  eiaclly  in  the  line  joinine  their  centres  of  gravity,  must  give  rise  to  a 
rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of  which  the  moleodes  are  com- 
posed may  be  supposed  to  vibrate  within  certain  limits,  being,  in  (act,  thrown  into 
vibration  by  the  impact  of  the  molecules.  This  vibratory  motion  is  called,  by  Clansius, 
tin  notion  of  tiee<miliiui.ni  atomt  {Bivirgwn^ni  dtr  BritandtMU).  The  total  qnantity 
of  hent  in  the  gaa  is  made  up  of  the  prc^ressive  motion  of  the  molecules,  {ogether  with 
the  vibiHtory  and  other  motions  of  the  constituent  atoms ;  but  the  prc^reasive  motion 
alone,  which  is  the  cause  of  the  expansive  tendency,  determines  the  trmptraturt.  Sow, 
tba  outward  {sessora  exerted  by  the  gas  against  the  containing  envelope  arises,  accoid- 
isg  to  our  hypothesis,  ftom  the  impact  of  a  great  anmber  of  gaseous  molecnles  aniost 
the  sides  of  the  veaseL  But  at  any  ^en  tamperatnre,  that  ia,  with  an^  given  v^ocily, 
the  number  of  such  impeeta  taking  place  in  a  given  time,  must  vuy  inversely  as  the 
volume  of  the  {pvsn  quanti^  of  gas ;  hence  tMe  prtnurt  vcriti  invenel!/  ai  tAt  voittme 
or  dirtctly  at  Vit  dattitg,  which  is  Boyle's  law. 

When  the  volume  of  tlie  wta  is  eonataiA  the  presanre  resulting  from  the  impact  of 
the  mtrfeealrs  is  proportions  U>  the  som  of  the  maasM  of  all  the  molecules  moltiplied 
into  the  squares  of  Uieir  velocitiee,  in  othsr  wotds,  to  the  so-called  nu  viva  or  limng 
force  of  the  progressive  motion. 

If^  for  siampTe,  the  velod^  bo  doubled,  each  molecnle  will  strike  the  sides  of  tho 
vessel  with  a  two-fold  force,'  and  its  Dumber  of  impacts  in  a  given  time  will  also  be 
doubled ;  hence  tlia  total  pressure  will  be  quadrupled. 

Koir  WB  know  that  when  a.  given  qoanlity  of  any  perfect  gas  is  maintained  at  a  con- 
stant Tolnme,  it  tends  to  expand  by  g^  of  its  tndk  at  lero  for  each  degree  eentigrada. 
Hence  thepreasnre  or  clastic  force  increases  proportionally  to  the  temperature  reckoned 
from— 273°  C;  that  is  lo  say,  to  the  absolute  temperature.  Comeqnently,  the  i>iso/(rt# 
tmperalurt  is  pn^crtioaal  lelhtyix  viva  of  tht  progrruitK  Jnolion. 
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■idM  are  x,  y,  c,  b 

the  BpMc  enclosed  by  this  reMel  to  b«  divided  into  ^  oqiul  cubes ;  and  at  a  given. 
inst&tit  let  then  be  in  eiieh  of  theae  cubes  aix  gaH^molecalee^  moving  sereraUj  in  the 
directioDs  -t-x,  ~x,  +y,  — y,  +r,  — c,  and  with  the  conunoii  Tclocitjr  o.  Let  it  also 
be  supposed  that  the  molscTdes  exert  no  mutual  action  upon  each  other,  bat  paas  with- 
out bmdrance  &om  side  to  side  of  the  TesseL  It  is  required  Xo  delermiiie  the  preaaats, 
which  the  gas  ezerta  against  one  of  tbe  sides,  yt,  of  the  Teasel  The  preasura  ariaing 
&om  the  impact  of  a  single  gas-otolecule  is  mea,  if  a  denote  the  number  of  impacta 
which  take  place  in  a  unit  of  time.  Kow,  a  molecule  moring  at  right  an^es  to  yi,  or 
persllel  to  x,  strikea  agatnat  y<  ttttry  time  that  it  paaaea  orer  the  space  2x ;  UiereAm 

"  "    2*' 

To  find  the  total  preaiure  P  upon  ye,  tlie  quantity,  mea,  must  be  multiplied  by  Iho 
number  of  moleculea  iriiieh  move  parallel  to  x,  which  number,  siuce  two  atoms  out  of 
aTeiysixaieparallelUirjis -.  HeneeP— tn.o.^- -.  And  the  premure p  upon  a  unit 
of  »urfece  of  the  ride  y«,  is  y  —  "••'■^■g'  —  '•  or  if  we  put  ay* -.  b,  and  leave  out  tho 
coDsttnt  lutor: 


This  expression  shows  that  the  pressure  exerted  Dpon  a  unit  of  sui&ce  is  the  same  for 
each  side  of  the  vesael;  also,  that  the  pressure  is  inTenely  in  proportion  totheToluma 
of  the  gaa,  which  is  Boyle's  Ltw. 

Tbe  product,  mn',  or  Che  uu  dim  of  an  atom,  is  the  eiprassion  of  the  femperatore 
leckoned  Cram  the  absolute  zero,  or  — S73°  C. 

I^  in  the  precedii^  value  of  p,  we  put  at?  —  t,  we  have 

when  tha  volume  ia  constant,  the  pirasure  Tariea  directly  as  the  atcolnte 
(Kronig.) 
Jf,  for  two  dinorent  gaao,  we  suppose  p,  r  and  v,  equal,  it  follows  from  this  expren- 


temperature.     (Kronig.; 

Jf,  for  two  different  gaa«, 
aion,  that  n  alao  mnat  be  the  same  ioi  both.  That  is  to  say,  at  the  same  temperatare 
and  pressure,  equal  Tolumea  of  different  gasra  contain  the  same  number  of  molecules. 
Hence  also,  the  maaa,  «i,  of  a  molecule  ia  praportional  to  the  specific  gravity,  t,  of  the 
EHB  :  or,  tha  molecular  weights  of  different  substances  are  proportional  to  their  vapour- 
densitifs  (taken  at  temperatures  at  which  the  vapours  have  the  properliea  of  true 
gases). 

Clausios,  taking  into  consideration  the  tiit  viva  of  the  vibratoiy  and  rotatoiy 
movements  as  well  of  the  progressive  movements,  arrirea  at  the  expresnon,  p  —  — r — , 
or  p0  H   ^^ — ',  which  differs  Jtom  that  of  Kronig  only  bj  %  constant  f^tor. 

From  this  equation,  it  is  possible  to  deduce  the  mean  valueof  theabsolnleprosnasiTa 
velocity  of  the  molecules  of  any  gas  tbr  any  given  temperature.    It  ^vea,  in  bidL, 


at,  pvltiEg  I  for  the  weight  of  the  gaa,  and  y  Ibr  the  force  of  gnvily, — 

a 

•D  eipieaalon  which  contaias  only  numerically  determinable  qnactitiea.  Senotlng  by 
f  the  density  of  the  gas  compared  with  that  of  air  at  0°,  introducing  into  tha  fbrmnia 
the  known  Tslues  of  the  weight  of  a  litre  of  air  and  of  tha  fom  of  gravity,  taldag  p 
equal  to  the  normal  atmospheric  prewun^  and  denoting  the  abaolale  Ifsupcntnre  by  r, 
the  Talue  of  iv  eipresied  in  metres,  becomea 
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which  ptvt  at  0"  C,  for  Orygen      e  -     *6I  melrrt  per  weodd 
„   Nitrogen     e  -    i»a       „ 
„  HydregMi   c  -  184*       „  „ 

State,  the  Tsloeit;  of  tnusUtJon  of  tha  molecnlra  of  a  gu  is  iiiTenel?  as  the  iqiura- 
not  <»F  ita  demily,  which  gires  Qrsham'E  lav  of  the  ^Siuion  of  gnKta,  and  Ui> 
Uw  of  Ihar  relodtj  of  entrance  into  a  Tacnum. 

Horeorer,  aa  the  iiloti<»ia  of  ths  BonqJittieDt  partidet  of  a  gaa  depend  on  the  maanei 
ID  which  ita  atoma  an  onited,  it  Ibllowa  that  in  any  givsa  gaa  the  difftrent  motionii 
moat  he  to  one  another  in  a  coiutBiit  ratio ;  and,  thendbre,  the  tu  viva  of  the  pro- 
gmnTB  motion  moat  be  an  aliqnot  part  of  the  entin  «u  vita  of  the  gaa ;  hence  alao 
the  ahaolnla  tempeiatore  ia  proportional  t»  the  total  tu  uiva  artaing  fiom  all  the 
motiona  of  the  paHicla  of  the  go. 

From  ttiia  it  follows  that  the  ^nanti^  of  heat  which  moat  be  added  to  a  gaa  of 
coniitant  Wome  in  order  to  laiae  ita  Eemperatore  by  a  given  amonn^  ia  constant  and 
independent  of  the  tempenton:  In  othar  muit,  thv  apedfle  heat  of  a  gaa  relarml  to 
a  given  Tolmne  ia  conatant,  a  reanlt  which  aaroea  with  the  enwriiiieDte  of  liegnaalt, 
mentiDDed  at  p.  84.  Thia  reault  may  be  othnwiae  iiniiimnf  aa  foUovi ;  ?£  toiai 
Tiam»o/tjl<  ffotit  to  lit  yiB  m%  qf  iJu  pn^iraaiai  moHoH  <if  He  maltctiUt,  viUch  it 
Hu  Buatare  of  lit  Un^eraturt,  in  a  eontiant  ratio.  Thia  ratio  ia  difl^nt  for  difi^nt 
gases,  and  ia  greater  aa  the  gae  ia  more  complex  in  ila  eonatitntion  ;  in  other  words, 
aa  ita  molecnlea  are  made  np  of  a  greater  namber  of  atoma.  The  apedfle  heal  referred 
to  a  constant  pnaenre  is  known  to  difflr  from  the  trae  apedfle  heat  only  by  a  consumt 
quantity  (see  p.  43). 

Tbt  rd^tions  jnst  considered  between  the  preeeoTe,  rolnme  and  temperatiire  of  gases, 
presuppose,  howcTer,  contain  conditions  of  molecular  oonstitatioa,  which  are, 
perfaapa,  never  rigidly  fulfilled ;  and  accordingly,  the  eiperimeata  of  Hagnua  and 
Begnanlt  (p.  4B)  show  that  gaoes  do  exhibit  alight  deviations  from  Gay-L^sac  and 
BoyVa  laws.  What  the  conditions  are  wbidi  strict  adherence  to  these  laws  would 
rajnire,  will  be  better  nnderstood  t^  considflring  the  diffbrences  of  molecular  eonstitn- 
titni  which  mnat  exist  in  t^  aolid,  liquid,  and  gasMms  atat^a. 

A.  movement  of  nujlemlea  mnat  be  mqiposed  to  exist  in  all  three  states-  In  the 
so^  atofe,  the  motion  is  aneh  that  the  molecales  oscillate  about  certain  positions  of 

aoilibrium,  which  they  do  not  quit,  unless  they  are  act«d  npon  by  external  fbRea. 
lie  vibratory  motion  may,  however,  be  of  a  very  complicated  chBTactsr.  The  con- 
stituent atoma  of  a  molecule  may  vibrate  >eparat«ly ;  the  enlire  molecoles  may  also 
vibrate  aa  such  about  their  centrea  of  gravi^,  and  ue  vibratioDa  may  be  either  recti- 
linmr  or  rotatory.  Moreover,  when  Bxtraneons  f«i»a  act  upon  the  body,  as  in  ahocka, 
the  molecules  may  permanently  alter  their  relative  podtians. 

In  the  liqmd  ttait,  the  mMecules  have  no  detnminata  podtiona  of  equilibrium. 
Hey  may  ntate  completely  about  their  centres  of  gravity,  and  may  also  move  for- 
ward into  other  podtione.  But  the  repuldve  action  arising  from  the  motion  is  not 
ItloDff  enough  to  overcome  the  mutual  attraction  of  the  moleculM  and  separate  them 
coii^>uiteIy  from  eoch  other.  A  molecule  is  not  penoanently  aasodatad  with  ita  ndgh- 
bonrs,  aa  m  the  solid  stats ;  it  does  not  leave  them  spontsneoualy,  but  only  under  the 
influence  of  forces  exerted  upon  it  by  olher  moieculee,  with  which  it  then  cornea  into 
the  same  relation  as  with  the  former.  Then  exists,  thenfore,  in  the  liquid  state,  a 
^bnloiy,  rotatory  and  pn^reanve  movement  of  the  moleculea,  bnt  so  regniated,  that 
they  an  not  thereby  forced  asunder,  bnt  remain  within  a  certain  volume  withont 
ezeitiiig  any  outwara  pnwanre. 

In  the  gatetmt  state,  on  the  other  hand,  the  moleeulea  are  removed  quite  beyond  the 
sphere  of  their  mutual  attractions,  and  travel  onward  in  atraight  lines  according  to  the 
radinaiy  laws  of  motion.  When  two  such  molecules  meet,  they  fly  apart  from  each 
Cither,  forUiemost  port,  with  a  veloci^  equal  to  thatvith  which  they  came  together.  The 
perfection  of  the  gaeeons  state,  however,  implies  ;  1.  That  the  space  actually  occnpied 
by  the  moleculee  of  the  gaa  be  infinitely  small  in  comparison  with  the  entire  volume  of 
the  saa. — 3.  That  the  time  occupied  in  the  impact  of  a  molecule,  either  againet 
•notner  molecule  or  against  the  sidn  of  the  veaseX  be  infioitely  small  in  compariaon 
with  the  intenal  between  any  two  impad«. — 3.  That  the  influence  of  the  molecular 
forces  be  infinitely  small.  'VHien  these  conditJonn  are  not  completely  fulfilled,  the  gaa 
partakes  more  or  leas  of  the  nature  of  a  liquid,  and  eihibita  certain  deviations  from 
Qay-Inasac  and  Boyle's  laws.  Such  ia,  indeed,  the  case  with  all  known  gaeea ;  to  a 
very  al^ht  extent  with  those  which  have  not  yet  been  reduced  into  the  liquid  state ; 
bnt  to  a  greater  exteat  wi^  vsfioun  and  condenaable  gsaee,  eapeeially  near  the  points 
ofco   ' 
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lulces  np  a  sEmilu  position  with  recA'd  to  other  molraules.  TIub,  boiraror,  does  not 
preclnde  the  existence  of  coDBidenibU  irregultuitiea  in  the  actual  movemeDla.  Now, 
at  the  sorfiKe  o!  the  liquid,  it  maj  happen  that  a  particle,  by  a  pecoliar  combination 
of  the  rectiliaeor,  rotatory  and  Tibiatory  morementH,  may  be  pngected  from  the  ' 
neiehbonring  molecules  vith  inch  tbrce  aa  to  thnnr  it  completely  oat  Ot  their  sphere  of 
action,  before  its  projectile  velocity  can  be  anniliilated  1^  the  Htlraetive  (brco  which 
they  exert  upon  iL  The  molecule  will  then  he  driren  fonrerd  into  the  epncB  abore 
the  liquid,  ai  if  it  belonged  to  a  gai,  and  that  space,  if  origically  empty,  wiU,  in  con- 
sequence of  the  action  just  described,  become  more  and  more  filled  with  these  prcgected 
motecnles,  which  will  comport  themsslves  within  it  szaetly  like  the  molecnlee  of  a  gas, 
impinging  andexertingpreflsureapon  the  sidesoftheenTcIope^  One  of  these  sides,  how- 


it  will,  in  „ 

molecules.  A  state  of  equilibrium,  not  static,  but  dynamic  will  therefore  be  attained 
when  the  number  of  molecules  projected  in  a  given  time  into  the  space  above,  ii  equal 
to  the  nomber  which  in  the  same  time  impinge  opon  and  are  retimed  by  the  sur&ce 
of  the  liqnid.  This  is  the  process  of  vaporisation.  The  density  of  the  vapour  required 
to  ensure  the  compensation  joat  mentioDed,  depends  npon  the  rate  at  which  the  par- 
ticles are  projected  from  the  soriaee  of  the  liquid,  and  this  again  npon  the  tapidity  of 
^lair  movement  within  the  liquid,  that  is  lo  say,  upon  (he  temperatare.  It  is  clear, 
tbwefore,  that  the  densitjr  of  a  saturated  vapour  mtut  increase  with  the  temperature. 

If  the  space  above  the  Liqnid  is  previously  filled  with  a  gas,  the  molecules  of  this  gas 
will  impinge  upon  the  anr&ce  of  the  liquid,  and  thrreby  exert  pressore  npon  it;  but  as 
these  gBS-molecules  occupy  bat  an  extremely  small  proportion  of  the  spaoa  above  the 
liquid,  tbe  particles  of  the  liquid  will  he  pR^ected  into  that  space  almost  as  ti  it  were 
empty.  In  the  middle  of  the  liquid,  however,  the  eitema]  pressure  of  tbe  gas  acts  ia 
a  diffeMnt  manner.  There  also  it  may  happen  that  the  moleculn  may  be  separated 
with  snch  force  as  to  produce  a  small  Tsconm  in  the  midst  of  the  liquid,  ^ut  tliia 
space  is  surroonded  on  all  sides  by  masses  which  afford  no  passage  to  the  disturbed 
molecnlee ;  and  in  order  that  they  may  increase  to  a  permoiient  vaponr-bubble,  the 
nnmber  of  molecules  projected  from  the  inner  surface  of  the  veesel  must  be  sach  as  to 
produce  a  pressnre  outwards,  equal  to  the  external  pressure  temUog  to  oompreas  tlie 
vapour-bubble.  The  boiling  point  of  the  liquid  will,  therefore,  be  hi^ar  as  the 
external  pressure  is  greater. 

Aecor^ng  tty  thie  liew  of  the  process  of  vaporisation,  it  is  possible  that  vapour  may 
rise  from  a  solid  as  well  as  from  a  liquid  ;  but  it  by  no  means  necessarily  follows  that 
vapour  must  be  fbrmed  from  all  bodies  at  all  temperatures.  The  force  which  holds 
together  the  molecules  of  a  body  may  be  too  great  to  be  overcome  by  any  oombiuation 
of  molecolar  mavementB,    so   long   as  the  temperature  does  not  exceed   a   certain 

The  prcduetian  and  amtumption  of  Aral  which  accompany  changes  in  the  state  of 
ogpi^tjon,  or  of  the  voIoiqb  of  bodies,  are  easilyexplained,  according  to  the  preceding 
principles,  by  tsJdng  account  of  the  vhttI:  done  by  the  acting  fbrcesi  This  work  is 
puUy  external  to  the  body,  psxtly  inlemal.    To  consider  first  the  internal  work  : 

Whm  the  moleciUes  of  a  bod;  change  their  relative  positions,  the  change  may  take 
place  either  in  accordance  with  or  in  opposition  to  the  action  of  the  molecular  forces 
existing  within  the  body.  In  the  former  case,  the  molecules,  during  tbe  passage  from 
one  state  to  theother,  hava  a  certain  velocity  imparted  to  Ihem,  which  is  imm^ately 
convert«d  into  heat ;  in  the  latter  case,  the  velocity  of  their  movement,  and  conse- 
quently (he  terapemture  of  the  body,  is  diminished.  In  the  passage  from  the  solid  to 
the  liqnid  stair,  the  molecules,  although  not  removed  from  the  spheres  of  their  mutual 
■ttroctiouB,  nevertheless  change  their  relative  positions  in  opposition  to  the  molecular 
ftarces,  which  forc(«  have,  therefore,  to  be  overcome.  In  evaporation,  acertain  number 
of  the  molecnlee  are  completely  separated  from  (he  remainder,  which  again  implies  the 
overcoming  of  tfiposinglbrces.  Id  both  cases,  therefore,  work  is  done,  and  a  certain 
portion  of  the  vU  viva  ot  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost. 
But  when  once  the  perfect  giseous  state  is  attained,  the  mulccular  forces  are  completely 
overcome,  and  any  further  expansion  may  take  place  without  internal  work,  and,  there- 
fore, wilhont  loss  ot  heat,  provided  there  is  no  oitrmfll  resistance. 

But  in  nearly  sll,  coses  of  change  of  slate  or  volume,  there  is  a  certain  amount  of 
external  resistance  to  b«  overcome,  and  a  correspoDding  loss  of  heat.  When  the 
pressure  of  a  gas,  that  is  to  say,  the  impact  of  ita  atoms,  is  exerted  against  a  movable 
obstacle,  snch  as  a  piston,  the  molecules  lose  just  so  much  of  their  moving  power  as 
they  have  imparted  to  the  piHtou,  and,  consequently,  their  velocity  is  diminished  and 
the  temperature  lowered.  On  the  contrary,  when  a  gss  is  compressed  by  the  motion 
of  u  piatou,  it«  molecules  are  driven  back  with  greater  velocity  than  that  with  which 
th^y  impinged  on  Ihe  piston,  and,  consequently,  the  tcmpeniture  of  Ibe  giu  is  mised. 
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DYNAMICAL  THEOET  OF  HEAT. 

WheD  a  liquid  ia  eraiTated  into  vapoitt,  th«  molecnlra  bare  to  tr 
■phtric  praasnn  or  othcc  extenwl  tMUtuieit  and,  in  oanaajnenea  of  thii,  to^htr  witii 
tne  intanul  Tork  ilnadj  ■pokes  ot,  a  lu^  qnantitf  of  heat  diuppean,  or  u  rendernl 
laltnt,  the  qnanti^  tlnia  conanmed  being  to  a  eoogidaiable  MMnt  aftsotod  b;  tbe 
ratcnial  preaanre.  The  Uipie&etion  of  a  aoUd  sot  being  attended  vith  nocb  inenun 
of  Tolonu^  inrolTea  bnt  little  exUroal  work;  ncTdth^eai  the  atmoapheric  preaaure 
doea  influence^   to  a  alight  amount,  both  the  latent  heat  cf  fliaioD  and  the  melting 

We  must  hmi  laention,  in  eondoBloa,  a  Toiy  ramailuibie  oonaeqaence  of  the  relatior, 
of  nntnal  coQTertiliility  which,  aa  «e  hare  eodeaTOnred  to  ihov,  exieta  between  heat 
and  other fonni  of  eneig;.  "Fro&ssor  William  Thomaou  haa  poiated  out  the  fad, 
that  there  sdati  (at  least  in  the  present  atate  of  the  known  world)  a  predomiaaliDg 
teudenc;  to  the  eonveraion  of  ell  the  other  fonni  of  phTsical  enei^  into  best,  and  to 
the  Dnibrm  diSheion  of  ail  heat  throoghont  all  maU^.  The  form  in  which  we  gene- 
ixUj  find  energy  originally  collected,  ie  that  of  a  atore  of  chemical  power,  conaiating  of 
ODCombined  eUmeats.  The  oombination  of  theee  elementa  prodoeea  ene^  in  the  fonn 
known  by  the  name  of  electric  cnrrenta,  part  only  of  which  can  be  emploTM  in  aaalyaing 


componnda,  and  thoa  reconveited  into  a 


re  of  chemical  power ;  tJie  i 


n  reproducing  electric  ciurenta.  If  the  p 
^yed  in  expanding  an  elastic  aubetanra,  it  ma^  be  entiMy  converted  into  Tisible 
mooDn,  or  into  a  store  of  viaible  mechanical  power  (by  raiBing  veighte,  for  example), 
prorided  fiw  elastto  ssbatance  ia  enabled  to  expand  niilJl  ila  temperature  faUa  to  the 
point  which  coireaponds  to  the  absolnte  prlTstion  of  heat;  but  nnlesa  thia  condition  he 
fdlfllled,  a  certain  proportion  only  of  the  heat,  depeodinB  Opon  the  range  of  temperalare 
through  whidi  the  elastic  body  worka,  can  be  couTertaiC  the  mt  remaming  in  the  atate 
of  heat.  On  the  other  hanj,  all  viaible  motiuD  ia  of  necceaity  uldmatel;  conTerted 
entirely  into  heat  by  tie  egencj  of  friction.  There  ia,  then,  in  the  present  etate  of 
the  known  world,  a  tendency  towarda  the  convetiiion  of  all  phyaical  energy  into  the 
•ole  form  of  heat. 

"  Heat,  moieorer,  tendi  to  diShae  itself  miifamdy  by  condnction  and  raduition,  nntil 
all  matter  ahati  hare  aeqnired  the  aame  tempenttnre. 

"  There  ia,  eonaequenlly,  Frofeaaor  'ntomaon  eondodea,  so  &ir  aa  we  undeiatand  the 
preaent  condition  of  the  univene,  a  teodeni?  towards  a  state  in  which  all  phyaical 
enei^  will  be  in  the  state  of  heat,  and  that  heat  so  diffised  tJtat  all  matter  will  be  at 
the  same  temperature ;  so  that  there  will  be  an  end  of  all  phyaical  phenomena. 

"Vast  as  this  speculation  may  seem,  it  appears  to  be  soundly  besfd  on  experimental 
data,  and  to  renreeent  truly  the  preaent  condition  of  the  uuiyerse,      °  '         "" 

(Sankine,  FhiL  Mag.  [i]  ir.  SS9.) 

•»•  For  Bodiatian  and  CondvcHon  of  Beat,  see  Eintiiiox. 


The  following  table  givea  the  temperBtaree  measured  by  the  air-thermometeT,  at 
irtdch,  a«oordiug  to  Be^anllfa  experiments  (Mim.  Acad.  Soences,  xxvi.  6SB).  the  ya- 
poon  of  the  liquida  enumerated  in  it  exert  a  preaaure  eqaal  to- that  of  760  millimetrea 
of  mercury ;— 


fcuu™. 

,     *.»..««. 

Sitreus  oxide      . 
Sulpbydric  add  .        . 

Chlorine     .        .        .        . 

Chloride  of  methyl     . 
Odde  of  methyl. 

Chloride  of  ethyl 
Chloride  of  cyanogen.         . 
Chloride  of  boron        .        . 
aiher         .        .        .        . 
Bromide  rfothyl         .        . 
Silphide  of  carbon      .        . 

~  78-a 

-61-8 
-38-6 
-33-6 

-  23'73 
-23M 

-  1008 

+  ia-60 

12-SB 
18-23 
34-87 
38-37 
49-20 

Chloride  of  lilioon       . 

Melhylio  aloohol          .         . 

PeKhleride  of  carbon  (CCl') 
Alcohol 

Bromide  of' ethylene   . 

OxalaUi^  methyl       . 
Oil  of  lemons      .        .        . 
Meieury     .        . 
Sulphur      .... 

MSI" 

eo-18 

68-78 
73-80 
76-50 
78-2« 
80-88 
131-60 
lfi9-16 
164-30 
174-80 
817-36 
448-00 

The  next  tabl«,  also  from  Begnanlt*!  experiments  {Op.  eil.  [^.  327-338 V  gires  the 
specific  heats  of  rariooa  sahstances  in  differeot  stafea  of  aggiv^tion.  Where,  in  the 
colnmn  indicating  the  temperature,  some  particular  degree  is  given,  thu  number  rc^ie- 


136  HEAT. 

Hinting  the  spadllc  best  is  tlie  cbnmAify  ■pedflchMtat  thatdagneof  iMaperatnn,— 

that  is,  the  qnaatitf  of  hMt  t«qmi«d  to  canaa  a  very  tniaU  altemtion  of  t«mp«[atDre  in 
one  ^Tiuiime  of  ths  Bababtnet^  oompued  with  tha  qnantjtj  nqnired  to  eaiue  a  liks 
iofiniteslinal  alCaiation  of  tcmpeimtun  in  I  gmmna  at  water.  When  an  intemt  (7f  tetn- 
eciflclicatia  the  I  '"   ' 


la  given,  tl 


Ic  heat  within  that  inteiral :— 


solid. 

Utau. 

Gh«« 

■Ei' 

T«iiij)-r.to«. 

'^'■ 

■Kf- 

Water   . 

-7Sf>U>00 

9'474 

lOO 

1-0 

128"  to  220' 

0-4806  < 

-20    too 

0-fiO4 

JO  to  100 

10 

Bromine 

-778  to -28 

0-OB3 

-  7'3  to  10 
+  13  to  68 

0-1060 
■1129 

83  to  228 

■0656 

Ali^Qhol 

-20 

0 

+  20 

40 

eo 

80 

•505S 
■G475 

'«BS1 
■8478 
■7060 
■7694 

106  to  220 

■4634 

Elh«. 

-80 

0 

+  30 

3S 

■6113 
■5290 
■6467 
■54BT 

70  to  220 

-4797 

sJiphide  of  carbon 

-80 
0 

■2303 
-2362 

73  torn 

■1670 

" 

+  80 

■2401 
■2426 

Meiiljlie  alwAd 

0t«20 

■8700 

101  to  223 

■46S0 

Acetone      . 

-80 
0 

■4824 
-6064 

129  to  233 

■4126 

■        . 

+  30 

ao 

•6302 
■6540 

8nlph;d«t;ofrth,I 

20  to  70 

■4786 

120  to  223 

■4008 

Chlonde  of  ethjl 

-  27-0  to  +  tS 

-4276 

19  to  172 

-2738 

Bromide  of  eUiTl 

0to20 

-2160 

77-7  to  196-6 

-1896 

Cjaaide  of  ethyl 

-80 

'4326 

114  to  221 

■4362 

0 

-6086 

".            ", 

+  30 
SO 
90 

■6847 
-6608 
■7369 

Aceuteofetb^d, 

-80 

■4960 

115  to  319 

-4008 

;;       ;; 

0 

+  30 

■6274 
■6688 

60 

■6902 

Chlordtann 

-80 

0 

+  30 

■2293 
■2324 
'2364 

117  to  228 

■1667 

CUo^  of 'etl^hiie 

60 
-30 

'2384 
■2790 

111  to  221 

-2293 

0 

-2922 

+  30 

-3064 

ao 

■3186 

Beniene      .        . 

2010  71 

■4860 

tl6  to  218 

■8754 

Oiloftnipentine 

0 
40 
80 
120 
160 

■4106 
-4638 
-4842 
-5019 
-S068 

179  to  249 

■5061 

Cl^'oride  of'ulico^ 

0to20 

-1900 

90  to  234 

-1822 

12to»8 

■2092 

12  to  246 

-1B47 

ChlOTidcofusenie 

14  to  98 

■1780 

169  to  268 

■1122 

Stanoic  chloride . 

11  to  98 

-1476 

149  to  273 

0939 

12  to  98 

-1380 

162  to  272 

■1299 

,ab,  Google 


HEAVr  SPAB. 


187 


KWLVTSVAB.  Baryta.  Natiat  Sulphate  <if  Bariuia.  Ba*30*.— Tliii  mineiat 
ocenniticrnlAlflbeloiipiigto  tha  trimetric  Efstem,  lUCto  of  uea  a:  b:c.  0-62M  :  1: 
-  0-T018;  aF  :  mPin  tba  maqjidiBgonal  principal  (petion  —  S3°  38';  sP2  :  esPl  in 
the  tamt  —  103°  IS*;  Fb  :  Fa>  in  the  bual  laetioD  -  71°  30';  P<b  :  Pa  in  tlie 
MIM  -  100°  40*.      JV<-  fiA2-ee6  i«pn*«nt  friig,neDtl7  occmring  combiaOiona. 


Fig.  6bi. 


Fig.  S53. 


Fig.  M*. 


Tbe  oyKtali  an  somrtimea  priBTnaticaUj  rlongated  in  the  diredion  of  one  of  the 
*m  {fig*-  ^^1  ^*\  ""^  aamptimra  ledond  \o  the  tabuJar  form  b;  shortening  in 
one  diiecUon  (aee  UBTOTiUjiOBiiFBi,  ii  HB).  Clearage  very  diatinct,  pMallel  to 
aPeo.  The  tninenl  ocean  alao  mnssiTe,  vith  fibrmu  or  laminat  etmctnTe;  aleo 
pannlar.  Hudneaa  2-S  to  3-a.  Specific  grarity  4'3  to  172.  Colonr  vhite,  or  in- 
dining  to  gr^,  blae>  gceen,  yellov,  red  or  brown.  Streak  vbite.  Ltutre  apleaden^ 
between  reainoiii  and  pearly.    Tianaparent,  exhibiting  Tariona  degrees  of  Irandnonicj 


down  to  pei&et  tmrity.  It  i*  nometune*  fbtid  when  rubbed ;  an  impure  Tsrietj  called 
hepatite  exhibita  this  popert;  in  a  peculiar  deem.  It  decrepitates  before  the  blow- 
pipe, and  Aieea  with  difBcnltj  at  the  edgea  onl^.  Id  the  iaoer  flame  it  in  reduced  to 
■owiide  of  bariiun,  and  then  girea  off  enlphrdric  add  when  treated  with  an  acid. 

PimhesT7sparcontainB31'33pereent.SO'aDd6a-67Ba'0;  bnt the miaeral gsDerally 
aba  coptaina  imall  quantities  of  alomiiia,  oxide  of  iron,  silica,  and  carbonate  of  caf- 
ciun.  Sulphate  of  Btrontiam  is  alao  a  eomnion  ingredient.  The  variety  colled  calttrcn- 
tarvte  contains  1  at.  lime  and  I  at.  slrontiam  to  9  it.  bariam. 

It  ia  a  TRj  abondant  mineral,  generallroccorrijig  in  metjilliferona  Teioa,  aa  ii 
lead-mines  ik  Dorham,  Camberland,  and  Westmoreland.    It  occnrs  also  in  snx 

limeetooes,  aometimea  in  diattnet  veina,  and  often  in  crystals  associated  with  « 

•od  cileapar.  In  Staftbrdahire  and  Derl;7ahire  ia  found  an  opaqne,  msssive  variety 
tailed  tami,  lumng  an  earthy  appearance  and  dirty  while  colonr.  On  the  continent 
at  Eorope  it  ia  foond  chiefly  at  Telsobanya  and  Kremnitz,  at  Freiberg,  Marienberg, 
Clanathal,  and  Przibram,  and  at  Boya  and  Boors  in  AnTergne.  Kounded  miuBes; 
eompoaed  of  divergent  oolnmnar  particlM,  occnr  at  Honnt  Patnno,  near  Bologna, 
hence  called  Botemtu  itont.  At  Freiberg,  in  Saxony,  a  variety  occnrs  composed  of 
indistinct  prismatic  ayatals,  having  a  pearly  Instro,  called  Stangmapatk  by  Werner. 
(For the  Ajnerican  localitiee,  see  Dana,  ii.  3S7.) 

Heavy  qiar  occnra  alterad  to  calcapar,  spathic  iron,  cemsite,  qnarti,  litnonite  red 
inm-me,  pyrites,  pailomelano,  gothite. 

The  white  varieties  a  heavy  tp«r  are  ^ronnd  and  naed  aa  a  «hil«  paint,  a 
alone,  bot  more  genenlly  nuxed  with  white  lead,  the  haav;  (par  alone  not  pc 
loffident  opacity  to  form  a  good  pigment. 
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138  HEBETW— HEUANTHUS. 

HMBSmr.    Anhjdraita  silicate  of  ciiie.    (8e«  Wutaxm.) 

HSDaMSSBOZTB.  A  block  Tttrietj  of  aogile,  coDtaiaing  s  large  qtMntitjr  nf 
iron,  little  tr  DO  magnesia,  tod  no  ilnmins.  Specific  grsrity  3'A.  Foaad  cliiefl/  at 
Taoaberg,  in  Sweden. 

KBraKA  HM^ZX.  7(iy.— The  aeeda  of  Ihia  plant  iMiltiua  ■  nitrogenaus  mb- 
stance  resembling  emulsm,  alao  &t,  two  pecoliar  acids,  sugar,  a  small  qn&ntity  of 
prnztin,  and  inorganic  salts.  From  the  £resh  seeds,  ether  extracts  a  green  oil, 
cDntainiog  a  aolid  and  a  liqnid  fat.  The  former  is  somewhat  difflcalt  to  aapoEiify, 
and  jielda  bj  saponiflcation  a  fatt;  udd,  which,  after  repeated  cr^atallisttion  from 
tleoiiol,  melta  at  a  tsiaperature  not  aboTe  30°,  and  forms  a  lilTiir  salt  containing 
from  27'4  to  27-6  silrer  (PosselC).  The  adds  contained  in  iTj-seeds  are  deeoibed  in 
the  next  articls. 

BSUBBZO  AOIB.  An  add  contained,  according  to  Foaselt^Ann.  Ch.  Phsrin. 
Iiii.  S2)  in  the  aeeds  of  iiy  {Bedera  heUx).  It  is  obtained  b;  traatins  the  seeds 
with  ether  to  remove  fetty  matten,  and  bailing  the  residae  with  alcohol,  which  dis- 
boItss  the  acid,  and  depoaits  it,  after  concentration,  in  needles  or  delicate  scales, 
colonrleei,  and  insolnble  in  water  and  in  ether.  The  arid  is  inodorous,  but  pOBSeaaoi  in 
a  high  degree  the  acrid  taste  of  i^-seeds.  It  gire*  bjanaljais,  6S-S  per  cent.  C,  and 
9'6  H ;  its  rsCional  formula  is  unknown.  It  gives  1^  5'12  percent,  water  at  100°, 
and  chars  withont  melting  at  a  higher  temperature.  In  contact  with  atroug  sulphuric 
add  it  assumes  a  fine  pu^e  colour. 

Hedenc  acid  decomposes  carbonates,  and  fbrms  galatinons  aaha,  most  of  which  are 
insoluble  in  water,  but  soluble  in  alcohol.  Even  the  polattium-  and  ammmiun-ulU 
dinolTe  bat  sparing!;  in  water,  and  are  depD«l«d  as  gdatinoos  piedpitates  when  tba 
solutions  an  left  at  rest.     The  tUver-nlt  is  depoaited  from  bouing  alcohol  in  white 

Irj-seeds  likewise  contain  another  acid,  the  presence  of  which  greatlj  impedes  the 
pnriflcatiou  of  hederic  add.  This  add  is  nndTStsUisable ;  soluble  in  water,  alcohol 
and  ether  ;  forms  soluble  ;ellow  salts ;  predpitatea  lead-salts,  reduces  nitnte  of  lUTer, 
and  colours  ferric  salts  green.    It  appears  to  belong  to  the  tWmily  of  the  tannic  adds. 

HXSXnZwa.  An  alkaloid  said  to  exist  in  iTj-senla.  (Tandamme  and 
Chevallier,  J.  Chim.  mid.  [2]  n.  SSI.) 

HBSTVSA3rB.  A  Tarietj  of  green  lead-ore  in  which  the  load  is  partly  replaced 
by  caldnm.    Found  at  LSngabanshytta,  in  Sweden  ;  also  called  Muarma  (g,  v.) 

™™^-WI'™'^T,  An  oilj  hydrocarbon  produced  by  distilling  helenin  with  phos- 
phoric anhydride.  After  rectification,  it  is  yellowish,  lighter  than  water,  and  haa  a 
&iDt  odour  resembling  that  of  acetone.  Boils  betiresn  2S£^  and  295°.  Qiree  by 
analysis  890  to  SS'8  C,  and  101  to  104  H,  agreeing  nearly  with  the  formnla  C"H» 
(89'i  C,  and  10'2  H).     Its  formation  may  perhaps  be  represented  bj  the  equation : 

C"H"0'  -  CH"  4-  HH)  +  2C0. 
The  erolutinn  of  carbonic  oxide  has  not,  howcTer,  been  actually  observfd. 

Helenene  tieated  with  faming  solphTuic  add  is  conTcrtcd  mta  tulpio-iclenic  add, 
the  baiium-solt  of  which  contains  17'TC  per  cent,  barium. 

WMl^MXX,  CH^C. — A  cryBtaHine  Bubetancc  existing  in  the  root  of  elecampane 
[Imtia  lideniuia);  it  was  firet  observed  by  Qooflroy,  afterwards  emmined  by  Dumas, 
and  more  eepeciaU;  by  GerhBrdt(7WuVj,  iv.  2S6).  It  may  be  obtained  W  distilling 
the  root  with  water,  or  better  by  boiling  it  with  alcohol  of  80  per  cent. ;  ^tering  the 
solution  at  the  boiling  beat,  and  mixing  it  with  three  or  four  timee  i1«  volume  of  cold 
water.  The  liquid,  alter  twenty-four  hours,  deposits  helenin  in  long  quadrilateral 
loiBms. 

Helenin  is  perfectly  colourless  and  has  very  little  taste  or  odour.  It  ie  insoluble  in 
wat^,  but  very  soluble  in  alcohol  and  ether.  It  melts  at  72°,  and  boils  between  2TS° 
and  280",  decomposing  more  or  less  at  the  same  lime. 

Helenin  is  net  attacked  by  alkalis  in  aqaooua  or  alcoholic  Bolution  ;  but  when 
heated  with  potaab-lime,  it  yields  a  reoinous  compound,  which  remains  combined  with 
the  potash.  Strong  eulphuric  acid  dissolres  it  with  blood-red  colour,  forming  a  con- 
jugated add.    Hydrochloric  acid  gas  is  absorbed  by  it  in  large  quantity. 

By  ehlorine,  with  the  aid  of  heat,  it  is  converted  into  eMoi-Mimn,  perhaps  C"H"C1'0' ; 
und  by  nitric  acid  into  nitro^t/enin,     Fhosphoiic  anhydride  converts  it  into  hcieiicne. 

BS&XAMTXXO  ACID.  C'lPCP.HO  f— An  acid  obtained  &om  sunflower  seeds, 
belonging,  according  to  Ladwig  and  Eromayer,  to  tfae  tannic  add  groap.  By  boiling 
with  moderately  dilute  hydrochlorie  add  in  a  stream  (^  hydrogen,  it  is  resolved  iclo 
fermentable  sugar,  and  an  add  violet  colouring  matter. 

MMliXAWimua  AMmuvu.  Vie  Sunjiowtr.—  The  pculcU  seeds  of  thii  plant 


eaaUiQ,  aMorduig  to  Ladwig  And  Kroma^er  (ArdL  Pfaarm.  12]  zcix.  1,381); 

1.  UelianUiic  acid. — 2.  A  /al  oS,  unouDting  to  40  per  eeoL  of  the  pealed  ieeda. — 
3.  A  aiiull  qoanCit;  of  ffrmentabU  lagar,  uncrfBtalliMblc^  and  capable  of  redneing 
capric  oxide,  only  when  Que  latMr  ii  pnoent  in  eonndersble  qnantiw  in  abaliiM  k4u- 
tJuD. — *.  A  rabatance  aolable  in  alcohol,  pndpilatcd  fiom  tliu  aolation  by  ether  in 
thr  fbnn  of  a  ajrap,  not  diractlj  fermentabls,  ud  not  capable  of  ndocina  cnprie  oiide 
id  alkaline  aolndon,  but  coaTeitibU  bj  boiling,  either  aione  or  with  acidi.  into  a  mb- 
■taoce  which  redocM  capric  to  cnproua  oxide,  and  perbapa  oorutituting  a  link  between 
inolin  and  sapo'. — fi.  Leg>UKin.—6.  A  mbetanoa  peiiups  identical  with  innlin,  ii 


lable  in  cold  w»t/a  and  akobol,  and  conTerted  by  bwling  with  dilate  arids  into  a  body 
which  Tednoea  cnprie  to  cDpnnu  oiida. — 7.  Unldan'  horn;  ngelkble  albnmin  (a 
bod;  rtaembling  cellnlose,  iDluble  in  stionc'  Bolphnric  acid,  and  [recipitable  from  tlua 


•□Intion  by  WHtar). — B.  A  mixtan  membling  cerebrin,  and  another  reaembling  a 

phorohoric  add.— fl.  Cellnloae. 
The  nitiogenotis  mbatanee,  which  ii  wlnble  in  boiling  alcohol,  and  nmaina  •«  • 
'  tinoni  maas  when  the  alcohol  ia  diitiiled  (^  appean  to  be  a  aompoond  of  helian' 
acid  with  a  protsin-anbetance,  accompanied  bj  a  soapy  ci 


Oie 


The  peeled  seeds  dried  in  tbe  air  at  mean  tcmpemtorea  jialded  4-2  per  cent,  ash,  of 
which  8-8  pt*.  vera  insoluble,  and  D'4  soluble  in  water. 

■MUon*.  C-'H'K)'.  (Piris,Ann.  Ch.  Phya.  [3]  xiv.  287.) -A  body  produced 
by  the  action  of  very  dilute  nitric  acid  upon  salicin  : 

C"H»0'  +  0  -  ffO  -h  C"H"0'; 
Sall.in.  Melkin. 

also,  togethfrvith  bcTizoic  add,  by  boiling  benxo-helicin  with  magneaia  (Firio,  Ann. 
Ch.  Pharm.  zcTt.  3S0).  To  prepaR  it,  1  pt  of  pnlmued  salicia  is  mixed  with  10  pts. 
ofnitiJcaddof  20°Bm.{>»cifliigTaTity  M  67 ),  and  the  mixture  ia  left  to  itself  in  an 
open  TCSseL  In  about  24  nous  the  salidn  is  completely  diaaolved,  eapeoally  if  the 
mixture  be  stirred  item  time  to  time,  and  crystals  of  helicin  eolleet  at  the  bottom  of 
the  TsMel.  The^  unit  be  pnaacd  between  paper  and  puriSed  by  waging  with  ether 
till  the  ether  which  RUB  off  no  longer  ndduia  ferric  nilts.  Salicin  yields  about  two- 
thirds  of  its  wmgbt  f£  helidn. 

Eriidn  dTStallises  in  small,  white,  very  slender  needles  containing  \  at.  water.  It 
isntatral,  slightly  bitter,  sparingly  soluble  in  cold  aalrr,  disaolves  very  freely  in  boit- 
iiu  water  ;  it  ia  soluble  also  in  aicokoi,  bnt  is  insoluble  in  fther.  At  100°  C.  it  giTCa 
^ita  water  of  dyatallisatioii,  amounting  to  4*54  per  cent.  At  176°  it  me1t^  and  at  a 
higher  lemperatnra  givea  offTapours  of  hydride  of  ulicyL  Under  the  inflaeDt^  of 
eaiWsnl,  or  of  dilute  acidi  at  aiJaUit  at  the  boiling  heat,  it  ia  reaolTsd  into  ^ncoee  and 
hydride  of  salinl : 

C"H»0'  +  HK)  -  (?H"0*  +  (?H'0'. 

Helleln.  OlwoH.         rf„iisjL 

the  fixed  alkalis  and  alkaline  earths  merely  Increase  the 

C-H-O*  -  C"H"(CrHK))0'.— Thia  compound,  which  is  related 

to  helidn  in  the  same  manner  as  po^nJin  to  aalicin,  is  obtained  by  diswlvingbenEO-salicin 
(popalin)  in  10  or  12  timea  its  weight  of  nitric  acid  of  spline  gravity  rs.  It  cits- 
tallisee  in  tnita  of  silky  needles,  which  do  not  give  off  any  water  when  heated.  It  &^- 
solree  in  boiling  aattr  ;  and  if  the  first  drops  of  a  solution  filtered  at  the  boiling  heat 
crystallise  on  cooling,  tiie  crystallisation  extends  thronghout  the  entire  man ;  ^t  on 
again  applying  heat,  and  leaving  the  solution  to  cool  slowly  and  qnielly,  it  solidiSes  to 
a  gelatiiwna  pulp. 

Benzo>Iielicin  is  not  decomposed  by  emnltiin,  bnt  a!ialii  and  aeidi  convert  it  into 
bemoic  add,  hydride  of  salicyl,  and  gluooee  : 

C»H"0'  +  2H«0  -  (yHW  +  CH«0"  +  C^'-O". 

btllclX  icH.  otitl'lirji.  a\acoM,. 

>t  act  upon  helicin),  it  is  resalved 

.     .    ■<  C"H"BrO\H'0,  is  prepared  like  chlorhelida,  and  exhibits  similar 

rractions,  bnt  always  separatfs  &om  solution  in  the  gelatinous  form,  and  when  diy, 
forms  a  dirty  white  powder  without  any  appearance  of  ciystalliaation. 

f3blorIiBll«ln,  C"K"C10',  exists  in  two  modifications,  which  may  be  distinguished 

a  CUorheliem  is  obtained  by  sgitut  ing  helicin  wi  th  wnter  in  a  vessel  filled  with  chlorine. 
The  product  is  piuified  by  presiiarc,  washing  with  cold  wat«r,  and  solntiou  in  btuling 
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-mtflF,  the  liqnid  m  it  coola  tathai  d^tomtiDg  amill  needlea  of  monoh^rdimtcd  chkir* 
lielidu,  2C"U'*C10'.H'0,  or  soUdi^iig  to  an  uhorphoiu  jelly  coaUming  a  krgflr 
qoantlty  of  waJor. 

a  Cbloriielidn  u  inodoroiu,  bitter,  tuxilj  ioaohible  in  cold  water,  easily  aolaUe  in 
hot  imler  and  in  aleokol.  The  dystali  eoDbuD  3  per  cent.  wat«r,  wtueh  is  rather  more 
than  tlu  smolint  teqnired  by  the  fommla  jnst  giTen  (2'T6  per  ceoL),  tLe  azcess  pn>- 
bably  ariniig  fram  Mmixture  of  a  amall  quantity  of  gelatiDOUs  n  chlorhelicin.  mien 
heated  to  between  120°  and  130°,  they  give  off  the  vhole  of  their  «Bt«r,  and  Che  re- 
BUuning  anhjdnHia  a  chloilifllidD,  when  raised  to  a  higher  temperatim,  girea  off 
nqrann  of  hydride  of  ehloioaalieyL  This  product  U  likewise  obtsinsd,  together  vith 
^ucoae  oi  itj  piodud*  of  decomposition,  on  heating  a  cblorhelidn  with  dilute  ocidM  or 
aiJttUu,  or  by  tnating  it  with  mudtin ; 

C''H"C10'  +  HH>  -  CH-aO*  +  (?H"0'. 

$  Cihrlutieiit.  When  chlorine  iepassad  into  an  aleoh  alio  aolutioc  of  heliciD,  a  wbils 
granolar  labatuiee  ia  obtained,  wmch  has  the  composition  of  s  chlorhehcin,  bnt  i> 
insolnble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  is  not  decomposed  in  the 
manner  jnet  mentioned  by  acida,  alkalis,  or  emnlsin. 

XM&XCOZSXV.  C"H"0>'  (Firia,  Ann.  Ch.  Phys.  [3]  lir.  292).— Thie  nib- 
stance,  which  may  be  regarded  aa  a  compound  of  h^icin  and  salicin  (C"H"0'  + 
CH-K)'),  is  obtained  by  Ireatine  salicin  with  nitric  acid  still  more  dilute  thiin  that 
which  is  used  for  the  preparation  of  helicia,  viz.  of  12°  Bm.  [specific  gcaTity  I'OBS). 
It  may  be  purified  by  washing  with  cold  water  and  cryBtalliaation  from  boiling  water. 
It  furiDB  needles  reeembling  tbose  of  hclicio,  and  containing  |  at.  water  (2C'*H'H)i'  + 
3H*0).  Under  the  influence  of  emolsin  it  is  docompoeed  similarly  to  hellcin,  yielding, 
howsTOT,  saligenin  in  addition  to  ^ncoae  and  hydride  of  ralicyl : 

C-H"0''  +  2HH)  =  2t?H"0'  +  CH'0»  +  C'H'O'. 
HcllcolAln.  GlueoH.         o^uJJctI         Sillpmln. 

r,  the  tatter,  howerer,  eontertJng  the  laliBeniD 

Helicin,  sahcin,  and  hehco'idin  are  related  to  One  another  in  the  same  manner  as 
quinone,  coloorlen  hydraqninone,  and  g^een  bydroqoinone. 

SBIiXOTBOVB  or  Blwdtione.  A  rariety  of  chalccdoDy,  baring  a  deep  green 
colour  with  blood-red  apota.    It  in  used  bb  a  gem. 

BSIalX  V01KA.TXA.  The  Garden  or  Viiuyard  Snail. — The  shell  and  opercnlam 
of  this  mollusc  have  been  uialysed  by  3.  Wicke  (Ann.  Ch.  Fharm.  cxzr.  79),  with 
the  following  reaulta : — 

C'CO*        HHKO-     pSt?»i».   vlV^^.        ««■       £^^. 
SheU  .        .  «-07  0'88  OBfi  115  096  -   lOO-OO 

Operculum  .  86-76  0'98  B-36  0-18  0-3S  8'42   -  lOO'OO 

W.  Wicke  (Ann.  Ch.  Pharm.  Ixurii.  224)  found  in  the  operciUnni  94-21  per  cent, 
carbonate,  andC'Ta  per  cent  phosphate  of  ealcinm,  together  with  traces  of  ferric  oxide  and 


u  366)  found  in  the  shell,  9S'6  per  cent,  carbonate  of  calcim 
matter,  bnt  no  phosphoric  acid,  silicic  add,  floorine,  magnesia,  or  alkalis.  0'obley(J'. 
Fharm.  [3]  iiiiii.  161)  found  that  the  shell  contained  TO  per  cenL  water,  and  when 
dried  consisted  almost  wholly  of  carbonate  of  calcium,  with  small  quantities  of  earthy 
and  ferric  pbosphatcs,  and  animal  mutter. 

In  the  animal  itself,  Gobley  found  a  peculiar  mueue,  containing  s  small  quantity  of 
carbonate  of  potassinin,  which  gires  it  an  alkaline  rpootion,  redissolves  in  water  after 
drying,  but  loses  this  property  alter  a  while.  Qublcy  alao  found,  besides  the  salts 
usually  oecnrring  in  the  animal  organism,  a  small  quantity  of  chloride  of  ammonium, 
a  peculiar  compound  of  animal  matter  with  carbonate  of  calcinm,  partially  soluble  in 
water,  and  traces  of  iodine.  Beneke  (Ann.  Ch.  Phann.  ciii.  249)  found  in  the 
animal,  a  peculiar  &Ity  substance  called  myelin,  existing  also  in  the  brain  and  other 
orgsnt  of  the  higher  «Tii7nala^  which  sweUs  up  in  peculiar  forms  when  soaked  ui  water. 

SMKKMBOBZX&  An  azotised  body  contained  in  the  root  of  black  hellebore 
(fiittk&>rtij  hiemaUt).  It  is  obtained  by  exhausting  the  root  with  alcohol,  diluting 
the  extract  with  a  certain  quantity  of  water,  which  predpitates  a  resin,  and  concen- 
trating the  filtered  liqnid. 

It  fbrms  colourless  ciystals,  having  a  hanh  bitter  tastA,  soluble  in  water  and  in 
alcohol,  more  soluble  in  ether,  The  aolutions  are  neutral  lo  test-paper.  It  is  decom- 
poaed  by  heat,  also  by  nitric  and  snlphunc  acids.    Heated  with  polaiih  it  gives  off 
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nnmoiuB.  It  u  not  [ocdpitatod  trora  its  Kilattuni  by  uetata  of  lead,  chloride  of 
nercorr,  or  iodide  of  potuainm.    (W.  Bastick,  Fhum.  J.  Tnuu.  ziL  174.) 

BSBUnSHTA.  C&Qed  »IiM  LeeUte.  A  Tarietr  of  felBpei;  oecmring  at  Ory- 
jdiftUn,  in  Sweden,  haring  k  peculiar  waxy  Itutre  and  deep  fleeb-rad  ooloor. 

yMTiTiBWMMM  tai  WMLiMWJW.     See  HBumn  uid  Hbudiih  (p.  138). 

SSKBOWTK. .  A  ruielj  of  chlonte  oceturiDg  in  feUpu:  uid  qu&itz.     (O  ana,  il 


diitmgniiihed  by  the  beauti/ol  red  h]._       „ .. 

eontiiiifl.    It  ia  {bond  in  Carinthia,  at  Salle  in  tha  TjkA,  and  Other  locaUtiee,  and  ia 
made  into  »  Tsiictj  of  ornameutal  aiticlea.    (Hand«.  d.  Chem.  iiu  84B.) 

MXltVXM.^  TttraAidrai  Garnet. — A  mineral  eoniiitiiig  of  lilicale  of  manganeaei, 
iron,  aod  glncinDin,  combined  with  oiysulphida  of  mangaaese.  It  occnre  in  regular 
tetnbediona.  HardneaaSto  6-E,rBthergT«iiterthanthBtof  felspar.  SpeeifiG  graritj  S'l 
to8-L  LnatTeTitnoit^incliiiingtoreeinoaa.  Coloor  wai-jellow,  inclining  to  yeUowtah 
brown  SDd  aiakin^Mli.  Streak  uncolonred.  Snblranalnoent.  Fracture  meren.  On 
duKoal,  in  (he  leandng  flame,  it  melta,  wiUi  intomeecenoe,  to  a  j«llow  opaqos  globule. 
Wlien  flnelr  pnlvcnaed  it  is  decompoaed  by  faydrochloric  acid,  with  evolution  of  aul- 
phjdrie  aad  and  separation  of  getatmous  silica. 

AnaJt/ta:  1,  1.  From  SasoDj,  bj  C.  Qmelin  (Fogg.  Ann.  iiL  93).  3.  From 
Norway,  by  Bammelsberg  (MneroIeiMMw,  p.  TOO): 

8.0«  a         AJ'O'         On>  F*"©         HM)  j£lu» 

1.  85-2T       .    .       IM        803        8-CO        *413 

6-fe        41-76  lis  -     9S-S1 

400        4»I2  .    .  -  1D3-4S 

Hence  Bamndabeig  daduee*  tbe  fonnnla 

2{Mn  ;  Fej'S  .  B[2(Mn  ;  Fe)^).^!^  +  2CW).SiOT 
which  is  ledncible  to  tiie  fbnn  of  an  ortliosilieata  onited  with  a  protoaulphide^ 
SM'SiO'.2M'a 
BelTin  aflbids  the  only  known  eiample  of  a  nafiye  componnd  of  a  rilicate  with  a 
sulphide.     It  ia  foimd  in  the  gneiss  of  Schwarxeoberg,  in  Saiony,  aaaociated  with 
ganiPt,  quartz,  flints,  and  calcspar:  at  Bceilenbrunn,  in  Saionj;  aad  on  the  Horte- 
kalie,  a  mountain  in  the  Liesthal,  near  Drammen,  in  Norway. 
.    See  BaoHaruHiHS. 
Binary  compoonds    containing   1  at.  of  an   electiO' 
se^iTe  or  ddorons  radicle,  combinKl  with  2  or  4  at.  of  a  roonatomic  electio-poeitiTe 
(V  iMayloaa  radicle,  according  as  the  electro-neeatiTe  radicaje  is  mono-  or  di-atomic, 
t.g,  hemichlcnride  of  copper  —  Cn'Cl;  hemioxide  of  copper,  Gn'O  (Cu  — 31-B).  Soch 
compounds  ai»  oAen  eallad  di-mmpotmd* ;  bnt  this  lenn  is  used  in  this  Dictionary  in 
»  diij^rent  sense  (ii.  311). 

,T.     See  Cbtstalloosipwt  (ii.  121,  128,  136,  140,  IJSO,  ICB). 

s  applied  by  3chiel  (Zeilechr.  Ch.  Fhann. 
1800,  p.  44)  to  series  of  organic  compomids,  the  terms  of  which  differ  from  uns  another 
bynCE. 

BUamMVMiaXK.  HemimorphoDS  crystal^  acaordine  to  most  anthan>,  are 
thoM  which  are  nnaymmetricaUy  terminattd  at  the  two  ends  of  tha  principal  axis, 
t.g.  siliceoni  calamine  (L  714),  salpbate  of  majnifaian)  (ii.  l&O).  Lanrent,  bow- 
erer  (Compt.  chim.  1849,  p.  269),  applied  the' same  term  to  bodies  which  are  similar, 
or  to  a  certain  extent  analo^ons,  m  compoatlioD  (rfuix  eertaine  analoffie  daiu  lew 
atn^atilian),  and  eiystallise  m  forms  (belonging  t<>  the  same  or  to  different  systems) 
ID  which  some  of  the  dihedral  angles  are  nearly  equal,  while  tbe  zest  are  Tory 
onequal. 

Syn.  with  StuCBnos  Cxumihs  (L  714). 
C"H»0'.  (Wohler  [1H441,  Ann.  Cb.  Fharm.  i.  17.— 
Blytb,  Md.  L  36  and  43.  — Anderson,  ibid,  luxri.  194.- Matthiessen  and 
Foster,  Froo.  Boy.  Soe.  iL  fiB  ;  further,  PhiL  Trans.  1863  ;  Chem.  Soc.  J.  it.  346.)— 
This  acid  is  OTOduced  :  1.  Bytheoiidationof  opianioacidtCi'Hi'O'  +  O  -  CH'^O", 
which  may  be  effected  by  the  action  of  peroxide  of  lead  and  sulphorio  acid  (Wobler), 
or  of  aqueous.  dicMoride  of  plstinnm  ^Blyth). — 2,  By  the  oxidation  of  norcotine  with. 
dilnt«  nitric  acid  (Anderson),  or  with  peroxide  of  lead  and  sulphuric  acid,  or  par- 
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oiido  of  manmneac  anil  hjdriMblorie  acid  (WohUr),  or  with  ezccas  of  aqnfons 
diehloride  of  ^linum  (Bljlh).  Id  liiese  reactioiu,  the  nucotine  U  flnt  conT«it«d 
into  opianic  acid,  which  chfii  auffen  ftuthec  decompoaition.— .3.  Together  with  mMODin, 
bjthedeiMmpaBitioDaf  opiBuicaeidtmdeitheinSuenceof  caiuticpota8h(MatthieBeeii 
andFoxter): 

2C"H"0*    -    CH-O'   +   C"H*0" 

Opimofc  BcM.  WmDln.        Hciii>I>lnlc  niHd. 

Prfparation.—l.  Opinaic  acid  is  iieatrd  to  the  boiling  point  with  water  and  per- 
oxide of  lead ;  dilute  snlphnric  acid  in  ulded  drop  by  drop  till  carbonic  acid  begpoB  lo 
wcdpe ;  the  liquid  ia  left  to  cool  partiAlJy ;  milphanc  acid  iH  thou  Kdded  by  drops  till 
all  the  lead  ia  predpitaled,  and  the  filtrate  ia  eTaporaltid  lo  the  crji 


Th«  first  crysbtla  ale  aometimea  miied  with  nnallered  opianic  acid,  bnt  are  raailj 

! unified  from  it  by  theii  mach  greater  aDlabilit;r  in  water  CWiihlerj.^-Z.  The  mother- 
iquor  resulting  from  the  action  of  dilute  nitric  acid  upon  narcotine  (;.  ti.),  after  the 
sepaiation  of  meconic,  cotamine  and  opianic  iLcid,  contama  Iwmipinic  acid,  which  may 
be  obtained  by  precipitating  this  motbei-liquor  with  acetate  of  lead,  and  decompoaing 
the  precipitate  with  auIphTdric  acid.     (AndereoD.) 

3.  Opianic  acid  ia  mixed  with  a  large  exceae  of  potash-ley ;  the  liquid  is  eraponited 
□early  to  dryness ;  and  theresnltingal^insnniaa,  conaiatingof  meconmaiid  bemipinate 
of  polaaainm,  is  dissolved  in  a  moderate  qnantily  of  warm  water,  and  mixed  with  excess 
of  bydrachlraie  acid,  whereby  the  meconia  is  separated  u  an  oil,  canying  down  with 
it  the  greater  part  of  the  hemipinic  acid.  The  aeidifitd  liquid,  when  quite  cold,  is 
poured  off  from  Uie  solid  cake  of  meconin  and  hemipinic  acid  ft^mpd  at  the  bottom, 
atid  eraporated  to  a  small  bulk,  so  as  to  sepante  the  ^ater  part  of  the  chlonde  of 
potasaitun ;  this  8alt  is  washed  with  alcohol ;  tbe  alcoholic  waahinga  are  mixrd  with 
the  concentrated  mother-liquor;  and  the  fresh  quantity  of  chloride  of  potaaaium  thus 
precipitated  IS  remoTed  by  titration  or  decantation.  The  clear  liquid  is  era- 
porated  nearly  to  dryness  OTcr  the  water-bath ;  the  residue  rhua  obtained  is 
again  treated  with  alcohol  to  separate  the  last  portions  of  chloride  of  potaa- 
aium; and  the  alcoholic  solution  la  filtered  and  eraporatcd.  On  diasolring  the 
Cdoct  of  theae  operations,  together  with  the  original  precipitate  of  meconin  and 
nipinie  add,  in  boiling  water,  and  rendering  the  solution  sli^itly  alkaline  by 
amniouia,  nearly  all  the  meconin  erystaUises  out  as  the  solution  cools,  while  hemipinate 
of  ammoninm  retnains  in  aolution,  tc^ether  with  a  ems]!  quantity  of  meconin.  For 
complete  puriflcotion,  the  solution  of  the  ammonium-salt  is  precipitated  by  acetate  of 
lead,  and  the  hemipinate  of  lead,  after  thorough  washing,  is  decomposed  under  water 
by  sulphydric  acid  (Uatthiesaen  and  Foster).  This  mode  of  preparation  is  pre- 
ferable to  the  oxidation  process ;  becaase  in  the  latter  it  is  difRcult  to  arrest  the  action 
at  the  right  point,  so  that  there  is  alwaya  a  risk,  either  of  leaving  opianic  add  UDdeeom- 
posed,  or  of  losing  a  portion  of  the  hemipinic  acid  by  fiirther  oxidation.  (See  b«law.) 
JVoprrfirs.— Hemipinic  add  ciystalliscB  in  colooriees  obli(|ue  rhombte  prianw 
(Wohler),  or  lai^  flat  rfaombohedioDB  (Blyth).  It  has  a  alightly  add  aibu^eM 
taste,  and  ■  attong  arid  reaction.  It  diseolres  with  difflcnlty  in  cold  waltr,  more  easily 
in  alcoM  and  in  ithtr.  The  etystals  effioreKe  in  the  air,  and  give  off  13-73  per  rent. 
(  »  2  at.)  water  at  100°  C.  At  180°  it  melt^  and  solidifiea  to  a  crystalline  mass  on 
cooling.  Heated  between  two  watch-ghtsBea,  it  aublimis  in  shining  lamime  like 
benzoic  add. 


(Matthieasen  and  Post 

C"H'°0'  +   2HI  -  CH'O'  -I-   aCHI   +   CO* 
Hcfnlplntc  Hjpcigiillc       Imllile  o( 

kM.  Kia.  nutthrl. 

Heated  with  two  or  three  timea  its  weight  of  strong  iydrcchlorie  add — either  in  a 
sealed  tube  to  about  1 10°,  or  in  en  oprn  vessel  connected  with  a  condenser,  in  such 
a  manner  that  the  oondenaed  vapour  flows  back  into  the  mixture,  snd  with  an  appa- 
ratus for  erolTin^  hydrochloric  acid  gas,  so  that  the  liquid  can  be  kept  ronatsntly 
saturated  with  acid,  it  is  lefolved  into  carbonic  anhydride,  diloride  of  methyl,  and  an 
acid  haring  the  composition  I7H*0',  homologoua,  therefore,  with  hypogallic  add: 

CH'^C  +   Ha  -  CO'  +   CH'Ul   +   CH'O*. 
This  acid  (not  yet  named)  ciyalalliaea  in  long  Inmsparent  prisms,  nearly  insoluble  in  cold 
water,  not  mnch  more  soluble  in  boiling  water,  more  easily  soluble  in  alcohol  and  ether. 
When  healed,  it  begins  to  sublime  without  decomposition  at  aboot  200°  C,  and  be^ra 
a  temperaturo  of  mom  than  Ub°  without  alterarion,  bnt  at  n  slill  higher  temperature 
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nrlta,  and  Bolidiflea  to  a  ciTstalliDe  mass  on  coollDg.    It  dLssolna  in  1110110; 

iric  acid,  nod  crfstalUscs  ODchai^nl  from  a  warm  >atunt«d  solution  ;  a  cola  1 

)t  prrcipiliiled  bj  valei.      It  gives  no  coloration  with  frrrie  chloride;  irith 


nilrate  of  sUver  it  forms  a  vhiU  predpitate,  Thich  blacbena  oa  boiling.  (Itlat' 
tbinsaen  and  Foster.) 

When  the  id othei^ liquor  Snna  vhiph  tbis  add  has  oyatallised  is  subjected  to  tha 
prolanged  action  of  hjorochloric  acid,  hypogallic  acid  appears  to  be  farmed.  (Mat- 
thiessen  and  Foster.) 

Htmipinalei. — Hemipinie  add  is  dibaaie,  ita  normal  salts  beini;  repmentod  1^ 
the  fbrmula  CE'M'O*.  It  ia  distinguished  from  opianie  acid  b;  fomiuig  insolnUe 
■alts  with  liad,  tUatT,  and  tnm.  The  aninioniaiH-w/J  form*  Qyatala  pennanent  in 
the  sir. 

The  (MHfro^  potaitittm-tidt  is  veir  soluble  and  diScnlt  to  crystallise. 

The  add  patatiium-sall,  C'H'KO*.  IBH),  fbnns  larg»  hpiagooal  tables,  easily 
soluble  in  water  and  akehcd,  insoluble  in  ether.    It  ^rsa  off  ila  water  nt  100°. 

Sarium  tait. — When  a  aolation  of  hemipinie  add  is  neutralised  with  baryta- water, 
ot  wh«n  BidntionB  of  hemipinata  of  ammonium  and  chloride  of  barium  are  mixed  to- 
gether, the  liquid  remains  clear  for  a  long  iriiile  if  left  to  itself;  but  on  boiling  it  for 
a  short  liiae;  snail,  ■b'"i"g  OTStallins  platea  of  hemipinate  of  buinm  are  precipitated, 
and  eooQ  fill  the  liquid,  prarided  tha  solutdona  used  were  not  too  dilute.  The  liqnid 
on  eocding  [edissolTea  this  precipitate,  and  beofuaea  almost  or  quite  dear ;  but  after 
standing  for  a  few  houn,  or  fbr  a  day  or  two,  it  again  deposits  hemipinate  of  bariam, 
bnt  thia  time  in  feathery  tofts  of  rery  small  aiUty  needles  ;  if  the  liquid  be  now  again 
heated,  these  feathery  eryat&ls  redisaolTe,  and  the  crystalline  plates  again  make  their 
sppeaimnee.  This  rsaetimi  afbids  the  means  o(  recognising  hemipinie  acid,  eren  when 
lament  in  small  quantity  only.     [Matt  hies  a  en  and  Faster.) 

Ferrie  iemtpinaU  is  a  precipitate  of  a  fine  orangs-yellaw  colour  (Blyth).  The 
liad-*aU  ia  a  white  predpitat^  ituoluble  In  water,  but  Bolnble  in  aqurous  icxtate  of 
Ivd,  whence  it  separates  in  trBiiAparentnadulcs(Wohler).  The Miiotr-iait.C'R'At^, 
n  a  white  predpitate  tnaotubla  in  water. 

EHfl-kemipinic  aeid,  C>*H*(CH>)0'.  JHK),  is  obtained  bj  piisdng  hyilro- 
ehloric  add  gas  into  a  solution  of  hemipinie  acid  in  absolute  alcoboL  It  crystallises 
in  bulky  needles,  which  aire  aft  their  water  (96  per  cenL)  at  100°.  It  has  a  strong 
add  reaction,  is  Teiy  sUuitly  soloble  in  cold  water,  rather  more  in  boiling  water.  Tha 
aqueoua  aolnlioQ  pieeipitatee  ferric  salts,  bat  not  lead-  or  siiTer-salts.  The  ethyl- 
hemipinates  are  difficult  to  purify.  The  harittn-iait  forms  needles  grouped  in  toils. 
(Anderaon.) 

■BV&Tnr.    Syn.  with  GLTOoonr  (ii.  906). 

BSFATITA.  A  variety  of  heayy  apar  containing  bituminous  matter,  sad 
diltingnisbed  by  the  hepatic  odoor  which  it  emits  when  rubbed  or  struck. 

MAVrik  C^".  OatasCAgl. — The  radicle,  not  yet  isolated,  of  heptylic  or 
(Buanthylic  alcohol  and  ita  deriTstiTes. 

MXVXTX,  ACVT&TB  Or.  CH'K)'  -  ^l^»  j^-  (Bouis  and  Carlet 
Compt.  rend.  It.  liO;  Ann  Ch.  Pharm.  czxiT.  3G3.— Schorlemmer,  Cbem.  Soe.  J. 
xri.  217).— This  compooad  ia  obtained: — 1.  Bv  heating  tsnanthol  (heptylic  aldehyde, 
CTH'K))  with  zinc  and  glociiil  acetic  acid.  The  naecent  hydnsen  tberaby  liberated 
mutes  with  the  csoanthol,  forming  heptylic  alcohol ;  and  this,  with  the  eicesa  of  acetic  add 
forma  acetate  of  heptyl.  On  wuhjns  theprodnetwiUiwatar,  and  agitating  it  witL  acid 
sulphite  of  sodium,  to  remove  nndecompoBed  cenanthol,  tihe  acetate  of  heptyl  ia 
obtained  as  an  oil  fioating  on  the  sni&ce  (Bouis  and  Carlet). — 2.  By  decompoaine 
chloride  of  heptrfl  with  acetate  of  potassium.  The  two  snbatances,  mixed  with  gladd 
acetic scid.  are  heat«d  in  sealed  tiib«a  ta  150° — 180°  C,  fbr  twelve  hours.  Thepindncta 
of  the  recutioQ  are  chloride  of  potassium,  acetate  of  heptyl,  and  hept^lene.  On  dilntijig 
the  contents  of  the  tubes  with  water,  drying  the  light  otiy  liquid  which  separates  with 
chloride  of  ealdnm.  and  subjecting  it  to  fractional  distillation,  the  heplyleue,  which 


(Schorlemmer.) 

Acetate  of  h^ityl  is  s  colourless  oily  liquid,  lighter  than  WHter,  ha-cing  an  agreeable 
frnitj  odour,  and  boiling  at  180°  (Bonis  and  CarlatX  between  179°  and  1S1° 
(Schorlemmer),  which  ia  about  10°  higher  than  it  ghomd  be  accordiog  to  Kopp's 
law  (p.  90).  It  eoataiaa,  according  to  the  mean  of  Schorlemmer's  analysj^,  SBIS  per 
tent,  carbon,  sod  11-64  hydrogen,  the  formula  rcquinng  G3  36   carbon  and  11-39 
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bydrocen. — B;  distillation  vrith  potasb-Iej,  it  jielils  ucute  of  poUsaiam  and  lipptylie 

WcolioX  

Bnmx,  BKtnKXSM  of.  This  componnd  is  slowly  produced,  with  eToIatioa 
of  hjdmbromic  icid,  when  brominn  is  added  to  hydride  of  heptTl,  and  the  miitnre  is 
either  exposed  to  suusiiine  or  heated  io  senled  tabes  to  100°;  Uie  actiDti  mir  be 

IQickened  by  adding  a  little  iodine.  On  distilling  the  product,  a  large  quantity  of  UD- 
ecompoeed  hydride  pawH  orer  fint,  and,  as  soodm  tiie  tampenUoie  rises  to  110°,  the 
naidoe  begins  to  decompoM  and  blacken.    (Schorlemmer,  loc.  fit.) 

HWTTX,  CHKOSXna  or.  C'H"CL  (Fetereea,  Ann.  Ch.  Phum.  cxviii.  7i. 
— Schorlem'mer,  Chem.SocJ.ZT.423:  zvi.  SIT,  lS3).-0btaiDed:—l.  By  the  action 
of  pentachloride  of  phoephorua  on  hepCylic  alcohol,  and  purified  byirsshing  and  distilla- 
tion in  the  usual  way  (Petersen).— 2.  By  the  action  ofchlorine,  orbetlerof  chloridsof 
iodine,  en  hydride  of  heptjL  Chloriue  gas  is  passed,  sot  in  excess,  into  a  solatiaii  of 
iodine  in  hydride  of  heptyl;  the  unatlacked  portion  of  the  hvdride  is  then  distilled  off| 
aod  the  chloride  of  heptjl  is  separated  by  fractional  distillation  from  the  portion  boiling 
between  1*0=  and  180"  (Sehorleniiner). — 3.  In  like  manner,  from  ethjl-amjd 
(CTI*.C*H"},  which  ia  isomeric  with  hydride  of  heptyl.  The  product  yiehis,  by  frac- 
tional distillation,  two  liquids  of  constant  btnling  point,  vir,,  chloride  of  h^yl,  and 
monochlorinaled  chloride  of  heptyl,  which  are  easily  separated  bj  distillation,  as  their 
boiling  points  difier  by  40°.     (Schorlemmer,  Chem.  3oc.  J.  xvi.  426.) 

Chlonde  of  heptyl  is  a  colourleos  liquid,  having  an  agreeable  fruity  odonr,  and  burn- 
ing with  a  sroo^green-bordBred  Same.  SpeciflcgraTity  O'Bdt  atlSO.  (Schorlemmer); 
0'9983  at  £G°  (Petersen).  Boiling  point  of  the  chloride  obtainni  from  castor-oil  alcohol 
~17(i°  {Petersen);  of  that  obtained  from  hydride  of  heptyl  or  from  ethyl-ainyl 
>-ISO°  (Schorlemmer).  This  difference  seems  to  point  to  the  existence  of  two  isomenc 
modiflcations  of  chloride  of  heptyl.  Neither  boiling  point  agrees  very  well  with  that 
calculated  according  to  Kopps  taw'"  flt^-  tnrfhtk  uTtmurf  AtW^nmi^  flw  liAmnln- 
goos  chlorides  of  the  idcohof-padicleB 
at  11",  and  chloride  of  wnjl  at  lOl"  :  hence  chloride 

lei". 

Chloride  of  heptyl  contains,  according  to  Petersen's  analyses,  from  61 -SS  to  S2'2S 
per  cent,  carbon,  11-01  to  Il'itS  hydrogen,  and  26-46  chlorine,  the  formula  requiring 
62  iS  C,  11-16  H,  and  2a'36  CL  It  is  insoluble  in  tBaier,  bnt  dissolrea  easily  in  aicoM 
and  elAtr.  Heat«d  in  a  sealed  tube  with  oBttale  a/pottuaium  and  alcohol  or  glacial 
acetic  acid,  it  yields  acetate  cf  heptyl  (p.  141);  and  when  heated  in  like  manner  with 
alcoholic  mlphi/draU  ofpotainvm,  it  yields  eulphydratr  of  faeptyl.  It  is  scarcely  acted 
npon  by  strong  pofofi-fi^,  eren  when  heated  with  it  in  sealed  tabes  to  IBO°  for  seTerol 
days,  only  a. small  quantity  of  beptylene  being  fonned,  and  not  a  trace  of  heptylia 
alcohol     (Schorlemmer.) 

Monochtorinaifd  Chloridt  of  Emtyl,  C'H"C1.  CI,  isomeric,  if  not  identical,  with 
chloride  of  heptylene,  CH'^Cl',  is  obt^ned,  together  with  chloride  of  heptyl,  by 
theac^on  of  chloride  of  iodine  on  ethyl-amy!  (see  above).  It  boils  at  1B0°,  and  gives 
by  analysis  41-8S  per  cent,  chlorine,  the  fbrmula  requiring  4201.      (Schorlemmer.) 

MKPTTX,  SmSATS  OV.  C'Hi'0.'^'^"to.  Hfpiylic  or  Omantiglic  alco- 
hol.— This  alcohol  occurs,  togetbpc  with  others,  in  the  fusel-oil  from  the  brsnily 
distilled  from  marc  of  grapes  {Weintrfber-ftutlil).  The  portion  of  this  liquid 
boiling  aboTS  133°  C.  contains  seTcral  alcohols  of  the  series  C*H^*''0,  higher  than 
amylic  alcohol ;  and  b^  enbjectii^  it  to  repeated  fractional  distillation,  a  portion  may 
be  obtained  which  boils  between  IGS°  and  leO°,  and  exhibits  the  compoation  and 
reactions  of  heptylic  alcohol  (Paget,  Ball  Soc.  Chim.  de  Paris,  1SS2,  p.  C9  ;  Ana. 
Ch.  Pharm.  cxziv.  366.) 

Heptylic  alcohol  is  lilcewise  obtiuned: — I.  Bt  the  action  of  nascent  hydrogen  on 
cenanthol,  C'H"0  (Bonis  and  Carlet).    The 'cenanthol   is  treated  with  line  and 

Eeial  acetic  acid,  as  already  described  (p.  143),  and  the  restilting  acetate  of  heptyl 
tilled  with  potash,  yields  the  alcohol. — 2.  From  hydride  of  heptyl  that  componnd 
being  Erst  couTerted  into  chloride,  the  chloride  into  acetate,  and  the  acetate  into  the 
alcohol  by  distillation  with  potash.     (Schorlemmer.) 

3.  By  distilling  ricinoleate  of  potassium  or  sodium  with  excess  of  the  caustic 
alkali  (i.  98).  When  castor-oil  ts  saponified  with  potash  and  the  resulting  soap 
(ricinoleate  of  potassium)  is  distilled  with  excess  of  solid  potash,  hydrogen  is  evolved, 
and  an  oily  liquid  passes  over,  containing  an  alcohol  or  perhaps  two,  homologous 
with  ethylic  alcohol,  together  with  an  aldehyde  or  Hn  acetone,  while  lebate  of  potas- 
sinm  remains  in  the  retort.  Bonis,  who  first  obserred  this  reaction,  origmallv 
r^arded  the  volatile  oily  product  as  octylic  or  capwHc  alcohol  (Compt  read.  '■*'!■, 
144;  Ann,  Ch.  Pharm,  Im.  304).  Soon  aflerwards  (Institnt,  1861,  p.  2fi8;  Ann, 
Cb.Phann.lxxx.  SOS)  he  prononnced  it  to  be  heptylic  alcohol ;  but  nllimatel;  (Compt. 
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TBBd.  ssxriE  636;  z]L  60S;  Ann.  Oi.PIuum.seu.89S;  xcril.  S4;  in  detail,  Ann. 
Ch.  Fbjn.  [3]  iliT.  77 ;  ilniL  99),  aft«r  hanng  soonedBd  in  pnrifymg  the  alcobol 
innre  completely  than  b^>re,  he  letnmed  to  liu  flnt  onmoD,  wluch  inu  arambo- 
rated  bj  the  anatjais  of  sereral  denvatiTss  of  th«  aloohol  hj  himael^  and  alao  bv 
Uoaehnin  (Ann.  Ch.Ptiarm.  InucriL  111),  Sqnire  (Cbem.  800.  On.  J.  viL  108),  and 
CBhoura(Aiia.Ch.  Fbarm.  iciL SOB).— On  the  Other  hand.  Bailton  (Chmn.  80c 
Qa.  J.  Ti.  205),_  from  ■  detennioatioa  of  the  Tapooi-densit}-,  aad  Wills  (iUif.  S07), 
from  an  analfne  of  the  alcohol,  and  from  the  examination  of  some  of  ita  Mmponnd 
rthen.  eondaded  timt  it  ii  bepCjIie  alcohoL  Somewhat  later,  Limprieht  (Ann. 
Ch.  Phann.  xeuL  343]  ahoTed  tnat  the  oHj  distillate  obtained  aa  above  contains  » 
frmndetable  qnantitj  of  a  liquid  which  forms  a  czTstalline  compound  with  acid  anl- 
phite  of  sodinm ;  and  bj  dBtiUing  this  compound  with  excm  of  canitic  alkali,  he 
obtuned  a  liquid  having  the  composition  of  octjlic  or  oapiylic  aldehrde,  (?H"0, 
irhieh  he  aceordinglj  regarded  aa  the  chief  product  of  the  distillatioa  of  ncinoleic  add 
with  ezcesH  <rf  potash.  Acoordiug  to  Stldelei,  however  (J.  pr.  Chem.  1^  211 ; 
Jahrabcs.  1857,  p.  S61),  the  compound  <?H"0  ii  not  eaptylio  aldehyde,  bnt  the 
isomeric  componnd,  metbyl-cenanthjl,  CH'.t!'H"0,  belonging  to  the  class  of  acetonea 
(L  81  )t  and  ita  fonnation  takea  ^lace  simnllaneonslj  with  that  of  hep^Iie  alctjiol, 
in  the  manner  shown  by  the  eqnatians  : 

C"EW     +     aSHO     -     CmC'H"0     +     C»H"K'0*       +       Sff 

BidsaMr  llMta^l.  MmU  of 

CJEK)"    +    aSHO    -      <?H"0  +     C'H"KH)'       +      CH* 

BidiiaMc  Hsft^te  SrtHUoF  H*nh 

eckL  slcDboL  pouuloD.  fai. 

?P 

n  hydrogen.  Stideler'i 
anahma  of  the  alcohol  agrees  Tery  closely  with  the  fonnola  of  heptylic  alcohoL  Similar 
resnlta  have  been  obtained  bj  Feteraen(Ann.Ch.  Phann.  eiviL09),  who  analysed  the 
alcohol  aft^rcarefblly  freeing  it  from  methyl.<Bnaiithyl,  and  also  some  of  its  denvatire^ 
bU  of  which  gaTC  nwalta  egreeing  with  the7-carbon  formnlss.  On  the  other  hand, 
Dachaner  (Ann.  Ch.  Pbarm.  cri.  189),  from  his  analyses  of  the  eareftiUy.pnrified 
alcohol  and  several  of  ita  derivatives,  has  coma  to  the  eoQcloaion  that  the  volatile 
prodacta  of  the  reaction  are  methyl-ananthyl  and  octylic  aloobol,  the  fbrmation  of  the 
latter  differing  from  that  of  the  former,  only  by  the  erolntiaQ  of  3  aL  hydrogen  instead 

CH-O"     +     2KH0       x      CH"0     +     CH'-KK)-   +   H* 

From  these  vaiions  statements  it  appears  prabable  that  both  heptylic  and  octylio 
akoh<J  may  be  produced  in  tfaia  reaction.  It  mnat  be  observed,  however,  that  the 
percentage  of  caibon  in  the  two  alcohols  differs  by  only  li  per  cent.,  and  that  the 
percentage  of  oubon  in  heptylic  alcohol  (72'4)  mi^t  eoaily  be  nised  to  that  of 
octylic  ucohol  (78'8)  by  the  admiztare  ot  a  certain  gosntilj  of  methyl-osnanthyl, 
which  contains  more  carbon  than  either  of  them  (7d'0  per  cent.),  and  is  very  difflcolt 
to  separate  from  the  alcohoL  It  is  possible,  therefore,  that  the  alcohol  obtained  may 
be  io  all  CBHS  the  heptylic,  bat  that  some  chemista  who  hare  analysed  it  have  not 
Bnoceeded  in  completely  cemoring  the  melhjl^Bnanthyl.  On  the  other  hand,  assuming 
the  receiTed  formnla  of  rieinoleic  acid  (0  be  correct  (and  it  t«  confirmed  by  Petersen's 
analyses,  lov.  cit.),  the  formatioD  of  the  7-cari»n  alcohol,  together  witli  sebacle  acid, 
does  not  account  for  the  whole  of  the  carbon,  nnlees  we  suppose  mareh  gaa  to  be 
evolved,  which  has  not  been  obaened  by  any  one.  The  subject,  therefore,  reqoirea 
further  inrestigatiDn. 

Prrparation  of  HfptsHe  aleokal  Jron  Oaiior-oil. — The  oil  is  saponified  with  caustic 
sodi^  and  the  ricint^eate  of  aodinm,  sepanted  in  the  naual  way  br  common  salt,  is 
distilled  by  soibII  portione  with  exceat  ofcanstie  soda,  oi  long  aaUie  distillate  continuea 
■- '  The  portion  collected  between  170^  and  180°  isrectifled  owr 


solid  potash,  wnaLed,  and  shaken  Dp  with  a  concentrated  solntion  of  acid  sulphite 
sodium  :  and  the  thick  pulp  which  forms  after  a  while  is  serrated  from  the  motl 
liquor  by  preenng  it  and  trsnsferriBg  it  to  a  moist  filter.    The  irtiole  mass  is  then 


repeatedly  agitat^  with  ether,  in  which  the  alcohol  is  soluble,  but  the  compound  of 
the  acetone  with  the  alkaline  stdphite  is  insoluble.  The  ethereal  ■ohtton  iailien  filtered 
off;  tlie  Mlier  removed  by  diatilution,  the  reaidnal  oQ  again  mixed  with  strong  aolation 
tf  and  aolphiU  of  sodium,  and  set  asidefor  sevefnl  daya;  tke  watorr  liqnid  again  separated 
from  tlie  maaa,  which  haa  now  become  gelatiDaoa ;  tMs  maas  is  exhaust^  with  ether ; 


and  the  oQ  obtained  from  this  ethereal  nlntioD  is  again  treatfd  several  time*  with 
1,  being  ultimately  left  in  contact  with  it  tor  several  weeks,  or  as  long 
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as  KOJ  tmilU  qiunti^*of  gelatiuoDi  precipitate  condnQM  to  wpante.  Tbe  oil  flnallj 
obt&ined  nftcr  an^ioiating  the  ether  ia  nctiSed  over  »  Roa]]  q^nantit^  of  hjdFate  ot 
potusioin,  then  vuhed  vith  water  and  dried.  The  product  Ihoa  obtained  i«  heptjUo 
■loohoL    (PetecBBQ.) 

Propertia. — Heptjtic  alcohol  is  a  colontlem  oilj  liqnid,  insolnhle  in  wat«T,  Kiluble 
in  oominan  al<»hol  and  in  ether.  Speciflc  giavily  0*819  at  23°  (Stjideler).  Tapour- 
denait7l-34  (Peteraen),  4'16  (Faget),  4-OlS,  by  determination  in  an  atmoaphere  of 
bjdiwen  (Sailton) :  hj  oalcolBtion  (2  toL)  -  4'0*.  Boiling  point  179°  (WilU), 
between  177  and  irT'S"  ^tSdeler),  nS-H"  (Peterssn),  IM"  (Bouia  and  Carlot), 
between  165°  aad  160°  (Fsggtl  These  diftreaseo,  as  with  the  chloride,  indicate  the 
niBteDce  of  two  modiflcatiooa  of  the  alcohol  The  calculated  boiling  point,  according 
to  Eopp'i  law,  is  173°  (p.  90),  to  that  the  heptylic  alcohol  obtain^  &om  raator-oU 
Bppeon  to  be  the  normal  compound,  whiweafl  the  alcohol  obtained  fram  brandr  ftisel- 
oil,  and  that  produced  &om  ceiuuitJiol,  appear  to  correepond  wilii  WanUpi  and  Erlen- 
merer'B  i8-hex<rlie  alcohol,  inasmuch  as  the  latter  boila  at  134°,  and  137  +  19'-lGe. 

The  following  table  exhibits  the  compositiDn  of  heptjlio  alcohol  as  determined  bj 
calculation  and  by  analysii : 


CiltuUUon.  WlIU,  ^SiT'  !■*««■  F»««t. 

C          84        724  72-79  7233  72-31  72-4S  72^26 

H"        IS        I3-S  13-67  13'«S  13'99  IS'34  14-24 

O           16        13-8  I3S4  1412  1380  1873  1351 

CH-^  iii"    100^       10000      loo-oo      ioo-oo'      ioo^io      loooo 

Facet's  alcohol  WW  obtained  from  bran^  fDsel-tnl  (p.  144);  Sdiorlcmmn'B  was  pra- 
paredfrom  hjdrids  of  heptf  I  obUined  from  Boghead  naphtha ;  the  otfaer  three  from  caator- 
oiL  Petersen  obaerres  Uiat  the  pnriflcatiou  of  tbe  alciAol  did  not  alwajra  snceeedao  eoni- 
pletetj  as  in  the  sample  whose  analysis  is  abore  given  ;  in  one  specimen  h«  found 
T2-9S  per  cent,  carbon  and  13-37  hy^vgeo.  Bonis,  MoacilniD,  andjhchaner,  as  already 
obsernid,  hare  obtained,  by  their  ana^aes  of  the  eaetor^iil  alcohol,  resnlta  agreeinK 
mote  nearly  with  the  formula  CH"0,  viz.  Bouia,  73'B  C,  13-9  H;  Moaebnin,  73-S  C, 
13-8  H;  Badianer,  73-8  C,  13-9  H  fcalc.  73-8  C,  138  H).    Sea  Ocitlio  AtooHOu 

Dfeompotiliom. — 1.  HepCjlic  alcohol  distilled  with  cUoridt  of  cine,  jp^lds  heptylene, 
C'H>*  (Bonis  and  Car  let). — 2.  Heated  with  potaah-lime,  itgiTee  off  hydrogen,  and 
is  coDTerted  into  tenanthylic  acid,  CH"0'  (F  aget).— 3.  With  ptntaehloride  of  phoi- 
phtnu,  it  yields  chloride  of  bep^l  (Petersen),  and  with  Jwlttu  and  pAonAonis, 
iodide  of  hoptrl  (Schorlemmer).— 4.  W»h  mMmric  add,  it  fbrmi  heptyl-sulpharie 
acid,  CH'^0' (Petersen). 

mUTXX^  HTBaon  of.  CrH"«.0'H".H.— This  compound  ocenrs,  togetber 
with  seratal  ofits  homologuea,  inTectifiedAnierieaiipetioleam(FelouEeaDdCBhoors, 
Compt.  rend.  Ivi  60S ;  Ann.  Ch.  Pharm.  cxxrlL  ISS.  — Schorlemmer,  ProcIJt.  Phil. 
SocManchMter,  MaiehlS,  1803;  CheniL  Soc.  J.  xvi.  21B)  and  in  the  light  oil  obtained 
fhim  the  tar  of  eanD«l-«oal  (Schorlemmer,  Chem.  Soc.  3.  zr.  423):  it  is  also  pro- 
duced, togethm  with  some  of  its  homolwnes  and  other  hydrocarbons,  by  distiUing 
amylic  alwhol  with  chloride  of  sine.  (A.  Wurti^  Compt  rend.  Iri.  IISI,  1246;  Ann. 
Ch.  Pherm.  exsviii.  22fi.) 

1.  Kectified  American  petrolenm  may  be  separated  by  &>ctioDal  distillation  into 
the  hydridiv  of  twelve  alcohol-iadiclce,  from  hydride  of  tetiyl,  C'H",  boiling  at  a  fbw 
de^«ea  above  0°,  to  hjrdride  of  pentadecatyl,  CH",  boUing  between  266°  and  260°, 
bendee  otfaen  of  still  mgher  boiuog  point  (see  HinaiDss).  When  the  liquid  which 
remains  altta  the  separation  of  Uie  hydrides  of  amyl,  boiling  at  30°,  and  hen], 
at  88°,  is  sabmitted  (o  furthn'  rectification,  the  temperatnre  remains  conatant  ^ 
some  time  between  90°  and  88°;  and  if  the  portion  which  passps  over  between 
these  temperatures  be  collected  apart  and  again  carefully  rectified,  the  quantity 
of  material  being  somewhat  considerable,  a  product  may  be  isolated  which,  after  pun- 
fleatiou  by  ^hating  it  np  with  very  concentrated  solphnric  acid,  WHahiog  with  dilate 
eaibonate  of  sodium,  and  dehydration  with  chloKde  of  calciom,  boils  between  92°  and 
94°:  this  is  hydride  of  heptyl.    (Pelouze  and  Cabours.) 

2.  The  mixture  of  oils  obtained  by  distilling  cannel-coal  at  as  low  a  temperatore  as 
possible,  is  1^  in  contact  for  several  days  with  an  equal  volume  of  sulphuric  acid,  and 
frequently  shaken  ;  the  oil  vt  then  poured  o^  washed  vilh  water,  and  distilled ;  and  the 
distillate,  consi^ing  of  beaiene  and  benzylene  (toloene),  t/^ether  with  tbe  hydrides  of 
the  alcohol-radicles,  is  repeatedly  shaken  wilh.  strong  nitric  acid,  to  convert  the  benxene 
and  bensylene  into  nitro-compounds,  until,  on  adding  water  to  the  liquid,  no  further 
separation  of  these  compounds  occurs.  The  portion  unacted  upon  by  the  nitric  acid  is 
then  washed  with  water,  dried  over  potash,  and  repeatedly  rectifled  over  sodium.  _  The 
liquid  thus  obtained  yields  by  fraclional  distillation,  hydnde  of  amyl,  C*B'*,  boiling  at 
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39°— 40°  C^  hTdrids  of  hezjl  at  S8«— 70°  hjdridfl  of  luptfl  at  98°— SS",  and 

lijdridB  af  oc^l  at  IIB"*— 120<».    (SehoFlsmmer.) 

3.  The  diatillate  obtained  b^  heating  amvlio  aloobol  with  chloride  of  cine  eondiats 
of  amjlene  and  comnrands  poljmenc  with  it,  together  with  hydiids  of  amyl,  and 
■nialler  qnaotitiea  of  am  hjdndes  of  hexjl,  heplyl,  Ac,  up  to  C"ll-*.  Hfp^luie  and 
hydride  of  heptjl  are  contained  in  the  portion  of  Uie  dutiUale  boiline  between  85° 
end  96°,  and  majt  be  Mparated  by  conrrrting  the  hep^leoe  into  a  bromide  and  diatil- 
kipK  tho  hydride  of  bf^yl  then  paaaing  om  flnt.    (Wnrti.) 

Hjdride  of  hep^l  is  a  thin  mobile  liquid,  haring  a  faint  but  pleaeant  odonr,  and 
burning  with  a  slightly  smo^  flainc.  Specific  gravity  0-7122  at  1S°;  0709  at  17'$° 
(Sehorlemmar>  Bmls  at  98'— 99°  (SchorlemroerX  at  82°— Bi"  (Pelouie  and 
CshoarB).  Vaponrnleaai^  by  esperiment,  3'49— S'SS  (SahorlemmeT),  3-St6 
(Pelonse  and  Cahours);  by  calculation  (2  voL)-S'46.  It  girea  by  analyuB  33-93 
Bud  Bl-0  percent,  carbon,  IS- 13  and  161  hydrcwen,  the  formula  requiring  84  C  and  16  H 
(Schorlnnniei-).  By  citloriiu,  sod  more  qnicUy  by  ckloride  of  io^iiw,  it  ie  oonrert^d 
into  diloride  of  heptjL  Chlorine  passed  mto  hydride  of  hpptyl  fbrmi,  beaidce  chlonda 
^tyl,  small  qnaocities  <^  tome  otJier  chlorine-eompoonda,  which,  when  distilled 
■odium,  yield  a  liquid  bcrili^  at  9C° — 100°,  and  hanng  the  odonr  and  compositioo 
<pt;lene(SchDrIemmer,Chcm.SocJ.rr.424).  With WmIiw,  hydnde <tf  beptyl 
appean  lo  yield  bromide  of  hep^l  (p.  144). 

MJtfTflw  lOBZm  OV.  C'H>*L— Obtained  by  the  action  of  iodine  and  phot- 
phorus  on  hcptylic  alcohol  (Schorlemmer,  Chem.  Soc  J.  xri.  219.— Petersen, 
Ana.  Cb  Pbann.  exviiL  74).  It  is  a  colooriees  Uquid,  hearier  than  watn-,  quickly 
turning  brawn  in  contact  with  the  air,  b«uling  at  190°  ^chorlemmer),  193° 
(Fetsrsen).  CompoaitioD b? anaIy«l^  87-19 percent 0,  6'73H,andM'lS  1;  bjcalcn- 
lation,37-17  0,664  H,  and  £019  1  It  is  instant^  dMomnMed  by  alcoliolic  nitnte  of 
silver,  the  whole  of  the  iodine  being  aeparatrd  as  iodide  of  ailrer.    (Schorlrmmer.) 

MJWrrfc.  ■U»MtB»ATa  or.  C<H"3-C'H'>.H.S.-0btainedby  heating 
chloride  of  bep^l  with  sleohotic  sulphydralo  of  potasaiam  in  a  sealed  tube.  Colour- 
lees  liquid,  boiling  betireen  lfiG°  and  1SS°,  having  a  mercaptsji-like,  sa  well  as  aiomatic, 
odour,  andexhibiting  all  the  chsracteristicreactionsof  the  mercaptans.  (Schorlemmer.) 

■  ■■■■■  i-M^gTw  CH'IT  —  N.H'.C'H".— Obtained:  1.  By  saturating  iodide 
of  heptfl  with  anunooia,  heuting  the  solution  in  the  oil-bath,  and  lemoving  the  iodiDe 
with  oxide  of  silver  (Petersen,  loe.  nil,). — 2.  By  heating  chloride  of  hept^I  with 
ammonia  in  sealed  tubee  to  1 20°  for  Beveral  days.  The  ehkrides  of  the  difierent 
heptyl-ammaoioms  are  then  formed,  but  chiefiy  chloride  of  heptrl-ammoninm,  CH'*CL 
Thii  salt  dissolves  easily  in  water  and  alcohol,  and  a;slalliaea  m  small  scales.  When 
distilled  with  caustic  potash,  it  yi fids  heptylamine,  as  alif^toily  liqnid,  having  an 
vnmoniacal  aromatic  odour,  a  burning  taste,  and  boiling  at  145° — 147  .  It  is  mode- 
ralcly  soloble  in  water,  and  sepaiatca  out  again  on  addition  of  caustic  potaiih. 
(Schorlemmer,  Chem.  Soc.  J.  ivi.  221.) 

The  platinuBi-ialf,  C'H'*NCLPtCl*,  ie  Uightlv  soluble  in  cold  water,  &eely  soluble 
in  hot  water,  also  in  alcohol  and  ether,  ciyatallising  from  these  solntioua  in  small 
yellow  scales.  Oirea  by  acalysia  307  per  cent,  platinum  (Schorlemmer);  30-9 
(PeterscD);  calc.  30-70. 

BMVXn.A3CTUO  MTHKB.  CH^O  .  CH>*.C'H>'.0.  AiHj/lmaiUii/lieiAa'. 
— Prodneed  by  the  action  of  heptylate  of  sodium  on  an  equivalent  quantity  of  iodide 
of  amy],  and  obtained,  thongli  with  some  difficulty,  by  snlnnittiiig  the  product  to  frac- 
tional distillation,  as  a  colourless  mobile  liqiiid,  boiling  between  220°  and  221°. 
Specific  gravity  =  0-S08  at  20°.  VaHmr-density :  obs.  —  fl-ST ;  calc.  (a  vola.)  -  6*46. 
Anatyaia  77*0  per  eent  C,  and  13-8  H.  Calculated  composition,  77'4  C,  14-0  B,  and 
8-8  0.    (Wills,  Chem.  Soc  J.  vi  316.) 

■JWriunrai  C^S'^  Oaunthylrnt. — This hydrocartioii,  homologous  and  po- 
lymeric with  ethylene,  is  contained,  tt^ether  with  others  of  the  series  C*H*,  a~' 


hjdrocariwna  belonpng  to  the  series  C'H*-''*  and  C"H*-',  in  the  li^t  oil  obtained  by 

the  distillstion  of  Boghead  coaL     By  treating  this  oil  with  bromine  in  presence  of 
™t«r,  the  hydrocarbons  C"H™  are  eonverled  into  heavy  oily  bromidm,  while  the  other 


hydrocarbons  remain  unaltered  and  may  be  distilled  off.  The  remaining  liqnid 
•eparatefli  on  standing,  into  three  layers,  the  up;per  consisting  of  water  vrith  a  little  hy- 
dnbromic  add.  the  middle  of  the  organic  bromides,  and  the  lo-west  of  aqueous  Iiydni- 
bfoniie  add.  The  middle  layer  separBted  and  distilled  with  alcoholic  potash  and  with 
■odium,  yields  the  hydrocarbons  C'H^.  The  bcominated  oils  obtained  from  the  fractions 
of  the  onginsleoel-oil  which  boiled  between  7l°and  77°  and  bet  ween  82°Bud  88°,  vicldcd 
rwpertively  heiylene boiling  at  71°andheptylene  boiling  at  fiB°(Qrevi  11  cWillinms, 
PhiL  Trans.  1867  [3]  787 ;  Ann.  Ch.  Pharm.  cvili.  884),  Heptjlene  is  likewise 
obtained: — 1,  By  deeompoeiDg  chloride  of  heptylene  with  Mdinm  at  a  gentle  hott 
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„  .      d  Uw  di»- 

tJIUte  U  ti«ated  irith  fresh  Bodiom,  the  liut  traces  of  chlodae  being  lemoTed  hj  re- 
peatedly rvrHifjiag  Oxe  prodoct  over  perfectly  bright  ■odium  (LimprLcht,  Ann.  Ch. 
Fbarm.  ciiL  80).  The  heptfleiie  which  Schorlnmnei  obtajned  by  treating  vith  to- 
diiim  the  dilonnat«d  compoundB  pindiieed,  in  addition  t«  chltiride  of  beptyl,  b;  tha 
action  of  chlorine  on  hjdnds  of  hept^l  (p.  141),  probably  aim  nanlted  from  the 
decomporitJDn  of  chloride  of  hepCylene. — 3.  By  diirtilung  heptylic  alcohol  with  chloride 
of  dna:  C'H"0  —  HK)  —  CH'*  (Bouii  and  Cailet).  — 3.  By  heating  chloride  of 
heptjl  with  strong  aqoeona  potash  to  180°  in  Maled  tube*  fbr  serenl  days 
(SchotlemmeT,  p.  141). — Booia,   in  18AS,  by  diatilliog  (soanthol  with  Btroog  ml- 

C'     ic  odd,  obtkined  a   hydiocaibon  weeing  in  composition  with  the   empirical 
als  t^  the  oIsAaea,  CH*,  and  aapposea  by  him  to  be  heptylene ;  bnC,  as  it  boiled  at 
iff.  it  was  probal^  either  « lower  membra  of  tlie  seriM,  or  a  mixtnre. 

Heptrlene  is  a  ndouiless  mobile  liqtiid,  having  a  peculiar  alliaceoaa  odour ;  aolnUe  in 
■leohoL  Boils  at  9e°  (Schorlemmer]^  t  99'  (Qr.  Williams).  SpedSc  graTity 
O'TIB  at  IS"  (Williams).  Tapoarnlaiisity,  obs.  —  8-330  (Williams) ;  calo.  (S  toL) 
-3-388, 

Ctlealattofi.  Uraprtcht.  Scborlnamer. 

C  SI  8fi'71  Sfi'9  WS-S  85-flS 

H"  U  14-28  141  11-6  14-00 

^Hi''       S8         lOOiW  100-0  100-2  8906 

BromUa offKaptTlsDa.  l7H'<Bi*. — ObtainedbydirectcombinatioD.  Itisaliqaid. 
heavier  than  water,  vhioh  dMompoaes  on  distillation,  with  blackening  and  eToIution  of 
bydrobromic  add,  but  TclatUisea  in  preemce  of  aqueous  vapour,  condensing  as  s  nearly 
COloorleas  liquid  having  the  odour  of  bromide  of  ethylene.  Qives  by  aulysja  63-21 
and  62-23  bromine,  tlia  fonnola  leqairing  62'01.    (Scliarlflmmer.) 

OhlorU*  of  SeptTleB*-  C'H"C1'.— Produced  by  the  action  of  pentachlorideof 
phosphorus  on  tenantbol.  When  1  at.  cenanthol  is  gradoally  allowed  to  flow  into  1  at. 
pentachloride  of  phoaphoma  oontained  in  a  tabulated  retort,  great  heat  is  erolved,  and 
B  portion  of  the  resulting  oxyehloride  of  phoephonui  distils  over  immediately.  Aa  soon 
as  the  decompodtion  of  the  pentachloride  is  complete,  the  liquid  is  subjected  to 
fractional  distillation,  the  portion  which  boils  above  160°  being  collected  apart  as  loi^ 
as  it  passes  over  colourleaa  ;  in  the  retort  there  remaina  a  small  quantity  of  a  brown 
thick  liquid.  The  last  distillata  is  washed  with  water  to  remove  adhering  oiychloride 
of  phoephoms ;  and  the  oil  which  floats  on  the  water  is  shaken  up  with  acid  sulphite  of 
sodium,  to  remove  undecomposed  cenanthol,  then  dried  with  chloride  of  csldum,  and 
rectified,  tho  portiau  which  boils  between  180"  and  200°  beittg  collected  apart:  on 
again  rectifying  this  portion,  pure  chloride  of  heptjlene  passee  over  at  tST". 

OhJozids  of  neptylene  is  a  transparent^  colourless,  mobile  liquid,  lighter  than  water^ 
having  a  not  nnpltnsant  odour,  like  that  of  mnonthol.  It  boils  at  191°  (corrected). 
Qins  by  analysis  48-80  per  cent  C,  S-00  H,  and  4205  CI ;  the  formula  requiring  19-4  C, 
8-2Hand42-ia. 

When  ^ntly  heated  witli  loditan,  it  is  decomposed  with  violence,  yielding  li«itylen» 
and  chloride  cd'  sodium. — Boiled  for  some  lima  with  ethjlate  of  sodiam  or  alcoholic 
solution  of  potash,  it  a  resolved  into  hydroehlorio  add,  chloriieptylene,  C'WH^  and  a 
hydrocarbon,  prubably  CH" : 

CH"C1'  -  Ha  -  CWCl;  andCTHi-CP  -  2Ha  -  CH" 
It  is  not  perceptibly  decompoaed  bv  acetate  of  nlver,  even  when  contimuuslv  boiled 
will)  it,  or  heated  to  2£0°  in  sealed  tubes.   (Limpricht,  Ann.  Ch.  Pharm.  dii.  80.) 

OUorlMptjrlaiM.  CH"CL — Obtained  by  the  action  of  aloohohc  potaih  or 
ethylate  of  sodinm  on  chloride  of  heptylene.  A  rery  coneenlrated  alcoholic  salotioii 
of  potash  is  distilled  upwards  with  chloride  of  heptylene  for  a  considerable  time  (tha 
decomposition  of  ISgrammesofthechlorids  lakes  about  awe^); — orcbloridcofheptylm* 
and  ethylateof  sodium  are  heated  together  in  a  sealed  tube  to  260°.  The  liquid  obtained 
by  either  process  is  dilnted  with  voter,  which  separates  impure  chlorheptyMie ;  and  thia 
crude  product  is  dried  by  means  of  chloride  of  calcium  and  then  subjefled  to 
fisctional  diatillatioD.  It  begins  to  boil  at  100°,  the  boiling  point  slowly  rising  to 
ISO'',  where  itremains  constant  for  a  while  and  ultimately  risw  to  190°.  The  liquid 
whidi  passes  ovsr  below  100°  is  a  hydrocarbon  (««  Wow) ;  that  whidi  distils  at  1(2" 
is  chlorhqitf  lane,  and  above  that  tempentnre  ths  product  consists  chiefly  of  undecon- 
posed  chlond*  of  hep^flene.  The  complete  separation  of  tltese  liquids  eas  only  be 
efiected  byMMSled  reetiflcation. 

Chlorhtf)ty]ene  il  a  liqnid  resembling  chloride  of  heptylene,  having  a  similar  odour. 
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HEPTYL-ETHTIIC  ETHER-HERDERITE. 


tagetbei  with  >  hjdiocarbon,  probablj  CB". — Ttie  nma  liTdtoeubon  appMia  to  b« 
Hodneed  fcj  tlM  *rtio>i  of  aJi»holic  potuh  on  ijilMide  of  heptjluie  (tM  kbort). 
CLiMpcicht,  Ann.  Ch.  Fhaim.  oL  82.) 

■»«*teaata  ofMaptylcn*.  CH>*I  -  C^x.HL— Obtained  Wbtatinghcp^lfiiB 
vith  hjrdriodu!  add  in  Boaled  tabaa  to  100"  for  tvelre  boon.  It  doielj  naemblM 
iftdidfl  of  beptjl,  bat  boili  at  abont  170°,  or  20°  lower  than  th«  Utter.  It  bood  torn* 
bmvn  whra  ezpoaed  to  the  air.  Piecitiitated  bj  alcoboHe  nitrate  <k  nlTer,  it  jieldrd 
•  tjnantitj  at  icilide  of  silTer  correapon^nfi  to  (S*?!  per  cent,  iodine  (ode  asiS) ;  and 
the  ttlbatf.  m  beioK  mixed  with  vatro,  jieldad  a  imall  qnanti^  of  a  frasrant  liqaid, 
wldeh  amaiurtfd'Vluilf  or  in  a  great  part  of  nitrate  of  hep^Ienf,  C^".NO^  u  on 
ildiiig  an  alcoholic  aoIntiDn  of  potasb,  and  heating  gently,  an  abondant  pncipitale  of 
nitnta  of  potaaainm  was  brmed.    iSchoilemmar,  Cbeia.  Soc  J.  xri.  SSO.) 

Mamj-VrXTKIC  SVSHB.  CH-O  -  CW.C^'.O.  EU^I-tmaiMvirc 
rthtr.  (Will4Ca1em.S00.QQ.  J.  li  813;>PBtsrBen,  Ann.  Ch.Pbann.  erm.li\— 
Pnpand  by  the  nntnal  action  of  iodid«of  etliylaiidh^itjlateof  ndiiuaineqaiTalent 


(TH'TTaO   +  0^1  -  Nal   +  CH".C'H'.0, 
It  ia  a  odomlni  mobile  liquid,  haTing  a  funt  odoar,  and  boining  with  a  brigtit  flams ; 
inaolnble  in  vater,   earily  aolnbU  in  alcohol  and  ether.    Boili  at  177°  (Wills). 
^M)ltcgnTit7  — 0-791  at  16°.    Taponfdenaity, oba.  ■■  tiWB  (Willi);  ealc  (2  toL) 

ides.  WlU.  hUnco. 

7S-D0  7f'ia  74-U 

1388  14-41  14(0 

Ilia  10-40  lll« 

PH^        144  100-00  100-00  lOO-OO 

S;n.  with  (Exahthoi..  (f.v.) 
rMXa.  0>W0  ~  CH».CH'.0.  Jto^J«««i- 
agVe  etia:  (Willi,  Chem.  Soc  J.  Ti.  314.)— Oblwned  In  the  action  of  iodide  of 
mthfl  an  heptjlate  oF  aodinm.  It  ii  a  thin  mobile  liqniil,  having  a  itmng  odonr, 
inaoliible  inwaUo',  eaaiiy  aolnble  in  aloohal  and  in  etlier.  Boilingpomtbetweeu  1S0'S° 
and  1S1°.  apadfle granty  -  OSSO at  161°.  Vi^oor-denei^  (aba.) abont  4'2;  ealc 
(2  ToL)  ~  1-1.  A  ipednum  not  quite  pnre  gave  I7  analyai*  7I'16  par  cant.  0,  and 
14-09  H,  the  fannola  requiring  78-85  0  and  13-86  H. 

vaVTZX'Cmnnmo  AOm.  CH^rBO*-  C^^lo*.  (Petenen,  Ann. 
H  J 
Ch.  PhMU.  czTiiL  72.— Bonis  and  Carlet,  ibid.ezxiv.  2M.>— When  S  pfs.  of  heptylic 
alecdul  ars  eanliotialT  mixed  with  1  pL  (nlphurio  add,  the  niixtnre  being  Icept  cool 
■o  aa  to  prerent  the  fiirmatiim  of  nlphniDns  acid,  the  liquid  nltimaUlj  separatea  into 
two  laywa,  the  nj^ter  of  which  contains  heptjl-^nlphuria  add  On  oeutralisiiig  it  with 
eatbooate,  and  at  last  tbtj  caiefUlj  with  hjdiate  of  baritun,  and  concentrating  at  a 
goitle  httt,  heptjl-snll^iale  of  barinm  separates  in  imall,  white,  fleiiblt^  and  generallj 
maij  ayatal^liariiig  a  F**ri7  lustre  and  bitt^  tostr,  verj  solnbla  in  water,  and  not 
pcceipiUled  ttom  the  aqneoot  solution  hj  tlonhol  or  ether.  The  solution  deeompoeaa 
oj  enjirastion  iintiaa  the  tempaiatnre  M  kept  Teiy  moderate.  The  dry  salt  is  per- 
asanait  is  the  air,  hnt^  according  to  Feteraan,  begins  to  deeompose  at  S0°,  taming  nnt 
Rd,  then  black,  ttid  emittdi^  a  very  itrDiig  odonr.  Aeeording  to  Bouia  ud  C&rlet,  on 
tha  other  band,  it  may  be  ba^«d  to  100°  without  deoompoEUion.  According  to  the  maao 
neolta  of  Petaiaen's  analyses,  the  salt  dried  OTor  oil  of  Titriol  contains  30-97  per  cent  Q 
6-t9  H,  SfrlO  Ba,  and  11-73  S,  agreeing  nearly  with  the  fbrmula  2CrHi'BaSO*.BH>, 
whieb  reqnina  SO  S3  C,  fi-87  H,  3611  Ba,  1174  8,  and  2S-42  0. 

Syn.  with  Sulphate  of  lodoqninine.    (8«e  Qnnnm.) 

""(AJ'ri^*'    %*»*'=  B™«tyS'"— 

re  tniaanl,  eondating  of  anhydroui  phosphate  of  alunl- 
ide  of  caldnm  ;  not  Tet  analjaad  qaantitatiTely.  The 
8-6.  Spedfle  gravity  -  2-984.  It  reseuiblea  watite 
in  raloor  and  Inatrt^  but  is  distinguished  by  its  lower  spedflo  gravity.  Solnble  in 
Imlroddtme add.  Helta  befonthsblowpipetoa whitehead,  withslightintnmea««nce. 
(Dana,  ii.  110.) 
■  T^  eofnpAund  a^alBsd  br  Willi  ft  dueribvd  Mt 

-  IBOftlHH 
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mmMMAMmrrm.  SeeBHonoNm. 

ytHIMTTWi  A  mineral  from  AlburadoD  in  Hszico,  nid  bj  Hfrrerft  (J.  pr. 
Chem.  viii.  614)  to  conUin  3S*6a  per  cent,  tellorinni,  12-32  oxida  of  nickel,  and  31-86 
carbonic  add.  Aecording  to  Qenth,  bon-evw  (iWrf.  liri.  *76),  it  is  •  cBprifrtona  nnc- 
spar,  coBUtning  93-74  per  Mnt,  Zn'CO',  342  CoKIO",  I'W  ainKJO*,  1-48  CWCO",  and 
0-29  Mg^O*. 

BBXacSaaUTIL  A  minsral  Trvm  Aci  reale  and  Ad  Ctutdlo  in  Sicily,  haTing 
the  same  geawal  furmolH  u  UmB-humotoine  (p.  14),  «ii.  U'O.Al'O'.tSiO'  +  fiHKI,  or 
(MaP)SiK)' .  fH'O,  BgreeiDE  also  in  general  forouila  vitb  gmelinite  (ii.  824)  excepting 
in  tlie  amauDt  of  vatsr,  and  crjataUuing,  like  tlie  Utt«r,  in  the  heugoiud  ijiitem. 

Anal™"  1  and  2  are  of  the  niinei»I  feim  Aci  reale,  bj  Biimoiir  (Ann.  Ch.  PhjB.  [3] 
JUT.  S7) ;  3,  4,  &om  Aci  Ciulello,  bj  r.  WoltenhAUiea,  ( ruliaititcke  Galeitit,  p.  260) : 
Sio>        Avty     F>4o>     c<<o     Ni<o    Nito       K<o        ipo. 

1.  47-39  20-90  .     .  0-88  .     .  8-31  4-39  17-B4  -  99-23 

8.  47'4S  2018  ,     .  0-25  .     .  9'35  417  17'M  -  99-06 

3.  46-89  18-20  1-14  4-84  O'M  6-72  S-72  17-86 -»7'T1 

4.  47-03  20-21  114  466  0-49  4-82  203  17-86  -  98-24 

TbeM  analjMt  lead  to  the  tomals: 

|g^fsiO".(Al'0'.3SiO')  +  fiaq.        P^«0  lsi0'.(AJ'O'.3Si0^  +  fi  .,. 

JLcimding  to  t.  Waltenhatuen,  bcncliBlite  doM  not  occur  at  Ad  real*. 

KSBTSBznxx',  A  nlMtwice  diamrerad  by  Lebieton  (J.  Plumn.  liv.  S77),  and 
contained  in  many  ihutB  of  the  genns  Citrta.  It  iimoat  nadily  [a^arcd  from  unripe 
Seville  omngei,  by  TemoTing  the  green  rind  and  the  inner  put  of  the  fruit,  treating 
the  whitr  ipuoer  inner  coating  with  water  at  a  temperature  irf  26  to  30°  ;  concen- 
bWing  tbe  li<]nid,  nenlrBliaingitwitli  linie.water,B>Hl  oTaporatingto  a  lyrap;  temting 
the  residoe  with  alcohol  of  4<J  per  cent ;  then  filtering,  distilling  i^  tM  alcohol,  and 

Stating  the  bitter  granniar  residne  with  DO  times  iti  weight  of  distilled  Tinegar. 
ehqnid  on  standiDgdepOBiCa  he^iaridin  in  watt;  masaes,  which  may  be  vaohad  with 
water  and  reciysloUised  from  boiling  aicohoL 

Htaperidin  thus  nuifled  forms  white,  silky  1 ""'"»,  iDodonxu,  and  having  a  bitter 
tastr;  fmaringlj  soluble  in  cold  aUoioi,  rery  solnble  In  boiling  alcohol,  inaolnble  in 
4lieT ;  dissotTBs  in  60  pts.  of  boiling  tealer,  and  scpatstes  again  on  cooling.  The 
Mdntions  are  neatnU.to  vt^lsble  colonn:  It  is  adnble  in  warm  concentrated  acrlio 
aeid,  inaolnble  in  oiU, 

Heaperidin  is  decomposed  by  prolonged  boiliiw  witJi  water,  and  then  floats  on  the 
■nrbce  like  melted  wax.  It  is  readily  diastdTsd  by  caustic  alkalit.  Strong  tvlfkurie 
aeid  disBDlrea  it  with  orange-eolonri  gradually  ehiiigtng  to  red.  Hot  nitrie  and  eon- 
Terts  it  into  oz^c  add  and  a  bitter  substance.  The  2cnholic  solution  is  not  predpt- 
tated  by  aeelaii  of  Itad,  but  forms  a  brown  precipitate  with  /«rric  tuipiatt. 

Wiedemann  has  dcecribed,  .under  the  munc  Atmriditi,  a  subatance  obtained  from 
unripe  oranges,  differing  from  that  abore  described  in  some  respects,  espedallj  in  not 
being  sidnble  in  alcohoL 

^MMM^cm.    Telluric  vlrer.     (See  Tbllcbiuv.) 

amaomra.    Syn.  with  EsBoinTa  (ii.  607> 

MWXMMOOUWM  or  Manrl'me.    A  silicate  of  mangtuieM  oecnrring  at  Bt  Hsrcel 

in  Piedmont,  in  obliqnp  rhombic  prisms  of  128°  IS',  and  containing  1076  per  cent. 
BiO",  88-87  MnH)*,  3-38  Fe'O',  0-81  Ca'O,  and  0--14  E*0  .  lOO'SO.  (Evreinoff, 
P<«g.  Ann.  xlii.  204.) 

a»TMKOIII  M  B  ITMi  A  n  altered  form  of  idoeraee  from  EHatonst  in  Siberia,  con- 
taining, according  to  v.  Haner,  4329  SiO";  23-17  Al'O*;  6-10  Fe*0";  23-78  Ca*0,  and 
8-06  MgH),     Colour  tight  green. 

MXnaOluniPHZaiL    The  property,  aometiroea  obserred  in  compoonds,  of 

eryaUlliaing  in  diSbrent  forms,  though  containing  equal  nmnbert  of  atoms  nmilarlr 
gronped.  Such  is  tiie  case  with  nUpiaU  of  line,  ^|  0*  +  JHK),  and/srmMsH^Hhife, 
j.^,  j  0*  ♦  JH"0 ;  the  f  >nner  ciystalliaiog  in  the  monorliuic,  the  latter  in  th*  Ininebic 

D„i,:cc  ..Google 
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'mtMB.  Tkt  ewus  of  tbia  diffbrance  in  the  exunplea  jnit  dtfd  U  prnMify  that  tha 
(Jements — iron  tnd  eiiki — ara  not  uamoiphoiuh 

nmrgmMOWKOMWrnxTM.  FaaiAer  ore.— A  Bo^ihnlimaiiita  of  lud,  Sb^.SFb^ 
Tbicb  ocean  in  capilluy  fbrsu  teoembluia  a  cobweb ;  also  masuTO.  Specific  navitj 
6*67  to  6*9.  Eudaem  1  to  S.  Lustre  dull  metallio.  Coloor  iMd-gnr  to  iteu-gi«j, 
BDmetimes  irideeeent.  It  ia  fbund  at  Wolf  b«g  in  the  Baatarn  Halts ;  alao  at  Andreaa- 
beig  and  ClauEthal;  at  FieibeTg  and  ScbemDita;  in  tfafl  Anhalt  at  P&ffimberg  and 
Unaeberg;  and  in  Tuscan;,  near  Bottino.    (Dana,iL7S.) 

XWrmmamrrM  or  HelrpotiU.  A  hTdntcd  phoaphate  of  iron  and  manganoK^ 
foiuid  Dear  Limoges,  in  dark  luoim  or  bla<±  maawa,  containing,  accordinEtoDuMnoT's 
aoalTBca,  i  177  p.  c  PV,  34  89  FeKI,  17-fi7  Md>0,  410  H*0,  and  0-23  BiO<  (  -  9B-S6), 
lelsbeig  (A'(Mera/ci«»>u,  p.  S31)  deduces  the  lbrmnla8(SU<0.aPV)-4- 


'LlMn'o] 

The  aac 


'aPH)*]  +  10  ai 

e  name  is  ^iplied  to  an  altered  triphjIliD  bmn  Chantelonl^  IJnuige^  ol 


riataDce  of  wax,  It  is  pattl;  resinued  hy  snlpbuiie  acid,  and 
oil  which  boils  at  2SB°,  and  ia  not  attacked  by  stnmg  acids 
h.  Pbann.  nni.  30).    Acooiding  to  Olefille  WiUiams,  it  is 


FeS)'.  30-01  Mn'O",  and  9-3i 
(Kammelsbarg,  lot.  ni.) 

smir&AMnxxai    SmSth^itk 

BBVBaam.  The  least  Tolatile  part  of  the  piodacta  erf  tbe  diy  diatillBtiwi  of 
eaoatchone  and  guCta  pereha.  It  ia  Ein  oily  h>dniearban,  of  an  mmber-Telloir  oolouf, 
acrid  taste,  and  BpeciSc  gnrntr  0-921  at  21^.  Boila  at  )IS°.  Uixea  in  all  proportions 
with  alcohol,  ether,  and  oils,  both  tat  and  n 
•eqnirea  thereby  the  Cc  '  ' 
then  coDTerted  into  bl   .         ... 

(Bouehardat,  Ann.  Ch.  Pbann.  nni.  30).    Acooiding  U 
probably  polymeric  with  isopiene  and  caontehin  (ii,  961). 

MBXAOBSOMXS^ZW.  A  product  of  the  action  of  eblorine  on  hydrate  of 
phenyl    (See  Pbkntl.) 

WTT  ft  JftMr™"  Acn.  C"E*'0'.--Ao  acid  potjnuric  with  aoolein,  and  pro- 
duced  by  diopping  that  liquid  into  an  alcoholic  solntion  of  potash.  The  solution 
becontes  heated  to  tiw  bdUng  point ;  and  on  addition  of  an  add,  jielda  hexacroielB 
arid  M  a  ydlow,  amorphous,  feebly  add  mbatance,  soluble  in  aUAlis,  alcohol  and 
ether;  insolable  in  water,  easily  Risible,  but  not  Tciatile  without  decuupuailion. 
Host  of  its  salts  are  inaolubla  in  water.    (Clan*,  Ann.  Ch.  Fhana.  wappL  iL  117.) 

«  PaOIFBOSIO  XOD, 

(HCCH^ 


iM.    C*H"N*  -  N  J  If  (CH^.— ATolatikenatalliD* 

(NiCH*)' 
^odneed  br  Qie  action  of  ammonia  on  dioxymelbi'lene  (Bsttlerow,  Ann.  Ch. 


(NiCH*)' 
1  by  Qie  action  of  ammonia  on  dioxymelbjlenr  " 
Fbaim.  ezT.  322).    See  MBmLXFAMinu. 

a  AKKtHOIk    See  ErKTum,  Htsxatm  or  (iL  616). 

>  SeePHosrKOxns-suM 
a^ngi.      C"H"  •-  ^ir— Tlie  sixth  alcobol-iadtele  of  the  asBM 


To  pRpcre  il^  a  aotntioi)  of  cenanthTlate  of  potasnum  is  decomposed  by  a  ToHaJe 
enrrent,  and  the  oil  which  sepantM  ia  oried  om  ddoride  erf  caldmn,  and  than  diatjllad 
with  alodioKe  potash,  ^ieh  retains  WMDthylie  add,  iriiilo  the  httyl  pasM*  orer  with 


with  alomohe  potash,  ^leh  retains  manthylie  add,  iniilo  the  httyl  pasM*  orer  with 
the  nponra  of  aloohol,  and  may  be  pnrifled  t^  washing  with  water  and  rectiflcation 
(Bra»erandQo8aletb,Oharu8ae.  J.iiL  310).  Wnrta  (Ann.  Ol  Phya.  [8]  ilir. 
176\  by  electroljsins  a  mixture  of  100  pta.  Mnsnthylie  and  120  pto.  TBkric  add,  neutnl- 
ising  with  potash  and  oooHng  to  0°,  obtained  an  oil  which,  after  denceatioo  by  chloride  of 
caL^nm,  yielded  by  fractional  distillatioo.  tetryl  (CH<).  boiling  betwem  100°  and  140°. 
(etrrl-heiyl  (Oti'.CH"),  between  \iV  and  180°,  and  a  portion  boiling  between 
180>  and  iiV',  consist!]^  duefly  of  hexyl. 

Hexyl  is  a  coloniiees  oil; liquid,  of  ■pedflegraTity  0-TST4 at  0°.  It brals at  tOV, 
fieldine  a  rapour  whose  density  is  £983  (Worts);  calc  (2  toL)  -  6-8979.  It  is 
Insolable  in  water,  but  solnbln  in  alcohol  and  sthiir. 

It  is  not  attacked  by  sulphuric  acid,  and  may  be  distilled  without  alteration  with 
modeiatel;  concentrBted  nitric  arid ;  but  1^  repeated  distillation  with  a  mixtore  t£ 
Buljdiusic  and  nitric  adds,  it  is  oonyerted  into  an  add,  ptobahlj  ii^nne  add.    It  ia 
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■taraelj  itftuiked  by  bromine,  eren  in  msshine.  CUorine  attMb  it  itrcaiglj,  erm  tn 
diOhaed  dftjlight ;  h^dncliloric  4cid  beinx  eroWed,  &tid  »  viwud  mbalimca  foimed,  irbich 
givM  ofF liTdrochione  acid  when  dI*tilJea,  and  leava  ■  ruidne  of  chueoHL  (Brazier 
ud  QoBBleth.) 

The  oomponnda  ot  hszyl  wen  Inrdl;  known  before  the  jrear  ISOl,  the  alcohol 
hiTing  been  banlj  identified  by  Faget,  in  fusel-oil,  in  ISfil  (Compt.  rend.  xxxTii 
730).  At  preeent,  the  known  eooreee  of  he:^l-conipoiindB  am ;  (1)  heel-oil,  oontaining 
the  alcohol;  (2)iDaiuiiteaiulinelam[ijria,  which,  when  Fenced  with  hydriodic  add,  give 
iodide  of  h^fl ;  and  (3)  petrDlcum  and  coai-Ur  oil,  which  contain  hjdride  of  heijL 
Whether  the  hexyl-compoandi  obtained  &oni  (1)  and  (3)  are  identicel,  is  still  an  open 
qnestian ;  bat,  withoat  doubt,  those  derired  fiom  (2)  arc  esspntiallj  difieiVHt  &□□■ 
the  he:^l-COinpotmdi  either  of  ftuel-oit  or  of  petroleum.  The  hei;I-canipcnindB  of 
fliacl-oii  BJid  of  petroletLHL  have  beea  diAtingaisbed  by  the  prefix  AfpAa,  those  of 
mannite  or  melampjrin  bj  Seta.    The  former  componadai  ao  fot  ui  Inej  hare  been 

Set  examined,  pcesent  the  tcit  doeret  analtwies  to  thoae  of  the  pthyl  aenta ;  the  Litter 
epait  in  many  waya  from  Ihia  standoid:  thus,  they  show  a  great  (andeney  to  erolve 
their  oleflne  dnrilig  reactioru ;  and  their  alcohol  baa  too  low  a  boiliog  poio^  and  when 
oxidised  with  dilute  chmmic  acid,  does  not  yield  ctiproii:  acid,  bnt  breaks  i^  into  car- 
bonic acid,  water,  butyric  and  acetic  adds. 

The  heiyl-compoonda  deiiye  peculiar  interest  fcom  their  having  the  same  carbon- 
condeiuation  aa  the  angan,  and  from  their  standing  in  dose  relation  tbereto.  as  the 
reaction  of  hydriodic  acid  with  mannita  pmres,  maanita  bein^  as  baa  long  been 
known,  a  prodnct  of  the  redaction  of  glacoee  (iLSSl). 

Berth  el  ot  ha*  already  remarked  npon  tha  pecnlisr  nadinen  to  read  shown  by 
tri^lene  It  is  not  unworthy  of  remark,  that  hexylene,  which  ia  paratritylene,  likewise 
displays  extraordinary  energy. 

AcetsMB  of  Kaxyli — aHeieft-acetatt  is  [B«pared  by  the  action  of  a  iodide  of 
heiyl  npon  acetate  of  stlTer.  It  is  a  ooloarleea  liqaid,  lighter  than  water,  and  bailing 
at  about  H6°  C.  By  the  action  of  caostic  potash,  it  dm  been  transformed  into  at) 
alcohol,  boiling  at  abont  1M°.  (Cahonrs  and  Pelanie,  Compt.  rend.  Ut.  124S.) 

BHexyl-acetate  is  jirepamd  bydiatUling  ^ he^l-snlpbunc  acid  with  a  great 
excess  of  gladal  acetic  acid : — 

It  is  an  (HI  lighter  than  water,  and  VPry  inaolohle  in  water,  having  a  pecnlior  sineUk 
unlike  the  nsoal  smell  of  an  acetate  of  an  alcohol-iBdicle.  Boiling  pMnt  166".  It 
distill  without  decomposition.  Digestion  at  100°,  with  an  alcoholic  solution  of  potash, 
transfbrma  it  into  fi  heiylie  alcohiX  TTnlike  fi  C*H''I,  it  yields  no  hexylene  on  diges- 
tion with  alcoholic  solution  of  potash.  Sp.gr.  at  0°- '8778  :  at  eO°  =  -S310  ;  therefure 
expansion-coefficient  for  6Q°  —  -05QZ.  It  forma  a  double  compound  with  Ns^CH>*0 
(beta-bexylate  of  sodium— the  body  produced  by  treating  fi  heiylic  alcohol  with  sodium]^ 
'S^iieb  double  compound  is  decomposed  by  water,  giving  fi  hciylic  alcohol 

■aByIi«l(Nfliola. —  a  Hexyl-aleohol  (caproic  alcohol),  a  C^"0,  was  found  by 
Paget,  in  ftisel-oil  ^18S1).  bnt  not  purified  by  him.  Cahours  and  Pslouie  ob- 
tained it  Sana  hydnde  of  hexyl,  by  converting  that  oomponnd  into  a  iodide  at  hexyl, 
theaoe  forming  a  acetate  of  heiyl;  thence,  by  means  of  caustic  potash,  the  alcohol. 
The  a  heiyl-aloohol  thns  prepared  boils  at  abW  IfiO",  and  smells  like  amylic  alcirfwL 
(Compt  rend.  liv.  124S.) 

■  ha^lic  alcohol  yields  caproic  acid  by  oxidation.     (Faget.) 

$  Haafi-^mhol,  0  CH"0.— Prepared  by  digesting  0  iodide  of  hexyl  with  odde  of 
nlTer  and  water:  Uia  $  aJcohol  is  then  formed,  together  with  $  heiylic  ether,  and 
J}  hexylene.  Or  better,  by  shaking  op  $  bexylene  with  sulphnric  acid  (previously 
diluted  with  one-third  its  volume  of  water),  hy  which  means  0  hexyl-snlphnno  acid  is 
prodnced.  and  this,  distilled  with  a  large  excess  of  water,  yields  B  heiyl-alcohoL  It  is 
a  visdd  liquid,  having  a  refreshing,  pleasant  smell,  veiy  unlike  that  of  amylic  alcohol; 
boils  at  137°.  onder  bar.  pressure  of  765fi  milUmelies.  Specific  gravity  at  0°  — 
0-8327;  at  10°- 0-8309;  at  69°-  07482.     It  therefore  expands  somewhat  rapidly. 

Concentrated  tu^lHnic  acid  converta  it  into  para-haxyleue,  even  at  0',  and  does  not 
form  any  hexyl- snlphuric  add,  even  after  standing  for  some  time.  More  dilute  acid 
(strength  about  87  per  cent.  SCE*)  forms  B  heiyl-sulphoric  acid,  which  is  ca[iable  of 
forming  salts.  Add  cirtrmalt  ofpo^usiujn  and  dilute  sulphuric  acid  convert  it  into  an 
alJebycU,  whnji  has  no  tendency  to  take  op  oxygen  &om  the  air,  and  when  farther 
oxidised  with  the  same  oitdiaing  agent,  yields,  not  eaproio  acid,  bnt  carbonic  add,  water, 
bn^iic  and  acetic  adds.  The  M  variety  of  the  aJoahol  has  not  been  converted  into  the 
a  vari^  ;  on  the  eontctuy,  there  is  every  reason  to  believe  that  the  two  bodiei  are 
ndicalty  di&iciit.    (Wsnklyn  and  Erlenmeyer,  Chen.  Soc  J.  xri.  221.) 
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.      --    ■«fliinrf-oW(%rf^o<?H"0 — Unlmown :  it  night  pnhtpi be 

abtaiscd  bj  oiidatioii  bom  Oie  asloobol  of  ftoel-Ml,  or  of  that  derind  bom  th« 
lieaijl-liTiliide  fbimd  in  peboleam. 

0  Btxft-aldtkgdt,  0  (TH-K).— Obtuoed  1^  oxidiaiiig  the  cMTe^Miidii^  aleohol 
with  Mid  dmmimto  of  potnadam  «nd  dihite  nilptiiiric  aad.  It  i«  •  coloorlm  limpid 
lipoid  of  fragrant,  penetmtiug  odoor;  boili  at  137°  (bar.  —  761-3  miUimetraa). 
^prcific  gnritj  St 0° -0-S29S,  at  iO°.  0-78M :  oofffleieut  iJ  MqianrioD  betwcao  0»  and 
U**— IHM76.  It  faims  a  aolid  cmnpooad  with  acid  mlphite  of  aadinm;  doea  not 
rtdmta  amraooio-nibate  at  wHnr  i  do«*  not  taka  np  (uOVmi  from  ^  ur.  100  parta 
of  watsdiaaolraaboat  onepait  of  ^hoijl-aldehjde.  When  lieated  irith  acid  olr^ 
mfir  ^  pataimnm  and  dilute  aalpliiirie  acid,  it  Tirldt  no  caproie  acid,  bot  bntyiie, 
aeeCi^  and  orbonie  adds,  and  vster  (Wankljn  and  Erlvamejw,  Cbem.  Soc 
J.  xn.  S07).  A  coiisidaiatian  of  these  reactions  of  0  heijlic  aldebjde  laadi  to  the 
eondnaion  that  it  is  ao  acetone ;  for  whilst  the  aldebjdee  take  up  oxygon  from  ths 
air  and  yidd  bj  oiidatioD  the  eom^xHidiiig  arid,  the  SMtonn  da  not  take  Dp  oxjgen 
from  the  air,  and  rield  lower  aeida  (irheo  oiidatioD  is  brought  abont). 

Hiis  view  of  the  caat  becomn  mcreaiinglj  probaUe  when  the  hiator;  of  aceti« 
aMfaoe,  latelj  bron^t  to  light  hj  Lieben,  is  ooiuidered.  Acetone  is  reduced  bj  ta;- 
diogen  totri^lic  ala>hol;  bnt  the  tritylio  alcohol  thus  fbrmed  jialda  by  oxidation,  not 
propaooie  aldehyde,  but  common  acetone. 

0  Hex^-aldehjds  will  jmbablj  bm  ont  to  be  either  methjl-ralofl,  rau >o  [  >  <» 

€IMaa«a>  «r  BasyL— a  BtxgUAtoridt,  a  C'H"C1,  ia  obtained  bj  Felonu 
and  Cabcnn,  \tj  the  action  of  ehkoiae  npon  the  hydride  of  hexyl  existing  in  American 
petiioleiun.  Id  addition  to  the  a  chloride  of  hexyl,  further  aubatitDtion-pnxlnctH  are 
obtained.  •  Chloride  of  hexjl  decompoaea  an  alcoholic  solation  of  mimimtiipkid€  of 
fDtaahaa,  gjring  ■  anlphide  of  hexyl,  ■  (CfH'j'S,  boiling  at  230°.  With  tulphydntlt 
^fOtMBum,  it  ^Tfa  hexyl-mercaptan :  boiling  poiDt  llfi°  to  118°.  With  eyanidt  of 
fMrfsBna,  it  Bcrma  to  giro  «  cyanide  of  hcxyL    (Compt.  reDd.  z.  1241,  et  leq.) 

0  Hixgl-eklorida  ia  obtained  by  Baturatiog  the  correepondiog  alcohol  with  diy 
Iqrdnidilorio  acid,  and  heating  id  the  wiiter>bath  under  presaDre.  It  is  ao  oily 
iHjaid,  lifter  than  water,  boiling  at  about  120°,  aDd  yielding  hexjlene  when  digested 
at  100°  ^th  alcoholic  BolatioD  c$  potaah. 

■y«ndaa  of  Hvwyt.—  a  Hciyl-lgdridt,  a  (?H",  was  fbnnd  by  QteriUe 
1  in  the  prodncts  of  tha  distillaUOQ  of  Bi^bead  coal,  and  called  by  him 
ly)pn)pyl  (with  which  it  is  isomeric);  in  1883  be  came  lo  the  conclosion 
propyl  was  heiyl-hydride  (Chsm.  8oc  J,  zt.  130).  Pelouze  and  Cahonn 
fonnd  the  same  snbatance  in  American  petroleum  (Compt.  rend.  lir.  1241).  and 
obtained  a  chlorine  subatitntiOD-prodact  from  it,  which  t^aeted  aa  chloride  of  hrayl 
abnalddo.  From  the  chloride  was  iDdirectly  obtaioed  an  alcohol  (p.  162)  boiling  at  about 
ISO",  and  like  amyl-alcohol  in  odour.  Schorlemmer  obtained  the  hydride  also  from 
the  podnets  of  diotillatioD  of  Caunel  coaL  Its  boiling  point  is  S8°.  Density  of  the 
liqoid  -  04746  at  ia°(WilliBma):  0-669  at  16°  (Feloaieand  Cahonra);  0678 
at  16-{P  (Schorlemmer).  The  vaponr-denaily  correaponda  cloaely  with  the  formula 
(?H>*.  It  ii  a  coloniieaa  molrile  liquid,  haying  a  fragrant  odonr.  Chemically,  liltf  all 
bodies  d  its  daw,  it  is  Tery  inactive.  Neither  sulpborio  acid  nor  nitric  acid  attacka 
it ;  chlorine  and  bromine  only  with  difficulty.  In  the  arts,  a  mixtnre  of  a  hydride  of 
iKxyl  with  other  hydrides  goes  by  the  name  of  turpentine  rubttitutt. 

0  Stxyi-iffdridt,  B  O'H",  is  Dbtsined  indirectly  from  mannita.     It  may  be  pre- 
pared by  Higeating  linc  with  0  iodide  of  hexyl  and  water  or  alcohol ;  or  by  exposing 
BMROij  and  the  iodide  to  the  action  of  sunlight.   In  the  latter  case  the  reaetioD  ii : 
Hhg  +  30^"I    -   Hhgl'  +  C*H"  +  C^». 

In  the  fbnner  caae  hezylene  also  accompanipe  the  hydride.  In  order  to  remove  the 
hexyleno,  it  is  well  to  shake  np  with  anlphnric  acid,  which  enters  into  combinatioD 
with  the  henlcne. 

In  nnell,  boiling  point,  and  outward  appearance,  the  0  hydride  rMemblea  the  a 
hydride  reir  elosety.  In  u>eciflc  grarity,  howerer,  it  appears  to  differ  from  the  a 
compooiid,  being  lighter.  At  16'6°  its  spedflc  granty  does  not  exceed  0-66U.  Ita 
derirativea  are  probably  qnite  distinct  tmm  those  of  the  a  hydride. 

laaMaa  of  Mmmyl—  a  H4igl-iodide,  ■CH'l.iH  obtained  by  Pelouie  and 
Cahoatsfronihydrideof  hexyl eziatingin  American  petrolenm.  Itboilaat  173°  to  179° 
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■Icobol  vUd  Is  indireetl;  obtained  frora  it  l>oi1«  at  1(0°.  Uid  u  belined  W  Pelouie 
and  Cahonn  to  }x  identical  with  Faget'i  alcohol  (Xtractrd  from  fiiKl-oil  (Compt. 
rend.  Uv.  1211,  tt  srq.)  Wuiti  baa  alao  obtaioad  a  heijrl-iodide  bj  acting  with 
hydriodic  acid  npon  a  variety  of  hczjlena  irtiieh  icenu  to  be  diatinet  from  the 
^heijleaeafmannite. 

P  Htxyl-iodide  is  pivpared  by  boiling  mannite  with  a  great  ezCMa  of  thr  itrongrst 
aqneona  Eolation  of  hytlricMlia  acid  in  ■  stream  of  carbonic  anhydride  (24  grmi.  mannits 
to  300  cnb.  ceot.  of  add,  boiling  at  120°  C);  phoaphonu  may  be  added  to  the  boiling 
liquid  with  ereat  adTantage.  Tha  iodide  of  hexyl  appoara  in  the  form  ol  an  oily 
diHtillate,  whiFh  ahoold  be  &wd  tram  iodine  and  ponQnl  by  distilling  it '-  "-•—• 

-irith  wat*r.     Wher  •"- •--  " ' '■ ^ '-'^- 

jnantity  of  pcrfectl 
'\a  repTcaeatad  by : 

CHVHO)'   +   H  HI     -    CWfl   +   «H^     +     I" 

HannlU.  lid  bnjl. 

Uelampyriu  (iL  349)  niBy  be  mbstitnted  for  maonite  in  the  aborr  proceai ;  bn 
the  yield  ib  not  ao  goo^  llie  0  iodide  may  alio  be  prepared  by  digesting  J9  hexjlen 
with  hydriodic  add. 


/)  Iodide  of  heijl  is  a  coIonrlMa  liquid,  not  to  l>«  distingniahed  br  the  smtJI  from 
iodide  of  amvL  Spedflc  gravity  at  0*  —  1*«7;  at  60°  —  ISSIZ;  it»  co^fflcient 
of  expansion  between  0°  and  GO"  is  OMSO.  The  boiling  poiiit  at  752  millimetrea 
'^167  5°  C  It  is  only  very  alightly  decomposed  by  distiUatioD,  and  is,  on  the  wholes 
a  very  stable  componnd. 

The  almost  invariable  product  of  the  reaction  of  thia  iodide  is  heivlenn.  With 
alcoholic  solution  of  potash,  it  has  given  very  neariy  the  theoretical  quantity  of 
heirleun : 

3  (?B"J  +  KHO    -   $  CH"  +  HK)  +  KI. 

With  oxidt  (ff  tiiver  and  water,  acttatt  of  Itad,  tnercuty,  todiani,  oxalate  of  ailtrr, 
rinc  and  miter,  ta  tine  and  alcoiol,  and  finally,  when  hcsted  to  190°  with  water 
aloue,  it  invariably  yields  consideTable  quantities  of  beiylene,  other  products  being 
formed  at  the  same  tune,  accordiog  to  the  reagent  employed. 

Brotnitu  acts  with  great  violence,  re|>lBcing  the  equivalent  of  iodine  in  $  iodide  of 

jS  SasyloOlM*,  i9  Xagii|o  isfbrmed,  togetlieiwiththeolBfineandalcohoI,  when 
moist  oxide  of  silvtc  acts  npon  ths  corresponding  iodide ; 

AgH)  +  ifiiyR'n    -  2AgI  t-  »^"|o. 

Itia 
tratin{j  smi 
TSI  millimi 

B«zyl>«4ptMU«e  •aUm.—a  Etrpl-iulpkuris   aeid,  a  ^^'^[SO*,  is  little 

fi  Htryl'iKlpiKrie  acid  u  obtained  by  the  action  of  sulphuric  add  (dilntad 
with  about  one-thirdof  its  volume  of  VBler)dtheT  on  ^hexjlene,  or  on  0  haiy  1-alcohoL 
It  is  ^partially  dnwrnpaaed  by  dilution  with  water,  and  gives  off  0  heiyl-alcohoL  Salts 
of  this  add  have  been  obtained. 

0  •«lp^4r«ta  or  X«^rl,  or  3  &xj/l-mtrcaplan,  a  obtained  by  digesting  the 
3  iodide  with  a  concentrated  alcoholic  solution  of  sulphydrate  of  potassium : 
PCH'I  +  KH8  -  *(?H"fg  ^  gx 

On  adding  water  to  ths  ^odnct  of  the  naction,  the  mercaptan  sepMatos  u  a  clear, 
colonriess,  mobile  liqaid,  not  misdble  with  water  and  lighter  than  water.  0  Hexyl- 
mercaptan  is  formed  in  fA«  Iktorrlieal  fvantilji  in  thia  operation.  As  iras  mentioned 
■bove,  an  alcoholic  nolation  of  hydrate  of  potasalam  transtbims  fi  iodide  of  heiyl 
almost  completely  into  hsxylene  and  water ;  snlphydnt«  of  potaselnm,  on  the  other 
haud,  transforma  the  iodide  into  3  sulphjdralc  of  heiyL  When  an  alcoholic  solntion 
of  lulpiidt  of  polasiium  is  used,  there  is  also  no  formation  of  heiylenc^  but  of  a 
0  Bulphide  instead,  so  that  the  sulphnr-compouads  of  the  fi  series  are  much  more  stable 
than  the  corresponding  oxygen-compoonds. 

It  is  further  notoworthy  that  fi  hexyl-mercaptan  1ii»ls  at  142°  under  a  bar.  pressure 
of  TSO  millimetres — being  the  point  at  which  the  a  mercaptan  ought  to  boil. 

fi  Heiyl'mBTcaptan  has  the  kind  of  smell  diaracteristic  of  a  mercaptan,  only  it  seems 
not  to  be  BO  persistent  ss  the  smell  of  comnion  mercaptan.     It  acts  upon  oxide  of  mer- 
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Veiy  mrioiulj,  caoBtie  potash,  both  aolid  and  in  iqTieaaB  Kilntioii,  alfo  «w«i*«  thia 
uerctptAii;  and,  still  mom  cnrioiul?.  •  heat  of  100"  C  decximpMca  tha  cwmpoiiiid 
formed  «i^  >qn«oiu  potoah,  occuioning  wpoistion  of  the  meresptao,  wbidi,  boinret, 
iMombiaee  on  cDoling.  J.  A.  W. 

■SUliavmi    CH". — Of  tha  bjdnMMcboii  tlien  km  iIm  two  modificatioiu. 

mHtxyltnt,  It  ta  donblAd  wb«disr  Vnmfa  bjitofAoa,  lioiljiig  at  5S°  aod 
obtained  by  the  dintillation  of  bjdraUic  and  metoleie  acida,  ma  bajlene.  Qrenlle 
Williima  obtained  hexTlsne  from  tha  ^odncla  of  the  di8lil)irti<»  ol  BoRhead  coal.  It 
boilMl  at  71°  (PhiL  Trans.  1S17).  Wnili  aeema  to  have  obtained  a  Tariet;  of 
hexjlene  from  fowl-oiL 

fi  Stxgleue  ia  fonned  hj  the  ivaetiati  of  the  eomspoDding  iodide  with  mott 
na^^ita.  It  ia  beat  innaied  bf  tha  action  of  the  iodide  npon  alcoholic  solution  of 
cauatio  potaah,  at  100°.  In  pttipaang  i^  the  piea»itioa  ghould  be  taken  to  distil 
tlie  slcoEolio  solatioi)  of  banlene  (tarn  tlie  iodide  of  potauinm  prodncnd  duiiog  the 
reaction,  and  to  digeat  tha  atatiilafa  with  beah  potaaL  The  aloohol  ia  BQbaeqoentljr 
TeiROTed  by  washing. 

0  Hriylene  ia  a  tbij  mobile  liquid,  lighter  than,  and  not  miseible  with,  wat«r. 
Boiling  poiat  68°  to  70°.  Ita  odour  ia  tbij  nnpleasant,  jnat  hha  that  of  auylnie. 
VapoiiT-deDsitr,  bj  apBriiaenl^  2-88  and  3  07 JtheoiTicqniTea  2-902S).  It  combinn 
wiUi  troaoM  with  great  Tiolenee,  fimning  C*H>fB{*.  With  concentrated  ndpiurie  acid 
it  giTM  paiahezjlnie.  With  anlphnrie  acid  diluted  with  about  ona-thitd  ita  volnme  of 
water,  it  give*  $  hco^l-inlphnne  add.  fi  Hexjlene  Mcma  to  be  a  lighter  liquid  thsn 
a  hexykoe.  ^^  J.  A.  W. 

MlWABAJfglW.  CB7S0. — A.  product  of  the  oxidation  of  hiramric  acid,  dia- 
eoTeredb7Schwari(Ana.Ch.  Fhaim.lxiv.  301),  Anther  invntigated  by  J.  Maier, 
{ibid,  dxrii.  ISl),  who  haa  shown  that  hipparin  ia  formed  at  the  same  time.  To  pre- 
pare  it,  bii^Hirie  acid  ia  atirred  up  to  a  pute  with  dilate  aulphuiic  add,  than  mixed 
with  peroxide  of  lead,  and  lofl  to  aland  at  a  gentle  heat  for  12  to  2i  houre.  The  masa 
is  then  waahed  with  cold  water ;  the  residue  eibausted  with  alcohol ;  the  alcoholic 
•dlution  eta^orated ;  the  r««due  washed  with  carbonate  of  soda  to  remore  benmic  and 
nodecoapoaed  hippuiic  acid ;  and  the  residue  boiled  with  wate;,  which  leares 
hiroanmn  nndiasolTed  and  depoaila  hipparin  on  cooling.    (Uaier.) 

Hipparaflhi  crjatallisee  from  hot  alcohol  in  extremely  aott  sleuder  oeedlea,  haTing 
a  tilky  lualrs  and  arranged  in  thick  interlaced  tofts.  ]!t  hoa  neither  taste  nor  odoor ; 
diasolTfg  gparingly  in  hot,  and  is  quit«  insolable  ia  cold  tealer.  which  does  not  fven  wet 
it ;  the  solobility  is  not  increased  by  addition  of  anlphnrie  acid,  hydrochloric  acid,  am- 
ia  or  potash.  It  dissolTes  In  strong  tulpiurie  iKtd,  and  is  precipitated  by  water 
..  ....    1 — -■..   ,^.1..       .y    BuBiflveB  easily  in  strong  sulphuric  and  ~ "'~ " 


acid,  and  is  not  precipilated  from  either  solution  by  water  (Maler).  It  dissolTes 
readily  in  boiling  alcohol,  and  Teiy  readily  in  eiier.  It  melts  at  300°  (Schwari), 
210°  (Maiar),  aolidifying  in  the  eiyatalline  form  aa  it  oools.    At  a  higher  temperatnre 


part  of  it  distils  witiiont  alteratioD,  the  reaidne  turning  black  (Schwai   , , 
qnanlitT  fuUimea  in  ileitder  needles  eren  below  100°.    (Maler.) 

HitKanAa  bnnia  with  •  bngfat  amolnr  fUinc^  leaTing  asmaUquaiitJ^of  easily  com- 
hoatible  duiMoal.  It  ia  trot  di»ompoaaa  br  aolution  r^  iodine,  or  by  iydnekione  acid 
tmd  Moratt  of  potanium,  or  by  aqneona  ehromie  acid.  It  is  hut  partially  decompoaed 
hy  ftaaioD  with  ij/dratt  of  potauium  ;  but  on  Igniting  it  with  potatK4ime,  benzene  la 
miidneed,  and  tha  whole  of  the  nitrt^en  is  given  o9' in  uie  form  of  ammonia  (Schwari). 
He^edlo200°— 230°iii8streainofiy(Jr(WiUoHi;  aeidgat,  it  ^vea  off  a  colouxleia  oil, 
which  solidifies  in  the  ciTatalline  form.  Fmmng  nilrie  acid  dissolTce  it,  with  evolution 
of  eas,  and  the  aolutlou,  coDcentrated  after  nentralisation  with  soda,  yields  a  predpitate 
.of  benxoic  acid.  Heated  with  prroxide  of  Uad  and  dilate  nil[diune  add,  it  giree  off 
all  ita  carbon  in  tha  form  of  cwxinic  anhydride.    (Schwara.) 

srrrjUUCV.  CHTNO*.  (J.  Maier,  loe.  etf.)— The  preparatioD  ia  giyen  in  tha 
preceding  aitide.  Hipparin  ciytrtalliaes  In  large  silky  needles  united  in  1:«iTel-ehaped 
gnrapo.  Melta  at  iS'7° ;  solidifies  at  sboot  20" ,'  bnna  with  a  bright  flame ;  diaxolTefl 
«aail7  in  alcohol,  etber,  and  boiling  water. 

BXVVOVXAii  ■KKA.ttKOJBiJM.  The  8ia  Sufit/ikini.— This  plant  contains  • 
yellow  coloiiring  matttr  which  appears  to  he  identical  with  qoerdtrin.  It  is  obtained 
by  eochansting  Uie  berries,  after  they  have  been  well  boiled  in  water  and  dried,  with 
bat  ^cohol;  mixisg  tha  hot  filtena  liquid  with  baiio  acetate  of  lead;  deooaipaaing 
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the  piedpitate  vith  mlphjdrie  acid ;  hsatiiig  the  wlioir ;  UttsiiiK  when  cold :  uid  tnoting 

the  precipitated  Eolphide  ut'  lead  willi  hot  al«ihoL  Tlui  cotounog  mattn'  theti  dinolTec, 
and  remuiui  on  ertiponition,  u  a  bniwii'rrd  brittle  mua  (till  n^tainicg  *■  little  &t,  from 
irhicb  it  mtj  be  puiifled  bj  treatiDent  vitli  etha,  ahaolote  alcohol,  &c.  It  ii  thea 
obtained  an  •  yellow  maw  contaiuing  radiioenUuy  dyatala.  The  berries  likewiae  ron- 
tain  oxalic  aod  malic  iicide,  a  peculiar  fiit,  &<l,  which  are  ntncted  bj  boiling  them 
with  watar.  (Boiler,  ^^^-  P°>-  ^-  (^''  ^^  '  J>lirMb«r.  1S61,  p.  708.) 
(7H*0  1 
BXFrvmUKZSM.    (7E»K>0>-(CH*0)"[N'.— This  amide  ii  produced  by  the 


at.  CH-NC-  ,^5^..|     .  (Qm.iii.69;  Qerh.  iiL  Ma)._ 

H       (  _ 

This  add  miBta  in  the  nriae  of  herluTonHii  «nii"«l«  and  in  amaller  qsaatilj  in  that  of 
man.  Bouelle,  towards  tite  end  of  the  last  eentoiy,  ftrat  obaerred  that  the  nrine  of 
bonea  contained  an  add  bearing  coodderabte  resemblance  to  benzoic  acid,  and  the 
cbaervation  waa  afterwaidi  confirmed  l^  Fauccroj  and  Vauqnelin,  who  ssparBted  the 
add  by  addition  of  hydrochloric  acid :  bnt  ita  real  nature  and  separata  identity  were 
aret  retablished  b;  Liebig.  in  1S30  ^Ann.  Ch.  Pharm.  xii.  20).  The  nrine  of  cowa 
and  horeea  doea  in  fiict  contain,  BOmetimes  hi[qnme  and  oomptimea  bemoic  acid,  the 
former  add  being  enaily  coDTerted  into  the  latter  by  oxidation ;  and  this  change  often 
taking  place  witbin  the  animal  or^aninn.  When  horaea  are  kept  in  the  stable^  or  only 
lightly  woAed,  their  nrine  containa  hippniie  add ;  bnt  when  tbej  are  put  to  hard 
work,  it  contains  bemoic  add. 

Cows'  nrine,  according  to  Booasinganlt,  contains  about  I'S  par  oent.  of  hippurie  add; 
in  that  of  horses,  the  maximum  amount  is  about  0'3S  per  cent. ;  that  of  swine  doea  not 
appear  to  contain  hippurie  add ;  that  of  the  camel  and  elephant  yidda  a  conuderable 
quantity. 

From  tbe  experiments  of  Henneberg,  Stohmann,  and  Rautenberg  (Ann.  Ch. 
Pharm.  cxxiT.  181 ;  Bep.  Chim.  pure  1863,  p.  323;  Jahresber.  1 8S2,  p.  Ml)  it  appear* 
that  the  nrine  of  oxen  contains  amaximnm  qnantitr  of  hippurie  odd  (2'I  to2'7  percent.) 
when  the  animals  are  fed  on  oal-  and  wheat-straw  ^tn  a  small  admixture  of  beana. 
The  straw  and  dried  herb  of  lecaminoos  plant*  reduced  the  amoant  to  0-1  per  cent. 
Vith  the  hay  of  graminaceons  plants  intermediate  result*  were  obtained.  The  addition 
of  a  certain  quantity  of  beana,  starch,  sugar,  or  oil,  diminished  thp  proportion  of 
bippnric  acid,  and  increaaed  that  of  urea. 

In  human  urine,  the  proportion  of  hippurie  add  is  bnt  small  under  normal  condi- 
tiana,  and  about  equal  to  that  of  uric  acid  (Liebig;  Beuce  Jones);  in  certain 
diaeasee,  as  in  diabetes,  according  to  Lehmann,  tlie  amount  is  considerably  greater  ;  a 
TCgetahle  diet  llkewiai^  increases  it.  In  the  urine  of  a  healthy  man  living  on  a  mixed 
diet,  Bence  Jonea  (Chem.  Soc  J.  XT.  81)  fonnd.  by  Liebi^a  method  at  eatimation 
(p.lfi8),from0'03to0'0i  percent,  hippurie  add;  Tbadichnm(^.  cif.xrii.  6£) found 
the  some  quantity  under  similar  circumstances ;  but  the  amonnt  waa  largely  increaaed 
by  eating  greengages.  Weismann  (J.  pr.  Chem. Iixit.  106;  Jabresbo'.  IHfiS,  p.  £72) 
and  Wredea  (7.  pr.  Cbem.  Ixxvii.  146 ;  Jahreaber.  186S,  p;  700)  found  moch  larger 
quantities  ;  bnt  the  farmer  appears  to  haye  operated  on  too  small  a  qaantit7  of  urine, 
and  the  latter  adopted  a  defectiTe  method  of  anolyaia  (p.  IfiS). 

Formation. — 1.  By  brating  glycocine  inaseal^  tube  with  besEoie  add : 
C^'NO"   +   C'Hsy     -     CffNO'  +   HK); 
also  by  heating  the  aine^alt  of  glyeocine  with  chloride  of  benzoyl  to  120°  in  a  stAled 
tube,  (X  by  umply  leaving  the  two  componnds  in  contact  fbr  oome  time : 

OB'ZnKO'  +  CIPOCl  -  CHTiO*  +  ZnCL 
This  formation  of  hippnric  from  bemoic  acid  likewise  takes  place  when  the  latter  add 
Is  ii^'ected  into  the  blood  of  a  1  iring  animal,  together  with  gljcocine  or  glycoeholatfl  of 
sodium,  or  bile.  When  about  2  grms.  of  benaoic  acid,  and  30  C  c  of  bile  &ee  iiclm 
mncna  were  itgeeted  into  the  blood  of  a  dog  or  cat,  the  urine  was  foond  to  contain  a 
eoDiidenbls  quantity  of  hippurie,  bnt  no  bemoic  add ;  with  a  larger  proportion  of 
•  Ob  Uk  nttoaal  fctnuU  d[  hl|ipiirle  add,  h(  FoaKULx  (U.  Of). 
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iMsioic  aai,  tba  fxan  p— led  into  ths  niise  togethsr  villi  tli«  liippnrie  >did.  Benxois 
Kcid  uyw^  into  tlie  drcolation  skne,  li  not  convartcd  into  hippsrio  add.  (Kuhna 
mnd  Hallwsehi,  Jihresber.  lB5a,  p.  SSS.) 

3.  £«iioic  acid  i>  likavim  conveited  into  bippuic  acid  in  (lie  nnima]  orguiiim 


acid  hu  bwB  awallovMl    Hnrctiuid,  aSUc  taking  30  gruns  of  benzoic  Mid, 
"  "  "  '^ '  -I  •-    1  -  .  ..--  -   y.         1      i^j^j^  jj  ihoald  hiT*  been 


bcozoic  acid  hu  bwB  awallovML  Hu^itiuid,  »Stn  taking  31 
found  SS"!  gra.  of  hipporic  acid  in  Us  urine  (In  calcobck 
44  En\       Similar  OEwerrntioiu  haTe  been  made  by  AL  Ure 


greater  pait  of  the  fibrin  with  which  it  ia  oootaninatad  ;  predpitatea  lb 
ciuboiiat«  of  aodinm,  Uko  boila  and  flll«m  aaain,  and  nusm  the  flltnts 
<rf  chloride  of  calcium,  tha  carbonate  of  ealciom  tbereb;  precipitated  c 


n  inliodnced  into  the  alimaotary  canal,  hippnric  acid  being  fbund  in  the  urine  aft^ 

■         '^      '     "  — 1    MarchMi<i.-'-    -  •■-      -        ■        

1  in  hie  urine  , 
14  RTB.).      "similar  oiwervotiom  haie  been  made  ty  Al,  Ure  (J.  Pharm.  iiriL  6*6), 
XcUerfAnn  Ch.  Pharm.  liiii.  1B8),  and  Oarrod  (PhiL  Mag.  [3]  it  601). 

3.  Quinic  acid  ie  also  converted  in  the  animal  organism  into  hipparic  acid  (pmbablj 
Brst  into  beojioic  addV  When  8  gtma.  of  qninata  of  eatcinm  trere  swalloired  OToi 
night,  the  morning  nrmevas  (bond  to  contain  3  gnna.  of  bippnric  add.  (Lantema&B, 
Ann.  Ch.  Fhann.  ceit.  9.) 

PnfMirahbn  from  horKi  or  cow/  uriat. — Hipporic  add  einila  !n  the  ntine  Ig  oom- 
binatioQ  vitb  ammonia.  To  obtain  it,  the  intb  urine  of  oovg  or  of  hoTM*  which  bava 
been  kept  at  nat,  iji  coocentiBtad  hj  eTaporation  to  }  or  J  of  ita  bulk  and  anpenutnrated 
with  faf  drocUoric  acid ;  it  then,  after  a  while,  depodta  a  jeUowiah-bni*i)  pieoipilat* 
ot  hipparic  add. 

The  erapontion  of  the  nrine,  which  is  tedionl,  ma^  be  obriated  b^  mixing  it  with 
a  considerable  exeen  of  hydmchlorio  add,  the  eotubilit^  of  the  hipparic  acid  being 
Ihen4>7  greatly  dinuniebed.  100  pts.  of  cows'  urine  miied  with  2  or  3  pta.  of  cmds 
bydiDchloric  add  soon  depoeits  hip|iuric  add  (Bilej,  Chem.  Sac  On.  J.  t.  97). 
Another  mode  of  expediting  the  proceaa  ia  to  "lii  the  fresh  nrine  with  milk  of  lime, 
boil  for  a  few  minatee  and  Btrain  ;  then  eroporate  tha  solution  of  hippurate  of  caldnm 
to  I  or  ^  of  its  balk,  according  to  the  preTiooa  concentntioD ;  and  inpersatunte  with 
hydrodLloric  add.     (Qregory,  Ann.  Ch.  Fharm.  IriiL  126.) 

The  acid  obtained  aa  above  haa  a  broamioh  eolonr  and  diaagreeable  urinont  *' — 

S.       ...  ....         ^. .  .      _   .   ,  .  :  1.  Scl 

ch  removea  tha 
ia  contaminated  ;  predpitatea  Ibe  flltiata  with 
..._...!  ..!_■..  .  ^^  flltota  with  solution 
,  ,  ,  d  canying  down 
the  colouring  maltoc ;  then  Blteif  a  third  time,  and  pmdpitates  with  hydrochloric 
acid.  The  hippnric  add  thua  purified  ia  quite  colonrlesa. — 3.  The  cmde  add,  mixed 
with  10  pta.  oC  boiling  water  and  exceas  of  milk  of  lime,  is  aabmitled  to  prasaure ; 
the  exprrasad  liquid  ia  mixed  with  solution  of  alum  till  it  no  longer  exhibita  an  alka> 
line  reaction,  and  left  to  cool  to  40° ;  carbonate  of  sndium  is  then  added  as  long  as  a 
pmnpitate  continuea  to  form  ;  and  the  liquid  is  again  separated  by  straining  and  prea- 
sore,  and  predpitated  br  hydrochloric  add  :  the  hipporic  add  thus  obtained  is  washed 
with  cold  water,  prcaeed  and  diaaolTed  in  bailiag  water,  and  the  solution  ia  mixed  with 
blood-charcoal  ( 1  ot  to  a  lb.  ot  the  add).  Altered  throagh  paper  while  stdl  at  the 
boiling  heat,  and  left  to  CryslaUise  (Benacb,  Ann.  Ch.  Fbarm.  Iriii.  367).— 3.  Lowa 
pn^area  hippuric  acid  by  mixing  treab  horae-urine  with  excess  of  sulphate  of  zinc ; 
eraporating  the  liquid  together  with  the  predpitat«  to  j  or  J  of  its  bulk ;  filtering  quickly ; 
washing  t&  t^cdpitate  with  a  imall  quantity  of  hot  water ;  and  deoompoeing  the  hip- 
porale  irf  one  in  the  fllliata  with  dilute  sulphuric  or  hydrochlaric  acid.  Hippuric  acid 
than  separates  In  the  ttarta  of  a  white  maffma,  which  may  be  washed  with  cold  wat«r, 
pressed  between  F*P'«'i  X"!  reciystaUised  fiom  boiling  water.  The  addition  of  lul- 
fbnte  of  due  to  the  urine  preserrea  it  from  putre&ction,  and  enables  the  eiperimenter 
to  wait  till  a  considerable  quantity  ia  collected. 

Froperliei. — Hippuric  acid  farms  colaarlesi  truiIMMnt  pijams,  having  an  unctuoos 
adamantine  Inetre,  and  often  of  oonsiderable  size.  The  dystals  belong  to  the  trimetrie 
system.  Ordinary  combination,  nP.  I*ie.  Fse.  with  the  modifying  fkcea  ooPoo  and 
eiFcD.  Batio  of  the  axe^  a  :  A  :  o  -  0-S7i3  :  llflM  :  J.  IncUnatioa  of  thefceea: 
op;  bP  in  the  taadiTdi^onal  prindpat  section  —  W  SV;  P«  :  f«  -  98°  SV; 
Poo  :  tie  in  the  naerodiagonBl  prindpaf  section  -  88°  SO*.  ClesTage  tolerably  easy, 
parallel  to  oP.  Spedfle  gravity  —  I'308.  Hippuric  add  melts  at  a  gentle  beat,  and 
solidifim  in  a  crystalline  mass  on  cooling.  It  baa  a  slightly  bitter  taste,  and  reddens 
litmns  strongly.  It  is  sparingly  soluble  in  cold  leater,  1  jA  of  the  ciystals  requiring 
too  pta.  ol  water  at  0°.  Boiling  water  and  aieoAel  diasolve  it  readily ;  etier  scsrcdy 
at  aU.     Hnipurio  add  likewise  diaaolves,  bat  very  apwingly,  ia  water  containing  hi/dto- 


Marie  acid.  It  dissolrea  with  the  greatest  facility  in  water  containing  ordinary  piot- 
plutt  of  tadmai,  in  such  qnanti^  iideed  as  to  chawe  the  reaction  of  ths  nlalion  from 
alkaline  to  add—  a  pnmrty  which  ia  also  possessed  by  uric  acid.  This,  according  to 
LieUg,  )■  the  canae  of  the  add  Mactjon  eihibitad  %  the  nrine  of  man  and  <rther 


which  ia  also  possessed  by  uric  acid.    This,  according  U 
add  MaetJon  eihibitad  %  the  nrine  of  man  and  oth 

Davmpotitieiu. — 1.  Hipporic  sdd  boils  at  UCfi,  yielding  a  erystalUoe  product,  eo 
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liatiDg  in  gnat  put  of  beiuoie  acid  ud  bontonhrile  (eyuode  of  phenjl);  a  tlzoiiK 
odonr  of  hjdnxTuiic  acid  it  likevim  erolred,  and  a  consideraUe  qnuitiiy  txT  chaicou 
Tenuius  ID  Ok  retort.  D17  hippuric  add.  heated  io  a  retort  with  diy  ehioride  of  aae 
and  qnuti-auid,  jieMi  beozoiutnle,  carbonio  anhjdride,  and  iihanoal  (Ooismaiin, 
Ann.  Cb.  Pharm.  c  69) : 

SCH-NO'  -  *HH)  -  2(?H'N  +  CO'  +  C. 
2.  Hippuric  add  in  alkaline  aalutioa  is  eIowI;  oxidised  ij  oeone,  vith  fbrmatinn  of 
carbonic  acid  and  a  small  qnantitj  of  furmic  acid  (Oorap-Beaanez,  Ann.  Ch.FhMnii. 
cJtXT.  217).— 3.  Pore  hippncic  acid  is  not  altered  bj  boiling  irith  tcater;  bat  wlien 
horse-aiine  is  qoickly  evaporated.  ammoniB  is  giren  off  and  the  hippncic  add  containrd 
in  it  is  oonverted  into  benzoic  acid.  Cows'  urine  does  not  jield  benzoic  acid  when 
boiled. — i.  Hippnric  add  disnoIvFA  in  strong  kydrocliioric  acid  at  the  boiling  beat,  and 
on  eontinuing  the  ebollitioD,  it  in  reeolred  into  benzoic  acid  and  gljcodne : 
CH'HO"   +   HK)     -     CH'NO"  +   CHK)*. 

HIpiHiria  AEid.  QljcociBa*        Beiueto  Bold, 

The  samB  deoompoaition  is  effected  b^  boiling  dilnte  nilpkuiie  acid,  b;  m'Mc,  and  eren 
bj  oxaiic  acid. — £.  Hippmic  add,  boiled  for  half-an-hour  Tith  caiutic  potaii  or  toda, 
i«  converted  into  gtjcocine  and  an  alkaline  bensoate.  It  is  not  decomposed  b;  boiling 
uritb  milk  of  lime. — 6.  The  reaolntion  of  hippuric  add  into  benzoic  acid  and  gljcocine 
is  likevise  effected  bj  the  action  ottftrment  in  presence  of  an  alkali  fBachner.  Ann. 
Ch.  Pharm.  Ixxriii.  203). — 7.  B;  the  action  i^  na«en(  kydngen,  it  appear*  to  be 
resolved  into  hydride  of  benroyl  and  glycodne  (Erlenmeyer,  Zeitechr.  Ch.  Pharm. 
ISal,  p.  648).— B.  Sitnna  acid  converts  hippnric  add  into  benxoglycollic  add,  with 
CTolution  of  nitnigen  gas: 

2(?H'N0'  +  IW  -  2C^'0'  +  H*0  +  N*. 
This  decomposition  takss  place  when  nitric  oaide  ia  paind  into  a  solnlion  of  hippnric 
add  in  nitnc  add.—  9.  A  cold  mixture  of  atrong  ndplmria  atid  and  fuming  nitne  add 
oonverta  hippnrio  add  into  nitrohippnric  acid.  With  *i^iwie  ankj/iride,  it  onilca 
diretrtJj,  fbrmiiig  snlphobtpporic  add,  CH*NSO*. — 10.  An  aqueons  soltitioo  of  hip- 
pinrie  sod  is  not  deocAnposed  b;  cUorint  gas :  bnt  on  boJliia  it  with  a  laise  excess 
of  Utackitig ^otodtr,  decompositioa  takes  place  (Liebig).  When  chlorine  u  passed 
into  a  sdntion  of  Uppuric  acid  in  rather  dilute  potaah,  nitrogon  is  evolTed,  and 
benmgljoidlie  add  ia  prodnced  (Qoismaan); 

CHTJO*  +  SKHO  +  CI'  -  CHW  ♦  SHK)  +  SKQ  +  N. 
11.  B7  mixing  it  with  l^drocldoric  acid,  and  ad^ng  eUoralt  of  ^anivm  by  small 
portions,  it  is  converted  into  a  mixture  of  mooochlarohippuric  acid,  CHMISNO',  and 
dichlorohippnric  add,  CH'Cl'NC  (B.  Otto,  Ann.  Ch.  Pharm.  oaiL  129).— 12.  When 
bipporic  actd  is  gently  beated  vith  1  at.  ptnlaciloride  of  pliotphona,  onchloride  of 
phospboms  and  hydrodiloric  add  itp  given  oS,  and  a  brown  residae  is  leR,  solable  in 
alcohol  and  in  ammonii,  and  precipitated  therefrom  in  the  resinous  state  by  hydro- 
chloric acid ;  but  on  distilling  1  at.  hippnric  add  with  2  at.  pentachloride  of  phos- 
pharuB,  the  products  obtained  are  oiycblodde  of  phosphorus,  chloride  of  benioyl, 
and  two  chlorinated  compounds,  CH'CINO',  and  (?H*C1'N0".  diflering  trma  mono- 
and  dichlorohippurio  acids  respectively  by  1  at  E'O  (Schwsnerl,  see  p.  1(11). — 
13.  When  bipporio  add  is  boiled  with  wrtaide  of  manganae  and  very  dilute  sulphuric 
add,  a  laice  quanti^  of  carbonic  aimydride  is  evolved,  benzoic  acid  separates  on 
cooling,  and  the  Uqnid  is  found  to  contain  suljdiate  of  ammomum. — 11.  Hippuric  acid, 
boiled  with  penaidt  tf  had  and  water,  yields  betiMmide,  water,  and  caibouio  anhy- 
dride (Fehling): 

C^'HO'  +  30  =  CH-NO  +  HK)  +  2C0". 
When  hippuric  add  is  heated  with  peroxide  of  lead  and  excess  of  nitric  or  sulpburiu 
add,  the  products  ibmad  arc  carbonic  anhydride  and  hippsnffin  (p.  164) ;  but  when  it 
ia  boiled  with  irater  and  peroxide  of  lead,  and  solphnnc  add  added  in  qoanti^  only 
sufficient  to  decompoas  the  resulting  bippurate  of  lead,  the  only  product  obtained  ia 
bcnzamide  fSchwarti). — 16.  Hippnric  add,  gently  heated  with  excess  of  austic 
taryla,  yields  a  liqnid  which  nnelhi  of  benzene  <no  ammonia  ii  evotved]k  i*  converted 
into  crystalline  snles  by  contact  with  hydrochloric  add,  and,  when  distilled,  yields 
-pure  benzene  (Oerhardt).  This  liquid  u  perhaps  benconitrile. 
-  Eatinvttion  of  Hippxiric  acid  in  iiritie. —  I.  The  urine  is  evaporated  to  a  syrupy  con- 
sistence over  a  water-bath;  hydrochloric  add  is  added;  and  the  hippuric  add  ia 
extracted  by  treating  the  precipitate  four  or  Ave  times  with  ether  (Liebig  Ann.  Ch. 
Pharm.  L  170).  According  to  Bence  Jones  (Chem.Soc.  J.  zv.  81 ),  this  method  gives 
exact  results,  provided  sufficient  urine  ia  taken  (about  400  e.  c),  and  a  sufBdent  qoan- 
■tityof  ether  is  osed.    Thndichnm  (Chem.  Soc  J.  xrii  S6)  ev^oratea  the  urine  to 
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the  DMcaaai^  >iB0tint  ti  hydrochloric  acid ;  ind  shakea  up  ths  whole  briiUy  v 
hiKB  qnuititiea  of  dty  ether.  The  etLereBl  Bolntion  ia  then  dutilled,  tba  reddish 
jtiiow  reeidos  mixed  with  a  UtUe  water,  uid  allowed  to  ciyntAlIise ;  and  the  cryatala 
of  hipporie  add  thus  obtained  are  waabed  witli  water  till  the  waahiogi  are  colauriess, 
then  dried  bjr  prFfKore  between  Uotting  paper,  alterwarda  W  placing  them  ov^r  buI- 
phnrieadd,  aoia  Anally  at  100°  in  a  watai-OTen.  (See  also  Weismann,  J.pr.  Chem. 
IxxiT.  106;  Jsbmber.  1867,  p.  937.) 

2.  Wreden  (J.  pr.  Chenulziyii.  i*6;  Jahiveber.  lUEl,  p.  700)  eatinutsa  hippnria 
acid  in  urine  b;  means  of  a  standard  acJution  of  ferric  chloride.  The  liqnid  la  Srvt 
neutnlised  and  freed  from  phosphoric  acid  bj  mcuia  of  barTta-water,  and  the  iron 
•etutioD  ia  added  till  it  no  longer  fonna  a  precipitate,  and  a  drop  of  the  filtered  aolntion 
produces  a  bine  colonr  on  a  piece  of  altering  paper  moiatened  with  ferrocjanide  of 
poljuainm.  The  amount  of  hjppuric  acid  fbimd  in  haman  nrine  by  this  method  of 
estimation  (arenge  O-SR  per  cent)  is  mnch  higher  (ban  that  determined  bj  IJebi^a 
method  (p.  1G6);  and,  according  to  Henneberg.  Stohmann,  and  Rantenberg 
(Ann.  Cb.  Fhann.  cxxiT.  ISI),  Uie  mmlta  are  ^tiated  by  the  fact  that  a  perftctly 
aeatra!  aolntion  of  ferric  chloride  ia  decompoaed  by  paper-flbre  to  aneh  ta  extent,  that 
paper  soaked  in  a  aolntion  of  yellow  pmssiate  will  not  indicate  the  presence  of  a  amall 
quantity  of  iron ;  alao,  becanse  the  termination  of  the  reaction  cannot  be  distinctly 
pcrctnTed.  Better  reanlts  an  obtained  with  fteric  nitrates  after  the  nrine  baa  been 
freed  from  eolonring  matter  and  other  bodies  by  nkiate  of  lead;  bnt  eren  in  Ihia  case 
the  pioceas  ia  sometimee  Fendraed  uncertain  by  the  peaence  c€  other  anbetances  which 
exert  a  redneinK  aetioa  on  the  ferric  oiide.  Akogetbv,  the  node  of  estimation  by 
means  of  bydio^ilorie  acid  and  ether  ^ipeari  to  gire  tlM  beat  M«nlt& 

MtyyarkMa.  Bipporic  acid  ia  monobaaie,  the  general  formnla  of  itfl  aalti 
being  CH'MKO*.  Most  mstallic  oiidea  diasolTe  readily  in  the  add.  The  hippnratea 
of  potaaaintn,  sodium,  ammonium  and  magnesium  are  rery  soluble  and  difficult  to  crya- 
laltise ;  their  eolnttona  tbnn  a  cream-coloured  precipitate  with  ferric  sails,  and  wmte 


La  and  yield  benzene  by  distdllation.    Uineral  at 

the  hippnric  acid. 

Hipvi'rale  of  Ammonium, — The  neutral  mU  does  not  appear  to  exist.  An  aeid 
salt,  C*H'{NH')NO".C"H^NO".H'0,  iaprodueed  even  when  hippuric  acid  is  mixed  with 
excess  of  ammonia.  Itcryat^iaea  by  concentrationin  Mnare-based  prisma  with  i-aided 
sniQmits.  It  diasolTea  in  email  quantitiee  of  w&ter  and  alcohol,  sparingly  in  ether,  and 
performa  gyraloiy  movemente  when  thrown  on  the  aurface  of  water. 

Bippuratt  of  Barium,  2C*H'BbNO*4-EH),  jbrms  prisms  with  rectangular  base ; 
solnbU  in  water.  It  nnitea  with  benaoote  of  borisn,  fbrming  a  salt  containing 
a{CH"BoSO«.{7H'BB0»).6H'O. 


and  6  pts.  of  hot  water. 

HippUTOie  of  Cobalt,  ! 
which  giTe  off  their  water  at  100°. 

BippvraU  of  uipper,  2<7H'CuN'0*.3H'0,  obtained  by  concantmting  a  mixture  of 
sulphate  of  copper  and  hipporate  of  petaBainm,  forma  oblique  rhomboidal  priams  of  an 
svure-bloe  colonr,  which  tarn  green  and  gire  off  their  water  of  crystalliaation  when 
heated  on  the  water-both. 

Hippurate  of  Iron  [ferrieum)  is  precipitated  on  mixing  ths  concentrated  aolations 
of  hipporKte  of  potaaainm  and  ferrie  chloride. 

HippuTale  of  Laid,  (^HTbNO*  +  H^J  and  +  \W0,  is  obtained  by  precipitating  a 
eold  solution  of  neutral  acetate  of  lead  with  hipporate  of  potassium,  as  a  ciudy  preci- 
pitate which  disaolrea  but  slowly  in  boiling  water.  If  Uie  boiling  solution  is  well 
diluted,  the  salt  ia  deposited  in  silky  needl«  (contaioing  1  at,  wate^  grouped  in  tofts; 
but  thMe  errstala;  eten  while  immersed  in  the  solution,  are  quickly  converted  into 
lather  broad,  shining  lamime  (|  H*0)  having  the  fbrm  of  qoadnngokr  tablet.  The 
whole  of  the  wata  is  given  oir  at  100°. 

MppurUt  ofM^^naitm,  2C^>HgN0'.  SHH),  forms  white  nodules,  which  are  soluble 
■  a  and  give  off  2H*0  at  100*. 
arota  o/Si<!i«4  2CHTJiH0».f 
soluble  in  cold  water,  more  soluble  ii 
anhydrous  at  100°.  

H^uraUofPotaMum.—'nie  nealral  salt,  CHTKNO'.HV),  forms  oblique  prisma 
with  rhomboldal  base,  soluble  in  water  and  in  alcohol,  and  becoming  aobydroua  by 
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desiccation  at  100°,  To  obbun  it  ptm^  it  mnat  be  eq«talliMd  wrmd  tinin  iroa 
aJcobol  and  Tuhed  with  fthtr. 

The  add  salt,  (7S*KSO:CE^O'.WO,  fcmu  IjrilliMit  ImniiUB,  which  under  the 
inicnHCopa  ure  seen  to  conaiBt  of  prisma  with  reetangulai  basc^  and  the  terminal  edges 
tmnaitfd.     They  giya  off4T7  pm  cent  water  at  100°. 

BipparaU  of  Silver,  2(7H*AgN0*.H'0,  prepared  by  adding  nitrate  of  ailyer  lo 
hij^niate  ot  potaaainm,  ii  Bolnbls  in  water  and  CTTataUiaable.  It  girea  off  iti  water 
(3-43  per  ceob)  at  100".    

S^ptiraU  <f  Sodium,  2(?ff}TaN0'.H*0,  it  oTatalliaabla,  rei;  solnble  in  hot  walar 
and  ID  aloobd,  Erparinglj  in  ether. 

Hippimte  of  BtrtiTtliam,  ZCH*3rN0<.eHV,  is  OTatalliaable ;  tparin^j  soluble  in 
cold  watra  and  alc^ol;  giTee  off  its  wat«r  at  100°, 

Serieafiva  of  B^p^urie  Aeid. 

Aaddo-Upparlo  sold.  (7H'*NK>>  -  CH^NH')NO*.  (Schwanerl,  Ann.  Ch. 
Pharm.  i^ii  fl9.)— Obtained  by  panting  imlphjdrie  add  gas  for  a  coiuideTablg  time 
into  a  solntion  of  nitrohippano  acid  in  saturated  nUphide  of  ammonium,  and  addn- 
lating  the  concentrated  liquid  with  hydrochloric,  or  better  with  nitric  add.  It 
erTitallisea  in  light  white  huainn,  soluble  in  300to  370  pts.  water  at  20°,  in  1200  pts. 
alieolute  alcohol  ut  IS",  insolnble  in  ether.  In  boiling  water  and  alcohol  it  dissolyea 
easily ;  likewise  in  adds  and  in  alkalis ;  the  solatione  quickly  tnm  brown.  With  con- 
centoBt«d  faydiaehlorie  sdd,  it  tbmis  a  liydrooUoraU  oontaining  (7H"N*0*.HCL 

fAlorobtppvrto aolOa.  (lt.0tto,Ann.Ch.PhBrm.cziii.l2e.)— Theseeompounda 
are  prodnced  by  the  action  of  hj'pochlorODe  add  on  hipporic  add.  When  2  or  S  pts. 
eblonta  of  potasaiom  an  itdded  to  a  mixture  of  1  pt.  hippuric  acid  and  0  to  9  pts. 
bjdrodiloric  add,  a  gentle  heat  applied,  after  the  Nothing  has  ceased,  to  complete  the 
reaction,  tbe  lic^uid  then  bested  to  Ixiiling  and  left  to  coo), — an  oil;  yellowish  mass  is 
deposited,  consisting  of  mono-  and  dichlorohippnric  acids,  their  ivUtire  quantities 
d^nding  P^i^'T  o"  the  quantity  of  dilorate  used,  partlj  on  the  temperature  of  the 
liquid  during  the  reaction.  The  two  adds  are  separated,  either  by  IjoiUng  with  wator, 
whidi  dissalres  chiefly  the  monochlorinated  add,  or  by  irpeated  cryetaUisation  of  the 
csldnm-Bslts  obtained  by  neutralising  the  mixed  acids  with  milk  of  lime. 

lionochloTokippurie  ocii,  <?H'aNO',  obtained  by  eyaporating  the  alcoholic 
sohition,  after  decolorlsation  with  animal  charcoal,  forms  a  yellowiah,  yiedd,  inodoroas 
nsss,  haring  an  sdd  reaction  ;  it  is  nearly  insoluble  in  cold  water,  melts  and  dissolyes 
in  boiling  water,  and  mixes  in  all  proportions  with  alcohol  end  ether.  It  diasolvea  also 
in  caustic  alkalis,  forming  a  solntion  which  turns  brown  when  bested. — By  boiling  wiili 
concentratsd  hydrochloric  acid,  it  is  rreolyed  into  gl;cocine  and  moBOchlorobensoic  add. 

The  neuirat  poiattium-  and  lodivm-taili,  ore  uncrystallisabls  or  ciTBtallise  with 
difflcolty.  The  acid  lodium-iaU.  2<CH'CtNaN0'.(ra'ClN0').H-0,  ciystalliaes  in 
concentrically  grouped  needlu. — The  calaium-taJt,  (?H'ClCaN0'.2H*0,  crystallises 
from  alcohol  in  small  shinine  Bad™.— The  lead-tail,  CH'CLPbNO',  melts  at  100— 
120°,  and  crjstalliaes  frma  dilute  alcohol  in  concentricoll;  grouped  needles. — The 
tilverstUt  is  a  white  predpitate,  whidi  (rystalliseB  indistinctly  troro  oolation  in  water. 

BieAlorohippvric  acid,  CH'Cl'NO',  is  yery  mnchlike  the  monochlorinated  add, 
andafter  standing  in  contact  with  the  air  or  under  water,  formsasoftgranulo-OTStalllne 
masei,  which  dnliquoscea  when  warmed,  and  at  60°  emits  an  aromatic  turpenline-lika 
odonr. — -B;  bdling  with  strong  hTdmchloric  odd,  it  is  resolyed  into  gljcodne  and 
dichlorobensoic  add. 

DicMoroiippuratt  of  todium,  CH'Cl'NaNO'.HTO,  fbrms  soft  warty  crystals,  easily 
aolnble  in  water,  alcohol,  and  adds— The  harium-talt,  2(?H'C1'BbKO'.3H"0,  crys- 
tallises in  needles.^The  calcium-talt,  l?H*Cl'CaNO',  crTstallisea  from  dilute  solutions 
at  ordinary  temperatures,  or  at  60°,  in  needles  containing  ij  or  5  at  water ;  at  higher 
temperatures,  in  hard  while  crusts  with  t  at  water. — The  neuiral  Uad-tait, 
(?H*Cl'PbN0'.2HK),  obtained  by  cold  ™ecmitation,  separates  &om  ita  aqueona 
solution  in  nodules.  A  batic  Itad-talt,  4C*H*ClTbN0'.  Pb^.BIPO,  may  be  eilraded 
by  boiline  ahfiolute  alcohol  from  the  predpitate  formed  from  dichlorhippuric  acid  and 
acetate  <f  lead  st  the  boiling  heat  The  nlver-sati  is  a  white  precipitate,  which 
aqwntes  from  hot  water  in  cauliflower-like  massee. 

DLMfrokippwele  of  Ethyl,  CH'C1»(CH')N0',  obtained  by  treating  the  alcoholic 
■olutioD  of  the  add  with  kydrochtoric  add  gas,  is  a  heayy  yellowish  oil,  nearly 
iusolable  in  water. 

A  calcium-ialt  haying  the  composition,  C"H"Ca'Cl'NK)*.6H'0,  intermediate  between 
the  mono-  and  dicbloroliippuTatee,  is  obtained  in  epherical  groups  of  needles  by 
crystallising  a  mixture  of  the  caldum-salta  of  the  two  acids.  lU  souition  piredpitated 
by  nitrate  of  aityer  yields  a  lUtxr-ialt  of  analogous  eompoddon. 
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CampoaKds  pmbieed  *y  thiaetion  e/  PmioMoride  oj  PiBtpiorvi  o»  Bippurie  acid. 
(H.8chwkDert,  AiiiLCIi.Ph&rm.ciiI.  SS.)— When  1  at  h]pparieaad(iD  quotitiea 
not  exondii^  10  Krms. )  is  distilled  with  2  tL  pentaehloride  of  phoiphonu,  Kuoelj 
uftluDg  bat  oxydiioride  of  phoaphorns  possM  over  at  Ant,  bnt  betraaD  180°  ukd  200^ 
>  vuddliqnid  dutils  over,  snd  between  221)°  and  2S0°  a  man  which  Bolidifl«a  in  the 
erfstalliua  form.  The  liqaid  separated  from  the  ei^rstali  gives  o^  on  tMtificatioB, 
aijehloride  of  phoaphonia  np  to  120°,  then  chloride  of  benzojl,  boiling  at  196°,  and  an 
ml  which  boils  at  a  tempenUnre  abore  SOO",  and  wbmi  taft  onr  oil  of.ritriol,  Bolidifie* 
In  a  aystalLnfl  nata  whoee  composition  ii  expressed  bj  the  formula,  C*H*C1N0*  — 
l?H*ClNO' (iBonochlorohippnriB  j»cid)  -  HK),  which  is  also  lie  composition  of  the 
OTBtaU  obtained  bj  the  flrat  distillatiaa. — This  eomponnd,  when  immeraed  in  rther, 
deiiqneseea  at  a  gentle  heat  to  a  jellowiah  oil,  withoat  perceptibl]'  diasolTing  and 
rrrritnlliif  on  eooSng  in  Ant  fbni-sided  monoelinic  priams  berelled  at  the  ends  wi(A 
two  bees.  It  meltj  between  40°  and  ,S0^,  dietiU  without  alteration  at  200°,  is  in- 
wlnble  in  water,  bnt  dissolTea  easily  in  aleohul,  and  crjatallises  therefrom  with  difflml^. 
^le  Bolntirai  is  not  preeipUated  hj  ehtoride  of  plaliniLm,  merenric  ehloride,  or  nitrata  of 
■Itst.  The  compound  la  not  decomposed  hy  potash,  either  in  aqneoos  or  in  alcoholic 
ulutian,  but  vhen  npaateill^  ftued  with  hjibate  of  potaseiam,  it  is  partially  reeolved 
into  awDoniB  and  benioieaetd;  aqneons  ammonia  alao  decomposes  it  partially  at  130°. 
It  absorbfl  hrdroehjorie  acid  gas  in  qnantity  corresponding  nearly  with  the  fonnola, 
CrQ<ClNO*.HCl.  bnt  Uie  hydro^omte  loses  ita  acid,  (Ten  when  the  aluoholic  aolution  is 
enporated  over  oiL  of  TitnoL 

Another  idilorinated  oomponod,  <7H^'X0*  —  (TH'Cl'NO*  (dichlorohippuric  acid) 
—  HK),  is  obtained,  though  onW  in  small  qoautity,  by  repratciUy  rectifying  the  last 
portions  of  oil  which  peas  ora  m  ii4'lli"''B  oipparie  acid  with  pentachloritu  of  phos- 
phonuL     Jt  ie  likewise  ciystalline,  bnt  disaolTea  rmdily  in  ether, 

VttroblpparleMdd.  <7H*S<0*-CH*(NO*)NO*.  (Bertsgnini,  Ann.Ch.Pllann. 
IxxniL  100.) — This  acid  is  prodneed  by  the  sntion  of  a  mixture  of  atmng  enlphurie  and 
faming  nitric  acid  on  hipportc  add.  It  is  found  in  the  urine  after  nitiobeuioia  add 
has  been  swallowed.  To  prepan  it,  I  pt.  (rf  hippurie  add  is  diasoWed,  in  the  cold,  in 
4  pts.  of  the  strongest  nitnc  add,  and  the  solutian  is  mixed,  alowlr,  so  as  to  avoid  rie* 
of  temparatnre,  with  4-S  pts.  of  strong  snlphnric  add.  The  liooid  is  then  left  to  itself 
fin  two  bonn,  and  diluted,  still  slowly,  to  aroid  heating,  with  three  times  its  Tolnme  of 
wat«T ;  it  then,  after  two  hoars,  deposits  an  abundant  cryetaUisatioD  of  nitrohippurie 
acid.  The  add  thus  obtained  has  a  yellow  colour;  fbr  purifleation,  it  is  treated  with 
I,  the  resulting  calcium-ealt  is  deoompoaad  widi  hydrochloriii  add,  and  the  nitro- 


obencota  add. 
a  red  colour  under  the 


hi^oric  acid  is  recrretollised  sereral  limee. 

Kitnihippnric  add  dTntallises  in  colourless  lil^  needles,  soluble  in  alcohol,  ether, 
and  water,  eapedolly  in  water  containing  phoS[Jiate  of  sodium.  The  ciystals  redden 
litmo^  melt  at  abonl  1S0°,  and  then  decompose  gifing  off  Taponn  of  benioia 

BvdrodUerie  add  converts  nitrohippuric  add  into  glycodnc 
A  Bonition  of  nilmhippnrie  add  mixed  with  ammon/a  assumes  . 
inSoenca  it!  itdphydrii!  acid,  and  deposits  sulphur  when  uentislised  by  an  add.  When 
diaaolTed  in  a  saturated  solution  of  sulphide  of  ammoniuoi,  sod  treated  with  lolpbydric 
add.  it  ia  oonyertod  into  amido-hipparie  a e i d,  CH"1TO'  (Schwanert,  p,  180). 
SitrU  aridt  passed  into  a  solution  of  nitrohippuric  add  in  nitric  add  gives  rise  to  the 
formation  of  a  new  add,  not  yet  examined,  ilitrohippuric  add  dissohes  at  ordinary 
temparBtnrea  in  strong  ndphtaic  add,  and  on  gently  heating  the  solution  and  then 
dilnting  with  water,  mtrobenxoic  add  is  deposited.  Nitrohippuric  acid  distilled  with 
an  eqnni  wagfat  al  qvici-linia  yields  a  reddish,  oily  distillate  haviDg  the  odour  of  cin- 
nanon.  ^le  add  heated  with  strons  solutiou  of  pctaih,  turns  brown  and  gives  oS 
ammom* :  at  a  higher  l«mperatnie,  us  miztore  givee  off  hydrogen  and  sssnmes  a  red 

The  nitrohippnrates  are  mostly  soluble  in  water,  some  of  them  also  in  alcobol. 
Host  of  them  oyitallise  in  needles  grouped  lonnd  a  common  centre.  WhcD  heated, 
they  give  off  aromatic  vaponrs.    The  fbluwing  have  been  analysed : 

Caldnm-salt aCH'Ca(N0')N0'.8EP0. 

Cnpriosalt 2CH'Cu(N0')N0'.5HK). 

Lead-salt CH'PKNO'jNO"  (at  110°). 

Silver-salt (?H'Ag(NO')NO'. 

Zino-sall (?H'Ze(N0')N0'.8HK). 


....         0.    CH-NSO*  -  CH'NO'.SO'.    (Schwanert,   Ann.   Ch. 

r-narm.  ciii.  S9.) — Prodnced  by  direct  combination.    Hippniic  add  absorbs  the  vapour 

of  sniphnric  anhydiide,  forming  a  brown  liquid;  and  by  dissolving  this  product  in  water, 

nrnttaJisiug  with  carbonate  of  lead,  decomposing  the  filtrate  with  solphydric  add,  and 

Vor.  llf  M 
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arspontiii^  mlpboliippiiria  aeid  ii  obtained  u  a  bnnmiah  feUow,  amorpbooi,  deli- 
qnpeoent  mas). 

Wi^  nittoiu  aeid  it  fbnoB  (not  BolphobeaioglyiwUic.  but)  anlpholMiiioic  add, 
CH'SO',  together  with  an  oily  anbetanee  probablj  «oiitauung  gl;CDina  acid. 

Solphohipparic  acid  ia  dibuio,  Ita  neatnl  barium-iait  txmt&int  CH'Ba'NSO'.H'O. 
B;  boiling  tlie  acid  iriCh  hydrate  of  lead,  a  lead-KUl  ii  obUinad  coirwpondiiig  wprazi- 
matalj  mth  the  (bmiila  (WITb-NSO*. 

Onlj  two  of  tlieaa  oampOQndabaTBUjet  beea  obtained, 
naUiylie  fllben. 


Bolidiff. 

Hipponte  of  ethyl  ii  eryatalliaable  and  baa  a  absip  taate.  Specific  gravi^  I'043. 
UelEa  at  44°  and  aolidiflea  at  SS"  0.  Sparingly  aolable  in  water,  veiy  aoinble  id 
alcoboL  Chlonne,  with  the  aid  of  he«t,  oonvMta  it  into  a  ciyatallisable  chlorinated 
conipoond.  Nitric  and  enlphnric  arcida  deeompoae  it  at  the  boiling  hea^  produoing 
beozoic  add.    Alcobolio  potash  oonverts  it  into  atbylic  alcolud  and  hippaiMo  if 

Hippuraie  of  ileayl.     C"H"NO'    -   CH^CH^NO".      {Jacqni 


nnd  oystslliBeB  b^  sponCansoni  eTapontion. 
ethyl  ibmu  vbitf,  transparent  needlea,  aoinble  in  120  pta.  of  cold 
watar,  and  in  80  pts.  water  at  80°;  in  boiling  water  it  melta  before  diaaolving.  Alcohol 
and  ether  diBsolre  it  in  all  pronntiona.  ft  mslta  at  S0°  and  decompoeaa  at  SSO°, 
giving  off  ammonia  and  beDconitrile.  With  faming  nitric  acid  it  ffivea  off  a  combaa- 
tible  gu,  probably  containing  nitrate  of  methyl  Allulis  decompose  it,  fbrming  taipporio 
acid  and  metlyUc  aleoboU.    Ammonia  eonnirta  it  into  bippuiamide. 

HUtOIO  JL<m>.  The  name  giren  by  CheTrenl  {Rechtrchtt  lur  leg  corpt  grot, 
pp.  161,  236)  to  an  oily  add,  elightly  salable  io  vater,  wbich  he  obtained  from  motton- 
BUflt,  and  to  which  he  attributce  the  pfKoliar  taste  and  odour  of  that  labBtance.  The 
potauimn'talt  is  Tery  deliqnescent ;  tlie  barivm-tatt  is  eparingly  soluble  in  water  and 
containB  13-S  per  cent  banum.  Tie  add  ia  probably  nothing  more  than  a  miztnn  c^ 
Beveral  acids  of  the  series  OHK)', 

KXflZWttBKXTSL.  Ahydrated  silicate  of  iron  oceuniog  at  TUdharbjttan  in  Sweden 
and  other  localities.  A  vuiety  called  GtUingiia  a  fonnd  in  the  QiQinge  mine  at 
STsrta-Eirchspiel  in  Sweden,  and  another  called  Thraulite  at  Bodenmois  in  BiTaiis. 
These  minerals  all  contaia  both  protoxide  and  sesquioiide  of  iron,  and  are  oloaely 
allied  iu  compoeition;  they  ore,  however,  but  imperfectly  crystallised,  and  havo  a  dark 
colour,  so.  that  impun  ties  in  them  easily  escape  detection.'  Iloreover.it  is  posaible  that  port 
of  the  protoxide  of  iron  in  the  ori^nal  mineral  may  be  grodaaUy  converted  into  nes- 
qaioiide.  Hence  their  eonstJtntTon  cannot  be  ascertained  with  certaiatf.  T!ie 
Gompoaition  of  hisiiigerite  &om  Ridharhyttan  (speciflc  f^niitj  3015]  agrMS  however 
nearly  with  the  forrouU  8(Fe«O.SiO').2(Fe*0'.3S'0')  +  SH^.  Gillingita  is  the  same 
with  9  at.  water ;  Thraulite  is  3(F8H).SiO').(Fe'0*.3SiO")  +  6HK).  A  variety  from 
Orijirfvi  in  Finland,  mnch  richer  in  protoxide  of  iron,  may  be  iepresent«d  by  the 
formula  e(Fe*O.SiO').(Fe*0'.3SiO))  +  9HK>.     The  fbllowing  ue  analjsea  of  tluea 

BHU       tfv        nm       cs'o      MtK>       H«o 
a.      SS-OT        S478        IT'SS        266        0-4S        11 M  -  lDD-0 
t.      32-IB        8010  S-eS        6'50        4*23        19-17  •-  1000 

e.       81-28  49-11  .     .  .     .  ie-12  <.      S9-S2 

il.      29-01         10-74        87-49        .    .         7-78         IS-00  -     9B62 
a,  from  mdharfaytton  by  Ttammeleberg  {Sfi»eralehemlt,  p.  862).-^  from  the 
"— "  ■      .     ■"  .   .     ■g(Md,)^,  Thninlite  ftomBodenmaia  by  T.Koboll 

Or^iirfri  by  Hermann.  (J.  pr.  Chem.  xlvi.  !38.) 
.  .  ^  an  limestone  from  Taklinear  Nigpnr  in  Centrallndia, 
of  ipedflo  gravity  2'S4G,  and  containing  S0-T9  per  oenL  carbonate  of  calcdns,  073 
stamina,  a  trace  of  carbonate  of  magnedom,  and  1663  of  an  imbedded  green  silicate 
(- 98'lfi),pei4iaps identical  witli^nconite.  (S.  Hanghton,PhiL  Mag.  [4]  xrii  IS.) 
BXTOHCOOXZ^Bi  A  silicslf  of  lead  and  alnminiam  from  the  Canton  mine  in 
Geoigia.    Specific  gmTity,  *im.    Contains  20-8e  par  cent.  PH)*,  27-40  PKK),  28-41 
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ATO*,  0-14  FbCI.  and  23-20  ntor 
3Pb'OJ«0".a[4Al*0"J'0'.18H^]   ■ 

SilL  Am.  J.  [2]  -.^ii  42*.) 

HJSUM-lTMi  A  miiirail  conaJjIJDg  chiafly  of  tuitiiUt«  of  yUrioin  ind  iron,  fbnnd 
ID  the  uaiglilKiurhood  of  YUerbr,  togeUisr  wiUi  garnet,  g»doliiiite,  &e.  in  a  nKk  ooa- 
disting  of  qoarta,  ortlioclaae^  albit^  and  nii<».  It  baa  a  roetsUJc  Inabe,  gnnnlar 
fractals,  pore  black  colour  in  tha  maao.  M^i-Vi«ti  m^  jn  poirder.  EardneM  —  9. 
^eeaflc  gisTi^  pa  5-S2.  It  azUbiU  no  distkBct  iiMii»tiona  oif  oTitallina  Cwn  at 
claaTage.    Its  analyaia  gave  i 

T>o<  sdo*  Colo  cvo  yiQ  ctfo  im>  r^o  iia>o  ivo  mo 
63-43  6-56  010  420  (-19  I'OT  4-87  8-06  8-82  026  SM  -  BgST 
Bf  fare  Uie  blorpipo  it  decrapitatea  and  fliaa  to  piaccfl,  gires  off  water,  and  tnnu  brovn 
wil  hoot  melting  m  the  oiidiaiiig  flame ;  hj  phoopliariu-aalt  it  ia  easily  diaaolred  to  a 
blnish-gTeen  gliuw ;  ennlj  alio  bj  borax  to  H  eUar  ^asa  rendered  opaqne  bj  flaming ; 
W  reduction  on  ebarcoal  with  carbonate  of  aodiam,  it  jielda  metallic  qianglet. 
(KordeuBkiold,  Fogg.  Ann.  cxl  2T3;  Jahrpabnr.  ISSO,  p.  780.) 

■OMRMSBZ^^  A  bydivted  ananate  of  magnenam  from  the  Bannat^  fonud  im- 
bdddad  in  ealcqiar.  It  fbnna  rhomboidal  laminfa  of  36°  and  114°,  bevelled  on  the 
Bide^  cloael^  reaambtiog  the  m«t  common  form  of  gypnim,  and  probablv  belonging  b> 
the  moooelmio  ayatem,  elnving  perfectlj  in  the  direction  of  the  pinacoidJ  face, 
baring  a  mother^-psBTl  InstK  on  tha  cleaTage-&cea ;  white,  tnuiaparent  ^traualacent 
in  the  thicker  partg),  flexible  in  thin  Ujw*.  Baidnen  —  0-S.  Specific  graritj 
»  2-474.  Splintera  of  it  melt  even  in  tbe  flame  of  a  candle.  An  analjaia  bj 
T.  BBner(B<p.Chiin.p«ie,  iL  286)  gave  24 '54  per  cent.  H^,  *6'33  Aa^.and 29-07 
water  (=  9S-94),  agreeing  with  the  fbrmnla,  Hg*AaO<.4H^.  (Haidiager,  l^en. 
Akad.  Ber.  xL  18.) 

■OliOirs  UUTATm.  Foctheeon^ontioncf  tbeaahof  tiiiagiua,ieeOBiMH 
(ii  943). 

See  CLDnxiinin  (L  1026). 
See  iMivcMrKmi. 
A.  miaenl  eloeelj  related  to  banlwddte  (i.  508),  ud  copper 
FTTitea  (iL  77),  from  Flanea  in  the  8ur>n  Voigtland  (and  otiier  locslitica),  where  it 
fonna,  together  with  carbonate  and  silicate  of  coj^er,  a  vein  of  copper-ore  imbedded  in 
^eenatiHie,  It  oooaia  aometimee  in  qnadratio  cryitale,  bnt  more  nnerallj  inaMiT& 
Haidaeaa  between  4  and  6.  Specific  grsTity  —  4'472  to  4-480.  Coknir,  bnua-jeUow, 
but  with  more  of  a  bionse  tint  than  oopper-pTiitee,  and  quicklj  aoquiring  a  manj- 
rolonred  tsnuBh.  Streak  bUck.  According  to  an  inaljau  bf  Riehter,  it  contaioa 
26-81  per  cent,  iron,  4376  copper,  and  3021  sulphnr,  agreeing  with  tiie  ibrmola, 
3Cciffi.Fe«'.2F^  or  (Ccn'FaV'*)^'.  (Breithaapt,  SiL  Am.  3.  [2]  iivuL  lISi 
nil.  973.     SammiMerft  MiMraieiemu,  pp.  436,  SaT.J 

■OaCOOVMXXZO  &013>.  C"H"0>  M '^'^"^|o.  C^Tmnie  acid.  (Soaai, 
Compt.  rend.  liL  403  i  Ann.  Ch.  Fberm.  9an>L  i.  139.) — Ad  amd  homologoiu  with 

*~— ~'-  — '-'  ured  by  treating  cjanide  of  cjmjl,  C'*H"Cy  '->-'-' — '  •—  '' '■ — 

■ainm  on  the  chloride,  iL  296),  with  potaih-l 
C'H-'.CH  +  2H*0  -  C»H»0'  +  KH". 
It  ^fataSheee  in  gmall  needlee;  melta  at  529;  distila  without  deeompotitioD ;  diaeolTea 
■parm^7  "in  cold,  eaeilj  in  boiliDg  water,  alao  in  alcohol  and  ether,  reddens  lihnDS  and 
decomposea  carbonatea.  The  polaMMitaii-talt  is  deliqneacent ;  the  barium'  and  colaunt- 
aoltf  etTStalliee  in  needlee  ;  the  moffnttitlBt-nitt  iu  nacreona  icalea ;  the  niver~taU  haa 
the  compontioD  C"H''AgO', 

lie  low  melting  point  of  thia  add  l^aee  a  doabt  aa  to  whedier  it  ia  the  troe 
homolo^na  of  commie  acid  (which  melta  at  92°)  or  an  iaomer  of  that  homelogna 
related  to  it  in  the  aame  manner  as  the  acid  C*H*0*,  obtuned  bj  CaDninaio  from 
^anide  of  benzyl  (probably  o-toloylie  add),  ia  related  to  the  bne  tolnylic  add. 

MOm>&A<7TlC  ACZD.  This  name  was  giveo  I^  Clow  (Compt  rend,  zxxit. 
364)  to  an  ad<l,  isomeric  if  not  idenCieal,  with  (djcoUic  add,  found  in  the  mottier-Iiqaor 
which  ia  obtained  in  the  preporatioa  of  fulnunating  mercury.  By  nentxaliaiDg  this 
Hqnar  with  chalk.  tli"«Hlling  off  tbe  volatdle  prodneta  (acetic  ether,  ftc),  npealcdly 
CFyatallising  tha  renuiniiig  solntion  by  spontaneoos  evaporation,  and  deixnting  the 
Eqaid  rtmtf''"'"g  the  mora  aolnble  salts,  the  ealdnm-salt  of  this  add  wta  obtained  in 
small  li^itnodnlaa  naembling  lactate  of  caldom. — The  add  itaelf  fonned,  when  con- 
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acmtnted,  *  iynp  vht«h  did  not  eiTBtalliia.    The  nlTer-ult  ojitalliied  in  loag  this 
lamina,  >puiiigl7  Kilable  ID  cold  mtrt, 

■OMOftABOO0  SiraSTJUrOHB.  This  Urm  is  applied  to  organic  componndi 
differing  from  one  another  in  oompositJon  bj  CH*  or  any  mnltiple  thereof;  for  example, 
aieo!e^<ifaOH»*'0,  the/oiiyociA  CHK)',  and  the  aromaiK  acidt  OE}i'-10'.-^ 
BodiM  thne  related  exhibit,  for  the  most  put,  a  regnlar  fo-sdation  of  pniperties,  bath 
physical  and  diemicaL  Thna,  in  t^e  lenea  of  fatty  adds,  formic  acid,  CHH)*,  and 
acetip  acid,  CH'O*,  are  watarj  liquids  without  any  trace  of  Tiscoaity;  propionic  acid, 
CHK)',  ia  aliBhUy  oUy  ;  bntjric  acid,  CH*0',  valeric  acid,  CHi'O",  and  a  considerable 
number  of  oUieiB  exhibit  more  and  mar*  of  an  oily  or  fatty  chancter  aa  tiieir  atomio 
weightaincweae;  while  palmitie  acid,  C'^"0',  and  rtearic  add,  C'H'W,  and  a  few 
otheie,  are  at  onlinan  tempeiatoree  solid  tutu,  eihibitinghigber  meltiog  pointa  aa 
theyrise  higher  in  the  aerica;  and  laatW  cerotic  acid,  C'*H"0',  and  meliasie  acid, 
CH*0',  are  of  the  eonaiatence  of  wax.  umilar  relations  are  obsi^ed  in  the  series  of 
alcohobi,  corresponding  with  these  acids.  Moreover,  tlie  chemical  energy  of  bodies 
thna  related  continnally  decreaaaa  aa  their  moleeoles  became  beavier.  Common 
alcohol  is  violectly  decomposed  by  potassinin  and  sodiam,  with  rapid  erolntioa  of 
hydrogen ;  but  on  the  fatty  alcohols,  these  metals  act  bnt  tbij  slowly.  Similar 
differences  of  character  are  observed  between  the  higher  and  lower  terms  of 
the  &Cty  add  eeriea.  Formic  and  acetic  acids  are  highly  conosiTe  liquids,  which 
unite  energetically  with  baa«,  and  decompose  earbonatee  with  the  greatest  ease ; 
whereas  the  solid  fiitty  acid*,  stearic,  pamitjc  acid,  &e.,  exert  no  action  on  the 
animal  tiasnes,  do  not  enter  readily  iatA  direct  combinjation  with  any  bases  exci^tiDg 
the  strongest,  and  decompoae  carbonates  but  slowly. 

Bodiea  belonging  to  the  same  homologons  series  exhibit,  (or  the  moat  part, 
regular  gradations  of  boiling  point  and  of  atomic  volnme.  With  regard  to  the  lall«r, 
£op[i  has  shown  that  compounds  whose  chemical  fbrmoLB  differ  by  n  CH*,  differ  in 
atomic  Tolume  by  n.S2  (i.  M4).  The  relations  of  boiling  point  szUbited  by  homo- 
logooa  liquids  are  fully  detailed  in  the  article  Hbat  (p.  89). 

Vaiioni  attempts  have  been  made  of  late  years  to  build  np  t^>  terms  of  homologous 
Mries,  tlie  higher  &om  the  lower.  Frankland  and  Eolbs  in  1847  (Ann.  Ch.  IliBrm. 
IxT.  388)  showed  that  a  ejanide  of  an  alcohol-radicle  of  the  seriea  OH^*',  may  be 
converted  into  the  next  higher  add  by  boiling  with  aqueous  potash,  the  action  consist- 
ing in  the  aasamption  of  the  elemsnta  of  water,  with  elimination  of  ammonia,  e.g.: 
CH».CN  +  SHK)  -  (PE'C  +  HH*; 
nwtbfl,  add. 

•■'.CS  +   2H^     -     l>f'H**'0'  +  NH". 

Anotber  method  of  paamng  from  an  almhol  to  the  next  hi^er  acid  was  discovered 
in  1869  by 'Wankl^n(ProcBoy.  Soe.x.21),  who  showed  tbit  aodinm-ethyl (prtwed 
from  linc-ethyl,  wluch  is  itsdf  obtained  &om  iodide  of  ethyl,  and  this  fiom  eUiylio 
alcohol)  exposed  to  the  action  of  carbonic  anhydride,  abeorba  that  ga^  and  is  converted 
into  proiaonate  of  sodinm  : 

CH^a  +   CO"     -  (?H'NaO«. 

Neither  of  these  rsactioiia,  however,  affords  the  means  of  obtuoing  one  akohol  of 
the  series  &om  the  next  below  it^  becaose  no  method  has  jet  been  discovered  of  con- 
verting a  htty  add  into  the  corresponding  aleohoL 

The  great  problem  of  passing  &om  one  alcohol  to  tliat  next  above  it  has,  however, 
been  solved  in  a  general  way  by  Headins  (Ann.  Ch.  Pharm.  cxxi.  129),  whose 
method  conaists  in  exposing  the  cyanides  of  the  aloobol-radidea  to  the  action  of 
nascent  hydrogen,  thereby  converting  them  into  the  amines  of  alcohol-radicles  higher 
than  the  radicles  stsrted  from.  In  this  maanet,  »tJirt''''g  from  hydrocyanic  acid,  he 
obtains  methylamine,  tbns : 

HCN  +   H*     -     CHW 

Hethylamine  ti«ated«itli  nitrons  add  yields  methylic  alcohol  (see  Ahbtis,  !.  1T(); 

thiaccmponndm^beoonvertedby  wall-known  processes  into  eyajiide  of  methyl;  and 

diia  cjamde  tmat«d  with  naacent  hydrogen  yielib  ethylamine: 

CH".CN  +  H*     -     OB'S. 

^'SX'l!^  Ethjluarn..    ■ 

From  this  last  compound,  by  similar  proctflses,  we  may  ascend  to  the  trilvlic  nr 

piopylic  stage,  and  thus,  by  a  repetition  of  the  same  reactiont^  the  series  of  alcohols 
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&B^+'0  maj  be  UMmded,  itcp  by  rtcp.    Tbe  geaanl  e^iutioii  wptMuudng  Uw 
paasAge  firoin  an  alcoholic  (^anide  t^  this  wiiea  to  the  next  hi^e*t  arnins  ia: 
OH**'.CN  +  H*     -     0*'H»*»H. 

This  TMCtioD  will  in  all  probability  be  finuxl  to  sDcoeed  viUi  cyanidee  derived  froni 
alcidiola  of  Ihe  uomatii:  and  other  eerica,  sad  Ihna  a  geoeial  method  of  prodneiiig  an 
•leohd  of  any  leriea  from  the  ooe  next  below  it  maj  be  obtained. 

Carina  (Ann.  Ch.  Phum.  txxvL  215),  b;  heating  ethjl-^  (C'H'*)  to  IDO^  with 
bromine,  hu  obtained  a  liquid  haiing  the  eompoaition  and  boiling  point  of  dibromide 
of  tetiyleiie : 

C*H"  +  Br*  -  CH-Bi*  +  SBSr. 
Thii  Dompound,  if  reallj  identJcsl  with  dibromide  of  tetiylene,  mlgbt  be  oonTotad  bj 
known  pmeasea  into  bydiate  of  tetrylene ;  and  thie  by  the  action  t^  h}pdriodie  add 
into  iodide  of  tetiyl ;  whence,  bj  dietillatioD  with  potash,  tetrylie  (Icohol  might  be 
obtniiied.  Tbia  proeeei  amiran  then  to  giTH  the  meana  of  mooating  ap  the  eeiiea  by 
two  etepB  at  once.      I^tl^,  Schorlemmer,  by  iDbjedJog  ethyl-amyl,  C'H'.CH" 


(iaomeric  with  hydride  of  heptyl,  C'B 

obtained  a  chloride,  CH".CI,  which  appe 

obtained  &om  the  hydride  of  that  ndiele  (p.  114).    The  problem  of  aaeending  fiom 


oaa  alcohol  to  another  in  an  homologonj  eenee  appean  thei«foie  to  be  capable  of  wiln- 
tioD  in  Bereral  diUbient  waye. 

For  qieenlatioiu  on  the  canae  of  homology,  and  tlie  lelattoni  between  homcdogout 
«ompoiiud«  of  diffisenl  aeide*,  aee  Carina  (lim.  Ch.  Phann.  ezxri  210). 

SOMSr.  The  honey  of  the  common  bee  eontaina  cane^nigar,  invo-tad  vngai 
(iL  BS4),  and  an  ezcesa  of  deztroglncoee.  The  proportion  of  eue.aagar  THripe  with 
the  Bge  of  the  honey,  as  it  ia  gradnaOy  converted  into  inverted  angai  by  tbe  action  of 
a  ferment  contained  in  the  honey.  According  to  Sou  be  i  ran  (Compt.  rendziviii.  771), 
beea'  honey  contalna,  braddea  d^troglocose  and  a  dextro-rotatory  snsar  capable  of  inver- 
aion  (?  ane-aogar),  likewiae  an  onc^'BtBllieable  augar,  poBBesaing  a  iKVO-rotatotj  power 
three  tini»  ae  great  aa  that  of  inverted  angar.  The  honey  of  the  Polifliui  apicipetmu, 
a  kind  of  waep  widely  dietribnted  in  tropical  America,  yields  cane-engar  in  large  crya- 
tala  (H.  Eareten,  Fogg.  Ann.  c.  fifiO).  The  honey  of  the  Jfexican  honey-ant  if^ 
uoordincr  to  C.  H.  Wstherill  (^Chem.  Gas.  18fi3,  72),  a  neariy  pnre  aolntion  of 
nneryit^isable  angar,  C*H"0'  (dried  in  vacuo) ;  it  has  a  alight  add  reaction,  and  the 
volatils  Bcid  contained  in  it  reducea  oxide  of  ailver  like  focmie  acid. 


MOP.  [Humului  iM/ulia.) — The  fmit  of  the  hop  is  formed  of  small  msmbranona 
eonee,  at  the  bnae  of  which  is  fbnnd  a  yellow  bitter  powder  called  Inpnlin  (?.».), 
coataining,  accordins  to  an  analrsis  by  ivea*,  SS  per  eent.  reain,  12  wax,  II  of  a 
pecnliai  bitter  principle  soluble  m  water  and  alcohol,  S  tannin,  10  eitmctiTS  matter 
insoluble  in  alcohol,  and  2S  ot  residue  insoluble  in  water.  Yvm  found  in  hop-oones 
dried  at  30°  C,  10  per  cent,  of  InpnliiL  According  to  Fayen  and  Chevallier,  the  pro- 
portion of  erode  Inpulin  ia  IS  per  cent.,  abont  4  per  cent,  of  which  conaiata  of  minuta 
particles  of  the  conee  themselves,  resnlting  from  the  siltjw 

Inpulin  distilled  with  water  yieldi  valerianic  add  ana  a  vt^tile  tnl,  containing  a 
hydrocarbon,  C'*H",  togetlter  with  valetol,  CH>*0  (see  Hots,  On.  of).  The  reainoos 
matto'  which  remains  aftar  the  diadllation  atill  retains  a  conaiderable  portion  of 
valerol,  and,  when  distilled  with  slaked  lime,  viekla  valaraldehyde,  CH'^O. 

Lnpnlin  treated  with  alcohol  yields,  according  to  Fayen,  Chaiallier,  and  Felletan, 
abont  66  percent,  of  its  weigbL  Tbe  dissolved  portion  consists  olmoat  wholly  of  reain, 
extmctive  matter,  and  tannin,  the  two  latter  eolublo  in  water,  whereas  the  resin,  which 
forms  abont  S2  per  cent,  of  the  Inpulin,  is  inaolnble.  This  reain,  when  purified  I^ 
repeated  solution  in  alcohol,  predpitatjon  by  water,  and  dryings  gives  by  analysis  nnm- 
bets  which  mav  be  repreaenled  ^  the  formula,  C^H^O",  togeUier  with  a  qnanti^  of 
water  varying  between  1  and  0  ^O,  aa^ording  aa  the  Kinn  ha*  been  more  frequently 
dissolved  in  Ucohol  and  repvedpitated  by  wnter. 

The  bitter  principle  isolated  by  Fayen,  Chevallier,  and  PallBtan,  and  called  by  them 
Inpulite  (oFlrne  lnpnlin),  amonnts  to  between  8-3  and  12'S  per  cent,  of  tbe  Inpulin. 
It  remaina  dissolved,  together  with  malic  add,  in  the  water  in  which  Inpulin  has  been 
digested.  To  isolate  it,  the  free  add  ia  saturated  with  chalk,  the  liquid  evaporated  to 
diyneae,  and  the  residue  treated  with  ether,  which  dissolves  a  email  quantity  of  resin. 
The  Inpulite  is  then  sepamtad  from  the  malate  of  celdum  Yij  solution  in  aloohol,  and 
eruporated  to  dryness.  Lnpnlite  thus  prepared  is  white  or  yellowish,  or  sometimes 
rtddish  yellow,  sometinMH  tianalneent,  vmietimea  opaqne.  It  haa  no  odour,  unless 
ia  *»M«,  par  MM.  Vih.  F>m,  CbnilTiar.  PilIKu,  Wngaw,  Vlssndeno :  Bfmmt 
'■ ' — S.  Kjoff,    (Rtp.  Cfakm.  tff-  IWi  t-  "0 
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wfaNi  atMngl)  bmtcd,  id  whicb  oae  It  exlnlM  the  odtmr  irf  hoj 

qnance  of  lelailiiiig  >  nmiil  portion  of  Bssmtial  oil) ;  it  pommo*  the  ulm 

txto  of  bops-  It  haa  not  heea  vwlTsed.  It  ia  wiluble  in  ajiohot,  bnt  nnrlj  iniolnble 
in  ethar,  Bj  dry  diatiUution  it  jrieldi  s  coiuidenljte  qoontitj  of  ciDp;nnuiuIic  oil,  bat 
BO  ■mmoniacBl  product!. 

Tlw  tumin  or  Bstnngsat  principle  of  the  hop  wan  for  a  long  tine  roguded  u  idea- 
tieal  villi  gallottuinia  add,  and  u  capubU  at  ooaTcnion  into  gallic  add,  and  thii 
rbangewH  aapposed  to  account  fur  the  fuet  that  old  hopa  ar«  not  capable  of  claril^na 
beer.  Bnt,  according  to  A.  Wagner,  E;allic  acid  eumot  be  detected,  eren  in  let;  old 
hope  quite  nnflt  for  making  beer.  He  regitrdi  tlia  tannic  add  of  bope  a>  idantiml 
witb  morintannic  acid,  and  finds  that  it  amonnti  to  bctwmn  S'2  and  S'T  per  cent,  of 
the  hops. 

According  to  Pajen  and  Chorallier.  the  aotit*  principles  of  Uie  hop  do  not  naide 

'uairely  in  the  lupnlin,  aa  waa  'formeriy  '     "       '      ' ' 

«  completely  bati  fram  Inpolin,  Btill  j 
soluble  in  aleohoL 

To  discover  whetber  hops  hsTe  boan  lalpbnred,  Wagner  treats  them  with  grknalatad 
linci  ntar,  and  purs  hjdrnchlorie  add.  Any  milpbnrona  add  that  may  be  present  i* 
tben  redncad  by  tha  nascent  hvdn^en,  and  the  libarated  anlphnr  nnitii^  with  the 
hjdiogoii,  forma  snlphydrie  add,  which,  if  passed  into  a  e<riution  of  nitrapmsBiatfl  of 
■odiam,  grneratee  a  deep  porple  colour  (iL  2S7).  This  leactiuD  irill  detsct  ntremely 
■null  qoantitisa  of  snlpliiiRnu  add;  luger  qoaotitiea  may  be  detected  by  the  odour, 
by  the  predpitatim  a  iodin«  from  a  acdntion  of  lodate  m  potaniam, 
other  raactiou. 

The  ashea  of  hop-conea  yield  by  analymi  the  fbUowing  reaalla ; — 


jy  the  0 
id  byTi 


Potadi 

WafudO(M«.> 

M.  Watu-t 

TirlBj. 

SSS' 

.25. 

11-98 

2t-88 

U-6S 

19-41 

070 
14-15 
fi-S4 
1-18 
2-71 
8-28 
S-!iB 
17-88 
11-01 
14-64 

3'44 

IJme 

Magneda 

6-94    . 

2169 
4-69 

18-47 

fl2r 

Fsnieoiide         .... 

IM 
7-01 

l-7« 

7-27 

1-41 
11-68 

Silica 

Carbonic  add  (CO')    . 

Pbosphcsic  add  (PH)*} 

OiloTideofaodiam      . 
Charcoal  and  loaf 

Aah  per  oent.  of  Ow  dry  aubstanca 

31-38 
5-46 

19  71 
2-IT 
M'47 

's-42 

9S9 

17-68 
4'34 
012 

99-98 

8-07 
7-27 

6-9S 
6-22 

98-96 

7-21 
S-G2 

10O«> 

e-i 

The  h(M  analyaed  by  Watta  irere  groirn  on  a  hoTy  cUy-soil  near  HaTkhnrat  ii 
Kent  ^e  crop  vaa  rather  above  Uie  avenge,  viz.  12  cwl  to  the  acre.  By  com- 
paring thia  amount  with  the  analyais  of  the  aah,  it  is  foond  that  the  hope  grown 
on  an  acre  of  ground  extracted  from  the  soil  87  pounds  of  mineial  conetltuents, 
including  12  to  13  M,  of  phosphoric  acid  <P'0>),  17  Iba.  potaah(K'O),  and  ISIbs.  10  os. 
of  aillca.     Tbia  ia  sufficient  to  account  for  the  well-known  exhauatiTe  efiect  of  this 

eit  on  the  BoiL  (For  the  etutistica  of  the  growth  of  hope  in  this  montry,  aee  Vr^i 
iionaiy  iffArU,  &c,  ii.  460.) 
XOWm^PM.  A  csdmiferous  dne-ore  &om  the  calamine  minea  of  AIt«nberg,  near 
Aix-U-Chapelle.  It  has  not  been  Fompletely  amdysed,  bnt  i^peaia  to  be  a  hydnted 
phoapbate  of  zinc,  containing  a  sniail  <juantlty  of  cadminni.  It  fbnna  tnniparent  or 
tniDslucent  prisma,  belonging  to  the  tnmetric  syatem,  having  a  greyish-wbite  colour 
■ad  vitreous  lustre.  It  occurs  also  in  i^cifonu  msaaes  imd  amotphoua.  8pedSc 
gmvity  2-76  to  2'8fi.  Hardness  2-5  to  S.  It  is  sectile.  (Dana,  ii  419.) 
HOM,  e^  or.    Eop-cooee  of  Inpolin  distilled  with  water,  yidd  an  MMOttal  oil 

•  JODTUJ  ollhm  BOT^  Airimltursi  SodM,,  pt.  I.  (1Ht9) ;  Jdmbw;  IMS,  p.  CT*. 
tFliU.lU(.t3:iusU.M(  Jshiwlw.  lUI.».p.  ion. 
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hsTi^  tlw  odoBT  of  flijne,  and  GMiiitiag^  MMmdiiig  to  R.  Wagner  (DiogL  poL  J, 
euTui,  2t7Xof  k  IiTdioMiboD  iaomerieviUKMlof  tdipentins,  and  an  oxygautcd  oil, 
xpfarnotlj  iilmtiot  with  -relnoi,  G*H'*Q,  and  emiTertibe  bj  oxiilatiou  into  tmlerianla 
aod,  and  prrhapi  aim  sotae  of  its  higlHr  bomologUM:  fapnca  the  odour  of  old  cheew, 
vhicb  bopa  acqsirt  It^  koajdug.  The  noB-omnsatrd  oil  u  not  altered  fa?  contact 
with  the  air,  bst  the  gnattr  put  of  it  is  gndnaUj  dimpated  by  ralatiliwtitni. 

AcHuding  to  PcraoDDO  (J.Phann.  [3]  zxri.  1419;  xirii.  13),  Inpnlin  distillsd 
vith  water,  jieldi  Talerianie  add  and  an  eawntial  oil  tightot  than  w*Mi,  ookrariaia 
and  neoti^  iflfr  recHfiration,  hnt  beeoming  acid  and  naioova  after  aome  lima.  It 
begina  to  boil  at  140°  C,  but  the  boiliiig  point  sndaalW  riaM  to  800°.  The  portiona 
distilLing  betveep  150°  uid  160^,  and  those  irtuch  diatifat  sbont  300°,  utpear  to  hare 
the  aame  compoaition.  Tia,  C"H"0.  Both  these  poitioos  of  the  distJUate  turn  the 
plaoe  of  polanaatioa  to  the  right ;  nnain  fluid  at  —  1 7°  t  diaaolrs  without  red  eoloni 
ID  Bolphuric  add ;  are  couveited  bf  uitrii;  acid  into  ralerianic  odd  and  a  teaioona  aiib- 
atancp ;  and  when  let  Ml  by  drops  on  melting  caoatie  potaah,  jield  a  hvdtoearboa, 
C"H",  and  ralenta  of  potaadnin.  Hance,  FeiBonne  regards  the  folatile  oil  of  Inpulin 
as  analogooB  to  eaaeice  of  Talerian,  which,  according  to  Gertaaidt.  coniiita  of  bonieeiM^ 
CH"  (l  828),  and  Taleiol,  CH'*0.  The  hydrocarbon  from  oil  of  hope  ia  not,  howsrar, 
identii^  with  burneanc^  inasmuch  as  it  cannot  be  conTerted  into  bonieoL 

SOB9BZW>  Barlej-atarch  obtained  by  kneading  badry-meal  in  watn,  and  leaiing 
the  liquid  to  settle,  does  not  dissolve  completely  when  warmed  with  aeidnlated  water, 
but  Iravea  a  pnlTarulent  substance,  to  which  Prouat  gaTe  the  name  iordeirt.  It  ap- 
peaca,  bowerer,  to  b^  not  a  definite  anbatance,  but  a  mistoie  of  stoich,  oBUalar  tisaoa, 
and  an  azotised  body. 

■•UBVIK  *H*T-^  1  in  Bariey. — Tbe  eompoaition  d  tlie  grain  (rf  bariey,  aa 
dKermined  by  Toriona  obaerren,  has  been  alieadj  given  in  theartideCBBULS^i.  82fi); 
also  the  compoaition  of  the  aah  of  tha  grain,  sncl  of  the  atraw  and  ohal^  aadeCmnioed 
by  Way  and  Og^ton,  abowing  the  limits  between  which  tlie  anoonts  of  each  eoualltaent 
wu  (bond  to  vary.  The  flawing  table  (p.  168)  cootaina  a  moM  detailed  atatemeut 
of  tbe  resnlta  of  these  ash-anatysea. 

Komv.    Sea  Hounr  Tiastn  (p.  170). 

XOWKUnnia.  AmpUboU. — A.  mineral  which  playa  an  Important  part  in  the 
composition  of  locks  of  the  pmnitiTe  and  tranaitioa  periods.  Hornblende-tod  and 
homblende-alate  coniiat  almost  entirely  of  it,  and,  in  diorits  (gzeenatone),  ayenitf^ 
boniblende-sneisa,  &c,  it  ent«n  aa  an  esaanlial  conititaent. 

Hornblende  forma  prismatic  cryBtala  belonging  to  the  monodinie  ayatem.  Balio  of 
Bin,  a  i  b  :  e,  -  1'837  :  1  :  OMOl.  Inclination  of  the  clinodiagonal  (b)  to  the 
principal  aiia  (r)  —  76-10°.  The  angle  ocP  :  oiP  —  Sfi"  SO*;  +P  :  +P  in  the 
clinodiagoaal  principal  section  -  118°  30';  oP  :  <bF  -  78°  69'.  Ordinary  combination 
aP.[oPai].  +P.aP.(fV.  SSeaOTwinawithfaeeofcompodtioDpanlleltaEsPn, 
as  in  the  flgnro.  Cleavage  perfect,  parallel  to  ooP.  It  la 
also  fbnnd  imperfectly  crjstalliBed ;  fibrous  or  colnmnar,  coarse  "S'  666a. 

or  fine,  with  fibres  often  like  flax ;  sometimea  lamellar,  also 
gnunlar,  coaise  or  flne,  and  usually  strongly  coherent ;  some- 
times friable.  Hardness  6  to  6.  Specific  gravity  29  to  S'4. 
iiiBtn  vitreous  to  pearly  on  deavage-fkces ;  fibrous  varietiea 
often  silky.  Colour  vaiying  from  bls^k  to  white,  throngh 
varioos  ahadea  of  green,  inclmin|r  to  blackish-green  ;  common 
hornblende,  which  oontaina  much  uon,  is  nearly  black.  Streak 
uncoloured  or  paler  than  the  mineraL  Sometimea  nearly  trana- 
parent,  naoally  translucent  to  opaque.    Fmetnre  subeonchoidal, 

Tha  chemical  composition  of  boinblende  was  (bmjeriy  repre- 
sented, in  accordance  with  the  reaults  of  older  aoalyHs,  by  the 
r'Ueral  fonnula  fiH'O.eSiO'  (or  iMO.im(F);  but  Rammela- 
arg  {XtTuraleketitu,  pp.  426,  494,}  has  ahowD,  by  compariaon  of  the  more  recent 
analyses  br  himself  and  othera,  that  all  hornblendes  are  metasilicatce,  of  the  general 
formula  M'OiliO'  or  H*8iO'.  The  metals  indnded  under  the  gcnenl  symbol  Jt 
are  oaldum,  magnesium,  iron  and  sodium,  lonMtimes  also  manganaae  and  potassium. 
These  matala,  leplaeing  one  anothsr  iiomi^tlionaly,  ehe  rise  to  a  groat  Dumber  of 
aubstances  difflsrmg  conaiderably  in  compoaition  aa  waU  aa  in  eolenr  and  other  ph^ical 
prapertiea.  A  further  variation  is  eatiied  by  the  presence  in  many  varialiea  of 
alomina,  which  entsas,  not  in  plsee  of  (he  protoxides  Mk),  for  tbe  amonnt  of  the  latter 
ia  not  found  to  be  in  in vnae  proportion  to  that  of  the  alumina,  but  in  place  of  a  certain 
portion  (d  the  ailica,  and  in  luch  propottion,  according  to  Bonsdorfl!^  that  1  at.  SiO*may 
be  regarded  aa  isomor^ionsly  re{ilaoed  by  1  at.  ilO*  (2^0*  by  3J1'0'),  but  acfwding 


■izcc  ..Google 


si 

w 


JL 

i_ 
lit 


in 


w  m 


i  -iS-ls 


s    ? 


■fa. 

1.g 


iijUiil 


i.t.i|ii 

.s|.a|ll|l 


ill 

ill 

lit 


111! 

Hi! 


il'i 
Ijll 

Jill 
11  eI 

m 


bjGoosle 


HORNBLENDE.  169 

to  IUmni«Iab«rs  in  the  proporiioTi  of  !!AI*0*  fbr  SSiO*  or  At*  for  S",  thn  qnuid^  of 
oxjgat  in  the  acid  ranatitaent  of  the  iDinerel  TcnuuDing  nnaltflred. 

liaQj  Tuieties  of  hornblende  ILkerisa  oontaiD  noaU  qnantitiM  of  flaorine,  prohably, 
■rcording  to  Bammeisberg,  in  the  form  of  a  doable  flaoride  of  BiLieon  and  ealciam,  or 
magDarinm.     Titanium  ia  also  sometime  pre««nC  in  small  quantity. 

The  pale  Tarietiea  of  hornblende  eODlainiDg  no  iron  tnse  readil;  befon  tha  blowpipe, 


with  intnnieacence,  forming  a  glui  which  >■  either  tnntparent  or  eihibita 
df^reea  of  tranalacenee  (town  to  milk-white  opadty.    With  borax  thej  form  a  ccdour- 
'         '-  -     The  lighter  coloured  femigiDoiia  Tsrietiea  ftue  alone,  with  more  o~  '  ~~ 


difflfoltr,  to  a  dark  f  ellowish  glio,  and  give  with  boiaz  a  tiansparent  glaea  tinged  with 
iron.  The  darker  grem  Taiietiea  aSbra  a  deeper  iron  edonr.  Eomblende  eoDtaioina 
alamiaa  and  a  little  iron,  acts  much  like  the  non-fermginoiu  TBrietin ;  bnt  the  blaif 


a  brilliant  black  bead  and  give  with  boiax  a  gloM  tinged  with   i 
AnthopAgtlite  melts  with  difflcultj  to  a  glwa  colonred  bj  iron. 

The  Mlowing  are  analyiea  and  dea^ptiona  of  the  prindpal   Tarietiea  of  hi 
blende. 

L  SenMendft  mth  UttU  or  no  Alumuu. 
TrtwKOii  SiO<      MiK)     Cii>0      Fa>a    KtfQ    Al'Qi    ]^^_ 


a,  TV^mometaOramfiuaiie,  j[^\^'0'  -  Ga>8IO*.3Ug«0',  in  while,  or  with  a 
grefisl),  greeniah,  or  yellowish  tinge.  Crjetala  often  in  long  slender  blades,  either 
^tinct  and  tnTeiBing  the  gangoc^  or  aggregnted  in  colnmnar  and  ladiatnd  maues. 
Spedflc  graTit?  3-93.  Tianspnrent  or  tmnslucent.  Fonnd  ia  the  Tremola  tbIIc;, 
Bwitcsriand,  and  on  the  St.  Qothaid,  in  granular  limestone  or  dolomite  ;  ia  the  Tyrol, 
tht  Bannat,  at  Oil^o  in  Sweden,  &c.  Ca/amite  ii  an  aeparagua'greeD  Tsriely  o 
tremolite,  found  in  prinus  in  serpentine,  at  Normarken  in  Sweden. 

b.  Aetinalile  [Actinote,  Stmiliilein). — This  name  iadudea  hornblendes  which  are 
ii(HBon<hon*  mixtnita  (rf  metaailiesles  containing  chiefly  msgneainm,  calcium,  and 
iron,  ueir  general  formula  being  (Mg;  Ca;  Fn^'SiO'.  Acticolite  occun  in  bright 
enra,  bladM  etystals,  or  columnar  forms;  if  in  distinct  rays,  it  is  called  ^fauy  aettTio- 
lilt.  The  ciTStala  an  long  slender  prisms,  bivakiog  easily  in  the  tnnaverse  directiDD. 
Spsd&rsraTi^  lunially  between  30!  and  3*0fi.  Actioohte  occurs  at  Greiner  in  the 
ZlUerthBl;  at  Arcndsl  in  Norw&y;  at  Eeliiingfar^  and  aerEral  other  places  in  Finland; 
at  Tsbcrg  in  Sweden,  and  in  PanneylTaiiia.  Baphiiitt  is  an  aabesliform  actinolite 
from  I^nark  in  Canada. 

JiAatoi  (i.  1I£),  when  of  a  white  colour  or  some  lig^t  shades  is  usually  a  flbmia 
Tariety  of  tremolite  or  addnolite.     The  daricer  spedmena  are  Tarietiea  of  anUiophyllile. 

e.  ^nfi(HiAyUi<i.~Thi8Tariety  ocean  inmaaieaof  aflnecolumnarstnicture,  ormade 
up  of  acicmar  fibm  of  brown  or  greyish  brown  cdIoot.  Sflen  with  eabmetalUc  lustre. 
Spedllc  gravity  2-9  to  318.  The  cleaTiige  affords  prisms  of  124°  30',  like  other  varie- 
tica  of  hornblende.  AolhophyUitee  are  fonnd  at  Kongeberg  io  Norway,  Knpferbeig  in 
Bararia,  Perth  in  Upper  Canada,  and  Ctunmingtoa  in  Haaaacbusetts. 

The  hornblendes  mclnded  under  this  name  Taiy  considerably  in  compoeitioQ ;  that 
from  Kongsberg  oonsists  of  j^jSi'O*,  oi- Pe'aO'.BMg'SlO';  that  from  Knpferberg 
c<mt«ina  twioe  as  much  magnesia,  its  fbnnnla  being  Fe'SiO'.flHg'SiO'.  The  minerals 
from  Canada  and  Massachusetts  are  altered  aotbophyllite^  the  latter  being  appiozi' 
matelj  tepreaented  by  the  formula,  Us^O>.3FeViO*. 
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d.  CmHvuiigtomte  is  b  irme-reA  snjialiir  hornbtendo  from  Cnmmingtoii,  Mum> 
chnsetts,  of  specific  gnvit^  342,  and  eoDBistiiig  of  manginooi  silicst«,  Mn'SiO*. 

t.  A^JvaUoHiU, — This  u  a  Ijlsck  miiiciBl  fboiid  in  Qrccnlaiid,  accompuijiiig  oodia- 
Ijte.  ft  wss  formerly  reguded  m  •  ymiietj  ot  homblmde,  with  which  isdud  it  it 
isaiDorphaiu ;  bat,  UMOiduig  to  KammelBber^  it  ii  &  distinct  specica,  whose  fonmiLi  i> 
(2M*O.SiO<)  Fe*0*.3SiO*,  or  ^^isi^O".  Rwunelsbog's  u»l;>is  g^vea  Sl-23parcent. 
aiO*.  23-75  Fe'O',  780  F8»0,  lia  Mn-0, 2-08  OtK,  OW  MgS>,  10-B8  N»'0, 0-88  K^, 
0-16  mUr,  and  ■  bvM  of  klnminK. 


HIO<    TlO<  AHO>  Fa<0>  FsW  HqIO  HfO    Ca>D    Vi>0  KtO    F     THO 
1.  Bni^.  Norvif ,     I  4,n      i^,      g.,1      e^    „f,      |.|)      (.(,        ,«      j.,4    t«B    .    .   INI-M'SI 
*"'^™'''^-J  ••■'*     •    •      T-M      .    .       *»      .    .    MM      WTO      W8    119    MS    1-I0-9S-M 

«.  Vii  da  Bo»,  En*    40^1     .  .  ua     .  .  iiu    .  .   isiB    laii o-ta=a»ia 

>—*.  Itamasl>ba>c(VAKraIeh»U<,p.«9a],-4.  t.  W»HB[ih»nnii(riiftimi>i4j  gJBrtul- 

llui  mlDcnd*  included  auder  this  head  are  miitnres  of  the  inmoiphons  eompoands, 
ITO-SiO*,  Fe'O'.aSiO"  imd  3M  0.2A1'0'.     fRammelsbecg.) 

Cantmon  Hontilende, — Thin  muna  is  ^nlied  to  the  iari  green  and  bWk  alnnuDons 
TtrietiM,  whather  in  cryntais  or  maaaive.  Specifle  graTitj  3-1  lo  3-4.  The  nsniB  aUndea 
to  it*  toughneas. — Carinthin  is  an  aluminoiu  and  fecruginaiis  hombleDde  iroin  Caiin- 
thia.    SpedBc  gravit;  J'127. 

UratiU,  teom  the  iTral,  hail  the  eleaTBge  atntctura  and  componlion  of  bombloDde, 
Imt  the  external  torm  of  aogitt^  and  is  regarded  as  a  peendomorph.  The  two  apecira 
are  Tsrionslf  mingled  in  di^rent  spedmeni^  showing  the  change  in  diffetent  slagaB  of 
progress. 

Biattaiite  is  a  homhloDde  from  Wennland  in  Sweden,  differing  acoording  to  Bictt- 
hanpt,  from  common  hombUnde,  b;  a  degiea  in  the  angle  of  me  pnam.  Paryaaile 
inclnde*  ciystallised  Tarirties  (crntAJs  n^uUr  thick  and  stoat)  i  of  high  lostn^  and 
rather  dai4[  Bhades  of  green.     It  is  abo  Kranolar. 

Fine  specimens  of  the  dark-colourpd  nornblendea  occor  at  Anseig  and  Treplitz  in 
Bohemia;  Ttmiberg  in  Sweden,  and  Pargag  in  Finland.  In  Corsica  there  ia  ntond  a 
Tarietj  of  hornblende  (  Verde  di  CortKa  daro)  which  admits  of  a  high  polish. 

AUtred  form  of  HombUndt. — Alterations  of  hombienda  are  mostlj  like  those  of 
angit«.  Varieties  often  occur,  containing  water  of  bydiation,  especially  asbeetilbrm  or 
antbopbjllite  Tarieties.  The  femiginons  cbange  by  oxidation  is  common,  and  all 
Tarietiee  are  exposed  to  alteration  from  infiltrating  waters,  holding  curbonutes,  sili- 
cates, &c.,  in  solution,  thus  giving  rise  to  msguesian,  ferruginoua,  magneaia-ferruginooB 
(chlorile),  alkaline,  or  aluminous  forms,  Tali^  steatite,  serpentine,  chlorite,  mica, 
pinit^,  cbabaaite^  limonite,  magnetite,  occur  afl  hornblende  peeudomo^b^ 

BOBVBKBWSB-KOOK  is  a  nick  consisting  either  wholly  of  hornblende  or  of 
that  nunend  mixed  witb  quarts  and  oecasionaJly  containing  mica,  iron  pyrites^ 
magnetic  iron  ore,  and  garnet.  HomhleTidt-Mlale  is  a  slaty  Tarii>ty  of  hornblende 
rock.  These  rocka  belong  to  tjie  oldest  formations ;  the;  aeloom  form  extended  bede, 
occurring  more  generally  m  maeecs  subordinate  to  granite,  gnsist^  &c 

BOmW-KBAD.  CfTtuint.  Katlre  ehlonxarbonati  of  ttad,  SPbCLFb'CO',  so 
called  from  its  external  tasemblance  to  bom. 

BOBB-QmOBSZXVBB.     Natire  Bob-chloride  of  mereocj.     (See  Mnaccxr.) 

BOSJr-ai&TBS.     Native  cblonde  of  silver.     (See  Siltsb.) 

BOBBBTOBB.  A  Taript^  of  qnaiti  resembling  flint,  but  more  biiltla,  and  with 
a  more  splintery  fracture.  It  is  often  called  Chrrt.  It  is  often  (bund  as  a  petrifaction 
on  wood,  and  is  need  for  making  mortars  and  various  other  artjclee. 

BOBH-T  TXSSITB.  Epidermote. — The  epidermis  of  animals,  hair,  wool,  silk, 
feathers,  naJbi,  claws,  hoofs,  horn,  scales.  Sic,  are  composed,  for  the  most  part,  of  a 
substance  containing  less  carbon,  but  more  nitrogen  and  eulphur  than  the  albuminoids. 
The  ppithelium  which  coata  the  internal  cavities  of  the  animal  body,  is  also  similaHy 
constituted. 

The  substance,  called  homy  tissne  or  epideraiose,  which  forms  the  basis  of  all  these 
atmctnree,  is  obtained,  though  very  ttx  from  pure,  by  exhausting  the  parts  containing 
it  with  boiling  alcohol  and  ether,  after  they  have  been  comminuted  as  much  as 
posnble.    This  treeUneut  lemoru  the  fatty  matters,  together  with  the  gtMter  part  of 
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the  nita  and  otlMr  Uatiga  nuttnt,  bat  it  do«a  oot  eniare  tits  perfect  bomogtmeit;  of 
the  undiaeolTed  lemdue.  It  ii  known,  indeed,  Cliit  the  homj  turaee  ue  oompoeed  of 
H  DDinbeT  of  BQperpDsed  layen,  cell-iTHlle  uid  Dnclel,  which  bm  periiape  not  kU  of  the 
Buns  nAtore,  but  jet  CBoiiot  be  eepftnted  bj  the  eolTenta  abare  meutioQed. 

The  nbetiuKs  thtra  obtained  bom  the  v&runu  hornj  tieeaee,  baa  been  uulyied  bj 
Mulder,  Scherer,  Vrimj  and  WTenl  other  cbemieU,  the  naolta  of  wboee  acaljiee, 
though  ikot  agntiog  Teiy  doselj,  itill  ahov  that  the  enbstuice  tbrniiiig  the  baaia  of 
these  ioranl  tianiei  hai,  in  all  probability,  the  aame  chemkal  inmpoaitioiL 

iUdmaU    Hair  of    Hilrof     Honiof  Bwd       Llnlni 

oMole       Baid.       Bewl.      BuMo.       Ndk.        Vool.       Qnllla.  oT    Mml>nna 

ol  FoJt.  FaUben.     oT  Bin. 

Cubon  61-0  CO-O  49-9  613  60*  SOO  617  618  GOO 
BvdrogeD    68  AT  66  6-7  6-8  7-0  7-2  71  66 

Hltrogwi   172        I7»        17B        17-2        18e        177         17-9        176        16-8 
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The  pnpartioD  of  aih  ie  about  1  per  eeot. 
Banj  tinue  melta  when  healed,  atid  bniiM  with  a  brigltt  flame,  «Th«tiiig  ■  pecD- 

liar  odixiT. 

When  eipoaed  to  the  action  of  boiUng  water  in  a  Fapin'e  digester,  it  gradnallj 
diasoWee,  yielding  an  extract,  which  does  not  gpl&tlnise  on  coaling.  Bj  simple  mace- 
ration in  water,  cold  or  waim,  t^  homj  tlaBDes  are  gndually  loosened,  and  exhibit  a 
ocUuIar  etmcture  more  or  leea  diatinet, 

CaiuUe  potiuh  easilj  diasolwa  homy  tiaaae^  eliminaljng  ammonia,  espedally  with 
aid  of  heat,  and  {brmine  ■  yellow  solntian,  which,  when  treated  with  acida,  giTes  oft 
Bolphydiie  acid  and  yields  a  white  precipitate.  Wh«n  ftiaed  with  Kt/draU  of  potoMaium 
it  giTes  off  bydtogen,  and  forms  acetic,  butyiic,  and  Talerianic  scida,  alao  leocine, 
tyrosine,  &c  Strans  solntions  of  canslic  pataah  or  aoda  ere  the  best  ns^enti  for 
biinging  oat  the  cellnlar  stntctoie  of  the  different  homy  tissue^  epidemue,  nails, 
hom,  &C. 

Stiong  rvlfkiiria  aetd  cnnsea  horny  tissne  to  swell  op,  and  partly  diseolTes  it  when 
heated.  The  solntion  dilated  with  wiitar  becomes  turbid  when  neutralised  with  an 
alkali,  or  mixed  with  ferrocyanide  of  potsssimn.  Fiolongsd  ebnllition  with  diiat« 
Bolpboric  acid  yields  tyrosine,  lendne,  ammonia,  &c. 

Sitrie  aeid,  npedaUy  if  hot,  eoloora  homjr  tissne  yellow,  and  nltimatelj  dissolve* 
it ;  on  addition  (U  ammonia,  the  yellow  solution  acqnirea  a  darker  Colonr,  and  finally 
assnmes  an  orange  tint.  According  to  v.  L  ■  e  t,  xanthopnteic  acid  is  fixmed  in  the 
first  iaatancF,  then  saccharic,  and  final^  oxalic  add. 

Fuming  kydrvaUorie  aaid  produceB  with  homy  tissne  the  same  bine  or  Tiolet 
coloration  as  with  Hlbuminous  gubstmcn,  and  gradully  dissolTes  the  tiasoe  on  boiling. 
According  l«  T.  Laer,  hair  immeraad  even  in  cold  coacentrated  hydmcbloric  add  dis- 
solTee  in  the  coorae  of  some  weeks. 

jicetie  aeid  dots  not  disaolve  hcniy  tiiane,  but  only  eaoses  it  to  swell  op. 

When  chlorine  is  peseed  into  water  containing  in  snspenaion  horiiy  tiaane  (prepared 
from  hair),  the  tissue  undergoee  no  change  in  external  appearance,  bat  alter  drying 
it  is  harsh  to  the  toneh,  and  dissolTea  completely  in  ammonia,  with  erolntion  <S 

imilBB  IIMIII  Will'  Jttoulut  ^tpoMUtOHum. — The  bark  of  this  tree  con- 
tuna  two  finorescent  SDbstanc«%  nscalin  (L  60)  and  fraxin  or  paviin  (ii.  708). 
Pelletier  and  CaveDtou  found  in  it  a  greenish  fat  oil,  a  red-brown  resin,  a  bitter  yellow 
■abetanee,  a  peculiar  red  sabstanos,  tannin,  and  woody  fibre. 

The  folly  dereloped  leavee  contain  qneieitriu,  wiiicb  is  also  found  in  the  ripe 

(OwS-filC*  IVafl*,  ii.  i97).-f*)  Mulder^  ci™l«:*e(/irf™wt.  Bo, '»,p:nO,'-(»J  K Vn  »!  4lBt 
(A.rbHK.xUU.U».-[&)  Fitoif,  Aon.  i:b.['li>i.[a]i»l>t.4T. 
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Mada,  but  not  m  the  Qadarelopsd  lesTM,  or  in  ths  coatinBi  of  tlin  bndi;  or  in  tile  bark 
of  the  stem  and  branche* ;  the  leavea  which  ikll  in  outBmn  contain  oalj  tracca  of  it. 
(Eoehleder,  Wien.  Akad-Bw.  I     ' 

The  aeede  contain,  accordiDg  ti 
(about  11  per  cent),  iiiDciliige,gaiii,  a 
iron -oaltji  green,  phoephoric  wid,  uid  isidmn-ultiL  Fr^m;  found  intheserda,  nponili, 
■  yellow  colooring  matter  [?  qoeicitrin]  and  ■  crystilliuble  bitter  Halwtuice.  Attempta 
hale  bren  made  at  Turioua  tJmee  to  Tender  the  ataich  of  horBe-chestnnt  aeeda  fit 
for  food  bj  &eeing  it  bam  the  bitter  anbatance  bj  meana  of  a  wetk  alkaline  ley. 
Acoordintf  to  Flandin  (Compt.  nud.  xxviL  391)  this  ia  beet  effected  by  kneadins 
the  peeled  and  brnised  aeedii  irilh  water  coat&ining  ham  ^  lo  ^  of  their  weight  <» 
ciuboQiLte  of  soda,  and  then  waflhing  them  ;  perfectly  whi(«  aliirch  then  Beparate^  which 
may  be  used  iib  an  addition  to  w^l-9our.  AcootdlD^  to  Belloc,  the  same  retnilt 
may  be  abtained  bj  the  nee  of  puis  water.  But  according  to  Flaadin,  the  alkali  ia 
required  to  remoTe  au  acrid  snbetance  and  an  acid  reain,  as  well  aa  the  bitter  piindplaL 
(Compt.  rrad.  nviiL  83,  138.) 

The  cotyledooe  of  bone-ehestnnt  aeeda  have  lately  been  examioed  by  Rochleder 
(Wien.  Akad.  Ber.  zIt.  ;  Rip.  Chim.  pure,  1663,  p.  219),  who  Buds,  in  the  alctiholio 
extract,  a  hitler  aabstance,  ar  gyres c in,  an  amurphoua  yellow  colouring  matter,  and  a 
aubaliuice  which  he  ealla  aphrodescin,  fbimerlj  regarded  by  Ft  jmy  ■■  aaponin. 
Then  lalMtBiicea  are  extracted  by  mcceaaiTe  tieatment  with  alcohol,  a«t«t«  of  lead, 
water,  and  ether. 

Aigfrescin,  C**H'*0'*,  ic  aoloble  in  vttar  and  in  alcohol,  and  ia  predpitaled  In 
ether  from  ita  aolution  in  abaolote  alcohoL  When  the  squeoni  solution  ia  evaporated, 
it  remains  in  the  form  of  a  gummy  mass.  From  ita  eolation  in  weak  sJcohol.  it  sepa- 
nitss  on  evaporation  in  mictoacomc  oystala,  haTing  a  Bilveiy  lustre.  The  oyatala 
hare  the  eonifioaitioa  2C"H*K>".H'0.  It  dissolvM  m  strong  ndphnric  add,  forming 
a  aolution  which  tnma  red  when  mixed  with  water.    It  is  fusible,  and  bnina  with  a 


ti  is  resolved  by  addM  into  HgTnaeetiji  and  jocose : 
C!"H"0"    -    C"H"0"  +  aC^'K)*! 
and  by  tJialu  into  nsdnic  add,  CfH'K)'*,  and  propiimio  acid  : 

C"H'W  +  3HK)    -    C!^-0"  +  aO^-O', 

With  alkalis,  however,  an  intermediate  ]»i>dnct  is  eomedmea  obtained,  namdj,  an  and 
whose  barium-salt  has  the  composition  (T'H'^a'O*',  thus : 

C"H>K)"  +  SH'O    -    C^'H^O"  +  CH'O'. 
This  new  acid  likewise  exists,  ready-formed,  in  the  cotvledons. 

Aphrodesoin,  C*^"0",  is  mlnble  in  water,  sndis  precifutaf ed  from  the  hotso- 

Intion  by  hydrochloric  acid  in  bulky  flocks.     It  ia  diatiogULshed  from  ssponin  by  ita 

Bolnlnlit^  in  alcohol,  and  by  its  reaction  with  alkalis,  which  is  similar  to  that  of  aigy- 

reaein,  excepting  that  it  yields  butyric  insWid  of  propionic  add,  thus : 

C«H"0''  +  2EK)    ~    Ct^"0"  +  C'H'O". 

Aescinieacid.  C*H**0",  ia  obtained  b*  predpitaticoi  from  its  salts,  aaacelatinons 
mass,  becoming  pulverulent- when  dry.  When  boiled  with  a  quantity  of  Jcohol  not 
auffldeat  to  diesolve  it  completely,  it  becomes  partly  crystalline,  but  does  not  alter  in 
compoaition.  By  diyiog  at  1 30°  in  a  current  of  carbonic  anhydride,  it  nnderanes  a 
decomposition,  which  Bocbleder  representa  by  the  improbable  eqoation  C"'H'"C^  • 
C"ii-0"  (wscinic  acid)  +  C-H"0". 

Attenate  ofpotaniim,  C*"H'"KO",  is  aystaHiaablB.— The  Aoriiifli-sajt  has  the 
composition  C"H"Ba'0=,— The  frorf-salt  contains  a  still  larger  proportion  of  bast^ 

Argyrosdn,  aphrodesdo,  andaednic  add  heated  with  hydrochloric  add,  are  resolved 
into  sugar  and  a  new  sabetonce,  telescin  C*H''0",  or  a  product  containing 
C«H''0",  When  these  decompooitioos  take  place  in  alcoholic  golotioBS,  the  prodaets 
formed  are  not  constant,  because   the  tdesdn  may  then  be  further  resolved  into 

Aescinic  acid,  or  rather  telescin.  dissolved  in  alaiho!,  mixed  with  hydrochloric  add, 
and  boiled  till  a  red  colour  is  pnjuced.  undrrgoee  a  final  decompoeitiun,  yielding  a 
solution  from  which  wBlerthroWB  down  flocks  of  aeaciffanin,  C^H  "O*,  isonieric  with 
choloi'dic  and  with  qainovic  acid.  This  substance  is  KiTuble  in  sulphuric  add,  and  on 
adding  su^nr  to  the  solution,  a  red  colour  ia  produced  similar  to  that  exhibited  bj  the 
biliary  adds  when  similarly  treated. 

The  odJon  of  hydrochloric  add  on  an  alcoholic  solution  of  telescin  or  (osdnic  add 
sometimes  also  yields  on   iutermediale  product  CH^O*,  which  is  isomatio  with 
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qDinorin,  u>d  maj  be  i«gud«d 


considttrs  it  probable  that  Bscigenin  of  its  componndi  tazj  exiat  i 
d  that  cjcIame'iD  and  djgitaliretm  duj  belong  to  this  group  of  com 


in  9  at  propioDie 
C-H-O"    -    CfH^'  +  SCra'O'. 

This  vinr  of  its  eompositum  is  Ba{^Kirt«d  bj  the  fonuatioii  of  a  compound,  <J*H.**0' 
[PCH^O*].  containing  the  elements  ofaacigenin  and  acetic  aad,  t^  theaffjon  of 
diioride  of  acetyl  on  sBcigenin. 

Roehledi 
other  pUnlo, 
ponnda. 

The  ash  of  the  ^Sezent  put*  of  the  hone^heatnnt  tiee  has  been  analjaed  br 
E.  Wolff  (J.  pr,  Chem.  iliv.  386  ;  Jahrcubac.  18*7-8,  p.  1078),  for  ths  pnrpoee-  of 
determining  how  the  pn^rtion  of  the  difiereot  mineral  constituents  are  modifled  in 
puaing  from  one  organ  to  another,  and  hoir  these  oonetitoente  aie  distributed  throngboat 
ths  leTBFal  organs.  To  eliminate  anj  local  character  from  the  reeoltn,  the  oif^ana  rab- 
JFcted  to  examination  irere  selected  iroDi  trees  growing  on  two  veiy  different  Boils ;  oao 
a  atony  parphycitic  soil,  the  other  a  moist  forest  soil  ofUn  oTPrilowed,  Teiy  rich  in 
Tegetable  mould,  and  much  more  favonrabte  to  the  grawtli  of  the  tnee  than  the  foruKv. 

The  mineral  cooetitueuts  were  extracted  bjr  first  charring  the  substance  in  a,  muflBe 
heated  not  quite  to  redness,  and  eihaustiiig  the  churcOBl,  first  with  mter,  then  with  dilate 
hi^rochloric  acid,  dijing  the  carbonacoous  residue,  and  inoiuerUing  it  complptel;  in  the 
muffle.  The  ash  »aB  then  likewise  eihaustod  with  hydrocUorio  acid,  and  lie  united 
hydrochloric  extracts,  the  aqueous  extract,  and  the  insoluble  Tesidaf^  were  lepaaldj 
analysed.     The  results  are  pvea  in  the  table  □□  page  173. 

The  ash  of  the  wood,  bark  and  leaves  of  the  horse-chastnnt  has  also  been  analysed 
b?  £.  Staffel  (Ann.  Ch.  Fhorm.  Ixxri.  3TS  ;  Jahresber.  1840,  p.  661),  dueBy 
with  thflTiew  of  detemining  whether  the  amount  of  the  eotoml  inorganic  tODStitnents 
in  the  plant  and  its  diflerent  organs  Taries  with  the  season  of  the  jear.  The  metjiod 
of  analjaia  was  similar  to  that  adopted  bj  WolfF)  excepting  tliat  the  '^^^^t^v■^J  waa 
exhausted  with  water  alone. 


.<.AD/ffor»M*«s<nMt  (Staffel). 

wood. 

Bark. 

u.™.        1 

Potash      . 

Spriu(. 

Auumn. 

Spring. 

Aulunn. 

Sprin,. 

Ainnn 

BT-67 

17-5* 

64-96 

22-81 

46-38 

18-17 

Lime         .        .        . 

S'SS 

£0-99 

9-2* 

81-3* 

13-17 

40-48 

BbBn<«»,        ,        . 

1'08 

617 

4-36 

3-99 

6-lfi 

7-78 

Alumina  .        .        . 

0-28 

018 

0-41 

0-Sl 

Feme  oxide*    .        . 

bsi 

o-as 

i-ee 

0-31 

1-03  ■ 

4-69 

Sulphnric  acid  (80^ . 

0-83 

1-06 

3*5 

1-69 

1-80 

on 

b-67 

106 

17« 

13-91 

PhI^h0ri;add{'l»O') 

19*02 

ai-73 

19-6* 

6-96 

24*0 

8-22 

10*7 

2-98 

9M 

2-60 

4-66 

8S6 

99-96 

99-98 

99-99 

99-99 

10000 

100-00 

Ash  per  eent  ut  6tj 

lo-eos 

S-BS 

868 

«-67 

7-59 

7-63 

Ash  per  cent  of  fresh 

iTlSS 

1693 

1-843 

8-171 

1-376 

3-388 

Moisture  in  100  parts 

of    aii-dried    snb- 

stonoe   .        ,        . 

SBi)! 

49-90 

84-*(. 

91-78 

8300 

86-27 

BOK»-VKBU  ORK  A  term  a^^Iied  by  the  Cornish  miners  to  certain 
Tarieties  ot  purple  copptr. 

KOOOJUn.    A  hydrated  alomiuate  of  msgncdnm,  occurring  as  the  material 

of  paeudomorphoiiB  spinel,  near  Oxbow,  wid  in  Hraaie,  near  Somemlle^  St.  Ijawr«nee 
count;,  New  York.  The  crystals  are  in  all  conditions,  Aom  the  pure  ipinel  to  arts' 
hrdrons  with  rounded  edges  and  pitted  or  irregular  auificea ;  it  also  occnn  in  flattened 
nodules.    It  is  perhaps  identical  with  Volhurite(q.  v.).     (Dana,  it.  136.) 

BOVlTBi  A  mixture  of  collyrite  (i.  1084)  with  a  hydrated  carbonate  of  ahmuniom 
and  CBldum,  found  id  the  Upper  ehalk,  in  the  neighbourtiood  of  Hove,  near  Bii^ton. 
It  is  veT7  soft  and  friable,  having  an  eartby  fracture  and  low  specific  gavitr.  (J.  H.and 
a.  Gladstone,  Fhil.  Mag.  [*]  xxiiL  461 ;  Jahresber.  1862,  p.  748.) 
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maWMMmKXU.  A  natenris  mmaal,  dewsibed  l?  &  V,  Shtpsrd.  (SOI  An.  J. 
[1]  n.  Wi) 

MVAVOXm.  (^H^N^O.— An  ■IkaloiJ,  uomoie,  or  puriwpa  identio*],  with 
cinelmuiie ;  obtuned  from  Ciina  dt  Haaneto  plana,  k  diichonB-b*A  foimd  in  the 
Bnunco  taretta,  north  of  lima  (A  ErdmsDO,  Ann.  Ch.  Fhann.  c.  S4I).  The 
ink  B  npeatrdl;  exhaoated  with  wstrr  containing  hjdrochloric  acid,  and  the  baap, 
prodptatcd  hj  eanatic  soda,  is  purified  hy  repeated  solution  in  add,  and  lepreeipita- 
(Km.  till  it  becomM  white,  and  flaallr  br  d^atalliBatian  from  alcohoL 

Hnauokine  cryatalliga  in  smitU  oofonrlesa  prisioB,  rrrj  similar  in  form  bi  dnchonine. 
Accordinf;  to  H.  Eab  o  (Jnhreslier.  1858,  p.  372),  thpv  aie  monoclinic  jo^ma,  eihibic- 
ing  tbe  beea  »  F  .  a  F<s .  oF.  Angle  no  P  :  o  F  in  the  clinodiagooal  princdpal 
•eetios  -  71°;  oF  :  a>  Fa  -  110°.  ClnTsble  pantUel  to  oF;  leas  diatinctlj 
pMialld  to  OB  P  a.  It  is  taatelea ;  lint  baa  a  Blight  alkaline  reaction,  atron^r  in  the 
•leafadHe  aoliitioa,  which  is  also  lUgbtly  bitter,  ft  melts  withant  decomnwilioa,  and 
■olidifles  in  the  erjitaliine  form  OD  cooliog:  at  a  stntngrr  heat  it  mblimea.  It  is 
nearij  insoluUe  in  water,  dissolTee  in  400  ptA.  alcobol  oF  SO  per  ceot.  at  17° ;  and  in 
110  ptB.  at  the  boiling  heat:  in  600  pts.  ether  at  17°;  Mid  in  470  pta.  at  the  boiling 
beat.    It  b  said  to  be  a  atrong  fsbrifiige. 

Tha  salts  of  Inaitokine  ore  precipitated  white  hj  alkali*  and  alkiHoe  carbonates, 
jeDowiih  white  1^  tioctore  of  galla,  white  hj  mercuric  chloride  jellow  b;  chloride  uf 

Ttw  Mi(piafa  is  nearly  ineolnble  in  water;  bnt  cUoolyea  euiilyla  ezeeea  of  acid; 
the  anliitioD  ii  not  flnoreseeDt. — The  iyiroeUoraU  is  Tery  solnbt^  and  laystallieee  ii 


large  mloo 
to  Hahn  (< 

t1?;_    ._ 

teminal  adgea  and  the  principal  axis  ■ 


P     P 
riuiB,   v  c  .    »xv  .  OX" .   -..    juigie  <»  c  -.  ox".  —  140-' 

(Hahn.) 


ttkomhie  cryrtala,  nP.  »^.oP.  ~.   Angle  »P:  obP.  -  138°;   -  .   -    - 


I  identiaal  with  cin- 
d  by  ^rdraaon  between  it  and  oindkonine  having  been 
prabah^  due  to  admixtnre  of  qoiiiidiiM  or  ciDChonidioe.  Be  fbond  that  hyclnodate 
of  einehoniiM  agreed  peifectlj,  id  external  character  and  in  its  retaliona  to  polarised 
light,  with  the  hydriodate  obtained  fMm  hnanokine  prepared  by  Srdinaiia  binuell 

mtlMmOMMlM.  A  black  mineral  from  Cornwall,  Orange  Connty.  New  Yra^ 
near  the  Hndaon  SiTcr.  Specific  gtanty  S'-IS  to  3-S.  It  clesTCe  tike  Hedenbogite, 
■nd  is  Kgaided  by  Dana  as  a  nriety  of  aogite,  having  a  conndeiable  portion  of  tbo 
■ilica  repboed  by  alnmina.  Tbe  eompoeition  is,  however,  mora  like  that  of  hoinblaiide. 
Smith  and  Brn eh  (Sill  Am,  J.  [aj  iri  B68)fbandin  it:— 

Cil<0        MrW         E>0        Va>D    Itnitlnn. 

lO'Se      300      2-4S      1'66       1-eS  -  90-88 
Kningott  fimnd  that  a  mineral  from  TSomtoe,  designated  as  Hndsonitsk  w«a  xtaHf  a 
bonblenda.     {BtuauMer^t  Hintnielitmit,  p.  996.) 
MlWOTilMfl^lTB.     Syn.  with  Mwt.i  n  it» 
Etyn.  with  Ouim. 
Sjm.  with  Daisoutb. 
See  Uuac  aoo). 
See  Chomdbudrb  (i  930). 
mxnmwui  Aom.  C"EPH3'(')    fWohit 
pcodneed,  with  erolntion  of  ammonia,  by  heating 

C"H»NO'  -  C"H»0'  +  NH"!?] 
Itispurifled  ly  dissolving  itin  potash,  preidpilating  with  hjrdrochloric  add,  re-dissolTing 
tn  alcohol,  and  predpitatiiif  by  water.  It  is  an  Mnorphons,  dark-brown  substance, 
faia(teUe  in  water  and  in  dihite  aeid^  bnt  dissotw  in  aloohol  with  yellowish-red,  and 
in  alkalis  with  yellow  eolonr,  the  lattn  solntion  fcrming  brown  gelMinotie  predpilatn 
with  barina-  and  lead-nlta. 

ToUs's  analyai*  ol  this  add  gave  63-0  and  64-t  per  cent  carbon.  5'S  and  t-0  hy- 
dngan;  irtMneeh*  ng^nted  the  fbrmnH  C*E^&'  and  CH^'O".  The  fbrmula 
■bcrn  ^vm  (which  reqonea  66'7  per  oent.  carbon  and  G-3  hydrogen)  i»  based  upon  the 
fcmmla  of  naiaotino  leoently  established  hj  Hatthieaaen  and  Foater  {Gmdin't 
r.  13S).    It  is  probable,  however,  that  the  acid  ha*  not  been  obtsiDed  pure, 
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See  En  (ii  6M). 

smKira,or  VegebMe  Mould,  U  the  pniMiA  of  the  ieaj  at  fegetMeaattei.  The 
hUnn  leaTBB,  sod  all  the  parts  of  plants  which  ire  nitnratd  to  the  toil,  either  dnrinz 
the  life  of  the  plant  or  after  its  death,  andergo  pecnliai'  altentioni,  the  rosnlt  of  >hicb 
ii  to  transfbrm  them  into  a  maw  of  oompaunds  vhoae  nature  has  not  been  exactl; 
ascertained,  but  which  are  knomi  to  contain  a  large  propcotioa  of  carbon.  This  decay 
ia  promoted  b^the  action  of  bif,  bjmoinoip,  and  bj  a  certain  dc^^ee  of  heat.  It  takes 
place  moit  qmcMy  in  those  constilQenti  of  the  plant  which  are  aolable  in  water,  soma 
of  the  iuBolnble  mattera,  snch  aa  reein>and&ta,re)riEtinB;decompoaitionfbr  along  time, 
and  remaiaing  almost  in  their  original  atate,  oo  that  thej  ma;  be  aMnwted  from  the 
hurana  by  aknhol  or  ether.  The  deeomposilion  i«  also  greattj  accelerated  by  the 
pcnsence  of  patrifying  Ditrogenooa  mattera ;  and  thia  la  doobtlesa  one  canoe  of  the 
beneficial  efl[^t  of  animal  manore. 

V^etable  mould  is  in  a  continual  atata  of  alow  combustion,  iriiereby  the  oiganio 
commands  which  it  containa  are  gradually  reeolved  into'carhoaic  acid,  water,  anii  am- 
monia, which,  as  the;  are  formed,  are  taken  up  by  the  roots  and  plants:  hence  the  effect 
of  Tegetable  monld  in  promoting  the  growth  of  plants,  and  partly  also  the 
advantage  gained  by  freqaently  taming  up  and  pulTarising  the  soil,  whereby  the  access 
of  air  and  the  decomposition  of  tlie  organic  matter  are  facilihited. 

MuaTMBXna.  The  name  af^Ued  hj  S.  Hanghton  (PEiiL  Mag.  [4]  xriL  18  ; 
Jahresber.  18S9.  p.  289)  to  a  hydrated  silic&te  of  alaminlum.  having  a  fatt^  Inatre  and 
the  aspect  of  felq«r,  fbnnd  in  a  coarsely  crystalline  granite  in  the  neighbourhood  of 
Nigpur  in  Cenlnl  India.  Specific  gravity  ^  2'3i9.  According  to  Haugbton'a 
an^ysis,itcontaini  65-63  per  cent:  SiO",  20  97  Al'O",  0-30  Ca'O,  0-*5  MgH)  snd  11-01 
water  (-  99'2e).  This  is  TCiy  nearly  the  composition  of  eimolita  (i.  984),  with 
which  also  the  mineral  agreea  nearly  in  Instre  anil  specific  giavity :  hence  Sana  (SilL 
Ara.  J.  [2]  xxviii.  133),  r^ards  it  as  identical  with  cimolite. 

KUSKAUXSTS.    A  phosphate  of  iron  and  manganeae  f^om  Hnreanlt,  near 

Ljmoffos,  where  it  occurs  in  amall  veins  ia  the  granite.     It  forms  Iranalncent  crystals 

o  the  moaoclinic  ayatem,  having  a  yellowish-  or  reddisb-brown  colour  and 

luatre.    Spedflc  gravity  —  227.     Somewhat  softer  t^an  felspar;   containa, 

according  to  the  mean  of  Damonr' s  analyses  (Ann.  Min.  m  v.),  38-00  per  cent.  PK)*, 

11-87   1&"0,  "-"  ^  •" ■     ■'  


gingto 


.   7-86   FeK),   11-98  water,  and   0'38  quarts  &c ;   whence  the  fonnnls 
l^^j'.aP'O'  +  SWO;  or  it  may  he  a  donble  salt  consisting  of  a  pyto- and  ortho- 
phosphate,  of  the  fbrm  MfP*0'.ZUFPO'.eH*0.  {Ratnmelaber^t  Miraralcifmia,  p.  830.) 
HVKZX,     An  acrid  crystalline  substance  obtained  &om  the  juice  of  Hiiracrtpiiaiu, 
(Bonasingault  and  Rivero,  Ann.  Ch.  Fhys.  [2]  zxviiL  <l3a.) 

KUXOKXTB.  A  mineral  from  Late  Huron,  containing  45'8a  SiO*.  33-92  Al'O*, 
804  Ca*0,4-32  FeK),  172  UgV  and  416  water.  It  forms  imperfectly  laminated 
masses,  having  a  light  greenish  yellow  colour  and  waxy  lustre,  tTBHBlucaat  on  the  edges. 
(Handw.  d.  Chem.  lit.  942.)  * 

AXTi    Native  iron-alum  from  Iceland.    (See  Sut.peith.) 
See  ZiBCOH. 


poisons  in  its  action.  The  poisonous  subsIaQce  is  uncryatallisable,  easily  soluble  ii 
water  and  in  alcohol ;  it  has  neither  basic  nor  acid  prowrties,  bnt  cannot  be  dassed 
among  the  resina,  on  account  of  its  solubility  in  water.  The  buat  of  the  Irnit  contajn* 
S  40  per  cent,  water,  fi'36  gypsum,  lima,  potash,  and  chlorine;  2-52  wax  and  chlorophyll ; 
9-64  tannic  add;  fi'64  resin  ;  1£'15  starcb,  gnm,  and  sngnr  ;  399  varnish-like  substance, 
■olubte  in  water  and  in  ateohol;  SS-OO  cellulose;  and  lastly,  oxalic  add,  and  substances 
which  can  be  eztncted  liy  strong  hydrochloric  acid  sjid  potaah-ley.  The  seeds  give  ap 
to  ether,  41'06  per  cent  of  a  green-yellow  fat  oil,  then  to  alcohol  24'13  per  cent,  of  a 
nearly  black,  brittle  resin,  resembling  kino ;  they  contain  10-7  per  cent,  of  inoiganio 
matters.  (J.  B.  Henkel,  Arch.  Pharm.  [2]  xdv.  IS;  Jahresba.  IBfiS,  p.  532.) 
SeeOpu. 

_  1.  with  TaaoHiLTn. 

barytic    felspar    resembling    adutaria,    discovered    hy 

r.  Walter  shansen  (Fogg.  Ann.  xdv.  134;  c  947)  in  the  dolomite  of  the 
Binnenthsl  in  the  Valais.  It  is  transparent  and  colourless  when  pore,  but  often  miUl- 
irtute  from  admixture  of  eulfjiate  of  barium.    Hardness  between  6  and  7.    fipedfii! 


..Coogic 


HTALOSIDERITE  —  HTDBAMIDES.  1 77 

graTit;  =  377  M  2*81.  It  foniu  BKntodioic  oyitala  reaembling  thoM  of  adnUria, 
a>F  .  oF .  +F9II,  often  with  ( aPa,  y  Angle  goP:  ( apgo )  .  120°  36'  j  oF :  «P 
-  111°  (C;  oF :  -f  F»  -  130°  3S'.  CImto^  perfbet  panUel  to  Pto  (Walteti- 
hanaeu).  The  ooaljiia  of  a  perfectly  limind  speciisaii  hj  Stockar-Eieher 
{Ktni^tyiei  Utitrticii,  ISSS-ST,  p.  107)  gave: 

SiOi  A1<0>  BalO  Ca>0        Mt'O  PO  KatO        IPO 

fia-sr        21-12        IS-Ofi        0-W        004        7-S2        S'U        OK  -  99-88 ; 

whtnce  the  foraraJa  j^l^{aiO»  +  Al'CjaO'   «  5l^'"i^''°' "  (Ba'K'nO"; 

vhieb  ia  aimilar  to  that  of  andeaJD  (■««  FBLma,  ii  S18).  [Sammdtlier^t  Mintrvl- 
ciflHc,  p.  609.) 


31-63  Sid*,  3a*0  Mg'O,  28*9  Fe^OlB  Fe'O*  a-aiAl'O'.'a-TB  ^.  and  a  trace  of 
phromiiini.  To  bring  it  under  the  fomnla  of  chi7>olil«,  aaPO.SiO*  or  M'SiO',  it  ia  neca- 
ESij  to  sappoae  thst  put  of  the  ailin  is  iaomoiphoiul;  replaced  by  aliuiiiii& 

maXSTB.    See  PAi^aoHlTa. 

S¥l»*nosa  ACID.  C'H'N'O*  (?>— An  acid  pradneed  bT  the  aellon  of 
potach  on  alLintom.  On  >upen(itnnting  the  BolatioD  with  acetic  acid,  predpitatina 
with  acetate  of  lead,  deoompoaing  tb"  lead-aalt  with  aolphnrrttcd  hjdrogen,  and 
eTaporatiiig  the  Altrnd  liiimd,  the  acid  is  obtained  bb  an  oocrjattJiLaabln  aynip, 
debqocannt  and  inaolable  in  alcohol  It  probably  coBtaina  the  elements  of  allantoin 
pim,  1  at  water  (CH'N'O'.H'O).    (Schlieper.) 

Thebame  hjdal 

KWSAJi'l'OJUi.  I?H'K<0*.  (A.  Bae^er,  Ann.  Ch.  Fharm.  txrii.  179.)— A 
eompoiind  belonging  to  tbe  paiabajiio  acid  group,  prodoced  from  allautolu  bj  the 
Mdncing  action  i^  hydriodic  add :         , 

CH-N-O*  +  am     -     CB'IPO   +  (TH'NK)'  +  l*. 
Alluimki.  Ura.  Kftlatolii. 

Alao,  together  with  a  amall  qoantitj  of  allantuiic  acid,  bj  the  action  of  bydriodic  acid 
m  aUounieacid: 

Cm'IPO'  +   SHI     -     CH'SK)"  +   CO"  +  HK)  +  P. 
AllaiKDIe  acM,  HyitnQtobi. 

It  PJTitallise*  with  great  faeili^  in  eolonricsa  ci^atala  eaailj  aoluble  ia  water;  ttxtea 
■lightly  aweet,  and  giatea  a  little  between  the  teeth.  It  is  oonrerted  by  oxidation  into 
allantaiie  acid: 

CH'N«0>   +  O     -     (WNK)". 

HTdutoiB .  A1  ludui  Ic  icld. 

Witbwat«ritfannaBaeyer'a  hydantols  acid. 

nilBACZIM.  A  term  formeiij  applied  to  hydrochloric,  hydrribromic,  bydri- 
odie,  faydroflnoric,  and  -hvdrocyaoic  acidi,  (□  diatlngnisii  them  from  adds  containing 
oxygen.  The  diBtinction  is,  howoTer,  DO  longer  nuuntained,  all  adds  being  now  regarded 
■•  wlta  of  hydrogen.     (See  Acina.) 

XTCMJLOK'nxa  AOD.   C"H''0". —  An  add  prodaced  l^Ibe  dsannpoaiticm  of 
iodopropionic  acid,  when  &  solution  of  •  aslt  of  that  add  iB  be«ted  to  boiling : 
*(?H'IO«   +   8HK>     -     C"H"0"   +   4H1. 

It  ia  moet  easily  pre|«ri>d  by  digestiDg  iodopropionic  add  with  ncen  of  silTer- 
«iid^  deeompoeing  Ue  resolting  ailTer-ult  with  sulphydrie  add,  and  eraporating  tbe 
filtrate.  Hydracrylic  add  then  remaina  in  the  form  of  a  eymp,  mixed  wiUi  slender 
ncedlea.  It  is  tribaaic ;  neoriy  all  ita  aalta  are  easily  solnbla  in  water,  and  many  of 
them  are  decompoaed  by  heat,  with  formation  of  acrylic  add : 
C"H"0"     -     4CH'0'  +   SHK). 

Hrdrurrllc  kU.         AcitIK  add. 

The  euprie  tall  ia  a  blne-gieen  ramish.  The  Itad-iatt,  C'*E"Fb*0",  fbmu  swhitt^ 
crystalline,  deliquescent  mass,  perfectly  inaolnble  in  alcohol,  and  decomposiog  when 
heated  to  between  160°  and  200».  The  tUner-aall,  C"H"A(^",  is  a  flocculent  mam, 
becoming  dark-coloured  and  amorphona  when  dry,  easiLy  eoluble  in  water,  iparinglj 
in  alcohol,  insoluble  in  ether;  decompoting  below  100^.  (Beilatein,  Ann.  Ch. 
Pharm.  cxzii.  366.) 

WTVIM AMI OMm.  A  group  of  tettiatT  diamides  (L  173),  formed  by  the  action 
Vuu  III.  N 
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nte  following  mie  the  hjdnniiilfB  at  pnMDt  knova ; — 


.    CH'TPO" 

. 

^(r&'of 

.    0"fl"lTO' 

- 

s\c^H)y 

.    C"H"N» 

- 

N^C^V 

.     CH'W 

- 

Nycfr)" 

.    C"H"BrWO« 

- 

V\C'b'BrOy 

H7diochIoioMli(7kiiiid«        .    0»H"ai![K>'    -    H\Cft>C10>< 

OlTCoiine,  N*(C;%*)'  from  gl7Di*l  (ii.  919),  mil;  also  be  Mgwded  u  »  bjdmnide^ 

or  nther  hjdniniae. 

Tbfl  ftldehjdes  of  the  httj  aeidi  (soetic  aldehTda  and  ita  homolognsa)  do  not  ^^^war 
to  }ield  oompooDdB  of  this  claw. 

Tha  hjdramidaa  are  ciTatoUiiiB  aolida,  inaolable  in  water,  loluUe  in  alookol,  not 
TolHtile  without  dp«impaaitioo,  and  not  poaiwwing  alkaline  pcopcitiea :  bnt  whm  left 
in  contact  with  strong  racstic  alkalia  (Powaea).  or  when  simply  raiard  to  a  high  tern- 

K.tnra  (Bertagnini),  they  are  conrerted  into  ieomeiic  componndu  poawaaing  strong 
e  propartiea,  t,  ff.  farfhmnide  into  fiiifumie,  hjdrobenzamide  into  anucina.  Tha 
difl^Qce  of  ixinstitatioD  between  theee  basee  and  the  eocresponding  hydnmidea  ■■ 
not  preciaaly  imderetood;  but  Barodine  has  shown  that  aioariafl  contains  a  larger 
nnmber  of  atome  of  leplaceable  hydrogen  than  its  isomer,  hydTohenzainide.      (Sea 

HTDaOBEHSUOD  B. ) 

Some  hrdramidfis,  t,  g,  hydrobeusamide  Koi  hydroaalicjlamide,  are  deeomposed  bj 
acids,  yielding  amnionia  and  the  corresponding  aldehydes.  Hy  solphydnc  atdd  they  sm 
conTarted  Into  anlphoretted  aldahydes  (tbialdidea),  e.  g.  fnrfiranude  into  thiofoitbl : 

(CH'O)'N*  +  8H«    -    asH*  +  aCH'OS. 

Futfanmid*.  Tliiaruirn]. 

KXSBAMXOTnr.  (7H*N^*.  Ditutphlde  of  Bulpkocariarn'mamttni,  DOafdn- 
tldphuntttd  8idpKocy<mogen  (Zeiae.  Ann.  Ch.  Fhann.  xlmi.  9S;  Debus,  ibid, 
Ixxtii.  37). — When  chlorine-water  ia  added  by  small  portions  to  a  aolntjon  of  siilpho- 
earbamate  of  ammoniam  in  S  or  S  pta.  of  water,  the  liquid  being  wpII  shakMi,  and 
care  being  taJien  to  avoid  an  ezcns  of  chlurine,  this  body  is  produced,  as  a  Boocnlcat 
crystalline  preciinlate,  which  must  be  wnsbsd  with  cold  water  till  tha  wash-water  no 
longrr  reddens  ferric  aalta,  and  dried  in  rocno.  It  ia  also  prodocsd  by  beatLng  an 
uueoua  aolution  of  Bulphocarbamate  of  amnioniam,  first  with  a  laige  aiceaa  of  ml- 
pnorie  or  hydrochloric  acid,  then  with  a  ferric  salt. 

Hydrauiotin,  when  fint  prepared,  is  colonrleaa,  with  a  naereoni  Instre,  and  in- 
odorouB ;  but  after  a  while  it  giiea  off  anlphuretted  hydrogen.  It  ia  -mrj  qiariaglj 
aoluble  in  wairr,  disaolvea  without  alteration  in  alcohol,  and  ia  diaaolved  by  etHtr  in  Teiy 
large  qnantity,  bnt  with  some  alteration,  the  solution  reddening  litmus.  An  alooholie 
aolutioL  of  wtoail  disaolvea  a  considerable  portion  of  it,  yielding  a  nentral  Uqnid,  which, 
when  boiled,  yields  snlphide  of  potaasinm,  sulpbocyanate  of  potaasinni  tod  sn^nr. 

The  same  transfbrmation  takes  place  <»i  boiling  the  solndon  of  Ilia  oompooDd  in 
abaolnte  alcohol: 


little  snlphydrio  add,  and  anlphydrate  and  Bolphacarbonats  of  ammcninm,  lesTing  « 
imall  qnantity  of  a  black  sabatsnee.  It  is  not  perceptibly  decompoaed  by  an^nrie 
or  hydrochloric  add. 

K¥9mAAVAMT&,  WTTr»i»1ll'rilllli|  tK.  See  HnBCUHUm^  HmbOdm- 
VTKTi.,  be. 

mwaMMMmnxm.    See  OtaMnm  (a  SSS). 

mwamMMmwmvat.  Syn.  with  ibwnmT. 

■mftABTm^  Analksli»ddiaco*«redbyJ.D.Perrins(Pbsnn.J.Trua.  [27 
iii.  MS)  in  the  root  of  i^ruMf  Ontodnwu,  in  which  itaxiMs  lotheamouktef  abon 
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noliMdm 
miDeral 


I^perMDi,  togatLerTitli  ber1>erina:itipp«an»l«oto1iftTebe«ti  prerioailj 

18S1  bj  Darsnd  (Amar.  J.  Phann.  niii.  112),     It  u  very  soluM*  in  difn- 

Keids,  which,  on  tli«  other  baud,  disBolre  brrberine  hot  Bpaiingl; :  it  inaj  Iberefora  ba 
convementlj  obtained  from  tha  alcoholic  moUier-liqaon  lemaiaiug  aftec  the  seporatios 
of  barberiue  (i.  8TB).  FoF  tbi*  pnrpoae,  the  alcohol  ii  diatill^  oS;  uid  the  liquid, 
largslj  diluted  with  water,  is  caatiooalj  mixed  with  ammania  till  the  Teaalliug  preci- 
pitate, ajDaistuig  of  a  daik-coloarad  raain,  no  longer  diawpean  on  atirring.  If  the 
filtratn  be  then  mixed  with  a  ili^t  excen  ot  ammonia  hjdnutine  ii  precipitated  u  « 
browniih-ysUow  powd^,  appealing  like  ataich  uudei  the  micnncope,  and  graduaJIj  be- 
coming ciTatalliaa,  Bj  repeated  oTotalliuitioa  &om  ilcobol,  with  help  of  anima]  chai- 
coal,  it  is  obtained  in  wunrUM,  ahiniog,  fooP'sided  prisma,  becoming  dull  when  diy. 

Hjrdnatine  is  Dearly  inaolnble  in  voter,  but  disaolTes  eaailj  in  alcohol,  eihtr,  cilora- 
form  aod  immu,  and  may  be  exiiacted  directly  from  tha  pulTerised  luot  by  heatiog 
it  in  a  percolator  with  either  of  these  aoWenta,  aeither  of  which  will  dissolve  barberiDo. 

HydrastinemeltaatatampBratumalittleHboTelOO";  it  has  a  sharp  bittarta«te,  bat 
does  not  ^ipear  to  be  poisonons.  Strong  nitdc  acid  oolanis  it  vellowiah-brova  ;  with 
sulphuric  arid  and  chroniat«  of  potassium,  or  peroxide  of  lead,  it  aaaaniga  a  brick-red 
to  eaimiue-red  colour.    Its  solntioDS  mixed  with  chlonn^-wobu'  acquire  a  blue  flno- 

He  aslta  of  hydraatiiie  are  for  the  most  part  solable. 

II I  If  11 1  Ml  This  tcnn  is  applied  to  eompaoDds  eontainiog  oijgen  and  hydrogsi^ 
Oie  whole  or  part  of  which  sxista,  or  msj  be  sappoaad  to  exist,  in  the  ftnrn  ttf  water; 


Hydrate  of  todiom  .         ITa*O.HK> 

Sulphuric  acid       .  .        .    SO-.H-O 

Cryatallised  alum  .  km&VfAWO 

Crystallised  gjueoie  .     (?H"0'.H'0 


H;drata  of  eUorine    .  CI.SEK) 

Eydralfd  chloride  of  barium    BaCLHH) 
CiTstaUised  sulphaTBenate 

of  sodium  .    2M»'AsS'.llSHK) 

Hydrate  of  tnrpentiae       .  C^ffraHK) 

Hydrated  oxides  may  be  regarded  either  M  aomponndBof  water  with  anhrdroiis 
oiidn,  M  ID  the  Girmube  of  l^drate  of  sodimn  and  aulphnrie  acid  above  given,  the 
wotn  {dayiog  the  part  of  ao  acid  in  the  one  ease  and  of  a  base  in  the  other;  or  as 
compouidg  formed  from  a  simple  orcomplex  molecule  of  water,  nH'O,  by  the  replace- 
ment  of  part  (mostly  half)  of  the  ^pic  hydrogen  by  a  radicle  either  poaitiTe  or  negatiTe: 


(so;ri 


o» 


(AH^to.'  (^S 


OljaTO-  lulphoric 


<'^'''l< 


('^|o. 


(Cff)''lO' 

Pjropliotpbork  Tftrctlirrcnio 

FeniMhrhDle 
Triflrnrln. 


The  li«  three  eampoands  in  the  tlnid  cdamn  ud  th*  iMt  four  in  the  fourth,  affiwd 
•xamples  of  hydrate*  in  which  mora  than  half  the  typio  bydngmi  iji  repUeed  I7  aa 
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acid  or  ftlcoholie  radicle:  ot}ier  eiunplea  of  mch  brdnitea  (which  mBjalsobeiTgardpd 

M  snhydrideB,  iniBiniich  m  they  an  "         .  .     t       .   j-        .  

be  found  ooder  EnrTLim,  HtsbIi 
QLumxcnixr^uxo  acids  (ii.  893). 

Metallic  hjdratei  ratain  the  elementa  of  vater  irith  TBrioiu  degrees  of  force. 
Hydrate  of  copper  parte  irilh  its  water  nt  a  lery  modente  heat ;  hydrate  of  ealcinm, 
at  a  stiong  red  tmt ;  while  the  hydrates  of  potasaiiun  and  sodiom  arc  not  decompoeed 
by  tbe  atroDgeat  heat  that  can  be  applied  to  tLem.  Hvdrated  acids  likowifle  exhibit 
TarioiU  d^lIBM  of  stability.  Tribamc  phosphoric  add,  I'K>'.3H'0  ot  PH'O',  gives  off 
p«K  of  its  HOier  at  a  red  heat,  being  converted  flnt  into  the  dibasic  add,  F\)*.2H'0, 
and  otHntalel J  into  the  monobasic  acid,  F'O'.H'O,  which  resists  further  decompositioo. 
The  h}dra(es  of  rolatUe  adds  exhibit  remarkable  relations  to  heat.  Under  given  cir- 
cumstances of  preasure  and  temperatures,  there  is  for  each  acid  a  certain  proportion  of 
water  which  fonns  a  staUe  compooitd,  a  weaker  acid  under  that  pressure  and  tempe- 
rature giving  off  water,  and  a  stronger  acid  giving  off  add,  till  the  moat  stable  compound 
remains  behind  (RoseoB,  Chem.  800.  Qo.  J.  xiii.  146).  See  SuLPmrnic  Aon),  Nithio 
tcm,  CBLOaKTDBic  icn>.  Ice. 

The  hydraln  of  the  stronger  adds  and  bases  may  be  formed  by  direct  combinatioD  of 
the  anhydrous  base  or  add  (anhydride)  with  water,  the  combination  being  eometimes  at- 
tended with  great  evolution  of  heat,  as  in  the  case  of  sulphoric  add,  buyta.  and  lime. 
In  other  cases,  the  hydrate  cannot  be  formed  directly,  and  in  others  again  the  union 
takes  place  but  slowly.  Acetic  anhydride  may  be  left  in  contact  with  water  for  sereral 
days  without  dissolTmg  in  it ;  but  on  the  application  of  heat,  it  gradually  dissolTee. 
Among  organic  acids,  it  is  found  that  dibasic  adda  are  formed  by  the  direct  union  of 
the  anhydride  and  water,  and  that  the  hydrate  may  be  decompniied  by  beat :  this  is 
the  case  with  snccinie  and  tartaric  adds  ;  whareaa  the  hydrates  of  monobasic  adda, 
such  as  acetic  add,  cannot  be  thus  decomposed  by  heat  alone.  This  difference  is  pro- 
bable related  to  the  bet,  that  the  molecule  of  a  dibasio  add,  like  succinic  add, 
a}  ['^'i  ^oiiUiiisasnfflcient  number  of  atoms  of  basic  hydrogen  tofbrm  water; 
whereas  the  molecule  of  a  monobaaio  add,  such  as  acetic  add,      n    |  O,  does  not. 


The  hydralea  of  Itthiom,  sadimn,  potassiuin,  barium,  sbontiom,  and  thallium,  are 
easily  soluble  iu  water,  fbnaing  strongly  alkaline  solutions;  hydrate  of  clldum  is 
moderately  soluble ;  the  other  metallic  hydrates  ere  insoluble  or  nearly  so ;  those  of 
magneBiom,  mereuiy,  lead,  and  silver  are,  however,  sparingly  solnbla.  The  hydrates 
of  the  more  acid  or  chlorous  radicles  are  all  more  or  lees  Boluble  in  water,  with  the 
exception  of  certain  organic  acids  of  high  atomic  weight,  such  as  the  higher  members 
of  the  fatty  acid  series,  palmitie,  stearic,  oorotio  add,  &c. :  these  bodies  dissolve  readily 
in  aloohol  and  in  ether.     Similar  remarks  apply  to  the  alcoholic  hydrates. 

In  many  hydrated  oompoonds,  part  or  the  whole  of  the  oj^gen  and  hjdnwen  sp- 
pearsactuallytoexistaswater,  BSin  bases,  salts,  Ac,  containing  water  of  OTStalhsation : 
ej.  crystallised  hydrate  0/ bari«7n,  BaH0.4H'0,  crj/ilaUimd  alum  (S0')'A1"K.12HH). 
Water  can  unite  m  this  manner  with  Bolts  and  other  bodies  in  the  most  various  pro- 
portions, sometimee  one  molecule  of  the  salt  being  united  with  leTeral  molecules  of 
water,  as  in  the  instances  above  given,  and  sometimes,  though  less  frequently,  one 
molecule  of  water  with  two  or  more  molecules  of  the  Bait ;  sometimes  in  more  complex 
proportionB,  as  in  crysfalliHod  mtrati  0/  itnmtium,  SNO'Sr.BH'O. 

Wat«r  thus  united  with  a  salt  or  other  body  is  for  the  most  part  expelled  at  100°  C.: 
some  Halts,  however,  retain  part  of  their  water  with  greater  tenadty  than  tbe  rest ;  thus 
dystoUieed  sulphate  of  rinc,  Zn'80*.7H'0,  gives  off  8  al^  water  at  100°,  but  retains  the 
seventh  atom  till  heated  to  288°;  sulphate  of  magnesium,  Mg*80',7H'0,  exhibits  a 
similar  deportment,  moreover,  this  last  atom  of  water,  which  by  its  greater  stability 
appears  to  be  more  iatimaCety  united  with  the  salt  than  the  rest,  may  be  replaced  by  a 
molecule  of  another  salt,  as  sulphate  of  potassium  or  anunonium : 

CtTBtallised  sulphate  of  nne  Zn'SO'.HKI   -h   8  aq. 

D_,  u  .     »  -         J     ^    ■  (     Zn'SO'.K'SO'  +   9  aq. 

Solphate  of  ZWB  and  potassium  .        .  }         „  ZnKSO-   +   S  ^i 

Water  united  with  a  salt  in  Ihia  mumer  is  called  b^  Graham,  contHtvtioitai  taaier, 
to  distinguish  it  from  water  of  crystallisation.     Liebig  distinguishes  these  hydmted 
compound^  k  g.  Zd'90*.H*0,  by  the  term  kaihgdrait*. 
.    HnBACSZO  XiIMBBTOirm    See  LunatOKS. 

BTmUimS.  This  term  is  applied  chiefly  te  the  compounds  of  hydrogen  with 
metals,  alcohol-radiclee,  and  OTaaiuc .  add-radicles,  e.^.  l^dride  of  topgm,  CalBi 
faydiida  of  ethyl,  CH'. E ;  hydride  of  bMkK^l,  CH>O.H. 


^dbyGooglc 
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Mttallie  Bgiriie*.  A  few  only  of  then  compoonda  bn  kuoinu  TIis  most 
important  are  the  gacKma  hydrideB  of  artaiie  and  onfinonjr,  AaH*  and  SbH" 
fi.  322,  371),  fonnad  on  the  uumonU  type.  Fiotpitnvtttd  AodnMtn,  or  photpiamiiu, 
fH*,  beloDgB  to  the  a»mf  rials.  There  ia  also  a  solid  hjdrid*  of  usanie,  supposed  to 
have  the  coiopaeitioa  A«H',  produced  when  wstei  U  elMUoIned  b;  ■  ttmog  eorrant, 
with  metallio  sraeoic  for  the  negstiv?  pole.  It  js  doobtrol  whether  a  hydride  of 
bimiulA  raists,  aualogotLS  to  the  gssaoui  anenides  of  arsanio  and  SDtimooy.  Hydride 
of  copptr,  CqiH  or  CcuH.  produMd  bj  the  attion  of  hnto^diosphoroDB  add  on  aqueous 
cnpnc  sulphata,  ia  remaiiable  for  its  reaction  with  hyiuvchloric  acid,  t^s  pcodacla  of 
which  are  caproiu  chloride,  CcnCl,  and  free  hydrogpn  (ii.  SS).  A.  hydride  of  irvn  has 
been  obtained  by  Wanklyn  and  CBrias(lnn.  Ch.  Pharm.  en.  S9)  by  acting  on 
feiTOOB  iodide  with  cinc-ethyL  It  is  a  black  metallic  powder,  which  gives  off  hydrogen 
when  immenwd  in  water. 

Hvdridea  a/  Alcokol-radielet.—l.  Of  the  radicles  C'H*'*'!.  These  hydrides 
are  the  homolDgaea  of  msnh-gaa,  or  hydride  of  mtthi/l,  CH'.H,  the  lowest  t«nn  of  the 
perie&  The  hydridea  of  etkul,  tritylj  Hnd  tetryl  are  nseonfl  at  ordinary  temperHtOtee  ; 
the  rest  nn  to  C^H".  the  hitrheat  Tet  *"  '   ' 


1  be  solid  waxes  and 

Hydride  ti  vuOiyt  (marah-gaa)  ia  prodoced  bj  the  pntrebction  and  dij  distillation 
of  OTf^c  bodies,  and  by  diatSling  acetic  add  or  acetone  with  excess  of  potash  (L  Vi). 
Hydnda  of  etti^  is  obtained  b^  the  decomposition  of  ethyl  itself  which  imder  ontain 
ciicnnutaDces  splits  iq>  into  this  oompoond  and  ethylene  (iL  £65] : 

aCH"     -     C?H'.H   +  (7H*; 
also  when  iodide  of  ethyl  ia  deconposed  by  xinc  in  pmenOB  of  water: 
aCH'l   +  ffO  +   Zn'    -     2{(?E*M)   *■   Znl'O. 

Hydride  of  tetryl,  CH'.H,  is  Modocad  by  heating  tebylie  alcohol  with  chloride  of 
rino,  and  hydride  of  amyl,  C*H".H,  together  with  several  of  its  higher  homolognes,  by 
similar  trestmant  of  amylic  alcohol  (p.  H^). 

Hydride  of  amyl  and  some  of  its  homolognea  are  also  eont«ined,  together  with 


'.  130),  and  of  Wigan  cannel  cosi  (Sehorlemmer,  Chem.  8oa  J.  xr.  *19):  for 
the  modeof  Bcponitingtheni,  see  p.  146.  Many  of  these  alcoholic  hydrides  ace  also 
contained  in  American  petroleam  or  earth-oil  (which  indeed  sppeare  to  conaiat  almost 
entirely  of  them),  hydride  othatyi,  C^".  coaatituting  the  principal  portion  (Peloucs 
andCahoura,  Ann.  Ch.  Pharm.  eniT.  280;  ciirii.  m6;cxii]:.ST).  They  are  separated 
by  baetiona]  diatillation,  and  purified  by  auccesaive  treatment  with  Enlphnric  acid  aod 
carbonate  of  eodiam,  desiccation  with  anhydrana  chloride  of  caldum,  di«tillation  mta 
sodium,  sad  final  rectificatioD.  In  this  manner,  Pelonze  and  Cahonra  have  obtained 
twelve  of  these  hydrides,  included  under  the  geaer»l  Ibtmala  C>H>*'',  fn>m  hydride 


^leifio 

QraviUa  and  Boatng  PoiyiU  of  ^leaheHe  Hydrida,  OH*>+*- 

Hydrides  of 
ietirlCH"     . 
Am^  CH"      . 
He^l(?H"     . 
HepiylCH"   . 
OctjfCH-      . 
Sony!  (?H"      . 
Decatyl  CH"  . 
EndecatylCH" 

TtidecatylCH" 

CH-.       . 
Pentadeea^I 
CH".        . 

3i«tlbc(nTUlH. 

BsUlnipdDIa                           j 

'acrr' 

Schn- 

Wnrti. 

""j^r" 

jss,. 

W-«. 

O'aasrtir" 
ym  „  18 

0-8S9  „  Ifl 
D726  „  16 
0-7*1  „  IS 
0-7fi7  „  IJ 
0-76fi  „  18 
0-778  „  20 
0-792  „  20 

D-636at'l7° 
D'878  „IS-5 
a-709  „  17-S 
0-718  „  17 

0-728  1^  0" 
0768  ,|o 

Ittla  itH>niO° 

80° 

6B 
92—  M 
118—118 
136-138 
160—162 
180-184 
196-200 
216-318 

288-240 

266-280 

890_  40= 
68  —  70 
98  -   99 
119  -120 

28°—  SO" 
80-84 

115  —118 
134  —137 
IM  -167 
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of  tetryl.  CH",  boiling  at  a  few  dwre«s  above  0",  to  h^da  of  penladeohj,  CB", 
boiling  brtvsea  2SS°  and  360°.  The  oil  >1m)  jieldg  a  quantity  of  liquid  boiling  abors 
300°,  anddoabtteaa  containtz^someof  the  higher  MnnB  of  the  same  seriea.  UonoTeF, 
in  boTiDg  fbr  it,  liuga  quantities  of  gas  escape,  exhibiting  the  charactcn  of  marah-gai : 
hence  it  ia  probable  that,  in  the  great  geolo^cal  changm  vhich  have  given  riae  to  the 
■eparation  of  this  rema^ble  liquid,  the  whole  aeries  of  homologonj  ulcobol-bjdridea 
OH*'*''  baa  been  pn>dnced,  ftoni  manb~ga«  up  to  the  highest  parafllne. 

The  preceding  table  (p.  181)  eihibita  the  apecifle  gnvitiea  and  boUing-pointa  of  the 
alcohohc  hjdriifea  obtained  from  theeo  aeverat  eourcee.  The  vapour-densitiea  have  also 
been  determined  in  all  caaes.  and  found  to  agree  nearl;  irith  thoee  calculated  fcom  the 
rpepective  formnlie  for  a  condenaation  to  3  Tolumes.  WniU'a  determinatioaa  «er« 
nade  on  the  hydridea  obtained  bj  the  decompoeition  of  amylic  alcohol ;  Schorlemmer'^ 
on  those  from  eannel-naphtlia ;  those  of  Petouxe  and  Cahoon^  on  the  hjdrides  tcma 
American  petroleum. 

These  alcuholia  hjdrides  are  very  stable  compounds.  Thej  are  little,  if  at  aU,  acted 
npoa  by  fuming  niirie  acid,  ntrong  fuipAunc  acid,  or  bromiim  ;  but  cAiorine  converts 
them  all  ii]l«  the  eocreaponding  alcohouc  chlorides  OH**''''CI. 

Each  alcoholic  hjrdride  of  the  aerie*  C°H*>*i.K  (except  hj^de  of  methjl)  is 
identical  in  compoaitimi  with  a  radicle,  simple  or  nixed,  belonging  to  the  same  series: 

Hvdride  of  Ethjl  Cm'M .  -  Methyl  CBP.CH' 

Trityl  C*H'.H  -  Methyl-ethyl    CH'-Cm* 

TetrylCIP.H  -  Ethyl  (?H*.CH* 

Amyl  CH".H  -  Ethyl-trityl      (?H'.t?ir 

and  geneiKlly :  —  Methyl-tt^l   CH*.C<H* 

C»"H*"*'.H  -  C-  H*"  ♦'.  OH*"*' 

The  qnestion,  therefbre,  arises:  are  the  membara  of  the  two  aeries, the  alcohol- 
radicles  and  their  hvdridea,  identical  or  only  isomeric?  Soon  after  the  isolation  of  the 
alcohol-radicles  by  Frankland  and  Kolbe,  in  1B4&,  lAnrent  and  Geriiardt  pronounced 
the  opinion  that  these  compounds  were  the  bomolognes  of  marsh-gas.  This  view  ha* 
not  been  generally  received  as  correct  (see  Ai,oaHoi^BAj>icL>s  i  SO) ;  bnt  recently, 
SchorlemmeT  (Chem.  Soc  J.  iv.  t2JS)  has  endeavoured  to  solve  the  question  bj 
examining  the  productH  obtained  by  the  actjon  of  chlorine  on  the  radicles  and  their 
isomeric  hydrides.  He  finds  that  ethyi-amyl,  (TH*.  CH",  tjreatad  with  chlorine,  yields 
a  chloride,  CH"C1,  agreeing  in  compoeitioii,  as  well  as  in  boiling  point  and  other 
physical  properties,  with  that  which  u  produced  by  the  action  of  chlorine  on  hydride 
of  hepty!  (p.  Ul).  From  amji,  C"H",  Sehorlemmer  obtained,  in  like  manner,  a  chloride, 
C"H"C1,  boiling  at  about  200°,  which  he  rt^iards  aa  identical  with  tliat  which  Wurtz 
obtained  by  the  action  of  chlorine  on  hydnde  of  deoatyl,  C'*H".H.  From  these 
resnlls,  Schorlemmer  concludes  that  no  chemical  diBerence  ezista  between  the  alcoholic 
hydrides  and  the  radicles,  at  least  among  the  higher  members  of  the  aeries. 

3.  Hydiidtt  of  tie  Aicohal-radicla  OH'°~'. — Two  oompounda  of  thia  ssries  are 
known,  via :—       Hydride  of  Phenyl  (Beniene)  (?H'     -     CH'.H 
Hydride  of  Benzyl  (Toluene)  CS"      -     CH'.H 

Both  these  hydrides  are  contained  in  the  light  oils  obtained  by  the  distillatiou  of 
coaL  When  treiHed  irith  strong  nitric  acid,  they  yield  substitution -pnidncts,  inthefbrmof 
heavy  oils,  the  formation  of  which  afTorda  the  means  of  separaling  thiae  hydrocarbons 
Insm.  tliose  of  other  aeriea  with  which  they  may  be  mixetl  (p.  146).  ThI  prepan  ' 
and  propeitiea  of  these  hydrides  have  already  been  fully  described  (i.  542,  £73). 

The  hydrides  of  alcohol -radicles  of  other  eeriee  have  not  yet  been  obtained. 

Hydride)  of  Acid-radiclet:  The  ahiehydae,  referred  to  the  hydrcmn-type  HH, 
constitute  thia  class  of  compounds,  e.g.  acetic  aldehyde,  CHK)  —  C'H'O.H ;  benzoic 
aldehyde  (bitter-almond  oil),  C'H"0  -  C'H'O.H  (see  AldehTdW,  i.  110). 

An  acid  formed  &om  aloehc  or  chiysamnuc  add  by 
la  chloride.  A  dai^  violet  powder  is  then  produced, 
which  at  130°  contains,  according  to  Mulder,  SiiO'.C'icA'O".  Thia  stannic  salt, 
treat  od  with  potash,  gives  off  ammonia  and  assumes  a  blne-viotet  colour ;  and  when  heated 
with  strong  nitric  acid,  gives  off  nitrons  fames,  tarns  red,  and  yields,  first  aloetic  acid, 
then,  al^  longer  boiling,  chiysammic  acid  (Mnlder,  Ann,  Qh.  Fharm.  ItyiJ,  266), 

KnUtO  AV  ATITM,  A  bydraled  phosphate  of  ealeinin,  containing  Snorine,  fbond 
'n  milk-white,  translucent,  warty  concretiona,  in  clefts  of  a  fermginoos-atsil- 
Inceous  rock,  imbedded  in  a  bla^  slate,  near  St.  Qirons  (Ari^n)  in  the  Pyrenees. 
It  aciatohoi  fluor-spar,  bat  is  acntcbed  by  atecL    Specific  gtavi^  —  3-ld.    It  contains 
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40-00  pH  ccDt.  1*0',  B2-U  Ca*0,  S-M  F,  ud  S-SO  «Mar,  tMethv  wiA  S-4S  terie 
pho^luta,  agcMODg  neut;  *im  the  fiAtnnlB  SCa'FO'.aCftF.sH'O.  (Dsmonr,  Ann. 
MiD.  [S]z.  W;  JthrMbar.  lS6S,p.S7«-) 

beiumgt.  (Laareiit,  Aiiii.CIi.Fhn.[2]  lxa.23;lm.  IB;  [8]  L  SOO.— BertBgnini, 
Aon.  Ch.Fliann.  IzzTrm.  I3T.)--Thua>iupoiiiid,  iriiid  majbe  KgarcM  u  ■  tortiaiy 
diamide,  N^(7H*)',  in  vhich  the  hydrogen  ii  complelety  mpUced  br  tli*  diMMnia 
mdicie  tfnajlena,  is  prodoced  hj  the  ution  of  waiiioDU  <m  hydride  a!  benjnyl  (biKfr 
■Imoiid  oil).  When  teetifled  biUer  Blmond  oQ  (hoiling  it  IBO")  ii  left  in  contact  with 
aqueooi  ammoniB  for  a  few  days,  oc  lor  only  nx  or  eight  honn  if  the  liquid  be  pn- 
vioasl;  heated  to  the  boiling  paint  of  the  ammoniacal  solntion,  ■  crystalline  maa  ia 
fcnned,  which  most  be  broken  np,  wiubni  rapidl;  with  ether  to  nmoTS  adhering  oil, 
and  then  disBolred  in  boiling  alcohol,  which  leaves  nndiasalTed  a  Dnmberof  Hcondaiy 
1  hydrocyanic  acid  oontoined  in 
:a.  Phano.  aii.  151),  hydroben- 
camide  may  be  obtained  in  fine  nyatala  by  mixing  bitter  almond  oil  with  an  eqnal 
Tolume  of  ethei  and  gtning  aqiieoos  ammonia,  and  learing  the  miituTC  at  reaL 

Hydiobenzamide  ■pporata  nam  ila  alcoholic  aolntion  in  colourlgaa  octahedioiu  with 
a  rhombic  bau,  tmnoited  on  their  longer  lateral  edges.  An^ea  of  the  terminal  edgca, 
130°  and  122° ;  anglea  of  the  laterU  edges,  84°  SO'.  It  is  insoluble  in  wati«r,  rery 
aoloble  in  alcohol  and  ether.  The  crystals  are  destitute  of  taste  and  odour,  but  tlis 
alcoholic  Bolation  has  a  taste  of  burnt  ahuiMHis.  The  oyttals  melt  at  110°,  fbrming 
a  thick  oil,  which  has  a  sweet  taate,  and  solidifiM  after  a  while  to  an  opaqoe  brown 

I>KVnijiogiliom, — 1.  Hydrobeniamide,  when  heated  in  the  air,  takes  fire,  and  boms 
with  a  not  unpleasant  odour  (Lanreat).— S.  Between  120°  and  130°  it  chaagta  in 
three  or  four  boors  into  amarine  (Bertngaini). — 3.  By  dry  ditlillatim,  it  yields 
lophine  and  a  strong-smcUiDg  volatile  oil,  leaving  a  amaU  quantity  of  carbonaceoua 
matter  (Laarent). — 4.  When  the  alcoholic  solution  ia  continnoosly  boiled,  ammonia 
escapee,  and  on  evaporating  the  alcohol,  bitter  elmoad  c^  remains  (Laurent). — 
5.  Boiled  with  aqoeoos  chromie  acid,  it  yields  a  large  quanti^  of  brnioie  acid 
{Fownes,  PhiL  trans.  184S,  263)._6.  With  aciA,  even  at  oidinai;  tempetatora, 
it  yields  bitter  almond  oil  and  the  ammonia-salt  of  the  add  (Lanrent,  Fownes). — 
7.  Boiled  with  po(iMi-fcy,  it  chanj^  gradually  and  without  perceptible  decease  of 
weight,  into  amariae,onty  a  faint  odour  of  bitter  almond  oil  being  evolved  (Fownes). 
Boi&d  with  alcoholic  potash,  it  givea  off  a  small  qnantity  of  ammonia  and  bitter 
almond  oil  (Laarent), — 8.  When  it  is  fused  with  h;/dralt  nfpoltutium,  the  mans 
becomes  first  light  yellow,  then  dark  yellow,  and  ultimately  brown  and  black ;  and  if 
slowly  heated,  gives  oS* nothing  bat  ammonia:  if  the  heat  becontinned,  there  is  given 
off.  besides  ammonia,  a  mixture  of  about  4  voL  hydrogen  gas  to  1  voL  carburetteil 
hydrogen.  The  black  residue  contains  carbonate  and  cyanide  of  potassium,  benzo- 
Blilbio,  bensolone,  and  a  small  quantity  of  a  yellow  oil,  which  thickens  and  beooniea 
viscid  on  eiposore  to  the  air ;  the  mass,  which  has  then  become  dark  yellow,  contains 
nothing  but  beczoelilbin  and  a  considerable  quantity  of  the  yellow  oil  (Rochleder, 
Ann  Ch.  Pharm.  Ixi.  SO).— 9.  Hest«d  withpo^osnunt,  it  yields  a  r<^  fusible  mass  and 
a  small  quantity  of  charcoal  (Lanrent). — 10.  WbentiilpAi/drK  iidij is paased  through 
the  alcoholic  solution,  sulphide  of  benzylene  is  produced  (C  a  hours).-  11.  Aeolntiou 
of  hydiobenzamide  in  absolute  alcohol  mixed  with  a  solution  of  tulphurmia  anhydride 
in  abeolntn  alcohol,  dnioaits.  after  a  while,  a  white  precipitate  of  eulphite  of  bonit^l 
and  ammonium,  C'H^NH'jSO*  and  the  remaining  solulion  yields  by  distillation, 
first  alcohol,  then  diethyl-benzylenioether,  S^Q^LlO'  (R  Otto,  Ann.  Ch.  Pharm. 
■■vii  306). — 12.  When  hydmbenzamide  is  satsnted  with  ii^roefdone  add  got,  a 
componnd  fNe  firom  nitrogen  slowly  volatilises,  whilst  a  non-volatile  azotised  compound 
remains  behind,  which  ia  not  altered  by  ether,  but  ia  diaaolved  by  alcohol,  with  at 
ration  of  sal-ammoniao.  This  compound  (hydrochloiate  of  hjdioben  -■  '  ' 
solved  by  water  into  sal-ammoniac  ajid  hydride  of  bensoyl : 

0»H'Tn.2Ha  +   VBKt     -     •iHH'Cl  +  8CH^. 
and  by  abeolnte  alcohol  into  sal-anunoniac  and  dielhyl-ben^lenio  etW: 


C"H"K'.2HC1  +   8C?H"0     -     aUH'Cl   +   sn^^^no*]. 

ides  hyi 
C'H'C 

ieohtda 

:cc.;,C00gIC 


(Ekaian,  Ann.  Ch.  Pharm.  ezii.  Ifil;  Jahresber.  ISSB,  p.  81T.—Lieke,  iliid.  S18). 

Hydrodilorate  of  hydrobenzamide,  healed  to  160°— 230°,  yields,  besides  hydnichloiie 
ftdd,  an  <rily  cUatiUate,  confiining  benzonitrile  and  chloride  of  benzyl,  C'H'Cl  <i.  Sit), 
and  leavea  a  red-brown  residue,  which  is  Bepant«d,by  digestion  with  aleahtdattadinaqr 
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tempantoret,  Into  s  browD  Kilatioii  (A)  Mid  jeQov  floeki:  The  latter  disM^re  in  a 
mixtnre  of  alcohol  nod  chloroibmi,  tarmmg  ■  solntion  which  depoaita  two  modiflcationa 
ofIophiDC^CH'11';  the  one  CTTHtalliniig  in  Dsedlce  whii^  mdt  at  230°,  the  other  in 
Madlea  which  melt  at  170°  (arc  LonDra).  The  Isown  aohitkin  (A)  vidtfa^  tin,  Uw 
two  modificationa  ot  lophine  jnat  mentioned ;  wconillj,  a  bue,  probablj  omarine, 
mdtiD(iat90° ;  thirdly,  a  haw,  C^'H^N*.  which  melts  at  100°,  Ibnna  on  oudate, 
C*'H"N'.0'11*0',  ciyatdlisiiig  from  alcohol  in  sacreotu  laminm,  and  &  plalinnm-salt, 
0"H'*K'5CLPtCI<.2H'0,  in  microecopnc  priama;  fourthly.  Boothcr  modiflcatioo  of  the 
aarae  base,  whoaa  platinam-aalt  ia  snhjdrooii ;  and  fifthly,  an  idj  bue,  0"H'*N*, 
forming  n  hydrochlorate,  which  melta  at  220°,  dinBotvn  easily  in  water  and  alcohol 
andrajsUlliaesiaBii-Bided  priama.  (Ekman,  loe,  cii.— Kiihn,  lS.I»hA.F\utm.  iri. 
S92:  Jahraber.  ISfll.  p.  404.) 

13.  H^drobannuDide  heatrd  with  2  at.  iodblt  ef  etl^  to  80°— 100°,  yielda  a  daA> 
brown  Tiacid  man^  which,  after  pnrificatioB  by  aofaititm  in  alcohol,  precnHtation  bj 
w&tar,  Ac.,  ia  found  to  otKiDst  of  di-iodide  of  tribeniyleDaniUetkjI-diainiDoiuUD 
[(C%*)^C^H>)^*I*  i  and  the  alcoholio  aolntion  of  this  iodide,  treated  with  oxide 
of  aQTBT  or  hydrate  of  lead,  ;peMB  the  baae  C-H-ITO  -  r(CfeV(CH')TP]0.  Thia 
base,  again  trrated  with  iodide  of  ethyl,  does  not  yield  any  diatinct  componnd. 
(Borodine,  Ann.  Ch.  Fharm.  cv.  2^7.) 

Amarina,  iaomerie  with  hydrobenzamide,  behaTm  differently  with  iodide  of  ethyl ; 
yleldinghydriodatoofdietbylamariEe,C"H"(C?H')'N'.HI,  from  which,  bj' heating  the 
potash,  diethjlamnrine  itself  C"H'*(C^*)'N*  may  be  obtained ;  and  this  base,  again 
treated  with  iodide  of  ethyl,  yields  another  base,  which  forma  ciyatalline  salts,  and 
appears  to  contain  a  larger  proportion  of  ethyl.  This  base  ia  likewise  acted  npon  by 
iodide  of  ethyl,  yielding  a  hydriodate  jnst  like  the  former.  Hence  Borodina 
eondndea  that  amarine  contains  at  least  3  at  H,  replaceable  hj  ethyt,  and  repreaenta 
it  pioTisionaUy  by  the  fbrmnla  n|^*^^*J'^ 

OhlorMe  «f  KrOrobeBaunU*,  C"&<*NK3*  (Th.  Hnller,  Ann.  Cta.  Fharm. 
CiL  144;  Jahiwber.  195B,  p.  314),  is  produced  by  passing  dry  chlorine  gas  over 
bydcobensamide,  which  then  lakes  op  I9'6  per  cent,  chlonne,  and  melts  to  a  viscid 
yellow  liquid.  It  ia  decomposed  by  water,  yietding  sal -ammoniac,  hydrochloric  add,  and 
an  oily  mixture  of  hydride  of  henaoyl  and  banionitrile,  hoiHng  between  180°  and  180°: 
C"H"1TO1'  +  mS)  -  2CH'0  +  C'H'N  +  NH>C1  +  HCl. 
CtaloiklgorhTdnv  Hrdrtiltiif        Bemii- 

btbUBoJu.  bsuojL-  afirilo. 

Bj  anhydrona  etiuff  it  ia  Noolrttd  into  sal-ammoniac,  and  a  mixtore  of  benionitrila 
with  an  oily  body  wluch  boila  at  183°,  and  has  the  composition  of  chlorohydiobenza- 
mida  (see  below),  but  differs  from  that  sabstance  by  its  ready  dscompoaibility  by  watn 
into  bonzonitrile  and  hydride  of  benioyL 

Chloride  of  hydrobenzamide  heated  to  1B0°— 300°  ia  naolred  into  hydrochloric  acid, 
ehlonhydrobenzamide,  C"H"C1N',  which  diatils  over  aa  a  colourieaa  oil,  and  a  residae 
which  solidifiee  on  cooling,  and  is  mulved,  h;  ancceaaive  treatment  with  nater,  ether, 
and  alcohol,  into  the  following  compounds: 

""  .  .  -        ■  "  g  a  white  powder, 

[  of  C"H^1N'.HC   ...___     __  , 

ia  added  to  th«  aolution 
throwa  down  [t  aa  a  hydrate]  the  base  C*H*ni'  -  N^Cfi*}*,  which  may  be  called 
telrabenayUne-diammoninm.  The  chloioplatinate,  C"H"a'N».PtCl',  ia  easily 
aolnble. 

The  etlienai  solution  depoaita  crystalline  needlea  insoluble  in  water,  anUiming  at 
300°,  and  having  the  compoaition  C"H"N». 

The  ofcoAiJii;  solution  yields  cTTslftla  insoluble  in 


^en  dried  over  oil  of  vitriol,  C"H"N'.HCL2HKI.  If  tie  base  be  separated  frcan  thia 
salt  I7  ammonia,  and  rtdissolved  in  hydrochloric  add,  the  solntion  yields  bj  erapora- 
tion  a  basic  hydrochl6rato,  3(7'H=N'.HCL2BM).  The  chloroplatinat^  which  ia  light 
yellow,  contains  C"H"N',HCLPtCl'  {piatinnm,  by  experiment,  17'4  per  cent;  by 
calcubition,  17-B). 

OUanbTAMbMUftinia^  C"H"C1N*.  (Th.  Mnller,^.  ci'f.V— When  chloride 
of  hydrobenatmide  ia  heated  to  180° — 200°,  this  compound  distils  over  as  a 
eolomlees  oil,  heavier  tban  water,  aud  having  a  pungent  odour  of  chlorine  and  benzo- 
nilrile  together.  It  diasolves  easily  in  alcohol  and  in  ether,  and  is  slowly  deccmpoead 
by  water,  with  formation  of  hydrochloric  add.  When  left  in  contact,  for  34  hours, 
with  a  mixture  of  nitrie  and  MUiphurie  addi,  it  forms  a  aolntion  from  which  water 
throws  down  ctystAllisable  nitrobeDionitrile^  CH>(KO0N. 
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CMWBIW  a.  m  <r«benm«aJa«.  C"H'<Cl(NO^in.(Hall«r,Zi>«;ca.)— Thiicom. 
pound  ia  fomu^  whao  ehloroh^diobeiu&mida  ii  left  for  Si  boon  io  contact  irith  mning 
nilrie  acid,  and  is  predpiutwl  by  iratat  bom  the  add  s^ntion,  aa  an  oQr  tctj  pnngent 
liquid.  It  is  aolabLe  in  alcohol,  aod  tha  solution  ii  decomposed  bj  aDlphida  of  amlno- 
niom,  jielding  beuiomtrile  and  salphobenzamide : 

C"H»C1(N0»1N»  +  SR*a    -    20^1*  -h  CH'NS'  +  SffO  +  HO  +  8*. 

CblorDDtcn-lirdntHi.  BnioDltrllc.     Bulpbnbtu- 

MVSBOsnXIba.    O^^H^.    (Zlnin,  J.  i^.  C}iem.zzim.Sfi.)-^pn>diiaCiif 

the  aetLoD  of  sulphide  of  ammonium  on  beniite  (C"H"0'}.  It  is  insolable  in  wtUz, 
Bolable  in  alcohol  and  etbez,  and  oystalliBea  ftiotn  tlieae  tolntions  in  the  ah^w  of  eon- 
«BTO-oonTex  lenses.  The  ciTStala  melt  at  17°,  forming  a  colourless  liquid,  which  distil* 
without  attention,  and  Boli£fles  in  a  dystalline  mass  at  12°,  Thej  have  the  smdl  of 
bitt«T  almonds,  and  a  Baceharina  pungent  taste.  They  diMoWe  tvadilj'  in  ■nlphnrio 
add,  and  an  pretipitatsd  there&om  by  watei.  The;  am  slowlj  atlMked  b;  chlorine 
and  not  tetuiUf  altered  bj  boiling  potaah. 

VnHWBBVXOnr.  C"H>H)*.  (Zinin,Ann.Ch.PhanQ.ciiiiL  126.>— Acom- 
pound  produced  by  the  action  of  naaoent  hydroean  on  bencoyl-hjdride  (bilt^  olmoad- 
dl),  and  containing  the  elementa  of  2  molaculea  of  that  compound  (C"H"0'),  and 
1  molecnle  of  trfdn^en,  H".  To  prepare  it,  Ipts.  of  bitter  almond  oil  fiee  from  prumio 
__.-i  . .^  diaeoiTed  in  6  pta.  alcoho!  of  85  per  cent. ;  the  solution  is  mixed  with  4  pta. 


alnliol  prerionslT  saturated  with  hydroduoiic  add  gas;  and  one  pL  of  flnely-grano- 
Intod  liiK  ia  earenilly  added,  so  that  it  may  dissolve  without  peicepCible  erolution  of 
hydrc^n.    When  tlie  reaction  is  finished,  the  liquid  is  heated  to  the  bailing  point, 


mixed  after  cooling  with  a  small  qnantitf  of  ether  (to  remove  a  body  which  adhwes  to 
llie  line  and  retards  the  action)  and  with  1  pt  more  of  alcohol  saturate  with  bydio- 
chloric  acid  gas,  then  heated  to  complete  the  reaction,  and  mixed  with  a  quantity  of 
watCT  three  or  four  times  aa  great  aa  Chat  of  the  bitter  almond  oil  taken.  Uydrv- 
benxoin  then  aeparatea  as  an  oily  body,  which  soon  aolidiflea  in  a  ciyBtalline  mass. 
and  may  be  porifled  by  wuhing  in  water,  presauie  between  bibulona  paper  (to  remore 
an  acrid  oil),  and  reojitalUsation  from  alcohol  (or  if  somewhat  impure,  preTionsly 
from  ether).  It  is  thus  obtained  in  large  rhombic  plates,  which  melt  at  130°,  and  boil 
aboTS  300°.  'Wliea  gently  heated  with  2  pts.  nitric  add  of  specific  gravity  1'36,  it  is 
eonrerted.  without  an^  evolation  of  red  vapours  or  formation  of  secondary  product^ 
into  pure  benioLn  ;  with  stronger  nitric  add,  benzil  is  obtained.  It  ia  not  attooked  by 
potaah,  either  aqueous  or  alcoholic,  even  at  the  boiling  heat. 

wrBttammmmMmXwm.  C^"SO<.  (BIasiwetzandGilm.Ann.Gh.Fharm. 
BnppL  ii.  IBl ;  Bip.  Chim.  pure,  1883,  p.  426.)— A  base  produced  by  the  actios  of 
nascent  hydrc^en  on  berbenne,  ta  first  oboerrcd  1^  Hlasiweti  (Sep.  Chim.  pure, 
1862,  p.  3B7).  It  ia  obtained  by  bailing  in  a  flask,  provided  with  a  condensing  tube 
to  canoe  the  TaponiH  to  flow  back,  a  mixture  of  6  pta.  berberina,  100  pta.  water,  10  pts. 
distilled  snlphiiric  add.  20  pts.  gladal  acetic  add,  a  quantity  of  grsnulated  dnc,  and  a 
tew  pieces  <nF  platinum  toil.  The  liquid  gradually  loses  its  colour,  and  as  soon  aa  the 
ftoth  exhibits  a  wine-yellow  colour,  which  it  does  after  lioiling  for  an  hour  or  two,  the 
action  is  stopped,  the  liquid  filtered,  any  dyetallins  depodta  that  may  have  formed 
are  dissolved  in  dilute  suhtharic  add,  and  an  excess  of  ammonia  ia  added  after  cooling. 
Hydioberberine  is  then  obtained  as  a  bulky  yellowish  depoiit,  which  must  he  collected 
on  a  filter,  washed,  dried  at  a  gentle  heat,  then  polverised,  bailed  in  alcohol,  and  puri- 
fied by  repeated  ciTstaHiaatioD  from  alcohoL  lostpad  of  predpitating  the  base  bj 
ammonia,  it  may  be  adTsnta^^ualj  obtained  as  a  hydrochlorata,  by  adding 
common  salt  to  the  original  solution.  The  hjdiochlorate  is  then  almost  wholly  depo- 
sited in  the  (bim  of  a  crystalline  powder. 

Hydrobeiberine  may  also  be  prrpared  by  acting  on  berberina  with  sodinm-amalgani, 
but  It  is  then  yellow  and  more  difficult  to  purify. 

Hydroberberine  ia  dspoaited  from  a  hot  alcoholic  solution,  in  small  shining  gTHnular 
cryatals,  or  flattened  needles,  which  are  colourleos  or  slightly  yellowish,  and  appear  to 
belong  to  the  mooodinicsyBtem.  ItdiSers&omberberine,  C*H"NO<(the  formulBUtely 
determined  by  Perrina,  Chem.  Soc  J.  xv.  33B),  by  four  additional  atoms  of  hydrogen, 
and  may  be  reconverted  into  that  compound  by  the  action  of  nitric  acid.  On  diaaolving 
it  in  a  mixture  of  equal  volimies  of  hydrochloric  acid  sod  alcohol,  and  dropping  in 
nitric  add  diluted  with  alcohol,  the  liquid  becomes  coloured,  and  deposita  ciystt^  of 
hydrochlorata  of  becberine. 

BydrocldoraU  of  Ib/dnAerberiiu.  0"H*<IfO*.HCl.— Oiyatals  of  hydroberberine 
■proad  upon  a  WBtch.glasB,  under  a  bell-jar  within  whidi  hydrochloric  acid  is  evolved, 
are  converted  into  a  white  powder,  consisting  of  the  hydracfalorat«^  soluble  in  warm 
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dissolTing  ths  ban  in  hot  hydroeUoric  acid ;  the  salatiim  on  cooling  fonns  a  jelly,  vlilch 
IB  graduail;  tnuuformed  into  cTTitale.  It  ia  more  Bolnble  in  alcohol  tluu)  in  -water. 
Its  solatioiu  jield  copious  prccipitataa  vith  cUoridt  of  piatimtni ;  from  a  wsnti  also- 
holie  (olutioa,  the  pUtltiiim-Batt  19  more  (rraduaUr  depoaited  in  omnge-jtlloir  crystalliM 
graina,  conaiiitiDg  ot  C»H"BO'.HCLPtCl'. 

The  hgdrobnrmali  and  kudriodatt  are  whitp,  c^atalliiK^  and  vny  aUghtlj  solnble. 

The  ititratt,  irhich  ii  aleo  ci7Bta]lma  and  very  nlightlj  tolabte,  ia  aeldam  obtained 
pnie  by  dissolving  the  base  in  nitric  add,  becinse  the  toA  deconraosM  it ;  better  by 
miiinca  hot.  veiy  dilnte  solution  of  the  nlphate  villi  nitiafai  of  aodiDm. — The  oxalate 
eryBtafiiaea  in  small  rhominc  plat«s,  tlie  phttphaU  in  fine  Aombic  plates. 

Sulphaia  of  Hgdrobrrberittt.  The  neatral  sulphate,  (C*E"NO')^.H>80',  ia  ob- 
tained  by  disaolving  Ml  eiivsa  of  the  base  in  lery  dilate  aolphnric  acid.  Tbe  liqnid 
then  deposits  needles  which  fill  it  entirely,  and  after  being  eipresasd  and  puiified  by 

SstBllisation,  are  veiy  soluble  in  w»ter,  and  contain  a  cfrtsin  quauti^  of  water, 
ich  th^  lose  by  exposure  to  the  air;  tb^  likewise  invariably  contain  a  little 

When  the  liass  ia  dlsaolved  in  a  slight  excess  of  acid,  large  tranaparent  rhombohe- 
drons  are  obtained,  aj^}roai:hing  nearly  to  the  cube ;  they  giTs  off  water  when  expoaad 
to  the  air,  and  cannot  be  dissolved  in  water  without  decompogitioa.  They  appear  to 
be  a  mixture  of  the  neutial  and  acid  aolphates,  containing  4C*H"NO*.3SH*0'.iH>0, 

(C-H"NO')'.SH'0^t 
*"  2(C»H"N0'.SH'0')i'*"^- 

A  moderately  dilute  solution  of  this  salt  mixed  with  excess  of  snlphuric  acidhecomss 
turbid  and  deposits  email  mammeltated  c^stals,  or  a  resinous  mass,  which  gradually 
changes  into  cryataU  of  the  acid  salt,  C»H"NO<.SH'0<,  which  may  be  purified  by  rs- 
ciyBlalliaatiOD  t^m  alcoboL 

TttTirati  of  HgdToberbcTint  tanas  mammellated  groups  of  needles. 

■UiTl-Iirimben>«rlae.  C"H»NO«-C"H»(CH')NO*.— Hydroberberineheat«d 
fbr  some  honra  in  a  water-bath  with  an  eiceai  of  iodide  of  ethyl,  yields  a  pasty  mass, 
which  when  taken  op  by  alcohol,  fonns  tiifta  of  yellow  rbomlxiidBl  prisms,  consisting 
of  hydriodate  of  ethyl -hydroberberino.  C"H"NO'.HI,  veij  soluble  in  w»t«r,  and  con- 
taining watw  of  crystalliaation,  which  they  give  off  entirely  at  100°.  The  mother-tiquoia 
of  tbn  preparation  etiU  yield  ainall  quatusngular  laminn  of  another  substance,  the 
admixture  of  which  with  the  first  crystals  roust  be  avoided. 

KTSBOBOBAfUTB.  Ht/drated  Borate  of  Calcitan  and  MagiutioM. 
Z^So  \  ^^^''IB^S^'~^'^B°'^^  fibrous  and  foliated  gypsum.     Colour  white  with 

rts  of  red,  from  iron.  Translucent  in  thin  plates.  Helta  before  the  blowpipe  to  a 
ir  glass,  tinging  the  fiame  slightly  green  and  not  becoming  opaque.  Heated  in  a 
tube  it  yielda  water.  It  is  sli^hOy  soluble  in  water,  the  liquid  having  a  faint  alkaline 
reaction.  It  dissolvps  readily  in  nitric  and  hydrochloric  acids.  It  was  foood  by  Hess 
(Pogg.  Ann.  mi.  49)  in  a  collection  of  Caucasian  minerals. 

KTIMKOBOBOOAKOXTB.     Syn.  with  BonoCAI,ciT>. 

KTSmOBKOXZO    AOXD.     See  BboMIDB  OF   Hthboobn  (i.  672). 

MTWOUITO'VIV,    C"H"0". — An  amoiphous  aubatunee,  insolnbla  in  ethc^ 
but  aolnble  in  alcohol,  prodaced  by  the  decomposition  of  biyonin  (L  686). 
,    See  Etuiite  (p.  i4S). 

Hjdrated  carbonate  of  calcium,  Ca'CO'.SH'O.    Found  in 

small  rhombohedrBt  ccystida,  forming  an  incruatation  on  wood  under  water.  (See 
Casbuhatbs.) 

KTltmaOAKBOWS.  ComponndscoDsistiu^of  carhonandhydrogenonly.  The 
number  of  bodies  of  this  class  at  preaent  known  ig  very  great,  but  the  niost  important 
of  them  may  be  arranged  in  the  following  groups : 

1.  Alcohol-iadidoa     .        .  ((?'H»+')'homologonB  with  Methyl  (CH*)* 

2.  Hydrides     of     alcohol- 

radielea        .        .        .  C"H*+*  „  Mtmh-gas  (CH') 

8.  Olefinea  ,         ,         .  C"H"  „  Ethyl6neor01efiaiitg«s(C?H') 

4.  HydKBarbons         .         .  OH*-*  „  Acetylene  (CH") 

fi.  CampheuM  or  Terebenea  OH"'-'      isomeric  with     Turpentine,  C'*H" 
8.  Hydrocarbon*        .        ■  C*H*-'  homdogons  with   Benzene  (OH') 
7.  Hydrocarbons        .        .  OH*-"  „  Naphthalene,  C^H* 

The  most  finitfnl  souroo  of  hydrocarbons  is  the  dry  or  destructive  distillation  of 
organic  bodies,  tht  natOK  of  the  products  vaiying  according  to  the  tempentore  at  whidi 
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tlie  dBcompontion  tskn  pUce.  Tbui,  coal  whea  diatiUed  li  >  bright  red,  M  fyi  tb* 
piviductioD  of  illomiiiatuig  gu,  jieldi  hydrocaiboiiB  belaagiiig;  to  the  Kcond,  third,  fourth 
and  sixth  of  the  ahore  gninps,  together  with  a  eonndenble  qiuiilitf  of  oaphthaleiie;  hat 
when  distilledat  the  laveet  tempenture  M  vhich  complete  decompogition  Can  take  place, 
it  ;ieldB  liquid  hydroeaibona  beloDgiag  chieflf  to  the  secood  and  third  grtnipa,  tiigethei 
with  a  lai^  qnantit;  of  paraffia,  which  probably  aleo  belongs  to  the  isoMid  gionp.  The 
■low  deeompoaitioD  of  csvanie  matten  bniied  beneath  the  snr&ce  of  the  eaith  haa  also 
yielded  lafge  qnantitiea  i»  hydrocarboiu  belonging  to  the  second  group,  as  ehown  I7  tile 
enomooa  qoantitiea  of  petanlenm  fonnd  in  certain  parte  of  Norm  .Ajueiica,  which,  ■> 
•Inadr  obeerred  (p.  181),  oonsiste  almost  wk^;  of  alcoholic  hydridtit  of  the  general 
ftmnnla  OH"*'. 

The  olefineB,  OH^,  are  piodaced  by  the  dehydration  of  alcohols  of  the  seriei 
OH^*'*0,  as  by  heating  thpM  alcohole  with  Mrone  snlphnrJa  acid  or  chloride  of 
linp,  each  alcohol  tlien  yielding  the  correaponding  oleflne,  aecoiding  to  the  equation 
OH'-*'0  -  H-O  ^  OH*". 

The  leactJon,  howerer,  at  least  in  the  case  of  some  of  the  higher  alcohols,  is  mnch  roar* 
etnnplieated  thiin  this  eqnatioa  would  imply,  reenlting  in  the  formation,  not  only  of  the 
oleflnecoireBpoDdiiig  to  the  alcohol  decomposed,  bat  lilieffiae  of  several  of  its  homologaes, 
and  of  the  eoircspondini;  alcoholic  hydriden  ;  tbui  Wnrtz,  bj  distilling  amylic  alcohcd 
with  chloride  of  line,  has  obtained,  not  only  amjlene,  CH",  bnt  likewise  all  itahomo- 
lognea  np  to  decatylene  or  diamylene,  C"H",  together  with  lie  correaponding  alcoholio 

The  lowest  term  of  the  oleflne  series,  via.  methylene,  CH*,  is  not  known  in  the  &e* 
state.  Ethylene,  CH<  trityleoe  or  propylene,  CH*,  and  tetrylene,  CH',  are  gaseous  at 
ordinary  temperiLtaree ;  amylene,  CH",  and  ite  higher  homologun  op  to  decatylene, 
C"H*,  and  ce^lene,  CH",  are  liqnid  at  radinaTy  tempeiBtures,  their  boiling  points 
rising  as  their  molecular  weights  increase.  Cerotene,  C^H",  and  malisMne,  C"H'* 
are  waxy  solids,  the  former  melting  at  67°  or  61°,  the  latter  at  62°. 

The  more  volatile  olefines  are  remarkable  for  the  facility  with  which  (bey  nnite  with 
ehiorine,  bnrmint,  and  iodine,  fonning  compounds  homolt^us  with,  or  analogooa  to, 
Dotch  liquid.  CH'CI'.  This  property  aftbrds  an  easy  mode  of  separating  these  oleGnea 
frt>m  an;  gaaeona  mixture  in  which  they  may  be  present :  for  on  passing  the  gaseons 
mixtnie  throngh  a  bottle  containing  bromine,  the  oleGnea  are  absorbed  and  coovrrled 
into  heavy  oUy  liquida  (hence  their  name),  while  the  other  hydrocaibone  in  the  mix- 
ture are  unsflected. 

The  oleBnes  unite  very  readily  with  lulphuric  anhydride;  and  this  properly  like- 
wise aflbrds  an  easy  mode  of  separating  them  fiom  gaseous  miituree :  thoa,  if  a  ball  of 
coke  or  pumice  impregnated  with  NonUiaoseD  sulphoric  add  be  psBBcd  up  into  a  mix- 
ture of  ethylene-gaa  with  marsh-gas,  hydrogen,  carbonic  oxide,  &o.,  the  ethylene  will 
be  absorbed,  while  the  other  gases  will  remain  behind. 

The  volatile  oleflnes  also  unite  readily  with  strong  miphurie  acid,  forming  compound 
(80')-) 
adds  of  the  form  OH^.SH'O',  or  OH"* '  1 0",  homologous  with  ethjl-snlphoric  or  sul- 

H  ) 
pbormie  add.    This  reaction  ia  of  especial  importance,  since  it  enables  ue  to  paas  from 
an  oleSne  to  the  corresponding  alcohol:  Urns  ethylene-gai  shaken  np  with  strong  eul- 
phnrio  add  yields  ethyl-su^hnrio  add,  nrni  h[*^'i  whence,  b;  distiUatiotl  with  water, 
ethylic  alcohol  is  obtained  (L  72). 

Olefinefl  also  combine  with  miZn-,  h^roehlorie  add,  M/drobromie  add,  &c  Wnrta 
baa  shown  (Ann.  Cfa.  Fharm.  cxiv.  114)  that  amy! oie  combinea  with  hydiobromic  and 
hydriodic  add,  forming  compounds  isomerie  with  iodide  and  bromide  of  amyl ;  and  by 
treatinz  the  hydriodate,  C'H".HI,  with  moist  oxide  of  silver,  be  lias  obtained  a  hydrata 
of  amylene,  C*H'*.H'0,  isomeric  with  amylic  alcohoL  All  those  oompounda  ara  die- 
tingnished  from  the  amyl-compounds.  with  which  they  are  isomeric,  by  the  tadiity  with 
which  they  giye  up  their  amylene  under  the  infloonee  of  various  resgsnta.  Thushydmlo 
of  amylene  quickly  abaorbs  bvdriodic  acid  gas.  and  is  resolved  into  hydriodate  of 
amylene  and  aqneona  hydriodic  acid;  aimUarly  with  hydrochloric  add.  Bromine 
also  decomposes  it  rapidly  into  bromide  of  amylene  and  water ;  chlorine  similarly  but 
le«e  quickly.  With  sodinm  it  yields  the  compound  C>H".NaHO,  which  when  treated 
with  hydnodatc  of  amylene,  readily  yields  amylene,  hydrate  of  amylene,  and  iodide  of 

aodinm: 

CH».HaHO  +  C*H".m   -  CH"  +  CH".HK)  +  Nal. 
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The  amrieiie  la  til  tlicaa  oompoonds  tmeaxa  to  1m  but  loowl^  oi 
K  Ox  too,  and  ii  sot  at  libntj  od  the  uiEhtMt  diihtrt^auce ;  whe 
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the  amjl-componnda,  the  emnp  CH'*,  which  ia  not  cspnblB  of  existiiiB  in  the  lepanita 
■tat«,  in  euilj  tnnitErred  bom  on«  compound  to  anolhar,  sad  it  ii  od^  with  coDBidcr- 
able  difficultr  that  two  moleculea  of  it  can  bs  made  to  cualesM  into  one  so  sa  to  form 
frm  amvl,  C%«. 

Eei^We,  C*H",  alao  nnitea  with  hydriodic  add,  and  tha  hydiiodate,  tfc^ted  willi 
WatarandojadBof  ailTer,  jield«ah)rd»te,  C^".H*0,  iKmisricwithhe^Iic  alcohol,  md 
pooublj  identical  with  the  $  beijlic  aloohol  diacorered  b;  Wanklyn  and  ErlenroeyFT. 
The  formation  and  proprHJea  of  the  alcohol-iadiolea  (L  B6)  asdthair  hTdridel 
(iii  180)  haTC  almuiy  bMU  considered.  Beceot  inTcsligationii  aeem  to  abow  that  there 
u  no  eeeaiitial  difference  betweeo  the  aloohol-radidea  in  the  free  atate,  and  thfir 
hydride*  (pp.  Hi,  182). 

Of  the  hydrocacboDB,  OH^-',  homologona  with  acetylene,  only  three  htm  been 
obtained,  Tik,  acetylene,  CH  (L  1111),  ally  lone,  CH'  (L  1H2X  and  crotony- 
lene,  CH*  (ii.  96fi> 

OrthehydTocarbona,OH^~*,honial(^;DnawithbenEena,  five  are  known,  Tii.heniene, 
C^' (i-S*!).  i'en'jleno  or  tolnene,  C'H-Ci.  677).  :i jlooe,  CH".  comene,  CH" 
[ii.  173),  and  cymen  e,  C"H"  (ii.  296).  They  bare  all  been  apecially  considered,  except- 
ing xylene,  which  will  be  deocribed  in  its  place.  These  hydrocarbons,  as  already  obeerved, 
are  [deduced  by  the  defltmctive  distillation  of  coal  and  other  oi^anic  substances  at  high 
tempeiatures  i  aUo  in  a  ^reat  variety  of  chemical  reactions  (see  Bitnaira).  Tbey  ara 
distinguiahed  by  the  fadlilywilh  which  thny  form  enbetitutioQ-com pounds  with  eoneen- 
trat«d  nitric  acid,  ?.y.  nitrobaniane,  CH^NO*).  These nitm-componnds,  being heaiy 
oily  liquids  of  rather  high  bailing  point,  afioid  the  means  of  sepanting  these  hydro- 
carbons &am  otheis,  soch  aa  the  alcoholic  hydridea,  with  whiim  they  may  be  mixed 
(p.  116V  ■  The  same  componnds  subjected  to  the  action  of  reducing  agents,  such  as 
ndphydric  acid  or  fbrrous  acetate,  yield  oiganic  baaes,  which  may  be  suppcned  to  be 
denved  from  the  nitro-compound  by  subatitution  of  amidogan,  NH',  for  nitiyl,  HC, 
fty.  aniline,  CH'(H*H),  from  nitiobeniene. 

The  campbenes,  or  terebeneSiCH",  isomeric  with  ml  of  torpentine,  exist  ready 
(bnned  in  a  great  number  of  plants.    For  their  general  properties  aee  toL  i  p.  724. 

The  hydrocarbons  are  the  simpleet  of  all  organic  compounds,  and  may  bo  regarded 
■s  the  Btarting'poiDte  from  which  all  others  m^  be  derired,  by  eabstitntion  or  addi- 
tion (see  NucLiiia-THaoBT  and  Radiclbb).  Hence,  of  late  years,  the  attention  of 
chemist*  has  been  very  much  directed  to  the  discovery  of  methods  for  producing  these 
compouDds  directly  from  their  inorganic  elements;  since,  when  this  ia  accomplished, 
the  formation  of  a  great  cumber  of  the  more  complex  organic  eomponnda,  by  the 
synthesis  of  their  elements,  becomes  a  comparatively  eaay  matter  Tbe  most  aac- 
cessful  effbits  in  this  direction  baTC  been  mode  by  Bert  helot  (Chem.  Soc  J.  xvii  37), 
who  has  auccerded  in  producing  certain  hydrocarl>ons  by  direct  combination  of  the 
elementa  carbon  and  hydrogen,  and  from  these  producing  others  of  great  complexity. 

1.  Acetylene,  CH',  is  pnidncsd  when  hydrogen  is  passed  over  carbon  bcaled  to 
bight  redness  by  the  electric  arc  This  gas,  passed  into  a  solution  of  cuprous  chloride, 
forma  cuprous  acetylene,  CCcuH;  and  this  compound,  subjected  to  the  action  of 
nascent  hydrc^en  (srolTed  by  (he  action  of  zinc  on  ammonia),  pelda  ethylene: 

CH*  +   H'     -     CH' 
AnCjlcae.  EUijIm*. 

Ethylene  thus  obtained  may  be  converted  into  alcohol,  and  fivm  this  a  host 
of  other  componnds,  ethers,  acetones,  acids,  aminea,  ftc  may  be  derived. 

2,  Hydro<»rboDB  may  be  formed  from  inorganic  compounds  containing  their  ele- 
ments, such  as  water  and  sulphide  of  carbon,  or  curtxmie  anhydride.  A  mixture  of 
aulphydric  add  and  anlphide  of  carbon,  snljectei  to  the  action  of  copper  at  a  red- 
beat,  yields  marsh-gaH: 

CS"  +  2H^  +  8Cu    -    CH'  +  tCam. 
Haiah-gaa  may  also  be  Kxwed  from  carbonic  anhydride,  thon^  bv  a  less  direct  pro- 
casa,  viz.  by  Brat  couTertirg  the  latter  compound  into  carbonic  oxide,  this  into  fonnio 
acid  (CO  +  HKI   -  CH'O*,  ii.  688),  then  antjecting  a  salt  of  this  acid,  the  bacium- 
aalt^  for  example,  to  dry  distillation : 

4CHBaO<    =     CH*  +  CO*  +  2Ba'C0'. 
Uarsh-gas,mixedwithaneqnalTolumeofchlorine,yieJds  chloride  of  msthyliCHK^i 
and  this  ether  distilled  with  potash,  yields  met  hylic  alcohol,  CH'O,  which  is  formed 
by  the  addition  of  1  at.  oxygen  to  marsh  gns,  whereas  ethylic  alcohol  is  formed  &Dm 
ethylene  by  the  addition  of  tlie  elemenlB  of  water.    These  two  modes  of  ft       ""      ' 
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Bicohola  fmm  bjitonabowi  &ra  general,  the  former  applTmg  to  all 
Dunh-gw,  the  Utter  to  all  homolognea  of  ethylene. 

8.  A  hydrocwbon  may  be  timnsformed  into  another  of  greater  compleii^ :  a.  By 
direct  eondniation.  Mar»h-gaB  nised  to  »  Terr  high  lemperatiue,  or  mbjected  to  the 
action  of  aBeriraof  indaction-eparkB,  is  converted  into  acetylene,  which  contaiiu  twice 
the  qnastity  of  carboD  in  the  game  Tolnme :  2CH*  —  CP'a'  +  H*.  The  condenntion 
of  manh  gae  m^,  however,  be  carried  considerably  Auther,  and  nude  to  ;ie1d  naph- 
thalene, a  bytuDCarbon  containing  ten  times  as  much  carbon  in  the  same  Tolume; 
lOCE*  ~.  C"S*  +  H"  vis.  by  eodosing  the  mateh-gas  in  a  tnbe  of  rery  r&««- 
tor;  glass,  and  keeping  it  for  lereral  homn  at  a  tempetHtnrs  as  near  as  possible  to 
that  at  which  Bohemian  glass  softens.    The  coodensation  may  also  be  <mbcted  bj 

aabjectiog  the  Taponr  of  bromoform,  CHBr*  (tribrominatcd  methylic  hydride),  to  the 

action  of  copper  at  a  red  heaf,  eo  as  to  remove  the  bromine.     Tie  rsaidae,  CH,  then 

snfl^rs  a  aii-fold  coadenaalion,  yielding  benzene,  CH*. 
i.  Bj  the  union  of  two  simple  molecoles  into  a  more  complex  molecale.    Thus, 

when  a  mixture  of  marsh-gas  and  carbonic  oxide  ii  alowl;  ptusad  through  a  tub* 

heated  to  low  redness,  tritylene,  CH',  is  produced: 

2CS'   +   CO     -     CH*  +   H*0. 

This  reaction  may  perhaps  explain  the  formation  of  a  small  quanti^  of  Iri^lene  in 

the  distillation  of  fomute  of  baiinm ;  and  it  is  donbtleaa  to  reactioni  at  the  same  order 

that  «B  may  attribute  the  production  of  hydrocarhons  of  the  same  seriu,  which  hsa 

been  eiperimentiilly  demonstrated  as  high  as  amjUne,  in  the  distillation  of  acetates. 
There  ais  also  other  ways  in  which  complex  hydrocarboni  may  he  built  up  by  the 

nnion  of  those  of  more  simple  constitution.     Wnrti  has  shown  (Ann.  Cb.  Pharm. 

cxziii.  202;  cnrii.  6C),  that  amylene,  C*E'*,  maybe  produced  by  the  anion  of  the 

alcohol-radielea  rthyl  and  ally! ; 

(?H'  +   CH"     -     CH", 

this  combinatioi 


of  allyL  A  ntunber  of  other  hydrocarbons  are,  howersr,  formed  at  the  same  time,  the 
fidlowing  having  been  isolated  and  analysed : 

t?H*  CH*  eH"  CH"  CH"  C*H" 

BlbT>ene.        Tritrlnii.        «Br1««-       ^'^^.'^  '"^  DeatflaiM. 

The  ethylene  and  tritylene  are  pnxlneed  by  Hie  motoal  adioD  of  the  ethyl  and 
■Djlgroupa:  pH*   ■*   CH*     -     C^'  +   CH*. 

Decatylene,  CH*  remits  from  the  condensation  of  two  molecale*  of  amylene  into  one. 
Boridee  these  compounds,  there  ace  also  thrmed  ot^er  hydrocarbons,  boiling  aboT* 
200°  (decatylene,  tlie  least  -volatile  of  those  above-mentioned,  boils  at  160°),  and  con- 
taining, like  ally],  a  smaller  proportion  of  hydrogen  than  the  olefines.  The  formation 
of  these  hydrocubons  explains  that  of  hydride  of  amyl,  in  which  the  proportaoo  of 
hydrogen  is  largra  than  in  the  olefluM. 

The  hydrocarbon,  CH",  obtained  in  the  reaction  just  deecribed,  posseaaea  the 
principal  physical  and  chemical  properdea  of  amylene  produced  from  amylic  alcohol 
by  the  action  of  chloride  of  nnc,  and,  therefore,  is  not  merely  an  isomer  (ethyl- 
alljl)  of  that  compound.  This  formation  of  amylene  &om  two  hydrocarbons  of  Iowm: 
nu^ecnlar  weight  is  aualoKOUs  to  that  of  chloride  of  heptyl,  CH'^Cl,  by  the  action  of 
chlorine  on  elhyl-amyl,  CH'.CH",  and  of  chloride  of  decatyl,  C'SiCl,  by  that  of 
chlorine  on  amyl  itseu,  observed  by  Schorlemmer. 

KTVBIKlAmBOKT&XC  ACIDB.  (L  erch,  Ann.  Ch.  Pharm.  CxxiT.  20 ;  Bjp. 
Chim.  pun,  1S63,  p.  143;  Jahreeb.  1802,  p.  276.>— This  name  is  applied  to  three  acids 
produced,  tAgelher  with  others,  by  the  decompodtjon  of  carboiide  of  potsraium,  the 
black  amorphous  substance  formed  in  the  prepamtion  of  potassium  in  tbe  ordinaiy  way, 
and  likewise  by  the  direct  combination  of  potaasinm  with  carbonic  oxide.  This  sub- 
atance  remains  unaltered  when  kept  in  rock-oil  or  in  a  dry  vBCUum,  but  when  exposed 
to  die  air,  it  absorbs  moisture  rapidly,  acquiring  a  cherry-red  and  flnslly  a  yellow 
colour:  it  absorbs  ongen  only  lAcq  moist.  When  treated  with  water,  alcohol  or 
ethrr,  out  of  contact  wit£  the  ajr,  it  giTss  off  gas,  and  leaTes  a  black  ^ntinons  imbetancc^ 
which  turns  red  on  exposure  to  the  air,  and  dieeolveB  in  water  with  red  colour  and 
ihthout  disengagement  of  gas.  This  mass  yields,  besides  oxalic  acid,  three  series  of 
adds,  including  croconic  and  (ii.  109). 

Frafcctly  unaltered  csrboiide  of  potassium,  to  which  Brodie  BSsigna  the  formula 
OH*K°,  yields,  when  treated  with  hydrochloric  acid,  an  acid  crystallising  in  whit* 
needles  aiid  having  tbe  composition  C'*H"0'*  ;  this  u  trihydrocarboxylic  acid. 

If  the  carboiide  of  poUssium  be  first  treated  with  alcohol  and  then  with  hydn>> 
ehlMie  add,  it  yields  black  needles  of  dihydrocarboxylieaei  a,  C*H>0>  or  C*H*0" 
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If  tin  air  hat  h>d  acMa*  to  Uie  num  beibre  or  *ltat  the  tnatmant  yn&  alcoliol,  it 
aftennrdi  jields,  with  hTdiochlorio  add,  duk  gunet-ied  Calais  of  hydfocar- 
boiylioicid.C'H'O''. 

L1UCI7,  if  the  misa  hu  been  left  io  contact  with  the  >ii  till  it  hu  tamed  quite  red,  utd 
it  ii  then  tre*t«d  wilti  hydrochloric  acid,  a,  fourth  acid  ia  obtained,  called  carboxTlis 
acid,  the  poUaiium-ulta  of  which  an  compoeed  according  to  Che  formnln  C"H&.'0'* 
aiuiC"E'0'*.  On  Btten^ng  to  isolate  this  acid,  fine  colourieupriimBofrbodizoDie 
acid,  C*H'0',  ara  obtained,  being  derived  &om  the  preceding  by  flzatioii  of  water,  and 
letting  Dp  of  the  molecule : 

cB'O-  +  2HTO   -   acn'O". 


The  fbrmatioti  of  dihydrocarboiylie,  hydroearboxylie,  and  caibozylic  adda  bj  oxida- 
tion of  tribydiocBrbozylic  add  ii  repicerated  by  the  fallowing  eqiutiona : 
C"H*0*»    +0         -         C"HKt»     +     HM). 
CH-O"     +     0         -         CH'O"     +     HK). 
C»H«0"     +     0         m        Ci-HK)"     +     HK). 

Trasfdreearboxi/lieaeid.  C»H^»  -*^"^I'^|0'.— Thi«acidiBpK)dnoed,ia 
already  observed,  by  the  action  of  hydrochlorio  add  on  carboiide  of  potaagimn  whidi 
baa  not  been  eipomd  to  the  Mr ;  also  by  the  reduction  of  dihydrocuboxylic  add.  It 
forau  white  silkj  needlee  whiiji,  when  e^raeed  tomoiiit  air,  quickly  turn  red,  and  are 
nltimately  converted  into  dihydrocarbo^hc  acid.  Its  solution  is  srid,  coloiirlesa,  and 
very  tenmlive  to  the  action  of  oxidising  agents.  By  oitrata  of  polsssium,  it  is  converted 
into  ozycarbo^lic  acid,  wilh  evololion  of  nitrogen.  Of  the  10  at,  hydrogen  contained 
ill  ita  molecule,  A  at.  are  easily  removed  by  oxidation,  giving  liae  to  new  radides,  via. 
those  of  dihydrocarboxylic,  liydrocarboxjlic  and  carboxjiic  acids,  whereas  the  remaining 
4  at  are  basic,  and  eaoty  replaceable  by  metals,  but  not  lemovable  hj  oxidation.  In 
the  potHssium-salt  also,  C"K"0",  6  at  K  maybn  removed,  two  at  a  time,  by  oxidatJon, 
whereas  the  remaining  1  at  K  appear  to  be  irremovable :  hence  the  rational  formula 
of  the  acid  above  ^van.  In  like  manner,  dih^drocarboiylio  add  Mmtains  1  at,  and 
hydrocarboiylic  sad,  2  at.  H,  removable  by  oitdetion. 

The  trihydrocarboxylatea  of  the  aUudi-metals  are  salnble  in  water,  the  other  salt4 
an  Bparinfflj  solnble  or  insoluble :  thi^  all  become  aolonnd  by  exposure  to  the  air, 

Dikydroearboxylio  acid.  CHK)"  -  '^'^i'^'|o'.— This  add  ftinn«  bUiA 
metallio^tiiniDg  moDodinic  crystals,  grouped  in  very  thin  tnfta ;  the  thinner  oTstal* 
have  a  wood-jallow  colour,  and  exhibit  trichroiam.  They  are  peimanent  in  the  air, 
even  at  100°,  dissolve  readily  in  water  and  alcohol,  slowly  in  attier ;  the  solatioos  ■>« 
red  by  trmnsmitted,  violet  by  reflected  light 

The  wits  of  this  add  are  as  tuutable  as  thoee  of  the  [cecedtng.  Tboee  of  the  alksll- 
metali  are  black,  solnble  in  water  and  cryatallisable ;  theicetareblunorredpredpitateii 
they  are  very  easily  converted  by  oxidation  into  rhodizonatea  or  carboxylatea. 

Bydraettrbaxylie  acid,  CH^"  -'^"g!°'[o',  »M  obtained  acddenljllj  in 

the  preparation  of  the  preceding  add  &om  a  black  mass  which  had  undeigone  partial 

alteration,    it  ci^stallisea  thnii  alcohol  in  long  brown  Deedlee,  which  in  contact  with 

watcz  are  immediately  readved  into  dihydrocarboiylii!  and  rhodizonic  acida ; 

aC'H'O"   +■   tEK)     -     C'*HK)i*  +    aOH'C. 


CH-O.  (Huaemann,  Ann.  Ch.  Phwm  civii.  200; 
.  Jahreaber.  1B61,  p.  7S1). — A.  substance  contained,  together  with  carotin  (i.  SOS),  in  the 
root  of  the  carrot  (Daueia  earoia).  To  obtsin  these  substancea,  the  cmshed  cairotB 
are  preased,  tbe  reaidoe  is  repeatedly  washed  outwith  water,  and  the  nnitedsoIntionB  an 
mixed  with  a  little  dilate  inlphuric  add  and  tincture  of  galls  (which  bdlitatee  the 
separatioQ  of  the  coagolum) ;  the  glatinoos  predpitate,  freed  by  pressure  from  the  en- 
elosed  liquid,  is  boiled  six  or  aeven  times  in  ths  half-dry  state  with  G  or  6  voL  of 
alcohol  of  80  per  cent. ;  and  the  reddue  is  treated  with  sulphide  of  caxben  to  extract  the 
carotin.  The  alcoholic  extraot  contains  hydrocarotia  together  with  mannite  (if  the 
ouTots  areayeatold,  but  not  if  they  are  ftoh),  sugar,  a  fixed  oil,  and  a  small  portion  of 

Hydroctrotin  eryitallises  from  the  alcoholic  extract,  after  long  standing,  in  laminar 
OTftala,  which  m^  be  freed   from  msiinite  (if  present)  by  raciyatsJusation  from 

D=r,:cc.;,C00gIC 


HTDROCERITE  — HYDEOCROCONIC  ACID.  191 

bot  tlecdial,  ukd  fliullT  by  boiling  with  vatn.  It  is  tutdcw  ud  iDodoraai,  rrpitnUixit 
in  Uise  coIoihImu  tOkj  luoiiue,  trma  ather  in  fat  i^ombie  primu ;  ii  ligJitaF  thu 
«mt«T(lriuch  doM  not  wet  it);  maltaftt  12S'S'';  diwoireB  ia  aleohal.  and  mon emuly  in 
•ther,  ralphida  of  csTbon,  bcutme,  ToliitUe  oiii,  uid  chloroform.  When  heated  iiliore 
100°,  it  tun*  jellov  to  jrllowufa  red ;  after  fusion  it  lemaiiij  amoijthtnu^  Mid  then 
diMolTM  leaa  easily  in  beiueDe  sad  aulpbide  of  carbon. 

Hvdrocaiotiii  ii  not  precipitated  m>m  its  alcoholic  eolntion  by  raetaUic  ealte  or 
tannic  acid ;  it  is  not  altered  by  the  actios  of  eanatic  alkaliis,  strong  acids,  or  ozidinng 
■genta :  with  filming  nitrie  aeid,  it  appsan  to  fbini  ■  nitio-compoimd.  Strong 
tulpharia  add  eolonn  it  red  and  diaaolvca  it  mmpletely  at  a  gentle  heat,  terming  » 
■olntion  from  which  it  ia  predpitatad  by  water  apoamntly  unaltered,  bnt  in  tlia  anor- 
iJiona  nttlM.  With  cUorim  it  fbrnu  a  reeinous  Bubatitatiau-prodact,  CH^^K) ;  with 
ortHntiu  a  similar  body,  C"H"Bi'0,  whote  ethanal  solntjon,  wlien  tx^iUed  with 
alcoholic  potash,  gives  np  bromine,  and  fbrms  a  yetlowish-red  substance  solnble  with 
blood-nd  colour  in  snlphide  of  carbon.  Jadim  also,  in  snnsliuu^  aj^Naa  U>  fofm  k 
sabstitntion-prodnct  with  hydrocaiotin. 

See  LurraudTB. 
See  HTDBoannoica. 


I  AOXS.    See  Celokbtdbio  Amo  (i.  890). 

CTH'N'O*.  (Schnnek,  Ann.  Ch.  Phaim.  liy.  231.) 
— A  componod  prodaced  hj  the  action  of  redneing  agents  on  duysammie  acid  (i.  96fi). 
It  may  be  [>n^ared  by  adding  chr^nanunio  acid  to  a  boiling  sedation  of  sulphide  of  po- 
f..^.....  „„„i.,„:„rr  «~_  r.r  ^natie  potash  ;  ot  to  a  boiling  solution  of  protochloride  of 

..-^ .ratal 

it  free  Irom  oxide  of  tii 

roehqwamide  forme  nc< 

jlalijc  red  by  reflectwl  ]  ^  .       „- .-r , 

which  condense  in  cryatals  on  the  cold  partfi  of  the  tube ;  the  greater  part,  howeTer,  ii 
decomposed,  giTine  off  unmonia  and  leayinz  charcoaL  It  is  insoinble  in  boiling 
SHtsr,  and  sparingly  solnble  in  boiling  alcoAoi,  to  which  it  imparts  a  faint  bine  tint. 
It  ia  dissolTed*by  attong  tuJphurio  aM,  and  reprecipitaled  in  blae  flakee  bj  waters- 
It  is  decomposed  by  boiling  nitric  acid,  and  by  chlonTu  in  presence  of  water.  It 
disBolres  io  poitui  and  in  ^Jta&nt  earbenatei,  forming  Bolotians  of  the  colour  of 
mlfjiindigotic  add ;  acids  predpitate  it  tlMrefiom  in  blue  flakes. 

VTinWOmAMn>&  CH*^  —  V\<APY.  CiHniydramldt.  Bydridt  of 
Azocinnamyl.  (Laurent,  Bar.  sdent  X.  llS.)~Prodneed  by  the  action  of  ammoma 
on  hydride  of  dnnimyl : 

8(7HK)  +  2NH'  -  NKCH")'  +  SWO. 
When  pmifled  by  recrystallisation  &om  hot  alcohol  and  ether,  it  fcams  ooIonrleM  right 
prisms  with  rectangular  base,  but  baring  their  hasra  replaced  by  two  triangular  facets, 
meeting  at  a  Tery  obtuse  angle.  It  is  modoroua.  insoluble  in  water,  (usibLB,  and  soli- 
difies on  cooling  to  a  transparent  amorphoDS  mass  like  gum.  It  is  decomposed  by 
distillation,  yielding  an  oil  and  a  solid  snlxtaDCe.  It  is  not  deoomposad  bj  boiling 
hydrochloric  add,  at  by  alcoholic  potash ;  but  boiling  nitric  add  decompowa  it,  yielding 
a  OToduct  which  melts  in  boiling  water. 

Ihunas  and  Feligot,  by  treating  oil  of  dnnamon  with  dij  ammonia  gas^  obtained  a 
product  which  oystAlliaed  thnn  alcohol  and  ether  in  silky  tufta,  and  to  which  they 
assigned  the  formola  C*H'O.NH',  but  it  pnbab^  oontistod  natnly  of  hydrodiuuuuidfc 
{Gerlutrde*  Ttaia,  iii.  88S.) 

KnBOOOTTXJI  ASXA^EOA.  A  plant  used  in  India  as  a  remedy  anJiiat 
varioni  cutaneons  diseases.  According  to  Lepire  (J.  Fharm.  [3]  zxriiL  47),  it 
cODtaina  a  peculiar  prindpls,  veliarin  (ftvm  the  Tamul  name  of  the  plant, 
n^&Tia),  which  he  describes  as  a  bitter,  atrong-eniellin^  oil,  soluble  in  weslc  alcoh(d 
and  in  ether,  thickening  on  exposure  to  the  air,  lohible  ui  aqueous  ammonia,  insoluble 

k  CH-C-^^lo*.    (Loroh,  Ann.  C!h.  Phum. 

__., , /thoBCtiOD  of  b 

n  closed  Tessels.    On  mixing  the  product  ol 
w,  hydrocTDeonateof  p('    -  -   "*"•""»• 
which  crystallises  &om  hot « 


,i,:cc.;,C00gIC 


192  HTDROCTAMHARM  ALINE  — HYDROGEN'. 

nit  is  oonrertad  into  cro<x>nat«  (sod  a  nnoll  qnanlil^  of  oialkM)  of  polaniam  oi 
snomn  to  the  sir,  eipeciall;  in  prm«uce  of  &lkali. 

BjdiotTocoDic  idd  is  solable  in  ntw,  alcohol,  and  etttBt,  uid  do«t  not  ciTitaUise. 
The  baritim-Mit,  CH'Ba'O',  u   >   weonT-r«i   precipilate,  soluble  in   hydrochloric, 
inmluhle  In  acetic  add.    Ttie  ieadtidt,  C*H*Pb'0',  »  slrc  a  nd  pradpitste. 
Soe  HiBiULim  (p.  8). 
D.    See  CiAKiDi  or  EinsoaBH  (ii  314). 
A  hjdiDmignesile,  hsTing  poit  of  the  magnennm  repUced 
bf  ailcimn.     Occnm  oo  Sommii  in  iaoliited  ■int^i-Iike,  slobalar  or  stAlactitic.  earth; 
nmea,  having  ■  vhiCe  or  jellowiah  white  colour.  Aecording  to  Eohell  (J.  pr.  Chem. 
zxxri.  301),  it  conUins  Za-22  per  ceaL  lime,  2428  mafDPsia,  33'10  earboDic  SJihjdrid^ 
■nd   17-40  Tutor:   whence  the  Sormvli  S[(llt^;  Ca')CO'.H)0]  -r  2MgH0.    (Ram- 
meUberB.) 

BnBO-MbBOTmZO  1CAOMXV&     See  Elktbicitt  (ii.  IDS). 
a  AtJm.    See  FntBiCTiniDia  (iL  214). 
O  AODt.    See  FlBsoctudDU  (iL  226). 
See  BoBOn,  Flvobisi  or  (L  632), 
See  SnjooH,  FiMOBnit  of. 

_  „.  .  .  dfloeribed  by  ZeDcrek 
;  Jahreab.  ISGO,  p.  616)  for  detenniniag  the  Nnoant  of 
to  normal  milk.  The  milk  is  coagnlat»d  by  a  few  drops  of  hydrochloric 
■dd,  and  the  voliune  of  the  eiad,  separaUd  by  Utration  through  flannel,  is  compared 
irith  that  obtained  in  a  sitnilar  manner  &om  pure  milk. 

WWVmoamar.  AUrmie  might  —  1.  Byi)U)ol  H.  {InfiainmaiU  air,  Wasttrttojff', 
/fydrOBemum.) — The  older  alchemiste  do  not  appear  tohave  been  acquainted  with  tfaii 
gai.  The  erolatioo  of  an  air  during  the  solnlion  of  iron  in  sulphitTic  acid  iras  first 
noticed  in  the  siileenlli  century  by  FaraceUus.  The  inflammability  of  the  air  thus 
prodnced,  was  obeerrad  in  the  sereuteenth  century  by  Turgnet  de  Mayerne,  and 
afWwards  (1672)  tw  Boyle,  in  his  "Ifev  Ezpenmenta  touching  the  relation  between 
Flame  and  Air."  Leaary  in  1700  obeened  the  detonatiog  property  of  this  inflam- 
mable gtt.  Bat  the  flrst  exact  experiments  □□  ibi  nature  were  made  in  I7SS  by 
Cavendish,  who  showed  that  it  is  a  peculiar  kind  of  air,  which  he  called  infiamtnaMt 
s  prodaced  wh<tn  iron,  zinc,  or  tin  is  dissolved  in  dilute  sulphuric  or 


hydrochloric  acid ;  and  that  different  metals  evolfe  different  quantitiea  of  the  f 
auo  eBtimat«d  its  spedflc  gravity  at  A  of  that  of  common  air.    (It  ia  rea" 
I  air  ganented  in  these  processes  was,  however,  for  si 


fbuoded  with  other  kinda  of  inflammable  air,  such  aa  those  produced  by  the  destructive 
diatillation  of  organic  bodies,  by  the  imperfect  combustion  of  charcoal — with  vapour  of 
ether,  &«.,  all  of  which  were  supposed  to  consist  eesentially  of  the  same  inflammable 
principle  modified  by  the  admixture  of  other  substances.  Moreover,  it  was  supposed 
that  the  inflammable  principle  developed  in  the  solution  of  metala  in  acids,  proceeded 
&oni  the  metal,  and  that  it  was  either  phlogiston  or  intimately  related  thereto. 

The  production  of  moisture  in  the  burning  of  hydrogen,  appears  to  have  been  first 
noticed  by  Macqaer  and  De  la  Metherie,  in  1766;  bat  no  one  at  that  time  sup- 
posed that  the  only  product  of  the  combustion  was  water.  Lavoisier  auppowd  that 
hydrogen,  like  other  combustible  bodies,  prodnced  an  acid  in  buming,  and  made  several 
nnsaccessftil  eiperimenta  to  obtain  this  acid.  But  the  grand  discovery  that  waler  is 
the  sole  prodnct  of  the  eomhuBtion  of  hydrogen  was  made  by  Cavendieh,  in  1781, 
and  published  in  1783.  Cavaudiah  showed  that  123  volumes  of  hydrogen  repaired  fir 
COmbostion  1,000  volumes  of  air  (which  contain  210  volnmea  of  oxygen,  and  will,  there- 
fore, bom  exactly  420  volumes  of  hydrogen) ;  and,  moreover,  that  when  hydrogen  and 
Oiy^  gases  are  burnt  toother  in  certain  proportions,  nearly  all  the  gaa  disuipean, 
nothing  bat  slight  impuritin  remaining  hehind,  These  reaiuts  were  afterwaroB  fully 
conflrmed  by  the  eiperimenta  of  Lavoisier  and  Laplace  (see  Oas,  iL  780). 

Sirurott.  —  Hydrogen  is  never  found  in  the  free  stats.  The  compound  which  contains 
it  in  the  greatest  abandance  is  maish-gas,  of  which  it  forms  one-fourth.  Of  water  it 
forme  one-ninth.  It  occurs  in  amaUer  qoantities  in  eombinatioa  with  phorohonis, 
sulphur,  iodine^  bromine,  carbon  and  nitrogen,  and  is  an  easenlial  constituent  of  nearly 


explained  in  the  article  An&LTsnt  of  Gxses  (i.  286). 

2.  By  passing  vaponr  of  water  over  iron  nails  o»  ■"'" 
borisontally  in  a  fomoce,  and  heated  to  bright  re 
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Into  tnmMO-teme  oxide,  Fe*0*  vbik  hjdnigen  gai  parae*  over,  and  mnj  be  eoUeeted 

3.  Bj  introdaeilig  potMsiom  or  sodium  into  an  inverted  tnbe  or  C7liiideT  filled  with 
water  or  alcohol,  and  atanding  in  a  vbbhI  of  the  same  liqoil    II  ia  beat  to  wnp  the 
mstal  in  a  piece  i^papn  before  plunging  it  Qndec  tbs  month  of  the  <^lindn: 
•      HK)  +   Ha     -     HaHO        +  H. 


4.  B7  diasolving  line  or  iron  in  anlptinric  add  diluted  with  an  eight-fold  qnantitj 
of  water,  or  in  hjaroeblonc  acid  dilated  with  twice  iti  weight  of  water : 

IPSO*  +  Zn"      -    Zn'SO'  +   H», 
and  SCI    -)■   Zd       _     ZnCl     -f   E. 

Thig  a  the  moat  eonvanisnt  method  of  obtaining  tlie  ni  for  general  puipoaea. — 6.  By 
diBsolvin^  cine,  in  contact  nitb  iron  or  pUtinnm,  in  aMution  o(  caoBtic  potash,  zinnalp 
of  potaasiom  being  then  formed : 

KHO   -)■  Zn     -     ZnEO   +   H. 

HTdnUet  ZiBcmU  at 

Tbe  oae  of  the  iron  ia  to  form  an  electric  coi^  with  Uie  lin^  the  latter  then  aclinic 
on  the  poBitive  oe  active  metaL 

6.  By  acting  on  caprone  hydride  with  hydiochloriD  add : 

Ca>H     +     HCl        -         Ca*Cl     +     m 

7.  By  heating  tbrmatea  w  oiaLitee  with  ezcetw  of  hydrate  of  potaniom,  aodium,  m 

CHKO"    +     KHO     -         CKW  +     H». 

ForttBt*  at  CariKmBEg  of 

pMufJam.  potuilom. 

CKKI*     +    3KH0     -       2CK'0'    +     H". 

B.  By  tbe  action  of  hydrate  of  potoaainm  on  certain  organic  bodies  baring  a  tendency 
to  form  adds  by  oxidation : 

OB'O     +   KHO     -    C'H'KO*  +  H» 

Hjdride  or  B«D«MIa  of 

ihirytoifiiM.— Hydrogen  prepared  by  dinolving  one  or  iron  in  ndphnrie  acid — 
which  is  tbe  method  most  tusd— may  contain  the  following  impnritiea : — 1.  Suipiuroui 
acid,  if  this  add  is  present  in  the  snlphoric  add  used. — %  Siiroiu  atidt  or  mMc 
oxidt  gat,  if  the  snlphuric  add  contains  nitric  oxide,  nitmu  sdd,  or  nitric  add. — 

3.  Sulpkydrie  acid,  if  the  line  contains  sulphide  of  doc,  or  if  the  sulphuric  add  etm- 
tains  snlphnrooa  add — or  if  a  ireeh  quantity  of  atrans  solpburic  add  be  added  to  the 
dilate  acid  already  a,cting  on  tho  anc,  wichoat  mixing  it  well  with  the  liqoid. — 

4.  Pkotpk/Ttlltd  kgdrogen,  if  the  zinc  Contains  phosphorus. — 5.  Artaittted  kgdrogen, 
if  the  nnc  contains  arsenic,  or  if  tbe  solpbnric  acid  contains  anenioaa  add. — 6.  Car- 
boitie  aiUu/dride  has  occasionally  been  o 

gwo«.  „ 

flUed  with  broken  glaaa,  tbe  ^aas 
vlueh  remoTM  the  fnl^ydnc  add,  and  that  in  the  second  with  snj^iate  of  silver,  br 
which  tiie  anenettod  hytbogen  i*  aepMated;  then  throogh  a  third  U-tobe  filled  witb 
fhlgments  of  pumice-stone  satorated  with  strong  potash ;  and,  lastly,  la  render  it  anhy- 
drous, fliat  tbiDngh  a  tabu  containing  fragments  of  hydnte  of  potMeinin,  then  through 
another  containing  phoapboric  anhy£ide  or  pumice-stone  soaked  in  oil  of  vitriol.  To 
aToid  the  presence  of  oxides  of  nitiogen,  it  la  best  to  use  sulphuric  add  perfectly  free 
from  those  oxides. 

Hydrogen  gaa  obtained  by  tbs  use  of  iron  may  contain  the  sans  impurities  as  that 
prepared  with  nno— and  in  addition:—!.  FtmiretUd  ^drvgea — to  be  removed  Ly 
^ming  nitric  add  or  solution  of  mercorie  chloride;  and  2.  The  vapour  of  an  oily 
bydrocarbon,  which  is  produced  in  lansr  qasntity  aa  the  iron  contains  more  carbon, 


■  peculiarlv  repulsive  odour  to  the  ns.    It  may  be  muoved  by 
passing  the  gas  through  alcohol,  and  the  alcohol  maybe  lArrwards  separated  by  water, 
Vot.  IIL  O 
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Aecotdinf  to  Dobeteiner  (Schv.  J.ilL  877),  the  gu  obtainfd  with  ejther  aae  oi  iivm 
mav  be  £pTiTed  of  tjl  odour  hj  24  boon'  contact  with  moiAened  duicokl  mwder. 

in  vhateTsr  muner  the  m  ma;  be  ptepwMd,  it  Muenllj  eontuiu  ft  nnftU  qnaotit; 
of  atmospheric  ur,  proceedme;  from  th«  lianids  nwd  in  the  pra^antion.  The  nilnisen 
cannot  be  remored ;  bat  the  oxjgni  maj  be  erpanted  b;  Wtiok  the  ni  for  s  wmle 
in  contact  with  Bpong;  platinum,  which  canMa  the  Dzjgen  to  unite  wlt£  a  portioD  of 
the  bjdrogiin  asd  form  water. 

Prepertif*.— Hydrogen  is  a  coIonrle«B  gw,  of  specific  grsTitj  008B3.  It  is  tlie 
lightest  of  all  known  mbetances,  being  about  14^  times  as  l^t  ib  atmospheric  air;  it 
may  therefore  be  used  for  inflating  balloons.  Soap-bnbblee  filled  with  it  rise  rapidlj 
in  the  ur.  It  escapee  npidl;  ont  of  Tessels  with  their  moiiths  tamed  upwards ;  bat  a 
widA-mouthed  Teasel  filled  with  it  ma;  be  csmad  with  ita  month  downwards  for  a 
eoDiidenble  diatance  without  tbe  gas  escSLping.  For  the  same  irason,  it  is  easily 
collected  by  displacement,  without  the  use  of  water,  Ttz.  by  holding  the  yesiel  which 
is  to  receiTs  It,  over  the  «xtremi^  of  a  vertical  tube  attached  to  the  mouth  of  the  - 
generating  vesseL 

Hydrogen  is  odourless  when  quite  pure,  bat  es  asoall;  prepared,  it  has  a  disagreeable 
odour,  arising  bom  impuiitiea.  Small  animals  introduced  into  tbe  gas  die  instantly. 
In  man,  the  pnre  gas  excites,  after  two  inspirations,  disagreeable  sensations  and  loss 
of  muscular  power ;  when  mixed  with  air,  it  may  be  breathed  for  a  longer  time,  but 
imparts  a  peculiar  sqoeaking  tans  to  the  voice.  It  is  not  directly  iiunrions,  but  so  long  as 
it  IS  inhaled,  o^gen  gas,  which  is  essential  to  life,  is  preTent«d  from  entering  the  lungs. 
Hydrogen  is  veiy  inflaDimable,  and  bams  in  the  air  with  a  pale  blue  flame.  It  doi?s 
not  aupport  the  combostion  of  those  bodies  which  bum  in  the  air :  for  instance,  if  a  jar 
full  of  hydrogen  be  held  with  ita  mouth  downwards,  and  a  lighted  taper  plunged  into 
it,  the  hydrogen  will  lie  set  on  fite  at  the  mouth,  but  tbe  taper  will  be  extinguished. 
A  jet  of  oxygen  will.  howeTer,  bom  in  hydrogen,  as  well  as  ajet  of  hydrogen  inoivgen, 
though  wiUi  a  somewhat  different  appearance.  The  expariinent  may  be  made  fay 
setting  Are  to  hydrogeu^aa  at  the  mouUi  of  a  bottle,  and  then  directing  a  jet  of  oiygea 
through  the  flame  into  ^e  body  of  (be  gas.  A  flame  will  then  be  formed  at  tbe  orifice 
of  the  Jet,  and  will  continue  to  bum  till  the  hydrogen  is  exhansted. 

Hydrogen  and  oxygen  unite  to  form  water,  in  the  proportion  of  S  Tolumes  of  hydrogea 
to  1  volume  of  oxj^en  ;  and  when  the  gasea  are  mixed  in  these  proportions,  they  may 
be  made  to  unite,  either  slowly  or  rapidly,  the  entire  volume  of  gas  disappearing.  On 
bringing  ft  bsming  body  in  contact  witb  the  miztuie,  or  passing  an  electric  spail: 
throngh  it,  combination  instantly  takes  place  throughout  the  whole  mass,  attended 
with  great  and  sudden  rise  of  temperature,  wbereliy  tbe  mixed  gases,  or  rather  the 
water;  vapour  resulting  from  their  union,  are  expended  with  a  force  anSeient  to  shatter 
the  containing  veeeel,  if  not  of  great  strength.  If  the  vessel  is  entirely  dosed,  and 
~' — g  enough  to  resist  the  expansive  (bcce  of  the  gas.  no  noise  is  heard;  but  if  the 
h  of  the  vessel  be  left  open,  or  the  gas  he  able  to  fbrce  for  itself  a  passage  into  the 
_  ,  a  loud  detonation  is  the  result,  arising  from  the  concussion  of  the  air  by  the 
escaping  gases.  The  same  effect  is  produce^  though  with  mach  lees  intensity,  when  a 
mixture  of  2  vol.  hydrogen  and  G  vol.  atmospheric  air  (containing  1  ToL  oxygen,  the 
quantity  required  to  unite  with  3  voL  hydrogen)  is  exposed  to  the  action  of  flame  or 
the  electric  spark.  Hence,  in  manipulating  witli  hydrogen,  great  care  mast  be  taken 
to  prevent  accidental  admixture  of  air,  as,  if  such  admiitore  tuee  place  unknown  to  the 
operator,  explosions  of  dangerous  clmnicter  may  ensue  when  the  gas  comes  in  eontjut  with' 
flame.  In  collecting  the  saa,  a  considerable  quantity  ahonld  he  suffered  to  escape  before 
any  of  it  is  collected,  so  mat  the  air  in  the  apparatus  may  be  completely  eliminated. 

The  rapid  oombinntion  of  hydrogen  and  oxygen  may  be  brought  about,  not  only  by 
tbe  contact  of  flame,  but  also  by  the  heat  of  a  red-hot  iron  wire,  or  a  coal  hot  enough  to 
exhibit  «  visible  glow  by  daylight.  According  to  B  i  o  t  (GUb.  Ann,  ix.  9B),  the  heat 
prodnced  by  suddenly  compressing  the  detonating  gas,  is  suffleientto  cause  the  explosion. 
The  presence  of  certain  metals  eauset  the  gasee  to  unite,  even  at  ordinsi;  tempera- 
tures. This  effiet  ia  exhibited  most  strikingly  by  platinum,  in  the  form  of  platinum- 
sponge  or  platinum-black  (see  PuTmuic) ;  but  it  is  also  produced  by  a  plate  of  the 
metal  rendered  perfectly  clean  by  rubbing  it  while  hot  with  fused  potash,  then  waahing 
it  with  water,  dipping  it  into  hot  oil  of  vitriol,  and  again  washing  with  water.  Similar 
effbcts  are  eihib^ed,  though  with  ices  facility,  by  spongy  iridium  and  osmium,  finely 
divided  palladium,  gold  in  the  form  of  leaves  or  dust,  and  ailvar  leaf.  This  peculiar 
action  of  pUtinum  and  other  metals  appears  to  be  due  (in  part  at  least)  to  the  absorp- 
tion of  tbe  gases  by  the  metal,  and  their  condensation  within  its  pores.  (See  Gasm, 
AnSOBFTIOH  OF,  BT  SouDS,  il.  804.) 

The  flame  of  hydrogen,  though  but  feebly  Inminona,  is  intensely  hot,  end  when  a  jet 
of  oxygen  ia  directed  through  it,  as  in  the  oiy-hydrogen  blowpipe,  the  proportions  of 
the  two  gases  being  properiy  ui^usted  bo  that  neither  of  them  is  in  excess,  the  heat 


ronn  e 


The  guM.  in  eqml  voIhimb,  may  ba  mixed  in  the  iaA  iritbant  suiting,  bnt  on  expo- 
..  ii™___i  i — iz_L. 1- — -^ in  take*  pUce g»dii«llj,  and  expomue  to  the  diiirt 
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jiTodnced  is  the  highest  that  can  be  obtained  bj  chemiol  combinitisn.    (See  Bij>w- 

FIFl,  OZT-ETDBOOEN,  L  616.) 

Bj^m^Btt  likewijM  nmtce  verj  energetically  with  Morine,  fbimiag  hydMehloric  acid. 

"■    giMi,  in  equal  folniaeB,  maybe  mi — '  --  '"-  '—^ — ■■'■■—-  — ^' —  "— ■■ 

la  difflued  dajliffht,  combination  ta  .  _ 
isj«  of  the  ran,  or  to  the  Ii(^t  of  the  electric  arc,  or  of  lime  ignited  b;  the  oiy-hydngea 
flMne,  OMues  instant  combmsdoD,  attended  wiUi  rialent  explosion.  Ezsloeion  it  also 
prodnoed  in  oontact  with  flame,  or  with  ■  bri<^  heated  to  I6tf  C  With  bronine- 
vapeur,  hjwcgen  doee  not  nnita  at  onlinary  temperatniea,  even  in  aouahuiei  bnt  partial 
eombii^iMi  ia  idfMed  by  contact  with  a  red-hot  win.  With  iodtut,  it  unites  when  a 
nuztme  of  IndlOf^  aad  iodine-Taponr  is  nusad  throng^  a  red-hot  briw,  and,  according 
to  BloBdell  (Post  Ann.  ii  316),  at  OMinair  tempetatnm  anda  lite  inflnenie  of 
sponge  platinnm.    With  other  dements  hydrogen  does  not  mite  diteetij. 

^dngen  ii  >a  emeotial  oonatitamt  cf  •eida-'^iTopetty  so  ealled— these  bodiei  baing 
in  fact  nits  of  l^diogML  (See  Acatt,  i  S9.)  b  also  Gjiihs  baaie-  comptmnds,  yia, 
«mnuini«^  aiBsmlted,  antJBK>netted  hydiogen,  Ac;  and  mites  widi  matali  aad  omuue 

_j!.i„  < — ; ],  jjijd  hydrides  (p.  180). 

Hi  or.    Set  Avnwnrr,  Htdbdi  of  (i.  S33). 
t  or,    3«e  Arbkxic^  Htvbidbs  or  (L  871). 
ir.    See  Bnoxnia  or  Etdbooik  (L  673). 
or.    See  Celobetdric  aod  (i.  890). 
I  or.    See  pLDonKTSBic  Mn>  (ii.  666). 
I  or.    See  loDHTDBio  Acn). 

Hydrt^ioi  ftoms  two^  or  pedtaps  three,  com- 
)  or  watac,  H'O ;  the  dioxidi  or  ptroaide,  H  "* 
»  Banmeitia  a  AwKt*d>  of  hydrogen,  BK)*. 

B?0.— ^M  p'^Mtiss  of  water  will  bedesmbtd  in  a  amnte  article; 

we  sbaD  has  speak  only  <u  its  composition.  We  hare  aliaady  stated  Ukat  when  pme 
ozysm  and  pure  hydrogen  are  mixed  in  the  proportion  of  !  yoL  H  to  1  vol.  0,  and 
eipkided,  the  entire  vomnie  of  gai  disappean  and  nothing  is  prodnced  bat  water. 
Now  the  densi^  of  osygui  is  16  times  as  great  as  that  of  hydrogen :  hence  water  is 
eonpoead,  by  wet^t,  of  8  pts.  of  oxygen  to  1  pt  of  hydngen.  Tlu*  composition  has 
hithierto  been  moat  generally  represented  t^  the  fbnnnla  HO,  water  being  Ihos 
legBided  m  b  Compoond  of  hydrogen  and  oxygen  in  eqoal  numbers  of  atoms,  and  the 
atom  of  oxygen  being  soppoeed  to  weigh  B  tiBH  ai  much  as  that  of  hydrogen.  But 
thm  are  many  reasons  for  suppoaing  that  a  molecule  of  water  oontains  3  at.  of 
united  wilh  1  aL  of  oxygen — a  composition  lepreeented  by  the  formula 
H'O.  Thcae  reasons  have  already  been  giveo  in  the  article  Aromc  WiioBTs 
(i.  461),  and  need  not  h««  bs  repeated.  We  will  merely  mentton  thal^  aocoiding  to 
the  tbrianlaHH),  the  atomic  weights  of  oxygen  and  hTdrogen  are  to  one  another  as  the 
deiksities  of  the  two  ^waa,  irtiich  is  the  most  eim{de  snjmosition  that  oui  bo  made 
reapectiiu  them,  and  is  in  aecoidanoe  with  the  coodosiona  dedacad  from  the  dynamical 
theory  ofhest  (p.  1S2). 
'^-  -nmpaaition  of  wat 

.._^_,  _esi&s  the  direct  e , 

posed  by  deeti^n^  the  gases  an  evtdvedTeiy  nearlyin  thepniporti(mc^2  tdI.  I 
I  ftA.  O,  bat  the  Toliima<tf  oxygen  is  alwayseomeiriiat  leas  than  it  should  boMiaeeouiiu 
of  tt«  giMttr  absorbability  in  water.  Hie  oompasJttOD  mi^  also  be  asoertained  hj 
paasiiw  Tapoof  ct  water  over  ted-hot  iron,  measuring  the  Tolnme  of  the  hydrogen 
erolved,  and  determining  the  increaae  in  weieht  of  the  iron. 

But  the  most  exact  method  is  that  adopted  hj  Berielins  and  Dnlong  (Ann.  Ch. 
Phyi  [2]  IV,  86)  and  by  Dumas  fAnn.  Ch.  Phyi.  [81  viiL  189),  which  tonsists  in 
passing  pure  and  dry  hymugen  gas,  obtained  as  dfscribea  at  p.  193,  orer  nid-hot  oxide 
of  copper.  This  oxide  then  giree  np  ita  oxygen  Ui  the  hydn^n,  and  forms  water,  which 
is  collected,  partly  in  a  small  receiyer  att^hed  to  the  end  of  the  ttibe  containing  the 
oxide  of  copper,  pardy  in  a  tube  containing  diy  chloride  of  caldnm.  The  qnanti^  of 
water  diiii  prodnced  is  vd^ied,  and  the  Ion  of  weight  which  the  oxide  of  tamet 
■nilaiiis  hj  ptitiDg  with  ita  oxygen,  is  likewise  determined.  These  expertmenta  show 
thrt  ■water  ia  composed  exactly  in  the  proportion  of  8  pts.  by  weight  of  oxygen  to  1  pt. 


rf  ,  ,     2?"!     iTn     .   •     1111 

O       .     .     18     .     .       88-89       .     .       88'B9 
Wo  "18  100-00  -     100-00' 

For  the  compounds  of  water,  sec  HiDBiTBs  (p.  179). 
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Sloslda,  or  Varozlda  of  myarogan.  HO  or  HO'. — This  ramarksble  com* 
pound  wt»  discoTered  bj-  Thin.rd  (Traill  dt  Ckimw,  <-.  W.  ir.  2,  *1).— It  iji 
pH>diic«d  when  peroxids  of  potaHiam,  soliam,  beriam,  Btrontiiuii,  or  calcium  ii  digMtod 
in  <£;  acid  vhich  fomu  a  eoluble  nit  with  tie  base  neulting  from  the  dscompoaitioii 
of  the  peroxide,  the  «zc«n  of  oxjgen  not  escsping  u  gas.  bat  paning  OTei  to  ■  poitioD 
of  the  water,  and  coarerting  it  into  peroxide  of  bjdrogea,  e.  g. : 
BaO   +   HCl     -     2BaCl  +   HO. 

TrtpaTOtim. — Pim  barjrta  ii  prepared  by  igDiiiiig  in  >  porceUia  ntort,  nitiAte  of 
bariam  tiet  from  iron  aad  macganeee.  The  )>ni7ta,  broken  into  pieces  about  the  die 
of  a  nut,  is  then  put  into  it  ooatsd  glav  tube  and  heated  \a  low  redness,  while  a  cnirsnt 
iTgen  gas  free  &om  carbonic  odd  and  dried  b;  meajis  of  quicklime,  is  passed  otot 
...  Por  the  flrst  eight  minntea  the  gas  is  eagerly  absorbed  by  tLe  baryta.  Afua  it  has 
b^nn  to  eacape  from  the  &rtfaer  end  of  the  tabs  (to  which  a  gas  deliTsry-tube  passing 
under  water  is  fitted),  t^  stream  is  still  kept  up  for  the  space  of  ten  or  fifteen  minutes. 
The  peroiide  of  bariam  obtained  by  this  process  is,  after  cooling,  pieserred  in  a  bottle. 
In  the  next  place,  300  grnu.  of  water  are  mixed  withasmnch  byorovhloria  acid  as  will 
neutralise  about  IS  gnna.  of  baryta.  Into  this  liquid,  contained  in  a  cylinder,  or 
better,  in  a  dish  of  siiver  or  ptattnnm  kept  cool  by  nurounding  it  with  ice,  12  gnna.  of 
peroxide  of  bariam,  slightly  moistened  and  nibbed  up  in  an  agale  mortar,  are  intro- 
duced by  means  of  a  wooden  spstula :  On  agitating  or  stirring  the  liquid  with  the  pestle, 
the  whole  diseolves  completely  and  without  eatrvescence.  Tbe  baryta  is  next  pre- 
cipitated by  sulphuria  scid,  added  drop  by  drop  till  slightly  in  excess:  the  presence  of 
an  excess  of  the  add  may  be  known  by  the  snlphate  of  barinm  &lliiu  down  more 
quicU;  than  before.  12  gims.  more  of  the  peroxide  ere  then  dissolvetf  in  the  same 
bquid,  and  likewise  preoipit«l«l  by  sulphnric  acid.  The  liquid,  which  now  contains 
hydrochloric  acid,  sulpburtc  add,  a  large  qoantily  of  water,  and  a  small  quantity  of 
prioxitle  of  hydrosen,  is  next  eepafoted  by  flltnition  from  the  golpliBte  of  barium,  tile 
precipitate  wasfaed  with  a  little  water,  and  the  last  wash-water  retained  for  future 
washmgs.  The  filtrate  is  sain  mixed,  as  aboTe,  twice  with  peroxide  of  barium,  and 
twies  with  solpboric  add.  ^e  filtzation  ia  then  repeated,  and  the  proeees  eoatinned 
in  the  same  war,  till  BO  ur  100  gnns.  of  the  peroxide  are  eonsumed.  The  liquid  thns 
obtained  woul^  on  deeomposition,  yield  from  25  to  10  msasom  of  oxygen  gas.  To 
■spante  silica,  alnmina,  aeaquioxide  of  iron,  sesquioxide  of  manganese,  fee,  which  pro- 
MM  from  the  porcelain  ntort  in  which  the  nitrate  of  baryta  was  ignited,  the  liquid  is 
mixed  with  concentiated  solution  of  phoaphoric  acid  (2  or  3  pts.  of  phosphoric  odd  to 
100  pta.  of  peroxide  of  barium^then  surrounded  with  ice,  and  sapersatoratad  with 
pounded  peroxide  ol  barium :  silica  and  tbe  phoaphatea  of  iron,  manganese,  and 
ainminium  then  separats  i^dly  in  flakes,  and  most  be  separated  from  the  liquid  by 
filtration  through  linen,  and  if  neoeassry  through  paper.  The  pveence  of  a  large 
quantity  of  siw^te  of  barium  renders  the  flltralion  difficult.    (If  no  [diospliorie  odJd 

were  present  the  seequiraddes  of  •"">  "id  maogsn "  *"  ' —  "■-      '— 

and  give  rise  to  a  rapid  evolution  of  onsen  gas ;  bi 

phone  sdd,  they  do  not  produce  this  omct.)    Should  the  liquid  still  oontoin  portiaiiB 

of  these  oxides,  they  most  be  separated  by  the  addition  of  a  slisht  excess  of  baryta- 


baiTta  must  then  be  eepeioted  by  carefUly  adding  sulphuric  add  in  veir  alight  excess, 
and  filtering.  The  ^teate  now  contsins  nothing  tnit  water,  peroxide  of  hywigen,  hy- 
drochloric add,  aud  a  Tciy  little  snlphuric  odd.  To  separate  the  hydiochlonc  acid, 
the  liquid  is  suironnded  with  ice,  and  mixed  with  snlphate  of  dlTsr.  In  the  first  place, 
sulphate  of  silrer,  obtained  br  heating  nitrate  of  silver  in  contact  with  oil  of  viliiol  in 
a  platinum  crudble,  is  introduced  in  the  form  of  powder  into  the  liquid— the  whole 
being  conslontly  stirred  till  the  liquid  becomes  clear,  a  Mgn  that  the  hydrochloric  acid 
is  wholly  or  nearly  precipitated.  Any  hydrochloric  add  that  msj  still  remain  must 
be  sapsrated  by  eautionsly  adding  more  sulphate  of  diver.  If  tie  latter  has  been 
added  in  excess,  it  must  be  predpitated  by  carefully  dropping  in  a  dilate  sotntion  of 
chloride  of  barium.  The  liquid  should  ooDtoin  ndther  hydrochforic  add  nor  silvsr,  and 
sboold  therefore  give  no  precipitate  either  with  solution  of  silver  or  with  hydrochloria 
add.  The  chloride  of  silver  is  separated  by  filtration  and  Messuni,  any  portion  of 
liomd  which  comes  through  turbid  being  filtered  over  again.  Toremove  the  sulj^uric 
acid  oIeo,  and  obtain  a  pure  mixture  of  water  and  percoide  of  hydrogen,  the  liquid  is 
{Jaced  in  a  glass  mortar  surrounded  with  ice,  and  nibbed  up  with  slaked  betyta 
preTiouslypoonded and  difiusedthrou^ water:  thebaiytaisaddedtilltheBulphuHcadd 
u  nry  nearly  saturated.  The  liquid  is  then  filtered,  the  filter  pressed  between  linen, 
and  baryta-water  added  in  slight  excess  :  this  often  occasions  the  precipitation  cS  oxide 
cf  iron  and  oxide  of  manganese,  as  well  as  snlphate  of  barinm;  henca  the  filtration 
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tntut  be  Tf^dly  perfbimed.  Tbe  excfM  of  baiyts  ia  lemoTed  bj  caationalj  adding 
dilute  nlphmie  acid,  bo  that  then  maj  be  rather  a  Terr  slight  ezceas  of  the  ecid  than 
tit  the  baiTta.  The  vhole  of  the  eolphnrio  add  ma;  ukawim  be  ramorad  by  meani 
of  eartnnate  of  barimn  obtained  in  a  flndy-diTidsd  state  b;  jsecipitatdon,  isMead  of 
hj  ilaked  barjta  and  baijta-vator.  Finallj,  (o  aepaiate  the  whole  or  nrarlj  the 
whole  of  the  water,  the  vend  containing  the  liqnid  ia  placed  in  a  dish  containing  oil 
of  Titriid,  and  the  whole  placed  under  a  leeeiTcr  of  Uie  air-pmnp :  the  water  then 
erapoiates  before  the  peroxide  of  hjdrosen.  The  Bnid  ia  agitated  &om  time  to  time. 
If  it  should  depoeit  fluee  of  silica^  which  gire  riae  to  ^e  escape  of  oxygen  gae,  it  mnet  ^ 
be  decanted  on  from  them  bj  means  of  a  sipbon :  if  it  ehoold  eTOlve  oxjgen — which  it 
viU  do  ai  soon  aa  it  is  so  br  concentiatad  as  to  contain  about  2S0  times  its  Toinme  of 
Ol^fgen — two  or  three  drops  of  nilphuTic  acid  mast-be  added  to  it.  The  coDcentntion 
muit  be  stopped  after  a  few  days,  when  the  liqnid  is  bionght  to  sneh  a  stale  that  when 
decomposed  it  would  etalre  <7fivolnme«  of  oxygen  gae  ;  for  this  residoe,  if  left  longer 
in  vaeno,  wonld  evaponto  as  a  whole.  The  peroxide  of  hydrogen  mnst  be  kept  in 
long  f^ium  tnbee  dosed  with  stoppers  and  samniDded  with  ice  ;  but,  mea  nndor  thene 
dreuBistaneee,  it  deeomposea  slowl;  and  srolves  oxygen  gsa     (Th^nard.) 

2.  Fentiide  t^barinm  is  deeompoeed  bj  hjdratea  hT£fofluorio  acid  or  eolation  of 
brdroflaosiHeicaeid.tlieiriiolebeini^kepteonatsntli'eaol:  intbiecaee,  insoluble  fluoride 
of  barinm  or  donUe  fluoride  at  nhdoni  and  bannm  separates  at  once.  As  soon  as 
mffleient  qnantities  of  acid  and  peroxide  of  bsriiun  bare  been  mixed,  tbe  ^roiide  of 
hydrogen,  still  containing  a  large  qoantity  of  water,  is  filtered  &om  the  precipitate  and 
concentrated  in  thcdo  over  oil  of  vitriol.     (Pelouse,  Btr^.  Lekrb.  L  411.) 

iVoiMrfvf,— Coloorlesa  ttansparent  liquid,  of  spedSe  gravity  l-4fi2  ;  it  doee  not 
ftnexe  at  —  30° ;  evaporates  in  vacuo  at  ordinary  tempcmtures  without  decompo- 
dlion,  thou^  much  Uas  readily  than  water ;  does  not  redden  litmus,  bat  gradually 
bleachea  boui  litmus  aud  turmeric  paper ;  haa  a  hanh,  bitter  taste,  similar  to  that  of 
taitsf-emedc ;  whitens  the  tijn^e  and  thickens  the  saliva;  when  placed  upon  the 
band,  it  instantly  tnnw  the  cuticle  white,  and  after  a  lime  prodocea  violent  itching. 
(Thinard.) 

Peroxide  of  hydrogen  is  miacible  in  all  propoitiona  with  mtler,  part  of  the  water 
'i"-'"~  "■♦  "o  expoaora  U>  cold.    A  stdution  contajning  eight  ti"™  ■'-  """  iminm.  nt 
'  1  erdve  gat  at  fiO°,  and  subsequently  gets 

this  has  ceased,  nothing  is  left  but  water.     — ^ 

^^.  phosphorie,  solidiuric,  hydrochloric  nitric  acid,  &c.,  farming 
<  IS  uaa  eaai^  deeompoaible  lliui  when  aloob 

It  is  dmbtltil  whether  pemide  of  bydnwen  has  ever  been  obtained  qaite  free  from 
water.  Thdnard,  however,  foiind  in  a  qiecimenpiepared  u  above  described,  fl'OS  per 
cent  hydrogen,  and  9Z-W  oxygen,  the  formula  HO  requiring  S'SS  H,  and  9i']2  0. 

Leampotitioiu. — The  second  atom  of  oxygen  is  retained  b^  the  hydrogen  Ttrj 
looeely.  Under  various,  and  often  enigmati^  cironmstances,  it  separates  from  the 
water  in  the  form  of  Eas,  the  volome  of  which  at  14°  and  0-7B'.  bar.  (S9'S  inches) 
amounts  ta  476  times  Uial  ot  the  liquid.  The  gas  often  esci^tes  with  such  rapidity  as 
to  produce  violent  ef&rvescence,  and  even  explosion.  Qreat  heat  ia  also  developed, 
and  when  the  experiment  ia  made  in  the  dark,  even  light  is  apparent 

The  several  modes  of  decomposition  an  aa  fbllows  :- 


L.  In  the  circuit  of  the  voltaic  battery,  peroxide  of  hydrogen,  like  water,  is  gradually 
resirfved  into  hydrogen  at  the  neoative  and  oxygen  at  the  positive  polo — only  that  the 
proportion  of  oxygea  is  greater  than  in  the  decomposition  of  water.    (Thini 


ly  a  certain  elevation  of  temperature.  At  freeeing  temperstnrea,  peroxide  of 
hydrogen  is  bnt  very  slowly  decomposed ;  at  ordinary  temperatures,  it  merely  evolves 
a  babble  of  oxygen  now  and  then,  the  decomposition  not  being  compete  for  months; 
tkt  20°  the  escape  of  gas  beeranes  more  perceptible.  By  suddenly  raisma  the  tempera- 
ture to  100°.  tbis  gradnal  ete*pe  ot  gas  may  be  converted  into  a  kind  of  explosion. 
Finally,  these  remains  bshind  nothing  but  pure  water.  Sunshine  does  not  appear  to 
accelerate  the  decomposition  st  ordinary  temperatnrM.     (Thinard.) 

3.  By  contact  with  certain  substances,  which  either  remain  unaltered,  or  take  up 
part  of  the  oxygen  of  the  peroxide,  or  on  the  contrary  themselves  evolve  oxygen. — 
The  npidity  with  which  Uiese  substances  induce  the  eeparation  of  oxygen  FTOm  the 
peroxide  depends  partly  on  their  chemicaJ  nature,  partly  on  the  minuteness  of  their 
mechanical  division:  the  ftirtherUiisia  carried,  the  more  rapid  is  the  action.  (Thinard.) 

a,  Peroxide  <A  hydrogen,  whether  puro  or  iu  aqueous  solution,  acts  as  a  powerful 
oxidising  agent.  It  eonv^ts  areenions  acid  into  arsenic  acid,  sulphurous  acid  into 
sulphnris  acid,  snlpbide  of  lead  into  solpbate  of  lead,  and  the  hydrated  protoxides  of 

manganese,  iron  and      '   ' ...u.   -..a  :._jj .:„i_     rn.. 

protoxide*  of  barium. 
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prroxideB,  which,  bahig  insolnblcv  are  predpitatad.  The  eoncentnted  aohitioa  of  psf> 
oiide  of  hTdrog«o  uta  witli  griil  nolence  npoa  eerUJij  at  the  elementi,  selemnm, 
■nenie,  raoljbdeDNm,  ehnmiiam,  &c.,  isooTertiug  them  atoDoe  into  their  highest  oiidM. 
6,  CrrtMia  bodies,  imoiig  vliicb  m  iaeloded  chariual,  muiy  mMals,  uid  ■oma 
metallic  oiidn,  iodnce^  by  their  toeie  contact,  a  more  or  1«m  TiofeQt  deCDrnpaution  of 
the  peroxide  into  water  and  oxygen,  withont  themselvea  ondeigoing  any  chugs ;  gold, 
platunun,  and  nlver,  partJeoUrl;  when  in  the  precipitated  oe  eponn  state,  act  most 
Tiolantlj,  and  eanse  a  great  disengagement  of  haat  A  ali^tlr  aad  solution  of  the 
P«roxide  is  leM  amenable  to  tha  action  of  these  agenta  than  is  the  pore  aqosons  soln- 
tioo ;  alkalis  on  the  other  hand  facilitate  the  deoompoaition.  The  action  i^  the  aboT»- 
mentioned  bodies  in  a^amnf  the  decompoaitiou  of  the  peroxide  ia  termed  catalTtic, 
Its  nature,  howerer,  it  not  nt  preeent  ondentood. 


!.  But  the  most  remarkable  drcnmatance  connected  with  peroxide  of  hydrogen  is  its 
[Hupeity  of  acting  as  a  reducing  agent.  When  pemxtde  of  hy  dmgen,  or  ita  analogue, 
peroiioe  of  banum,  is  added  to  any  one  of  the  ftdlotnng  sabstances,  namelj,  the  pro- 
toxides of  silver  or  rnanmy,  thepemxides  of  manganese  or  lead,  the  cbronuc,  permsn- 
ganii^  and  fterit^anio  adds,  or  their  salts,  not  odIt  is  oxjgen  CTolved  &om  the 
peroxide  of  hydrocen,  bnt  also  from  the  other  oxidised  body,  ^veralof  iheeereactjona 
weie  Mtiaed  bjr  Th inard  in  ISIS,  bnt  they  were  Bnt  minutely  examined  and 
•xpkinedl^BrodieJn  ISM  (Phil  Trans.  18S0,  p.  769;  Chem.  Soc  Qo.  J.  ir.  164; 
fhrther,  Ghem.  Soe.  Qo.  J.  Til  11(H).  In  accoidance  with  his  views,  it  Heems  that  the 
seoondatom  of  oiygcminthapemxidMof  hydnffenandbarinmis  not  merely  retained 
in  an  onstable  state  ot  eombiDBtion,  but  that  it  is,  br  sssocialion  with  the  oxide  of  an 
electro-poeitiTe  element,  like  hydrogen  or  bariom,  thrown  into  a  polar  atate,  opposite 
to  the  polar  state  of  the  oxygen  in  unstable  protoxides,  and  to  that  of  the  looaely 
combined  oxygen  in  the  more  or  less  chlorotts  permides.  Hence  when  the  peroxide 
of  hydrogen  or  berium  is  bn^oght  into  relation  with  one  or  other  of  these  oTygenised 


Un<00  +  H*00  -  Un-O  h 
AgigO  +  H*00  •>  AgAg  -I 
Cr*^^  +   HWO*     -     CrW  i 


additional  oxygen  ia  set  &ee  cstaljtically,  from  the  deconqiositton  of  the  peroxide  per 
w.  For  flndv-diTided  metallic  silver  tus  the  i:aoperty  of  decomposing  peroxide  of 
hydrogen  catalytically,  whence  the  oxygen  liberated  according  to  ue  second  equation 
has  not  been  found  to  constitute  more  than  49,  instead  of  50,  per  cent,  of  tha  total 
quantity  of  oxygen  erolved.  It  is  obeervable  that  in  no  one  can  the  oxygen  &om  the 
paroiiik  constitute  less  than  one-half  of  the  total  ong«n  hberated.  ^e  above  re- 
actions are  ^erfectW  comparable  with  admitted  reactums  showing  the  fbmiation  of 
hydngao  and  the  alcohol -radicles  (see  Cnxmcu.  urorm  L  8S7),  fbr  example : — 

(^ik  +   HCT         -     Ctt'Cl    +  HH. 

2n(CH')   +  (l?H*^    -     Zni       +  (ci'Xt^^ 

Schonbein,  a[f>Brently_Bnaware  of  Bnxtie's  researches,  has  recently  drawn  KttentioD 
to  the  phenomniu  of  deoiidation  effected  by  the  peroxides  ot  hydrogen  and  barinin, 
and  has  shown  that  osone  is  rendered  inactive  by  them.  He  regards  osme  ■■  perms' 
nently  nenttve  oxygen,  0,  which  can  form  osonides  of  nlvcr,  of  nuugaDoos  oxide,  &&, 
and,  in  Uie  above  reactiou,  is  neatralised  by  the  permanently  positive  oxygen  or 
anlonme,  0,  of  the  peroxide  of  hydrogen ;  wheieaa,  according  to  Brodie,  the  polaritv  of 
the  oxygen  depends  upon  the  nature  of  the  body  with  which  it  is  sssoeisted.  and  is 
manifested  odJ^  at  the  instant  of  its  disuBociation.  (Sohonbein,  Verhsndl.d.  naturt 
GesellBch.  in  Basel.  iL  11S,«3,  472;  Ann.  Ch.  Pharm.  cviii.  167;  J.  pr.  Chem.  Ixxvii. 
Efi7,  203;  Ixxx.  266,  27S;  lixxi.  1;  IxxxiiL  86;  Jahresber.  1858,  p.  fiB:  1859  p.  60; 
1880,  p.  M;  1862,  p.  96.) 

SchJinbein  has  confirmed  the  observations  of  Meidingm  and  others,  that  peroxide  of 
hydrogen  may  sometimes  be  detected  in  watar  which  has  nndei^gone  electrolysiB.  He 
seems  also  to  bitvc  ^own  that  tncee  of  peroxide  of  hydrogen  an  [O'adacrd  in  many 
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eatwa  of  bIov  cuddaUon  oecamn^  in  tlie  presenee  of  moUtnre  ;  for  example,  those  of 
phoaplion]^  ether,  cmc.  fee.  Thu  productLon  of  peroxide  of  hjdn^u  he  consider)) 
to  be  eoirelatiTe  of  the  othei  cndd&tioD.  Thui  when  moist  iin&filitig>  (u«  oxidised  br 
expoanre  to  air,  a  onuili^  of  peioxide  of  fajdcogeii,  vhich  mtj  be  diisolved  out  by 
mtai'  uid  ■ahmitled  to  chemical  leiA^  is  laimei,  ucoiding  lo  the  fbllawing  equation: 

Zn'  +   H'O   +   H'O  00     -     ZiiHO   +  ziiHO   +   H^OO. 
Peroxide  of  hydngen,  erea  in  a  venr  dilute  state,  ma;  be  teoognised  either  bv  iis 

oxidiaingoFbyilsreduciiig  properties.  Thus  it  decolorisesusolution  of  indigo,  eepei^allj 
in  the  presence  of  •nlphate  of  iron,  whioh  apparently  >erve«  to  convey  the  oiygeo  frum 
the  peinnde  to  the  indigo ;  and  mmilaily  it  liberates  iodine  from  ■  Bolutioo  of  iodide 
of  potassiam,  starch,  and  sulphate  of  iron.  On  the  other  hacd,  it  decolorises  a 
solntion  of  permaBgacBtA  of  potassium  by  reduction,  and  causea  a  blue  piwipitalo 
in  a  solution  containing  seaquichloride  ot  iron  and  ferricyauide  of  potassium.  It 
erentqallr  redncM  chromic  acid  to  the  state  of  chromic  hydrate,  but  its  first  action 
is  to  prodnoe,  by  oxidation,  a  very  unstable  petchromic  acid.  This  compound,  which 
haa  a  deep  bine  eoloai,  is  readily  soluble  in  ether,  and  its  ethereal  solution  has  a 
COTtain  degree  of  slabilitj ;  so  that  the  presence  of  peroxide  of  hydrogen  in  any  liiiuid 
may  be  aseettained  by  mixing  it  with  ether,  and  then  adding  a  few  drops  of  a  Bolution 
of  duomic  add,  whereby  the  ether  BSmmes  a  bright  blue  coTonc. 

The  compound  radicle,  peroxide  of  hydn^n  HO,  is  equiTaleut  (o  tbe  simple  radiele 
chlorine  CI,  and  in  a  great  number  of  reactions  is  exchangeable  for  chlorine  and  its 
coDgenen.  One  of  the  m(«t  generally  useful  modes  of  oxygenating  different  compounds 
conmsts  in  first  snbatitatin^  a  halogen  in  ezchanEe  for  hydrogen,  and  then,  by  means 
of  water,  substituting  peroxide  of  hydrogen  is  exchange  for  the  halogao,  Thoe^  by  the 
action  of  bomine  npon  acetic  add,  we  obtain  bromacetic  add : — 
CWiy  +  Br*  =  PH^rO'  +  HBr. 
Tben,  by  the  action  of  water  npon  bromacetic  add,  we  obtain  glycollic^  or  oxyaceljo 

CffBrO*  +  H.HO     -     CTff(HO)0',  or  (?H'0'  +  HBr. 
(OOiV*  HaKKol  of  Chmitlry,  p.  121. ) 

TrimnU^ »f Mjasfii.  H'O*.— Thia,Bax>rdingtoBaamert(Fogg.Ann.lxixii. 
8S),  is  the  eompoateion  of  OtONB  (;.  e.) 

KT»00— ',  VMOSVMXSMS  OT.  Three  of  these  compounds  are  known, 
Tis.  phosphoretted^mliogen  gas,  PH*,  liquid  phosphide  of  hydrogeD,  PH*,  and  tlie 
solid  pho^)hide,  F*H. 

1.  VKowb*r«M«  SjrdMcea  or  *ltMphamlii«.  PH'.  — This  gas,  the 
analogue  of  ammonia,  is  T«odnced  by  the  spontaneous  decomposition  of  phoapborisfd 
oigamc  bodies,  deeding  flsh  fbr  example.  Its  natural  evolutiou  appears  to  be  the 
CHDM  of  iffna/atwi  and  similar  lominons  EVpearances.  The  gas  is  also  liberated  in 
many  chemical  naetMsu,  but  it  is  Terj  difficult  to  obts 

inflammable,  a  [voperty 

ie.     The  spontaneonsty 

uable  gas  was  discovered  in  17&9by  Oengembre  (CrelL  Ann.  i.  ISO),  andthe 


noD-spontaneoosly  inflammable  gas  by  Dary  some  years  later, 

ProdiKlion  o/ Uie  mmlOTieintJi/ mfiamm/aU  ffia.    1.  The  com, 
with  the  alkali-metals  are  resolTed,  in  contact  with  water,  into  an  alkaline  hypophos- 


with  the  alkali-metals  are  resolTed,  in  contact  with  water,  into  an  alkaline  hypopbos- 
phita  and  phosphoret^  hydrogen.  An  impure  pbosphideof  calcium  is  generally  used 
fbr  the  purpose,  prqiaied  by  heating  phosphorus  with  lime  (L  719).  When  it  is  thrown 
into  water,  spontaneously  iuSammable  phosphoretttHi  Jiydrogen  is  slowly  liberated,  and 
tbe  bubbles  of  gas,  as  Uley  reach  the  surface,  take  fire,  bvn  with  a  bighlj  luminous 
dame,  and  produce  thiii  clouds  of  white  smoke,  which,  in  a  quiet  atmosphere,  ascend 


.n  tbefbrm  of  sncccwiTe  gradually  expanding  rings. 

S.  PhMphide  of  ane,  tin,  or  iron,  with  squeons  sulphoric  or  hydrochloric  add,  yidds 
a  metallic  sulphate  or  chlonde  and  phosphoretted  hydrogen  eas. 

3.  Phosphorus  heat«d  in  on  aqueoua  solution  of  a  fixed  alkali,  yields  pbosphoretted 
hydrogen  gas,  together  witii  a  hypopbospbite  and  phosphate  of  the  alkali-metaL  Such 
an  acbon  is  exerted  by  pot«sb,  soda,  tithia,  baryta,  strontia,  and  limn,  snd.  according 
to  Biiyniond,  by  oxide  of  -zinc  and  protoxide  of  iron.  The  primary  decomposition 
yields  phosphoretted  hydrogen  and  hypophoephite ;  thus  with  lime-water; — 
3CaH0   +   P'   +   3II'0     =     SCaHTO'   +   PH* 
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But  from  th»  tixj  baginniDg  of  On  tcdoa,  the  phoapborattwl  hydrogen  gu  is  duxmI 
with  man  or  loa  &m  hTdragen,  and  then  ii  likowioa  s  eciUUQ  qoiuitity  of  phoapbals 
produced ;  and  u  the  boiling  U  emiiniied  and  the  sulatian  becoiuei  more  concentnted, 
(ha  quantity  of  hydicfen  gu  eontiiinally  inpreMw,  beeuua  a  gnstar  and  greater 

Siantity  of  the  alkaline  Imx^jlMMphite  m  reaohed,  bjr  boiling  in  the  iJkaline  liquid, 
l»  hydngen  aod  as  alkafine  phoapbate,  «.ff. : 

KH'PO'  +   2KH0     -     KTO'   +   H*. 
HnopbontalW  Photpbila 

drpiiuufiiia.  orpoUidiiiii. 

Thia  eeeon(Ui7  deeompoeitioD  takes  place  eneciolly  with  the  hypc^oflphitia  of  the 
tne  alkali'metala  j  hence  aolutioDS  of  the  aualLne  earthi  are  beat  adi^ited  for  the 
preparation  of  pure  phoephoretted  hydrogen. 

1.  When  hypophoephitea  an  heated,  phoatJioratted  hydrogen  ia  evolTed,  gnneraHj  of 
the  more  inflammable,  more  nnly  of  the  leas  inflammable  Tarietj,  mixed  vith  a 
certain  quantity  of  rapoor  of  phosphonLS  and  &ce  hydrogen  gaa.    (H.  Bole.) 

7%s  noii-ipontaReotuly  itifiammabU  gaa  it  produetd — 1.  When  hTpopboaphonMii  or 
photphorona  acid  ii  heated,  theae  adila  bamg  than  leaobad  iab>  phos^iofio  add  and 
phoephoretted  bydrogen,  which  may  be  collected  OTar  water : 
SH'PO'     -     PH*  +  HTO*. 

Hjpopbof- 


According  to  Ihunai  and  H.  Boec^  the  first  portioni  of  gaa  erolred  by  Una  jiroetai  are 
pan,  bnt  the  later  portioni  contain  a  conaiderable  quantity  of  free  bydiogaa.  The 
phoaphonMU  add  ahonld  be  gently  heated  in  aflaakof  haidabiBa,at  when  sonar  glass 
IS  Died,  a  phonihito  of  alkaS-maUl  ia  frequently  Ibnnsd,  wiUcli  is  decomposed  by  t^e 
heat  and  yielda  ftoe  hydtt^^.  The  mizton  it  phoephorous  and  phoaphoria  acida, 
■ometimaa  called  tiAaspAofie  oeii^  which  is  produced  when  phaa[^ionu  ia  left,  to  oxidise 
slowly  in  moist  air,  may  be  used  tor  the  pnipoae.  By  the  applicatjon  of  a  stronger 
heat,  hypophoaphitia,  aa  well  aa  hjpophosphorua  ilaelt  yield  phoephoretted  hjdnwen, 
but  the  gas  traduced  from  ths  s^ta  la  usually  Bpantansoasly  inflammable  and  nuzed 
with  free  hydiogan. — 2.  When  zinc  or  iroa  is  diasolTed  in  aqueous  phoephoroiui  add, 
or  aiDQ  in  a  mixture  of  aqueona  phosphorous  add  and  eulphniio  acid,  or  when  phos- 
{JiMJcadd  ia  deoxidised  17  peUadum  oFsodinm(W(ihier).~-S.  Wlienplio^)honisis 
boiled  with  hydiata  ot  potasiinm  and  alcohol,  the  Don-inflammable  gas  is  erolTed,  mixed 
with  hydrogen  gas  and  alcohol  Tiponr,  and  there  remiuDS  hyptnihosphita  of  potassium 
and  a  amaU  quantity  of  phofphate,  togeUierwith  excess  of  potash  (H.Boae)^4.  When 
phospiude  of  taldum  is  dacompoaea  by  concentrated  hydrochloric  add  (Dnmaa). — 
5.  Faoephonis,  under  tte  inflaeijce  of  light,  deoomposea  watar,  prodndng  phosphoric 
oxide  [?  red  phosphoros]  and  phoephoretted  hydrogen  gas,  which  remains  dissolred  in 
the  water. 

Spoataneoiul;  inflammable  phoephorettad  hydiogea  may  be  freed  from  ths  com- 
ponnd  FH*,  and  rendered  non-iuflammable,  by  pasaing  it  through  a  freezing  mixture  of 
ice  and  aalt ;  but  according  to  Graham,  the  addition  of  a  minute  quantity  of  nitric 
oxide  gas  will  confer  on  it  the  pnperty  of  apoDtaneons  inflammability  [?  by  oxidiaing 
a  small  quantity  cf  it  to  PH'].  It  is  also  depriTed  of  ita  spoatanaoDa  inflammability 
by  expDSOra  to  snnlight,  by  conlsct  with  charcoal  and  other  pulvenJant  bodiee,  and  by 
admixture  with  the  vaponrs  of  ethylic  chloride,  elhylie  oxide,  alcohol,  turpentine,  tec 

PropertUt.  Phosphoretted  hydrogen  is  a  colaurlesa  gas  of  spedflc  grarity  1'2L4 
referred  to  air,  orl7-25  referred  to  hydrogen  (Dnmaa);  by  calculation  foracondonsat  ion 

ti>  2  Tolumes  it  is  — r —  17.    It  is  liqueflabln,  but  has  not  yet  been  solidified 

(p.  98).  It  smells  like  stinking  fish,  or  rather  the  fish  in  a  state  of  decomposition  hare 
the  odi)lu:  of  the  ns,  since  thay  CTolve  it.  It  is  sparingly  solable  in  water,  m(»«  so  in 
alcohol,  ether,  and  Tolatile  oil*.  Neither  the  gas  nor  itsMlutioni  hare  any  action  upon 
blue  or  red  litmus  paper. 

DeeompotitioKi. — 1.  When  a  seriea  of  eUclrie  tpari$  is  passed  through  the  gas,  two 
Tolames  of  it  are  converted,  with  deposition  of  phosphorus,  into  three  volumes  of  hy- 
drogen.^2.  Moat  meiala  heated  in  the  gas  combine  with  the  phosphorus,  and  liberate 
the  hydrogen. — 8.  Phoaphorotled  hydrogen  is  very  inflammable,  burning  with  a 
brilliant  flame  end  evolnng  a  white  smoke  of  pboaphoric  add,  A  mixlun  of  the  nop- 
epontaneauily  inflammable  gas  and  oxygen  standing  over  water  is  gradtuJIy  absorbed, 
with  production  of  phoapboroua  acid.  The  mixture  of  the  two  gases,  though  changing 
rery  gradually  at  ordinary  preasnrea,  undergoes,  when  anddenly  rarafl^  an  instan- 
Uneouit  decompoeition,  attended  with  violent  fiploslon.~i.  Fhoaphocettad  hydnigen 
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qni^y  radncos  manj  midtsed  bodies,  e.g.  nilrie  oxide,  nitrie  acid,  lulpkmvut  onitj^ 
dH4t  and  tulfiurie  add.  It  ia  conmlet^j  abaorbad  b;  MlotioiB  of  hypodUontu  add 
mud  Uw  ilkkluM  lmoehlorit«a. — i.  ItpmcipitatcsdMW^tioiii  of  mujmctalC^MUt 
thoM  of  had  tvTj  Blo^i  lliow  of  wpptr  more  qnidly,  and  Umm  of  tha  a^iJ^  nulUb 
moat  qmddr  of  alL  llie  pndpitatea,  aare  thou  prodniwd  with  marcoi^-aaltB,  ara 
Mack  or  daK-colonnd  Tbej  tunaiit  of  metallic  phoaphid^  M  in  the  caae  of  eoppar; 
Ot  mixed  phoapbide  and  metric  lalt,  aa  is  the  caae  of  meicniy ;  or  of  lednced  me^ 
M  in  IIm  CMC  of  tilTV  nod  gold.  Solotioa  of  aolplute  of  copper  ia  oftan  naed  fer 
eatimating  the  ptoportioD  of  free  hydrogen  in  ordinair  phoaphoratted  hjdrogni,  bjr 
obaerriiw  the  qnantil^  of  gaa  vMch  it  IsaTca  nnabsoibed. 

6.  (Morint,  oromine,  tai  ioditu  decompoaa  phoaphoretted  hjdiweo,  abatroctiDg  ita 
lljdngen.  If  in  axceaa,  Uuy  alao  oombina  with  ita  phosphorua  to  form  tha  rMpectire 
cUoiiOM,  bromidea,  and  iodidea,  OF  dutrpcodneta  of  decomposition  with  vKt«r.  WbpD 
babbles  of  phoaphOTStted  hydiogan  aie  inliodiieed  into  a  receiTer  of  chlorine,  the;  in- 
flama  with  a  ahaip  mplnaimi,  podncing  hjrdiochlorie  add  and  pentachiorida  of 
phoa^ums.  Han;  netallia  cUmideB  auio,  when  gentl;  heated  in  phoaphoietted 
liTdnigeD,  pndnee  hTdrodiloiie  add  gai— th«  vtdome  of  whicb  ia  three  tunee  as  Ermt 
■a  that  of  ue  phoapboretted  hydrogen — and  ■  metallio  phoephida ;  or  else  h;drocluorii3 
acid,  free  pho^u^na  and  free  metaL — S.  Ailpiur  heatfld  in  pbMphoretted  h;diogen 
fcrma  anjiiude  of  bTditigai  and  sulphide  of  pIuaphanuL 

Fhosp&ntted  h^diogen,  IhoDsh  dsToid  d  an;  alkolinB  reaction,  ia  in  other  rcap«cta 
*     '         *       IS  toammonis;  hence  it  is  called  phoBphamine.    Thna  it  udtea 


metala;  fbiming  while  saline  bodies  ot  similar  constitntion  to  the  ammonio-chlt^dea. 

^/iriodati  of  Pttatpiinnine  inn;  be  obtained  by  the  direct  combination  id  the  two 
gases,  or  b;  adding  a  Uttle  water  to  equal  atomic  praportions  of  iodine,  gnoud  op  with 
ponnded  ff»MM,  and  pboapbto^ia  cnt  np  into  small  pieces.  Vatioan  of  hjdriodate  of 
phosphamine  mixed  with  hydriodie  acid  are  immedidel;  giTen  oS|  the  fiinner  condenaing 

— .-11^--  J .-..      J  better  mode  of  preparation  ia,  how *'""'     '    ~  "" 

n  gentl;  hc&ting  iodine  in  a  cumnt  o 


The  aalt  ciyitallieea  in  eabea,  which  ftue  when  modenttd;  heated,  and  oat  of  access  ot 
air,  may  be  sublimed  witbont  change.  They  are  deliqneacent  and  are  decomposed  b; 
water  into  h;diiodic  acid  and  phosphamine. 

Hyitvbrvmate  of  FhMpJuamne,  FH'.HBr  or  PH'Bf,  ia  also  obtained  b;  direct  com- 
binatim,  or  it  may  be  prepared  b;  introducing  bromide  of  silicon,  together  witha  little 
water,  into  a  jar  of  phoapboretted  hydrogen  (Sernllas).  It  crrstiiUisn  in  cnbeo, 
BDmetimea  tianspareDl,  aometimea  opaqoe ;  boils  at  abont  30°.  Vapour-denaity,  oba. 
—  1*906;  calc.  (1  toL)  —Z'W  ;  hence  this  compoand  afibrda  an  example  of  anomalon* 


Tapoor-denai^,  probably  aiiaing  from  diaaaaociation  (i.  469  ;  ii.  8]6). 

J)tTivativeM  ofPiotplutmitu. — The  three  atoma  ot  njrdrt^n,  like  thoac  of  ammonia, 
in  phosphamine,  may  be  leplacad  ^  metala  or  oiiganic  radiclea,  «.,?.  tricupria  phot- 
pUit,  VQtfi  irieaprmapliotphidt,  PCu*  or  PCcd<  ;  tritfkytphotpMnf,  P(C7H>)'.  The 
metallie  phoa[4iamiitea  are  obtained  by  puaing  phosphoretted  hydrogen  gas  over 
the  heated  metals  or  their  oxides,  or  into  solntiona  of  the  respective  salts,  or  b;  treating 
the  metals  diieetl;  with  phosphorus.    (3ee  Phobphidu.) 

Theotganic  dcriratiTes  of  phoaphamina  constitatf  a  more  important  class  of  com- 
ponnds,  exactly  analogous  to  the  tertiary  monomineg  (i.  17G).  Fhoaphuros-bsses 
analogona  to  tlie  primary  and  secondaiy  monomines  have  not  yet  been  obtained-  The 
tertiary  phoaphines  are  .obtained  by  decomposing  the  zinc-componnds  of  the  alcohol- 
radicJes  with  trichloride  of  phosphorus,  s.  g. : 

SCHiZn   +  pa*     -     3Zna   +  P(C^>)'. 


tetnthylphosphoninm,  P(C*H*)'HO,  ma;  be  obtained.     (See  PnoapaoitDB 

M<aia  ntOBfliUa  vf  ^drofen.  This  compoand,  which  communicates  sponta- 
neous inflammability  to  pfaoephoietted  !i;drogeii  gaa,  waa  dismrered  b;  Paal 
Thinard  (Ann.  Ch.  Phya.  [3}  xir.  6),  and  rtgaided  by  him  as  PH'.  By  soma 
chemists,  knrBTer,  it  is  supposed  to  contain  oxygen  as  well  aa  hydn^ien,  and  to 
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u  phospbide  of  colcinm  (i.  71S) : 
6PCa'  +  SBK>  -  eCa'O  +  SPH*  (P.  Thinard), 
•Dd  maj  be  separaMd  by  pHaaing  the  gas  throngjia  U-tnbe  eooled  by  a  freedng  mixtnn. 
Into  the  middle  tabuore  of  a  thne-uai^ad  Woulfe'a  bottle,  bolding  about  a  pint,  is 
Inserted  a  kIssb  tabe  11  inches  long  and  half  an  inch  wide,  so  as  to  reach  nearly  to  the 
bottom.  To  the  second  tubulnra  is  adapted  a  tube  twice  bent  at  riffht  angles  ;  this 
tube  dips  into  watef  and  serves  for  a  safety-tnhe.  Into  the  third  is  fitted  a  U-tubs  of 
^  inch  diameter,  immersed  to  the  depth  of  GorSincbee  Id  a  freezing  miitaie.  The  part 
vbich  pcqjecte  above  the  freezing  miitore  is  beat  st  s  not  very  acute  angle,  and  drawn 
oat  at  two  points  not  &r  from  each  other  and  near  the  end,  so  that,  at  the  conclnsion  of  the 
operation,  the  liquid  may  be  inliodnced  into  tile  intermediate  put  of  the  Cube,  and  tbn 
parts  whieli  hare  been  anwn  ont  closed  by  the  blowpipe.  The  apparatus  being  thus 
ariBDged,  the  bottle  is  three  parts  filled  with  water  and  placed  in  a  water-bath  heated 
to  between  60°  and  70° ;  the  last-mentioned  tube  is  closed ;  and  a  few  diopa  of  phos- 
phide of  caldnm  an  thrown  through  the  middle  one  into  the  bottle.  The  gae  evolved 
tak«i  fire,  and  driree  out  the  air  Uuougb  the  safety-tcbe.  The  U-tnbe  is  now  1o  be 
opened,  and  fiom  100  to  SOO  grains  of  pboephide  of  calcium  giaduallj  inliodnced  into 
the  bottle:  in  a  few  minutes,  oily  drops  of  liqnid  are  eeen  to  collect  is  the  part  of  the 
tnb«  nearest  to  the  bottle.  The  proeen  must  be  stopped  after  IS  or  20  minnteg, 
because  water  condensea  in  the  tube,  together  with  the  phosphide  of  hydrogen,  and 
often  stops  ii  The  tube  is  now  to  be  sealed  at  the  narrowed  neck  neareet  to  its 
extremity,  then  removed  from  the  bottle,  and  held  by  the  finger  (covered  with 
eaontchone  to  save  the  operator  fh>m  being  burnt)  in  sodi  a  position  that  any 
remaiuiug  gas  may  escape ;  it  is  then  wanned  by  the  hand  to  caasa  the  portions  of 
liquid  whidi  have  been  separated  by  partidea  of  ice  to  run  logelber,  and  again  placed 
in  the  freezing  miiture  to  soUdi^  tne  water,  and  proTOnt  it  running  back.  Thia  being 
eflbcted,  tiie  hquid  is  made  to  flow  towaida  the  sealed  end  of  the  tube,  and  the  other 
~~ik  of  the  tnbe  is  closed  bj  the  blow-pipe.    A  well-eondncted  operation  yields  about 


phosphide  of  hydrogen  is  colonrless  and  does  not  solidify  a1 


30  nains  of  liquid. 
Idonid  phosphide  < 

.na  .'. ..  _i...l:..  ._j  .Q  Ij,  decomposed  at  the  same  time ;  refracts  light 

Alcohol  ud  oil  of  tnipentine  appear  to  disEOlrs 

daeomposea  in  the  solntion.    It  bans  (pontaneonaly  in  the  air.  with 

' '  white  flame,  and  prodnces  dsnss  white  fames.      It  commonicatea 

— ibili^  to  600  ti *•- 


All  eonbtistible  oaaea  an 
pho«phide  of  hydrogen. 

By  the  action  of  ^^it  ii  is  reeoiTea  inio  bouu  imu  gBBouun  pumpoiue  is  nyomgaii, 
fiPK*  •  P'H  *  SPm  It  ia  also  decomposed,  like  peronde  of  hydrcoen,  by  oonlaet 
with  Taiions  sabstancea.  An  indefinite  quanti^  of  Lqnid  phosphids  ofqydlogeD  may 
be  decomposed  by  a  cubic  centimetre  of  hjdiochioiic  add  gas: 

■MU  VboapUde  af  KjOrofvn,  P'H  T — 'When  spontaneonsly  inflammaUe 
phoqjhorsttfld  hydrogen  ia  exposed  to  annshine,  a  solid  yellowish  compound  is  de- 
posited on  the  aides  of  the  glass,  the  gaa  at  the  same  time  losing  its  property  of  spon- 
taneous inflammability  (Lererrier,  Ann.  Ch.  Phys.  Ix.  17S).  The  same  solid  com- 
Cnd  is  obtained  is  larger  qnanti^  by  treating  liquid  phosphide  of  hydKsgen  with 
R>chloric  acid,  or  by  dissolTing  phoepbide  of  calcium  in  strong  hydrochloric  acid, 
the  liquid  phosphide  being  then  resolved  into  the  solid  and  gaseous  phosphides  (see 
aboTp).  Hence  spontanooualy  inflammable  phoapboretted  hydroaen  passed  throng 
aqucoua  hydrochltoio  acid  loses  its  ^lontaneons  inflammability  and  yielda  a  deposit  of 
■Dlid  [Jioaphide. 

This  compouid  ia  inaolnble  in  water  and  in  alcohol  It  dissolTcs  in  warm  potash, 
with  liberation  of  non-spontaneomlj  inflammable  phospboretted  hydiDgen.  It  takes 
flre  at  about  160°.    (P.Thinard,  tou.n'i.) 

VTBKOSaV,  BBKBWnta  OV>  H*Se.  Bdfnhydrie  or  Bydtattlmie  add. 
StUnietttd  Hydrogm. — A  gaseons  compound  analogous  to  aulphydnc  acid,  prodoeed 
by  theaction  irf  dunte  hydi^hlc^e  or  sulphuric  acid  on  selenids  of  potassium,  iron,  or 
other  metiUs.  It  is  colonrlees  and  inflammable,  soluble  in  water,  and  cannot  long  be 
preserved  over  mercray.  It  has  a  moet  offensive,  acrid  odour,  impairing  or  even  de- 
Btroying  tlie  sense  of  smell  fbr  several  hoars,  and  producing  inflammation  of  the  eyes.  Its 
aqueous  solution  absorbs  oxygen  from  the  air,  and  deposita  selenium.  It  baa  a  hepatic 
tast«,  a  slight  acid  reaction,  and  gives  with  the  Bolnliooa  of  most  metala,  predpilates 
consisting  of  metallic  selenidss,  those  of  mang:inpee,  tine,  and  cerium  being  flnih- 
coloured,  the  remainder  bn>*u  or  black.    (Berzelius.) 
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SaJphor  naiteB  vith hjdrogeD  ID  tvoraopcs- 

8,  tbrming  (lie  piotovulphide,  H^S;  and  the  penalphida,  pnoablj  H3  or  H'S*. 

>r*t— nlpMd*  of  MrArofMb  H%  iSi<(^iilg«2rA  oci^  i^rpMi^ionD  acid. 
HgitreiUame  acid.  AiteW«t<«f  JgHfni^n.— TbHOompoimdiiiay  befbrmedin  null 
qiunlitf  b;  bnming  sn^ihor-T^Dlir  in  hjdrogen  gas,  or  hydrogen  gai  in  ndphnr- 
Taipoor,  precisely  aa  ita  analogme,  water,  ia  produced  nndn  Diuilai  oicamatascea  from 
onpgen  and  lij(bi)gen. 

The  gas  IB  otdinarily  prapued  bj  the  aetlou  of  an  aeid— nilphniic  or  liydroclilorie 
for  int*-"'" — vpra  a  metaluo  sulphide,  nmally  that  of  iron  or  antimony.  Dilate  snl- 
pfaoiia  Mtd  aetia  leadilr  npon  mlphide  of  iron,  jmidacing,  eren  in  the  cold,  a  rapid 
effiareaMttM  of  aiilphydria  acid : 

Fe«  +■  H«0*  -  H^  +  Fe^O*. 
Inumoch  at  sulphide  of  iRm  is  an  arCifleial  product,  nearly  alwaya  eunlatning  ad 
azeesB  of  metallic  inm  in  admixture,  the  snlph^dnc  acid  obtiuned  trom  it  is  generally 
contaminated  with  bee  hydrogen ;  bat  the  native  crystalline  tiisnlphide  of  antimony, 
being  a  normal  solphlds,  when  acted  npon  by  boiling  hydrochloric  add,  yields  the  gaa 
in  qoeelion  in  a,  veiy  pure  state,  thns : 

Sb^   +   6HC1     -     SH'S  +   iSbCl'. 
The  snlphydrie  add  obtained  ftmn  either  of  thene  sources  may  be  passed  throngh  a 
small  quantity  of  water  to  wash  it,  and  orer  chloride  of  calcium  to  lender  it  diy.    It 
may  be  odleeted  in  the  gaseous  state  OTsr  mercuiy,  or  absorbed  at  once  into  water,  in 
wbidi  it  is  Twy  tohible. 

SolplmlTie  aoitl,  toore  frequently  sulphydr^  of  unnania,  leanlts  6am  the  sponta- 
DMDS  dtMomposition  of  eolphnretted  (annic  componnds ;  also  from  treating  non- 
BD^ihareaed  OKanio  oomponnds  with  supbur.  Iteinsdi  ncommenda  a  latraralory 
prnwai  fbi  obtaining  pure  snlphydrie  add,  by  healing  in  a  glus  flask  a  mixture  it 
vtpul  pari*  of  •nlphnr  and  met. 

Solpbydrie  aad  occurs  natorally,  tmd  is  not  nnfrei^aeDtly  erolTed  fh>m  ftimaroles  and 
Tolcanoes.  It  exists  to  a  considerable  extent  in  certain  mineral  waters  known  ss  hepHtic 
watery  those  of  Harrogate,  for  instance.  It  is  also  produced  spontuieonBly  in  many 
waters  chaj^ed  with  organic  matter  and  nnlplifiteB,  nsnally  enlphate  of  calcinm. 

PmperlUi. — At  oidinary  temperatures  end  presenree,  snlphydric  acid  is  easeons.  It 
may  be  obtained  in  the  liquid  iftate  by  generating  it  in  one  limb  of  a  sealed  tube,  from 
aulphnric  add  and  snlphide  of  iron  fn^  trom  metallic  iron,  and  condensing  it  in  the 
Other  limb,  wfaichsho^be  tmnersedinaftepdngmixtarf^  that  of  ice  and  sidt  being 


it  for  the  porpoae ;  ot  liquid  peisalpbide  i^  hydrogen  may  be  gently  heated 
one  luab  of  a  bent  sealed  tube,  whm  it  breaks  np  into  solphnr,  which  remains,  a 
■ulphydrie  add,  which  may  be  condensed  in  the  other  limb  kept  cool  for  the  purpose. 


By  the  poverfnl  refrigeration  resolting  Itmn  the  eraporation  in  vacuo  of  a  mixture  of 
solid  carbonic  anhydride  and  ether,  it  may  be  solidifled.  Solid  snlph^dric  acid,  or 
Bul^DF-ice,  is  a  irtdte  transparent  mass  which  melts  at  —  S6S9,  Liquid  eolphydric 
add  is  a  eolonrless  tiansparent  Buid,  remarkable  for  its  extreme  thinness  or  mobility. 
Its  spedSc  graii^  is  OS  compared  with  that  of  water  as  1.  Sulphydric  add  gaa  is 
trantparent  and  eolonrless.  Its  density  is  somewhat  greater  than  that  of  atno^dieric 
ab,  li^Rg  i'1781  referred  to  air,  or  IT  rrferred  to  hydrfwen,  as  onily.  It  is  chargctflrised 
by  an  offenaivB  odour  resembling  that  of  rotten  ^gs,  t£e  smell  of  which  indeed  is  due 
to  the  erolntion  of  this  gas,  or  of  Its  compound  with  ammonia.  In  the  concentrated 
state  it  cannot  be  breathed  with  impunity,  and  even  when  much  diluted  it  frequently 
giTn  rise  to  nansea  and  Tertigo.  An  aUnospbore  containing  -fg  per  cent  of  this  get 
proves  filial  to  the  lower  animals. 

Snlpbydric  acid  is  readUy  inflammable.  It  bnms  with  a  bluish  flame,  forming  sul- 
phnious  add.  and  frequently  depoeile  free  Bulphur  from  the  imperfbct  access  of 
ox^;en.  Moat  »K(aI»  when  heated  iD  the  gas  absorb  the  snlphur  and  U»»e  the  hydro- 
gen.  Oadntiumor  im  is  generally  used  for  the  purpose :  Cd"  +  H*S  —  Cd'3  +  H'. 
The  bulk  of  the  resulting  hydrogen  is  equal  to  that  of  the  original  sulphydric  acid  ;  or, 
in  other  words,  two  Tolumea  of  sulphydric  acid,  H'S.  vben  acted  on  by  meUI,  leave 
two  Tolumes  of  hydrogen.  Solphydnc  ndd  in  the  gaseous  stole,  or  dissolved  in  water, 
is  decomposed  by  oU^ttne,  bromtnt,  anii  ifidine,  with  liberation  of  anlphur  and  forma- 
tion  of  bydrocmorii^  hydrobromic,  and  bydriodic  adds  respectively.  In  a  eimilur 
manner  it  is  decomjioaed,  with  litxratios  of  sulphur,  b;  nearly  all  oxidising  agitii)  ; 
and  even  n^hurovt  aeid,  which  usually  acts  bh  a  deoiygenant  by  absorbing  oijgm, 
acta  in  this  ease  as  an  o^genant  by  aflording  oiygen : 

SH'S  +  BO'  -  iHK)  +.  S*. 
In  some  cases,  however,  a  peculiar  snlphur-add,  the  pentalhionic,  is  formed  iu  addi- 
tion, thns ; 

6H'3  +  SSO'  -  IKH)  +  H'SK"'  +  3*. 
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2W  IITDBOGEN,  TELLtlEIDE  OF. 

A  wtDntod  aqneoiu  BolatiiM  of  mlphydtie  acid  coDtuni  about  three  times  it<  rolifniii 
of  thegu.  It  is  a  clew  eoloorieu  liquid,  having  h  aligbt  add  iMCtiDii,  and  the  nnell 
and  taata  of  tbs  gss.  It  is  gndnally  decomcxwed  bj  «ipomin  to  air,  ita  bydrogen 
being  ozidiaed  into  wster  uuf  its  Bolphor  set  &ee.  Sulplif  diic  acid  when  bontt  ^di!a 
ralphiuoiu  add,  ai  we  hsTe  seen ;  but  moist  (mlphjdnc  Mid,  mixed  irith  an  or 
o^geu,  and  exposed  to  a  modenlolj  wum  temperatnre,  from  40°  to  90°  is  conTeited 
into  mlphnric  acid. 

Sn^^dric  aod,  like  vatcr,  ii  capabin  of  giring  up  the  half  ot  the  whole  of  its  hj- 
diwai  in  exflhange  tor  a  mebtl,  the  remlliDg  mmpoond  being  a  aulph^drate  or  a  sul- 
phide, aeemdinK  aa  1  iv  2  at.  H  are  thns  replaced ;  e.  g.  julpAgdraie  of  barium,  BaHS  { 
tu^^ude  of  iomuN,  Ba'S.  It  is  only  the  allmli-metals  and  aUaliae-eazth-metals  that 
^pear  to  be  capable  of  fonning  definite  salpbjdrates,  all  of  which  are  soluble  in 
water  and  ajRalliaable.  The  heavj  metals  form  insoluble  sulphides,  which  maj  be 
derived  from  a  single  or  a  multiple  molecnleof  snlphTdric  add,  just  aa  the  correapond- 
ing  oiidfa  are  denred  from  a  sicAle  or  multiple  molecule  of  water :  t.  g.  lulpfude  o] 
tiiva;A^3;mereuTietiiIplHde,Kff3  or  HhgSi  trindphidi  of  antimony,  Sb'S',  &c 
(See  SDJuTHnns  and  3Di.FHmaAris.) 

The  sulphides  of  the  heaTjr  metala  are  predpLtated  from  solution  of  metallic  aalts  by 
sulphydrie  add  or  an  alkaline  sulphide  or  sulphjdiata : 

Cu^O'     +  H^  -  H>SO*         +     Ou*a. 

aSbCl'     +         SH^  -  6HC1  +     Sb-S'. 

Fe'SO'  +  HH'.H.3  -  HH'.H.SO"  +  FtfS, 
Some  metals  ace  predpitated  in  this  manner  from  Uteir  addifled  solutions  by  sulphjdric 
add  gas  at  ita  aqueoua  solutita] ;  othen  only  f^m  neutral  or  nearly  neutral  aoluhoos,  by 
•a  aualine  anlphids  la  snlphydiBte,  in  some  case*  aa  sulphides  (nidiel,  cobalt,  manpi- 
otM,  ma,  nraninm),  in  otiien  aa  hydrate*  (duomiom,  and  the  metala  of  the  wtlui 
proper)  jandand  lastly,  there  anwDMnetal^  namd^thoee  of  the  alkalis  and  alkaline 
earUis,  which  are  not  piedpitated  dthm  by  tidpl^dne  add  or  an  alkaline  aulphydrate. 
On  these  reactions  is  founded  a  diriaion  of  the  metala  into  groups,  irtiich  fonaa  the 
badflof themodeof separatiDgthemumaUyadt^tedinaiulyaia.  (See Amu.tsi% Ihob- 
ouno,  i.  317.) 


foil 

V«r*NlpMde  9t  Mydrofea.  H^? — This  compound  seems  to  be  the  snlphnr- 
MpreseotatiTe  of  peroxide  of  hydnwen,  whidi  it  much  resemblee  in  its  praperties.  It 
i*  made  by  gradually  adding  the  solution  of  a  persulphide  of  alkaline  earth-  ot  alltali- 
Aetal  to  an  «iceM  ot  hydiodiloric  add  diluted  with  twice  ita  bulk  of  water : 

Ca'S'  +  2Ha  =  aCaCl  +  H^  +  S-. 
The  petflnlphide  of  hydrogen  is  formed  without  any  evolotion  of  gsa,  and  separales  as 
a  yellowish  oily  floid,  heariE?  than  water.  It  has  the  property  of  diaaolTing  sulphur 
to  a  coudderaUe  extent,  owing  to  which  circumstance  its  composition  has  not  been 
satiabctorily  established.  PerBnlphide  of  hydrogen  has  a  peculiar,  sulphurous,  disagree- 
able odour.     It  prodnces  aupersdal  white  eHchaiB  on  the  skin  and  mouth.      It  is 

.tar,  but  soluble  id  etber,  forming  a  solution  which  soon  decomposee  and 

Is  of  Bulphor.    It  is  readily  inflammable,  and  bams  with  a  blue  flame. 
...  ..  idofbIeachiiig(*operties  analogous  to  those  of  peroxide  of  hydrogen. 

Frasnlphide  of  hjdiogen  is  a  reiy  unstable  enbetance,  and,  especially  at  increased 
tMnperatorce,  unde^oee  apoDtsneone  decompositian  into  snlphydnc  acid  and  eolphur. 
By  tfibetinsthis  decomposition  in  a  sealed  tube,  liquid  Hulphjdric  add  maybe  obtained 
(p.  20S).  The  stability  of  the  pereulj^de  is  increaaed  by  the  preseaee  of  moderatfilj 
stn>ng  adds.  Alkalis,  on  the  other  hand,  promote  its  decompoijition.  Hence  if,  in  ita 
prepuation,  the  hydrochloric  add  be  added  to  tbe  alkaline  persulphide^  instead  of  the 
persulphide  to  the  add,  no  persulphide  of  hydrogen,  but  only  sulpbydric  add  and  sul- 
phur will  be  obtained.  Under  the  influence  of  catalytic  aaents,  such  as  finely-didd'^ 
platisum,  gold,  iridium,  and  charcoal,  which  effect  the  similar  decomposition  of  peroxide 
of  hydrogen  into  oxygen  and  water,  peisulphide  of  hydrogen  undeigoes  an  instantaneous 
deoompodtion  into  sulphur  and  Bulphydnc  acid.  It  ranees  peroxide  of  mangane^ 
and  the  oxides  of  silver  and  gold,  the  laat  two  with  great  Tiolencev  and  frequently  even 
with  ignition.    (Odlin^»  Manval  o/  Ciemuliy,) 

BTSmOOHV,  Ta&KTJXXSH  or.  Kle.  IHIitrij/dHe  or  HydrotettvTvi  aeid. 
TtUaretted  hvdroqcn. — This  compound  is  evolved  as  a  gas,  when  certain  metallic  tellu- 
ridos,  the  leUuriiie  of  ri     '   '  "  '         " 
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w&tet,  fbnniitg  a  colourless  lignid  vhich  drposiU  tetluriom  when  exposed  tc  the  air. 
It  predpitntM  most  melala  fcom  their  solDtions  in  the  form  of  tellaridei  (g.  v.) 
■ntSOBAIiZTa.    A  lutive  hydnted  chloride  of  sodiniD,  HiCL2H*0.    (Daoa, 

iL  6M.) 

KTB&OXZXOnM.     See  HTnsoaimtOKZ. 

XnmOtMXa  AOXS.     See  OuiC  tXlTD. 

snxOSiSTB.    Sjn.  with  QiiBUinT*  (ii.  621). 

STDKOXULaxsaZTB.    Hgdraled  carbonate  ofmagnrtium,  4Mg'0.3C0*,4H'0 

-  8(MgKX)',HK)).2MgHO  or  3(Me'HK30').2MgHO It   occurs   natira    iD  imaU 

monoclima  erTStala,  naiullj  aciculai  or  bladedimd  tufted,  also  Hmorphouaoraan  chalk; 
enut  %>ecifie  eravitf  •-  2-146.  flardnesa  of  crjitala  ••  S-fi.  Liutie  Titreons  to 
rilk*  or  Rib-peaOT ;  also  earthy.  Colonr  and  streak  vhite.  It  it  fonnd  in  serpentine 
at  Hrabochiti  in  Moravia  ;  near  Kumi  in  Negroponte ;  at  Hoboken,  New  Jansj,  and 
other  localities  in  North  America  (Dana,  iL  4E7).  A  specimen  from  Texas,  lAocaater 
comit7,  Peni>S7lnuiia,aDaljBedb7SmitbaDdBrnsli(Sill.Am.  J.  [2]  it.  207),  gsre 
M-M  per  cent.  CO",  43-98  Mg^,  19*88  water,  and  0-38  silica.  Artifically  prepared 
hydmcarbonste  of  magnesinm  has  BOmetimn  the  snme  oampagition. 
8yn.  -with  HTl>soDOLo>(m. 
tram  OM  <l»  oa»  tt»C  Aoxsa.  Acids  of 
doabtftil  conalitDtion,  which  Fr^my  obtained  by  treating  olive-oil  with  strong  snlphurie 
add.    (See  Uasoabic  acid  and  Pauutic  aqd.) 

KTl>moiUaW>va.    SeeHnj^ttra. 

■VmOMUVaJl  (lUwp,  water;  l^irfm,  measure).  Graoimtter,  FittJiauaa- ;  on 
the  Continent,  most  commonly  caUed  the  Areanwter  {Jfoili,  rare,  subtle).  An  instm- 
roent  which,  on  t>eing  placed  in  a  liquid,  shows  its  specific  gravity,  either  by  direct 
inspection,  or  bj  sim^e  a^instment  ontl  calcnlation. 

Its  BCtioQ  depends  on  the  simple  principle  of  hydrostatics,  that  a  floalJDg  body  must 
displace  its  own  weight  of  liquid.  The  Ixut^  of  this  principle  is  seen  if  we  consider 
that  any  part  of  a  masa  of  liquid  at  rest  must  bs  sapported  by  the  preseare  of  the 
sumninduig  liquid,  and  will  certainly  continue  to  be  eupported,  so  long  as  it  has  the 
same  weight  and  Tolnme :  hence  it  may  be  conoeiTed  to  become  aoUd  without  altering 
the  conditioQB  of  equilibriom.  Now  weight  is  mere  downward  fressure,  and  the  solid 
immersed  in  a  liquid  need  not  weigh  so  much  as  an  equal  volume  of  liquid,  provided 
that  the  difference  is  exactly  made  up  by  downward  preasure,  or  weight  oommunicated 
fcom  onotho'  part  of  the  solid,  above  the  auc&oa  of  the  liquid. 

Thus,  in  Jig.  6S7,  suppose  the  solid  AB  to  hare  the  same  weight  as  a  volume  of 
water  equal  to  the  volume  of  the  part  AC.     When  pUced  in  water,  the  solid  will  aink 
Op  to  the  point  C:  for  the  upward  prf«snre  of  the  water,  which         «.     i-., 
usnally  supports  a  volome  of  water  eqtml  to  AC,  wiU  then  be  exactly  '' 

sufficient  to  tnpport  the  weight  of  the  solid  AB.    If  we  now  place  AB 
in  a  liquid  of  less  specific  gravity,  the  weight  of  AB  will  be  greater 
dtatl  the  weight  ofthe  volume  AC  of  the  liquid,  and  equal,  for  instance, 
to  the  weight  of  the  volume  AC,.     Then  by  similar  reasoning.  AB 
will  sink  into  this  lighter  liquid  up  to  the  point  C,.    Agniu,  if  AB 
sink  in  a  third  liqoidonly  op  to  the  point  C„  it  ia  obvious  aa  liefore, 
that  the  volume  of  liquid  AC,  is  equal  in  weight  to  the  solid  AB. 

Now  the  spodflc  gravities  of  bodies  are,  by  d^nttion,  in  tlie  propor- 
tion of  the  weights  of  equal  volomee  of  the  bodies,  or,  which  is  the 
same,  in  the  inrene  proportion  of  the  volumes  of  equid  weights.    In 
Other  words,  the  apedflo  gravity  is  leas,  aa  it  requiree  a  laigor  volume 
to  make  a  given  weight.     Now  the  volumes  AC,  AC,,  AC^'  of  the 
respective  liquids  are  all  of  one  weight,  that  of  the  solid  AB  :  hence 
the  specific  gravities  have  the  iuveise  proportion  of  AC,  AC,,  AC,, 
or  if  we  assume  the  fint  (water)  to  have  the  sppciflc  gravity  1-00,  the 
..  ...       ...      .,  AC     AC 

speaBc  grantiei  ofthe  others  are  j=-,  -j-^-. 

The  hydrometers  commonly  used  do  not  differ  &om  the  solid  body 
AB  abovs  described,  eioept  that  the  port  which  meets  and  cuts  the 
snr&ce  of  the  liquid  is  neual^  of  very  narrow  section,  in  order  that 

slight  diftrences  in  the  density  of  the  liquid  may  cause  the  hydro- 

meterto  rise  or  sink  through  a  conedderabte  apace.  The  form  of  those 
Mrt*  of  Uie  h]rdrometer  \>S«m  the  liquid  has  no  efiect  upon  the  accuracy  of  the  result, 
but  fiir  convenience  the  lower  parts  are  usually  much  eipauded.  in  order  that  they  may 
Several  difl^nt  forms  of  the  hydrometer  ore  shown  in 
...  .    nmeteiin^.6fiB  would  indicate  specific  gravities  differing 

through  a  considerable  ranoe,  but  iritbont  much  aconrscy.    It  isaocompanied  by  »inl« 
T^  iniich  holds  the  liquid  under  examination.    That  in^.  S$9,  on  Ibe  contrary,  hni 
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ft  rny  Blender  ttem  (SM),  and  would  utdiota  with  gnat  ■ccnncy  am  speeiBe  gmrific« 
Tithin  ft  oerlain  n&rroir  nage.  Hvdromcittn  ftre  oBiiftUj  mada  of  light  0m«  tubes 
and  bnlbs  blown  in  a  single  pieec.  j!ba  diicf  part  of  tbe  wmj^t  iagjvan  byamftU  ahota 
or  mercniT,  careftillT  acQnated  ao  Uiat  tlie  inalninumt  i&Il  n&k  to  a  conTanient 
deptli  in  the  required  liqnida,  and  tlien  aealed  t^  in  ft  (mall  bnlb  at   "      ' 

eztnunity.     In  other  mbm,  tha  hydromf'— ' a- . - 

Jig.  6S0,  but  tLe  weight  ia  atill  pU«ed  b 
Dpright  ftiid  atifflj. 

Fij.  668.        Fiff.  689.     Fig.  680. 


Gradvation. — We  have  jet  to  coniiidRr 
the  niiture  of  the  giKdiutJDa  on  tbe  atem 
of  any  hydrometer  which  i>  to  give  by  in- 
ep(ction  the  apedflc  gravity  of  the  liquid 
iu  which  it  floata.  Reverting  to  jfy.  687, 
let  the  distance  AC  to  which  the  bydro- 
neter  sinka  be.«iioceisiTelyT„,  f,.  f,,  &c. 
when  AB  Mandji  in  liquids  of  the  densities 

Put  Cli  ?■•  ^• 

Then  ^  _  ?!?,  iJ  _  ?5,  &c    Of  these 


*i  —  — ,'••' —  &c,  and  J,  —  r,  = ■ 

^      Pi  f>  ft      f. 

Thus  wa  see  that  e^l  dilTeroneea  oT  upti- 

dfle  grarity  are  indicated,  not  by  any  equal 

interrals  on  tlie  tcale,  but  by  the  d^^ncea 

of  the  reciptoealaof  Utoae  apeciflc  grftritie*, 

or  by  qqftntitiea  proptnlioiial  to  them.    Tbe 

acale  which  mnat  then  be  employed  is  to  be 

obtained  by  calculation,  and  its  character  is  shown  with  ac 

UdbAB;^.  5S1. 

_   Unli!  recently,  indeed,  it  waa  cnaloiuary  to-fradnate  the  stem  of  ereiy  hydrometer 

into  Bome  aeriea  of  equal  diTiaions  arbitrarily  choaen,  and  the  indications  were  either 

nBed_  conTCDtionallj.  without  reference  to  apeciflc  giavity  at  ftll,  or  the  corresponding 

nwciflc  gravity  was  ascertained  by  calculation  ot  rpfersnce  to  a  table.     It  is  obriously 

oesirable,  howerer,  to  adopt  the  true  scale  of  apeciflc  graTitiee,  aince  this  can  always  bo 

conatructad  with  facility  and  sufficient  accuracy, 

A  mode  of  gradnating  hydrometera  with  accuragr,  as  practised  by  Mr.  Acklnnd,  is 
deacnbed  in  the  Reports  of  the  Jurora  of  the  Exhibition  of  1861  (p.  26),  It  consiBla 
of  tbe  following  proeeasea : 

^'.ooglc 


le  ttccnracy  in  the  divided 
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1.  AwKdniiiiiig  the  exact  posittoD  of  tbrr«  or  more  points  of  the  acalo,  awording  aa 
tbe  Mem  of  the  hydrometer  u  mora  or  leu  truly  C7liildricBL 

2.  Dividing  with  great  aecume;  a  scale  on  boxwood,  to  allow  the  apeciflc  graTitiea 
required  to  be  iiidicatnd  bj  tlie  bjdrODieler. 

3.  Making  a  reduced  co^  of  Che  bM:Tood  scale,  so  aa  t«  form  a  aeate,  the  points  of 
which  shall  correspood  with  the  ascertained  points  OD  ttie  hydrometsr-tnbe.  The 
scale  so  formed  on  paper  is  ready  to  be  engraTcd  on  ths  hjdrometor. 


fbrisstsnee,  -700,  -SfiO,  and  I'OOO— are  ascertained  asfollowB;  Ixiad  tbe  hydrometer  till 
it  nnlcs  in  distilled  w^er  of  the  tempeiBton  02°  to  some  mailed  point  convenient  fbr 
the  degree  I'OO ;  let  the  weight  of  tlie  inetrnmeat  then  be  x.    To  asoerlain  the  point 

of  the  degree  •86,  alter  the  weight  of  the  hydrometer  until  it  is  — -^ — ,  and  placing 


in  water,  nnuk  where  it  is  cut  by  the  gnr&ce.    LosOy,  alter  the  wei^t  ti 


■70 


original  weight  x  of  the  hydrometer  may  th 

method,  requiring  the  nse  of  no  hq^uid  but  water,  is  very  coDTcnicnt,  and  waa 

TOigRisted  to  Mr.  AckUod  by  Dr.  Cl*Ae  of  Aberdeen. 

^e  remainder  of  lb.  AcUaiid's  pMcesMS  aire  perfbnned  by  calculating  tharecipiocalB 
of  the  spedfie  gravities  required,  fbrmiiig  them  into  a  aeale,  and  then  reducing  this 
scale  and  trandlBrring  it  to  the  glasa  tube  %  a  dividing  eogine  of  peculiar  and  ingenioDS 
constmcUoD. 

We  have  farmed  the  following  table  of  the  redprocals,  and  their  difierenees.  Inter- 
mediate degrees  can  easily  be  interpolated  when  neeessiuy. 


^r* 

Redpioal. 

ssss: 

SpnlBc 

Rtcifnemh 

Si^ssr 

2-00 
1-95 
1-W 
1-86 
1-80 
1-7S 
170 
1-86 

1-ao 

l-BS 
I'SO 
1-46 
1-40 
1-36 
ISO 

■629 
■fiil 
■66t 
-671 

■688 
-606 
■626 
■646 
■667 
■690 
■714 
■741 
■769 

■013 
■013 
■C15 
■016 
■016 
■017 
'018 
■019 
■020 
■022 
■023 
■024 
■027 
■028 
■031 

1^26 
1-20 

lis 

MO 
1^06 
1-00 

•as 

■90 
-86 
■80 

■7fi 
■70 

■86 
■60 
■S5 
■60 

■800 
■833 
■870 
■909 
■962 
1-000 
1063 
1-111 
1-176 
1-250 
l-83> 
1-429 
1-638 
1-667 
1-81S 
2-000 

■033 
■0S7 
■039 
■C*8 
•048 
•063 

■oas 

■066 
•074 
-083 
-096 
■109 
■129 
■161 
■162 

We  shall  now  describe  a  Eraphical  mi'thod  which  the  chemist  can  easily  use  aa  a 
subetitute  for  Mr.  Aekland's  dividing  enginp,  »o  as  to  graduate  his  own  hydrometers 
with  acfuTBcy.  Draw  a  line  AB  (fiff.  66t)  on  a  sheet  of  good  paper,  and  lay  off  upon  it, 
with  Fiactnees,  as  maoy  of  the  reciprocal  nnmbers  or  differcuceB,  given  in  the  table,  as 
are  likely  to  be  required  within  the  ranee  of  the  hydrometers  to  ba  graduated:  this 
may  easily  be  done  with-the  aid  of  a  decimal  or  diagonal  scale  and  a  pair  of  compasses. 
The  absolnte  size  of  this  scale  is  of  no  importance,  except  that  the  lai^  it  ia  the  more 
accurate  will  the  result  probably  be. 

Now  suppose  the  points  on  a  hydrometer  have  been  dptermined  for  the  spcciBc 
navities  -700,  I^OO  and  1-30.  Draw  a  line  exactly  parallel  to  AB,  and  measnre  off 
Oislancea  PQ,  QG,  eqnsl  to  the  absolute  distances  of  the  pointa  on  the  hydrom etric  stem, 
pladng  the  points  F,  Q,  B,  as  nrarly  as  poaaible  opposite  the  apeafie  gravities  -700, 1  -00, 
rSO,  on  tbe  scale  AB.  Draw  lines  through  P  and  the  deforce  ^70,  and  through  Q  ami 
the  degree  I'OO.  If  theeelinea  never  meet,  the  scale  on  PQ  will  he  identical  with  that 
on  AK  But  Buppose  they  meet  in  S :  draw  lines  tbrongb  S  and  the  several  degrees 
on  AB  between  -70  and  I'OO,  Then  the  interseetions  of  these  lines  and  FQ  give  the 
required  points  for  the  scale  PQ.  Next  draw  a  Lne  through  K  and  the  degree  I'S.  If 
this  also  pass  through  the  point  8  it  will  indicate  that  the  stem  of  ths  hydrometer  is 
perfectly  uniform.  Bnt  wherever  S',  the  point  of  intersection  of  Q- I'OO  and  S—1'30 
may  be,  draw  lines  frcm  8',  through  the  d^reea  of  AB,  giving  by  their  interaection 
with  QR  the  required  points  of  graduntion. 

If  necessary,  other  paints  tildes  P,  Q,  B,  might,  for  (he  soke  of  nccamey,  b« 
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detentuned  on  theitmn  of  the  hydn>met«r,  and  the  gradiutitta  could  ettll  beparfcmied, 
with  bnt  little  extn  tmable,  from  miiij  HicceHive  points  of  intersection. 

The  hydrometer  leiili^  when  onoe  obt&inNl  on  F*P<;T>  can  be  truufeired  to  tiie  fdui 
■tern  of  the  instnmentbj  the  nsiul  proceu  of  etching  with  hjdiofiuoric  teid.  The 
glan  mnit  be  eorered  vith  bees'-mz,  and  firmly  fizM,  at  a  proper  distmce,  in  the 
ume  itraight  line  with  the  divided  scale,  the  df^^ce  of  which  maj  then  be  eaailj  and 
■ecnntoly  ImiiafeiTed  by  a  beam-oosipMi.  For  fuller  directions  on  the  melliod  of 
gnulnatiiig  ^aae  tabea,  iLe  Ktdnt  ratat  consult  BuHaeaV  Gasomeb;  (p.  26),  aim  the 
article  Axu,Taia  or  G-AOa  in  this  Dictionary  (L  269).  Were  it  deaired  often  to 
graduate  bydrometna,  it  wonld  be  beat  to  engrare  the  acale  AB  (Jig.  SSI)  npoa  a 
a^aa*  p1m<^  together  with  conToigiDg  linea  drawn  through  the  degrees,  and  then  to  naa 
It  u  Baneen  deacribe*. 

The  Mnallar  intemla  of  a  hfdrMneter  acale  may  always  be  snbdiTided  into  equal 
parte  by  eatinutton,  or  otherwiae,  without  appreraable  error. 

The  delioaCT  <lt  the  hydrometer  may  alwaya  be  increased  to  an  indaflnite  extent  by 
leawmng  the  diameler  a  the  atem ;  bat  in  the  uune  proportion  it  becomes  more  limited 
in  range,  and  troublesome  to  nse.  The  adheoon  of  air-bobblee  ia  a  great  source  of 
diKTepanoy,  especially  in  the  m?tal  instroments,  and  for  thia  reaaon  ail  hydrometen 
ahoold  be  made  with  aa  smooth  and  small  a  smWe  as  poesibU. 

A^ain,  tiie  attraction  of  the  glaaa  or  metal  stem  for  the  water  cansea  the  sarEsee  at 
walar  to  liaa  np  against  de  Bt«m  in  a  parabolEc  curre.  This  phenomenon  alone,  by 
preventing  na  oom  getting  an  exact  reading,  ia  almoet  enough  to  condemn  the  hydro- 
meter aa  ft  iteD^ud  instrument  of  meaauremenL  FortuDste^  the  hydrostatic  balance 
and  the  apecifio  gnvity  bottle  are  means  of  del«rmiDing  specific  grsTitiea  with 
nnlimited  aecnra)?  and  conaidsisble  ease.  The  hydrometer  takes  a  subordinate  rank, 
and  ia  chieBy  employed  in  approximately  determining  the  slrengtli  of  salations  or 
mixtures  of  liquida.  It  often  efllbcts  a  wonderfdl  saving  of  time  or  trouble,  and  any 
peraon  frequently  ocenpied  with  liquids  of  a  variable  stnngth  or  compoaition  ahould 
nave  hydrometers  aoitably  constructed  in  range  and  delicacy  for  testing  them.  To 
treat  the  initnment  as  suitable  for  exact  adentiflc  meainirement^  and  to  innstigate  and 
determine  corrections  for  every  little  error  which  might  arisf^  wonld  be  a  mistake. 
We  accordingly  proceed  to  describe  various  well-known  fbrms  of  the  hydrometer,  vbidb 
•re  extensively  nsed  for  practical  purposes. 

Sykea'  BydTomittr  u  of  importance  because,  by  Act  of  Parliament  (58  Geo.  TTT, 
C  2B ;  tee  also  3  &  4  WiE  IT.  c  £2  {  123)  it  is  employed  in  the  collection  of  the  ei- 
dae  revenue  of  the  United  Kingdom  levied  upon  BpiritnooB  liquors, 
of  which  of  course  the  strength  must  be  determined.  Jt  is  made  of 
brass  (Jig.  S62)  with  a  spherical  bulb  A,  1}  inch  in  diameter,  a  weight 
(B)  to  smk  it  and  maintain  it  uprisbt  in  the  liquor,  and  a  flat  uni- 
jiirm  stem  C,  3}  inches  long,  divided  into  ten  parts,  each  of  which  ia 
■gMn  divided  into  two  parts.  A  series  of  ninsweights  of  the  form  D 
accomraoy  the  iastnunent,  having  the  proportions  1 0,  £0,  30,  .  .  . 
90.  These  weights  are  placed  in  sncceasion  at  E,  until  the  iaatm- 
ment  ia  found  to  sink  in  the  liquor  up  to  some  point  of  the  divided 
scale.  The  numeriisl  reading  of  the  scale  at  the  point  where  it  is 
cut  by  the  surface  of  the  liquor,  added  to  the  number  on  the  weight 
employed,  gives  the  requited  result.  But  the  temperatore  of  the 
liquor  must  also  be  observed,  and  the  proportion  of  spirit  it  conlaias 
ascertained  by  a  table  in  which  the  variables  are  the  degieea  of  the 
bydiometer  and  thermometer. 

The  snpemumeraiy  weight  F  may  be  phiced  on  the  summit  of  the 
stem,  and  then  causes  the  hydrometer,  loaded  with  the  circular 
weight  00,  to  sink  to  the  same  point  in  pure  water  to  which  it  wonld 
otherwiae  sink  in  proof  spirits.  Concerning  the  determination  of 
the  proportion  of  alcohol  eoatained  in  a  mixtnre  with  water,  see 
AxjoamoMormt  (LSI). 

Jones'  EydromtteriB  ill  improvement  on  that  of  Sykes.  It  is  ac- 
companied by  three  detached  weights,  so  that,  according  as  these  are 
used  or  not,  the  hydrometermfiy  have  four  different  decrees  of  weight. 
Corresponding  to  these  are  four  separate  scales  on  the  sides  of  the 


Fig.  663. 


that  the  number  of  gallons  iu  the  100  unde 


erpmo^may  be  re«d  off. 


Let  to  —  weight  of  hydrometer. 

V  —  volume  of  hydrometer  op  to  the  bottom  of  the  scale, 
ffi  —  areaof  Mctioncf  stem  (snpposed  tmiibrm). 


■,:cc.;,C00gIC 


Fig.  M3. 
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In  liquid  A  tat  tlie  li;dK>ineter  loaded  with  the  freight  w,  nak  to  thR  diigree  r, 

ineaanndia  inehet  from  the  bottom  of  wsIbX  aadia  %i]id  S;  when  loaded  with  w,, 
Bt  it  mnk  to  fj.    Abo  1^  e,  —  Tolnine  of  weighl  Vj. 

Then  the  volume  of  A  displaced  \a  V  +  v^  +  f,.fli. 
„  B  „         K  +  tp,  +  »,.m. 

The  weight  of  tbe  volume  of  A  diiplaoed  ii  fF  ■<■   Ui, 
B  „        JT  +  tt,. 

Ihan  (»   +  Pi  +  *,.«)  and  (F  +  ^  +  *■■<»)  tt-'t^'  «» U>"  ™lume«  of  equ»I 
weights  at  A  mad  B.    And  ws  h>T« 

■peeifle  graTJty  of  A  (F  <■  c,  +  x,.ia)<>P'+  w,) 
specific  gT»Ti^  of  B  ~  (F  +  P,  +  Xi.vC^W  +  m,)' 
HjdRimetne  could  euily  b«  eonatructad  in  vhich  wei^ta  might  be 
u&ArA  aboie  the  BOrface  of  the  liquid,  go  that  tiie  volume  of  the  lowei 
parts  of  the  inatrameDt  should  ooC  be  altered.  The  above  formula  would 
then  apply,  ailer  omission  of  B^  and  Oj.  A  hydrometer  of  this  kind, 
giving  anj  spedflc  gravity  from  "S  to  2*0,  was  shown  in  the  Exhibi- 
tion of  ISfil.    (l^aj  BepOTts,  p.  2Bt.) 

Banmi's  BviromtUr  ii«xtenaiTeIj  amgloyed  on  the  Continent,  and 
was  origjnal^  dMcribed  bj  Btnmi  in  hi*  Binau  de  Ptaratans,  p.  466. 
Separate  insmunenta  aie  oaiiaUy  oonstncted  for  liqnida  heavier  and 
lighter  than  wMtr,  ahhon^  it  w  obvions  that  this  is  not  neceawj. 
For  liijoids  heavier  than  water,  the  giadnation  is  aa  on  the  right- 
hand  side  of  fig.  66S,  and  ii  detennined  by  marking  as  0  the  point 
to  wbich  the  hydrometer  sinks  in  pure  water,  and  as  tS  the  point  to- 
which  it  links  in  a  solution  of  1 S  pU.  by  weight  of  salt  in  86  pis.  of 
water.    The  interval  is  divided  into  16  e^oal  parta,  uid  a  scale  of 


For  liquids  li^iter  than  water,  the  graduation  ia  as  on  the  Isft-hand 
side  <dfig.  MS.  The  degree  10  ia  now  datermined  by  pure  water,  while 
the  ioffn  0  is  tlie  point  to  wlueh  (he  hydnmeter  sinks  in  a  solution 
of  10  pta.  of  aalt  in  90  pts.  of  watM.  The  interval  ig  divided  into 
10  equal  parta,  and  the  aeale  ia  extended  as  in  the  fbmer  oub. 

Hie  dagnaa  of  Baoml^a  hjdrometera  bang  entirely  arbitrary,  the 

■  '  ■■  ■    aaeertMn  from  t'   ■■'■-■ 

la  the  ttendard : 


.mi'sHyi 

romeltr 

<eBktke  real  i^ifie 

GratUU* 

of  liqaitU  luavUr  Oam  wot* 

DotTM. 

^I'r' 

Drarw. 

r."^. 

D<tr». 

SpcdBc 
ir.Hij. 

!).,«-. 

ir.Tllr. 

0 

1-000 

20 

1-162 

39 

1-S45 

68 

1-617 

1007 

21 

1-160 

40 

1-867 

69 

1-634 

3 

1-013 

22 

1-169 

41 

1-36S 

60 

1-662 

3 

1020 

23 

1-178 

42 

1-382 

61 

1-670 

4 

1-027 

24 

1-188 

43 

1-396 

62 

1-689 

6 

1-OM 

26 

1197 

1-407 

68 

1-708 

6 

1-0*1 

26 

1-208 

4a 

1-421 

64 

1-727 

7 

1-048 

27 

1-218 

46 

1-4B4 

66 

1-747 

S 

1-068 

2B 

1-228 

47 

1-448 

66 

1-787 

9 

1-068 

29 

1-238 

48 

1-482 

87 

1-788 

10 

1-070 

SO 

1-248 

49 

1-478 

68 

l'B09 

11 

1-078 

SI 

1-266 

BO 

1-490 

69 

1-881 

12 

1-OSS 

S2 

1-267 

61 

1-606 

TO 

1-864 

13 

1-004 

SS 

1-277 

62 

1-620 

71 

1-877 

1« 

1-101 

34 

1-288 

63 

1-636 

72 

1-900 

IS 

l-IOO 

»6 

1-299 

64 

1-561 

73 

1-924 

IS 

1-1  IB 

36 

1-310 

66 

1-667 

74 

1-949 

17 

1-126 

S7 

1-822 

66 

1-6S3 

76 

1-974 

IB 

1-134 

SB 

1-333 

67 

1-600 

76 

2-000 

19 

1-143 
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DapM.. 

K 

Dxne.. 

ttnltr- 

Dx»*.. 

^5^ 

D.t»^. 

10 

1-000 

28 

■91B 

36 

■849 

to 

11 

0-963 

24 

-913 

■844 

12 

■986 

21 

■907 

38 

■839 

■781 

18 

■980 

28 

■901 

39 

-834 

•777 

14 

■973 

27 

■806 

■830 

-778 

11 

•967 

28 

■890 

■825 

•768 

1« 

■960 

20 

■886 

42 

■820 

764 

17 

■961 

SO 

■880 

43 

■8)6 

66 

■760 

18 

■918 

31 

■874 

44 

■811 

67 

■767 

19 

■942 

33 

■S69 

«S 

■807 

SB 

■768 

20 

■S36 

38 

'8S4 

4S 

■B02 

69 

■748 

21 

■930 

34 

47 

■768 

60 

-746 

22 

•924 

3S 

■864 

48 

•794 

C^ni*!' I  S^Tvmeftr  IB  lometunei  lued  od  the  ContineDt.  The  degree  of  ib  scale 
22  ocanoidM  with  the  degree  22  of  Banmi,  but  shore  sad  belovthu  point,  thedegnesof 
Bauni  are  diminidied  m  the  niJo  of  16  to  16.  This  hydrometer  is  onl;  conetmcted 
tai  liqnida  Ug^ta  tban  water,  and  twr  who  nut;  reqnire  it  con  easilj  redace  its  ceedinga 
t«  those  of  Banmi^  and  make  om  of  Ule  table  aliead;  given  fbi  Bamnd's  hydrometei-. 

Beek's^niroBK^haa  a  scale  of  which  0  coiresponds  to  the  trpecifla  gran^  I'OO, 
and  30  to  tha^  of  860,  and  the  seals  ia  extended  in  eqnal  part*  above  or  below  0,  aa 
far  aa  desiiable.     The  following  tables  are  uecessaiy : 

Taila  for  eonvertinff  dtgrea  o/'  Be  ok 'a  R/iromeitr  into  rtat  l^pm\fie  Oraviliet. 


1 

spKiao 

tnrKj. 

1 

Bi«iai:  rivIV- 

1 

sp«ikrHiir-    1 

Or«Ur 

LcHthu 

Dmur 

Lwlhu 

Onatrr 

Ltutlun 

thul-OM. 

l-OOft 

thu  1-000 

l-OOK. 

^ 

1 

1-006 

■994 

36 

i^i7a 

-873 

48 

1-393 

-780 

s 

1-012 

-988 

26 

1-lSl 

■867 

49 

1-406 

■776 

s 

1-018 

■983 

37 

1169 

-863 

60 

1-417 

-773 

4 

1024 

■977 

28 

1197 

-869 

61 

1-429 

-766 

5 

1-030 

■971 

26 

1-206 

-864 

63 

1-441 

768 

6 

1-037 

■966 

80 

1-314 

•860 

68 

1-463 

■762 

7 

1043 

■660 

31 

1-238 

■846 

64 

1-486 

-769 

8 

1-049 

■966 

32 

1^233 

■842 

6S 

1-478 

-766 

9 

1-066 

■960 

S3 

1-241 

-837 

66 

1-491 

■753 

10 

1063 

-944 

84 

1-360 

•883 

67 

1-604 

■746 

11 

1069 

■989 

86 

i^2ae 

■829 

68 

1-618 

■746 

13 

I^076 

-084 

36 

1-2H8 

■826 

69 

1-633 

742 

19 

1-081 

•939 

37 

1-278 

■821 

80 

1-646 

-739 

14 

1-090 

•924 

38 

1-288 

■817 

81 

1-660 

-736 

16 

1-097 

-919 

39 

r298 

-813 

62 

1-674 

-733 

16 

1-104 

-014 

40 

1-308 

-810 

63 

1-S89 

730 

17 

1111 

•909 

41 

I'SIB 

'Boe 

64 

l'S04 

■727 

18 

1118 

■904 

42 

1-328 

■802 

06 

1-610 

■723 

19 

1126 

■899 

43 

1-339 

-798 

06 

1-636 

720 

20 

1-188 

-866 

44 

1-349 

■79* 

67 

1-661 

717 

21 

1-141 

•860 

4S 

1-360 

-761 

68 

l-6fl7 

714 

21 

1-149 

■885 

46 

1-371 

■787 

S6 

1-683 

■711 

2S 

1-167 

■881 

47 

1-383 

■783 

70 

1-700 

708 

24 

1-164 

■876 

Twaddell's  Rj/dronuter  is  oftan  used  in  England  for  testing  liquids  dei 
water.  It  is  gradnated  in  sooh  a  manner  that  tlie  retding,  or  nnmbsr  of 
multiplied  br  6  and  added  to  1000,  gives  the  specifle  gravity  with  reftr  — 
••1000.    Thus, 

10°  Twaddall  indieatM  the  apecifle  gnvitj  1050  or  1-050, 
600  _^  ,_  1460  or  1-460. 

(E.  Dingier,  FtaTtech.  Jour.  Uii.  339.) 
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Depiieienx'R^xIrmwtw  is  uliiutnniient  with*  luge  bulb  and  rn7  narrow  Bt  mi, 
imhI  nr  detormuiiiiK  Ifaa  ^icciflc  gnri^  of  water  trom  TsrionB  niruiga  or  other 
eoaicea.    {Pr on j' s  ArMiMutt  Ifydrauiimie,  torn,  i,  |  ei4>«27-) 

The  JUaraw  Ifydromtter  is  adqited  to  taking  the  Bpedflc  graTitr  of  iM-iratCT.  In 
fy,  (61  ii  ahoirn  kd  acciuats  mBtrament  of  this  kind  made  of  gilt  braii,  the  fl&t  Bt^m 
of  Thich  i>  dindad  into  <0  parts,  bom  3  or  more  painCa  Gxperimentall;  detemiiaed. 
Eadi  digree  eorM^ioDd*  to  a  point  in  ths  third  placs  of  decimals;  thai  the  d«gTee  ST 
lepnaenta  tlMapcoflc  gravilj  1-037,  and  th«  whole  langoof  tbeimtnmant  if  aceoid- 
ii^  from  l-OOD  to  1-040. 

aiie  Itydionietan  aapplicd  t^  Goranmoit  to  the  nav;  and  mamntOs  sMniiiig  are 
■lendw  chM  iiutnment^  bat  their  aeenra^  U  Mcond  bj  compaiiaon  and  determi- 
natioB  odEthe  efror,  if  any,  jait  win  tlweaaeof  b«tmneteiB  and  tbcnnometiva.  They 
an  emplojed  in  diity  or  hod^  obMnatuma  on  the  water  ^  the  ocean. 

Tha2aeteiiH<w-iaa^rdiODiet«d(wd7i«Mmbling^ke^h]rdnmieter,bnt  adapted  by 
Dieaa  of  lirapool  fbr  aetcmining  ths  qoality  of  milk.  Jtj  meant  of  a  leries  of  eight 
««i{^te,  tlie  acale  has  a  range  of  80  degrees,  and  a  thermometer  and  an  irarf  sliding- 
nile  UMDipanj  the  iaatmment  in  order  that  the  milk  ma;  be  tested  at  auv  tempe- 
ratme,  and  the  re«alt  reduced  to  the  standud  temperature  of  BS"  withoot  (■JcDlation 
{Bnmier'*  EHiAmTgh  Osfdopaiia,  or  Agric.  Survey  o/Laneetlkirt).  This  instmineat 
mnatnotbe  eonflmd  withtheotherlaetomptarfint  dMcribrdtr  Bir  Joseph  Banks 
(BranMt  Jommal,  iii.  «.  S0S-4X  and  oonsisting  of  a  ainple  graduated  test-tube,  in 
wUA  the  new  niUc  is  allowed  to  stand,  nntil  the  cream  nscs  to  the  top  and  its  pro- 
pwtiatMl  tnont  ua;  ba  direct!  j  measured  oS 

Wilaon 's  ibotb  oonMst  of  a  Bsries  of  little  banooo'Shaped  ^ass  babbles,  awaited  to 
certain  degtBea  of  qiedfle  gravttj.  Wheaanambnof  thamara  thrown  intaaliqoid, 
those  iriii^  b«  of  great  tr  ipec^  gnntf  tlian  the  liqnid  siak  into  i^  tlioM  whicn  are 
of  less  specidcgml^  float,  while  on^  the  ein^e  bead  whidt  ootMt^oads  in  spedfie 
gnn^  with  tbe  linid  remains  inuArsoth  in  anj  port  of  the  liquid,  or  at  Itost 
si^s  or  riaee  T«i7  Mowh.  Dpon  each  bead  is  ei^raied  the  qieeifle  gnntj  which 
it  indicates.    Uteae  oatAil  litue  iastnimenta  ware  modi  improrad  and  patented  by 

Fahrenheit' s^dronutar  diSen  somewhat  from  and  is  eren  simpler  than  tli«ooin- 
mcB  hydnwMter.  Inplsoeof  aseale,  it  hasoolf  asi^gtemuion  tlEasteni,bat  at  the 
t«af  thestsmisanmllBeale-MBon  wbidi  weightaaia  tobe  i;^  ^^^ 

pUead  nntil  the  hydromsterii^  np  to  the  miA  in  the  liqi^ 
wbidi  it  being  tmt«d.    Bj  this  means  we  mMsnre  tbe  wei^    ' 
tf  a  ooottant  Totnine  of  the  liquid  diqJaced :  fi>r  this  wfif^t,  by 
tlie  piiMoples  of  hydmstatic^  is  eqasl  to  the  whole  weight  of 


Fiff.6«t. 


tf  bat  wcHild  be  inconrenient  in  common 


t  Bsdramitar  (Jiff.  W),  inTcnted  by  thf 
cal  Piiffinwtoy.    it  an  ingmioiui  modifici 


Nicholson's  i%H 

of  the"  Chemical  Di ,.    _    „  _  __ 

Fahrenhsil^s  h^dromstar,  by  whidi  it  la  rmdered  capable  of  de- 
termining spea&c  naTities  <rf  solid  bodiea  as  well  as  of  liqnida. 
Jt  has  a  single  nuA  on  the  tton,  sod  bean  time  aealt-BuiM, 
ona  at  the  tommit  nf  the  stem,  shore  tlie  ■sr&ca  of  the 
liqnid,  and  the  othw  tmo,  one  of  which  is  coneaTe  down- 
ward^  at  the  lower  eztami^  of  the  instmmcnt.  When 
it  is  placed  in  water,  the  air  most  be  allowed  to  escape  from 
this  lowest  acale-pan. 

In  taking  the  speeifie  graTities  of  Kqnids,  this  hydrometer  is  idsnti«al  with  that  of 
Fahrmbeit.  The  weight  of  theinstnment  isgenersDy  acUoated  from  the  first  so  that 
1,000  grains  pbeed  in  the  tipper  dish  will  cause  it  to  sink  in  pore  water,  at  SS"  F.,  np 
to  tike  mark  on  the  stem.  Let  &«  wei^it,  bowen^  reqnired  Ibr  this  pnrpoM^  whut- 
evw  it  may  amonnt  to,  be  called  «„  tbe  weig^  of  l£e  inslrnnent  itself  bmng  If. 
WlMnriacndinaliqindof  which  fiiespedftegptTi^diflha  from  that  of  wster,  and  i> 
reqidrsd  to  be  known,  a  weight  v,  less  or  ^^"^  uan  w  must  be  placed  in  the  upper 
pan  to  rink  it  to  the  mio  nuA    Then  y       *  is  obnontly  the  tpedflc  gravi^ 

reoDired. 

To  take  the  qmeiEc  gravity  of  ocy  solid  Enbstai)ce,a  portitMi  of  it  wel^iing  lest  than 

Vi  it  ^ac«d  in  the  iqiper  pan,  with  soch  addttional  wei^t,  tay  w^  th^  the  Indro- 

m«t«T  will  sink  in  pore  water  Dp  to  tbe  aero  mark,  at  it  does  when  beaded  with  «]. 

p3 


in  ukiDg  mexBa  gnriCtM^  it  aa^j  bo  employMl  in  place  of  ft 
■muwMcht 
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Then  tliB  weight  of  ths  snlMtanee  ii  obriotudy  u,  —  Wf.  Jloir  tmufer  the  nhtttaix 
to  one  of  the  lorei  puu,  that  vMch  is  eone&Te  dowovud*  being  used  when  the 
■nbatanee  is  lighter  than  water,  and  hai  to  be  forced  mider.  The  instniment  miut 
BigaJu  be  adjueted  so  u  to  float  in  water  at  the  anul  lerel,  uid  it  will  he  fonnd  that 
some  fnltbec  weight  hu  to  be  added  fbi  this  pnipoea.  Let  Hie  weight  cow  in  the 
puBB  be  »,.    TheD  the  ipedfic  gnrit^  of  the  Bubetonce  ii  *. 

This  initrnment  bocomea  more  and  more  delicate  and  accurate  in  ita  indicationB  aa 
the  atem  ia  of  amallar  diamcler.  Aa  actnall;  conatnicted  bj  the  inrentor,  tbe  Mem 
waa  a  piece  of  hardened  ateel  wire  jg  inch  in  diameter.  But  the  more  delicate,  the 
more  tnmbleaome  doea  tfae  inatnunant  become  in  use ;  t^e  adherance  of  water  to  the 
parta  abora  the  anrfcoa,  tfae  adhaienee  of  air  to  those  below,  and  the  ineritable  changea 
of  tempoatnre  in  tfa«  water,  am  Mtseea  of  nnaToidabte  anxa.  The  ^nniit,in  W 
balaoM  and  apedAe  grarity  bottle,  haa  alwaja  at  hand  the  uaaua  c^  aaoertaining 
■pMJfle  gtavitiet  with  any  dep«e  of  acenran',  and  ia  not  likely  to  naa  Niduilaon'a 
hydrometw.    But  thia  inatramant  ia  a  Talnable  compamoa  to  the  adentiflo  ti 

balance  forai 

Haring  now  giTen  all  Uitt  it  ia  likelr  to  be  praelicallj  nwAil  concerning  the 
h^dtometM*,  we  think  it  quite  needleas  to  deaeribe  aU  the  minute  Tuietin  of  eoDstrae- 
tion  and  arbitraij  acalea  pr^oaed  by  Homberg,  Clarke,  Qay-Liiaeac,  Die^  Biehter, 
Adie,  Qnin,  QuTton,  ^e«ta,  Charlca,  and  otheia.  Sfnoh  infi^matJom  ia  ^-ma  in  llie 
EmdworlrrbucA  itr  Cieatia,  I-  An!.,  &a,  ii  16S-1W. 

The  hydrooeter  ia  aaid  to  baTc  been  fliit  invrated  by  Hypatla,  dan^^itar  of  Theon 
Al^nndrinna,  who  flonriahed  abont  the  end  of  the  foarth  century  bnt  the  diacoTra? 
ia  aometimea  aacribad  ia  Arehimedea.  Howerer  thia  may  he,  the  Engliah  iibiloeopher 
Robert  Boyle  ajnean  to  haye  flrat  brought  it  into  oae,  having  deaeribed  it  in  Fhil. 
Trana.  for  IS7S  (x.  329),  or  Boyli»  workt  71772,  iv-  201).  Hia  inatmment  waa  almoat 
identical  with  Nidiolaon'a  hydrometer,  twd  waa  eapecially  intended  to  datermine  the 
flnoDcaa  of  gold  aUc^  being  henee  caUed  a  "  Sod  Ei$m/  Lmtrument^' 

Many  r^rencea  concerning  the  liiatorj  and  varietiea  of  the  hjdrometer  will  be 
found  in  Yinin^i  Leetvna  [1U6]  L  340.— ^Awtf*  Thioria  QiniraU  det  I-itt^igtmn 
£1821],  ia  a  wml  we  havenotbeen  aUe  to  meet  with.  Clarke'a  hydrometer  (Phil. 
Trana.  uxTi.  [1 7301,  p.  377),  B  re  WH  t  e  i'«  Capillai;  Hydrometer,  Staktraneter,  or  Dit^ 
neaanrer,  are  descnbad  in  tbe  Edinbnigh  Cyokipodia,  zL  pt.  iL  p.  443.— W.  8.  J. 

snxOKZCXa^KAi»VJUXXS,  alao  called  PmiuU.  A  vsrie^  of  hydrodolo- 
mite(p.  181)  containing  2  per  cent,  or  leea  of  carbonate  of  ni()l[el,  with  water.  It  fbrma 
pale-green  or  whitieh  inenuitationa,  having  a  aar&ce  of  minnte  apbemlu,  and  occnra 
togetner  witb  emenld-nickel,  iato  which  it  grsdnatea,  also  with  chnimic  iron,  at  Texas, 
I^cascer  coun^,  FennaylTania,  and  according  to  Heddle,  at  Swinaneea,  in  tFost^ 
Shetland.  Hermann  fonnd  in  it  44'S4  C0<,  2010  (^>0,  271)2  Mg%,  l'2fi  Na*0,  0-70 
PaH),  0-40  Mn'O,  OK  Al'O",  and  fl-84  HK)  -  100.     (Dana,  ii.  487.) 

nmoVMAn.    A  variety  of  opal,  which  beconm  trantparant  when  immeta«d 

3KnBOVKZ&IT&    A  name  ^jplied  to  chloride  tS  ealeiam. 

nsxoraiTJii  alao  ealled  Jtnkiiuite.  A  hydntad  ailicate  of  magnednm  and 
iron,  which  occara  mtaatre,  and  aometimea  flln^oa.  Specific  gnvi^  2-46  — 2'S6. 
Hardneaa  —  3-6.  Loalre^  fteble,  anbritreona.  (kJoar,  moontain-green  to  blackiah- 
green :  atreak  pale ;  tranalucent  to  opaqna. 

SIO*  F*>0  MiM)         H|<0  Al<Ol  ViO>  HK>. 

a.  3S'ie        22-73         1-0S        21-08        3800        0135         1608  -   100-7S 

b.  SS-S7  le-30  436  2387  058  .  .  13-38  '^  99-38 
c;  37-43  20-80  4-afi  2276  OOB  .  ,  1346  -  W-28 
a.  Hydroptitt  from  Taberg,  in  Sweden  (SranberK.  ^^88^  ^^"'-  ^  536). — b.  Jtn- 

UntiU  from  O'Keil'a  minc^  Orange  connty,  Mew  Tork (Smith  and  Brnah,  SilL  Ann. 
J.ii.  366).  ThMeanaIyaeflleadtotIiefbnnnlB^?^^|<.3SiO*.3H*Di«4ue]iiq;uding 
2  at  watn  aa  baaic,  may  be  redmied  U>  the  fbtm  of  an  orthoailicate,  8(2M^.SiO<VHKL 
or  SM'SiO'.HK). 

KTSBOPZT&  A  ailioate  of  manganMc  with  bicmi  of  manganona  oxide, 
containing,  according  to  Dn  Menil'a  analjsiii,  84 -37  per  cent,  SiO',  41'S3Iln*0,  0-99 
Fe'O,  and  1-26  CiK.     {BammOiAer^t  mneraiehanie,  p.  15S.) 

Knimwazw.  The  name  giTen  br  Oarnal  (Schmidt's  Jahrb,  d.  gea.  Mid. 
cri.  8)  to  an  albnminooa  «Db*taoee  which  he  obtained  bom  a  dnjideal  affiinon. 
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wa.  &tfraciMinu^.%A«itwiw  (Wohlar,  Ann.  Ch.  Fhum. 
zIt.  3fi4;  li  160;  Setari,i6id.  a.  IM ;  exir.  292). — This  name  u  ■ppli«d  la  hroBub- 
ataiKta,  odo  colaiiileM  and  the  other  gnat. 

CoLouBusi  HTDKoannroNa  IPjrrojuinoh),  C^HW*,  uomoria  with  oiTpheuie  acid, 
is  the  chief  pmdnct  of  the  dij  dutillatioD  of  quiaii^  earbDhjdroqniDeiui!,  and  oijrali- 
ctKc  aeida  (j.f.).  and  is  likeviM  pmdnced  bjthe  action  of  redneiDg  aganta  (staniuniB 
cnloiida  or  Bnlpliiiroai  add)  on  qninone,  from  which  it  dilfbn  bj  S  aL  H;  also,  tasethac 
with  a  brown  crretalline  bod;  oontainiiig  C"E"IW*,  bj  the  action  of  {dien^Bine 
on  qninone  (A.  W.  Hofmann,  Roc  fioj.  Soe.  xiiL  4): 

SC^TT   +   B(?H*0>     -     C'fH"IPO»  +   aCflH'O'. 
FhaDjIimlM.       (JuUiin*.  Bron  etjntit.      Hrdro^BOH. 

iVi^oratwN. — 1.  Thi  diatilUte,  mixtd  with  Mlid  paiticle^  wliidi  U  obtained  bj 
the  d^  distillation  of  qoinic  add,  is  fUteied  bum  tar,  a&d  again,  after  eooling  to 
aaparata  benioie  said ;  the  jellow,  heavy,  oil;  miitnre  of  beBxeoe,  phenio  acid  and 
aalievltnu  acid,  ia  distilled  Aum  the  flltnte ;  the  broim  rciddne  in  the  retort  is  erapo- 
tated  and  Ult  to  oool  till  benioie  acid  oTatallisa  oat;  the  mother-liqnor  is  dilated 
witb  water,  which  nukea  the  liq^nid  nuikj  and  separatee  tar  ;  and  the  rnnltiiu  flltiaCa 
ie  en^nnted  till  the  Iijdroqninone  OTitallises  oat. — 3.  Snlphuions  add  gas  a  -' — ' 


through  warm  water  salnrated  with  qninone^  and  having  qainoE 

till  aU  the  quinone  ia  diasolTed,  and  ttie  liquid  uipean  ookiarleaa ;  the  eolation  ia  then 

gently  ev^ioraCed  to  the  oTStilliaing  poin^  and  the  c^iitala  ate  pozifled  bj  prMson 

carbonate  of  ba  _  _  ,  

witb  aqntdiw  hrdriodie  add,  and  A»  wtturj  liqnid,  aAer*  filtration  Item  tbJe  iodine^ 
•TMOnted  to  the  crystallising  point 
jSvfuvMira; — Hydraqninone  narnii   transparent,   colonriesi,   riiombie  ayatals   ^- 


hflntin^  the  oomlaaation,  oePa.  a>P<e.  P,  oF  (Heise).    It  snblimea,  whni  heated, 


in  abtniDg  kmin«^  UkebeuoicMid;  melts  at  177  6°  and  soUdiflBstoaaTBtalline 

' ' etable     " 

IB  easily  in  inatar,  eapedall}  wben  hot,  also  in  alcohet  and  ia  tt 
Bolations  of  oUofiiM  itUptitei,  it  njirtillinrr  analtered,  sometimea  howerer  in  mlphi 


it  163°.   It  is  inodoToas,  has  a  aweetiah  tasta,  and  is  neutral  to  rentabli 
'  "'      '       '    i,  also  in  alcoiol  and  in  i 


especial]}  when  hot,  also  in  alcolM  and  in  tlier.  From 
ittt,  it  njirtillinrr  analtered,  sometimea  howerer  in  lolphur- 
jellow  rhombohedrons  or  long  four-sided  prisms,  resembling  the  Bulpbydratta  of  hy- 
dnnninone.    (Hesse.) 

neeoB^fotitnnt. — 1.  Bydro^oinoa^  nddenly  heated  abore  the  boiling  point,  is  par- 
tiaUf  decomposed  int«  qninone  and  green  hydroqninone.  When  passed  m  the  state  of 
-nuNNir  throi^  a  riasstabs  at  alow  red  heat,  it  isresolTtd  into  qninone  and  hydmgeD 
(Hesse). — 2.  Oxiditinff  agenlt,  Tia.  dilorin^  chromate  of  potaninm,  sesqoichlonde 
M  iron,  «  nitnte  of  silver,  conTcrt  hydroqninone  disaolred  in  water  into  gtcen  bydto- 
qainone,  with  fbnnation  of  hj^xichloric  acid,  chromic  oxide,  or  protochli^e  of  iron 
and  hydrocblorio  add,  or  with  preapitation  of  silver. — 3.  Strong  nilrie  acid  converte  it 
almost  wholly  ioto  oxalic  acid  (Eeese). — With  kydrocJUoric  acid  and  cUoratt  of 
jMfasnuni  it  yields  tetraehlorquinone  (chloranO)  (Hesse). — i.  The  aqneous  salntion 
of  hydroqninone  imparts  a  sufron-yellow  colour  to  euprie  amtatt,  and  when  heat<d 
throws  down  mproos  oxide,  qninone  volatilising  at  the  same  time. — 6.  Ammonia 
imparts  to  it  a  brown-red  oolonr,  and  yields  on  evaporation  a  brown  bom  like  nlmie 
acu.    FoUuk  acta  iirlike  manner.    (Wohler.) 

Hydroquinone  disaolvea  in  a  modwateW  concentrated  hot  solution  of  nentra]  acilate 
of  liad,  and  the  solution,  on  cooling,  yidds  prisms  containiiw  CH*0*.2C?HTbO'  + 
{  HK).    These  erjBtala  give  oif  0*23  per  cant,  of  water  (neariy  |  at)  over  aulphnria 

9ulphydrata  of  R^dni^uiiiont. — There  are  two  of  these  salts.  The  fltat,  eoataining 
4C^K)MI^,  is  obtained  in  colourieas  prisms  bypauiiig  solphydric  add  gas  into  a 
•atnntpdBolntioa  of  hydroquinone  heated  to  tV.—'Ae  eacond  3C^*0*.H^  ia  obtained, 
bv  passing  sulphydric  add  into  B  cold  aatorated  eolation  of  hydroqainona,  in  small 
shining  cryst^  which  redlssolTe  when  heated  if  the  passage  of  the  gas  be  eontinned, 
the  solution,  as  it  cools,  yielding  the  compound  in  vary  r^iilar  colourless  rtiombohe- 
drona.  Tlusa  oyitals  nmain  unaltered  when  dry,  bat  water  eliminates  sulphydrio 
add  from  tham,  ud  on  boiling  the  solution,  hydcoqoinone  is  reproduced. 

Qbom  HTBBOttvnrotni  or  (Jdimhtdbohb.    C"H»0'  -  CH'CCrH'O'.-This  et 


ponnd  may  be  r^;aided  dther  as  a  compound  of  quinone  and  colourless  hydroquinon^ 
or  as  a  donble  midecnle  of  the  latter  coi^und  mtnui  3  at.  E,  or  again  as  a-  doable 
molecnle  of  qninone  (C"H^<)^iw  3  at  E. 

It  is  produced  : — I.  By  mixing  the  aqueous  solutions  of  qninone  and  hydroqninone, 
lAerenpOD  it  is  immediately  predpital«d  in  the  crystaUine  form, — 3.  By  combining 
aqueous  quinone  with  a  quantity  of  hydrogen  not  laffldent  for  the  formation  <^ 
colouileis  hydroqoinenei  i.g.  aqueoos  qoiaone  mixed  with  nilphnric  acid  at   tho 
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Dflgattve  pole  of  tha  ntraiuG  cuamt ;  qainom  mixed  with  «nl[4inria  acid  io  eoataet 
with  liiie;  aqneoiu  MotiOB  of  qniuoni  with  graduil  additioD  of  dichloride  of  tin  or 
protoaulph&te  of  iron,  or  vntDhnnnu  Kcid,  or  idlosaotiii,  the  Utt«r  b«iiif[  eonTerted  into 
alloxiu].— 3.  B7  tho  jaitiu  dehTdidgCDatioD  of  Bqneon*  hjdioqoiiiotw  i  *.g.  when 
■pODgf  pUtiaiuD  or  uumal  diamal  mraatenid  with  the  aolntum  a  cnoaed  to  the  air; 
when  cuoiiDe  gki  ie  puaed  thiongh  aqBeow  hTdraquiume,  or  that  liquid  ie  mixed  with 
nitiie  acid,  duomata  of  rolMamTn,  seequidiloride  of  imn,  or  nitnts  of  mher. — Tbe 
mixtitiM  p«{MMd  •eeoKUitt  to  (3)  oc  (S)  witli  MDMutnUd  lolsCioiM,  Mmii«  for  a 
whilsftbhck-rad«olonr,*'ul'>*i>lM«oB«flII«d'«ithla~  ~    ■"-'- 


of  qninhfdnHia;  but  if  tlie  nlntioni  CM  too  dilate,  the  qninhTdioiie  n 

aod  ia  decomposed,  rmilting  the  odooi  of  qninone. — The  laigfat  ayitala  an  obtained 

bjatoDoeaddingtoaaiitiiratedaqaeouiBolntionof  qninonefoi  erentoiteniother'liqDOT) 

a  quantity  of  aqoeooa  solphnnnu  add  jnat  half  ndkient  for  the  fi»mstion  of  hTdro- 

quinoDe. 

Pnpertitt. — Qainhydrone  fbrmt  very  lone  asd  thin  green  prinni,  haTing  a  netallio 
luitre,  like  Che  wings  of  gold-heetlee  or  bnmming  bird^  and  InKghter  eren  than 
mureiid ;  they  appear  red-brown  by  IranEmitted  light  when  stfongly  magnijled.  It 
melta  easily  to  a  brown  Hqnid,  and  sablimea  partly  nndecompueed  in  graen  lamina. 
Smella  slightly  lilce  qninone,  and  haa  a  pungent  taote. 

It  duHolTes  Bparingly  in  cold  mater,  abimdsntly  and  with  nd-l)T0wn  ocdoor  in  hot 
vnter,  separating  aa  it  coola.  jUeoioi  and  elker  dissolTe  it  readily,  forming  yellow  k' 
red  sulutiona.  Ammonia  dissolTni  it  with  green  oolonr.  The  aqncons  aolntion  fonns 
with  aertalt  of  lead  t,  bright  greeDish-yelknr  precipitate,  qnicUy  changing  to  dirty 

Iheon^ontiaiu.—X.  When  qninbydrone  is  hsated,  it  snblinin  partly  midecomposed, 
partly  converted  into  yellow  qolnone. — 2.  When  it  i*  boiled  with  water,  qninone  diatiU 
over,  and  Che  remaining  daik  red-brown  liquid  contains,  together  with  alaigeqnanti^ 
of  hydioqmnone,  a  brown  tar,  which  sepantes  partly  on  oxiJing,  partly  on  anbaequeot 
addition  of  wntw. — 3.  The  green  aolntion  of  qninhydroue  in  ommiHua  qwiik^  aMOmea 
a  AaA  red-brown  ei^onr  on  eipoenn  to  the  air,  and  leaves  a  brown  amoipbons  mass 
when  erapomted. — 4.  Qninhydrone  ia  eonTerted  into  colonriesa  hydjoqldnone  l^ 
aqueoBs  ruMairmit  acid,  ttamiavt  ehioriii,  or  'uu  <atd  nifpJIwrK  osiA,  bnt  not  by 
hydriodic  acid  or  tellorhydrie  add.— 6.  The  aqueotu  NlatMn  qnicUy  redooea  lutnta 
qf  nitvr,  on  addition  of  """■""'^ 

Arimfiiaf  iff  BydTcquinotu, 

L   CrH'O'-C?H'O'.C0'-(*'^*"{o'.(0,Hei8«i 

Ann.  Ch.  Phsrm.  ciii.  fi27,  ciiv.  292;  t-..ii.  22;  E.  Lantentann,  ffiid.  cxx  i\b\— 
An  add  produced: — 1.  By  the  action  of  bromine  on  aqneonaqQiDiaadd. — 2.  By  heat- 
ing qtunic  add  to  aboTe  lOO". — 3.  Small  qnantitiea  of  it  are  likswise  obtained  by  tbe 
action  of  chlorate  of  potoanom  and  hydrochloric  add  on  dilute  aqoeons  qoinie  add, 
or  ofperoxideof  maugancee  and  snlphoric  acid  on  a^asons  qninate  of  cgtldno.  (Heats.) 

JVeporattm, — Bromine  is  added  toaqneous  quiaieadd  bjportionB  of  10  drops  eadi, 
tin  a  portion  of  it  remuns  nndissolTed,  eren  after  the  liqnid  has  been  freqnently 
asitsted  and  left,  to  stand  for  12  bonrs.  The  solution  ia  then  decanted  from  uie  nn- 
dissolved  bromine,  diluted,  flltersd,  and  mixed  with  carbonate  of  lead,  aa  long  as  a 
brisk  erolntian  of  gas  ia  thereby  set  up,  and  bromide  of  lead  prodmied.  The  lUtnte, 
erwonled  to  a  thick  syrnp  on  Uie  water-bath,  aod  «hak«n  np  with  abont  11  toL  ether, 
yielda  to  this  liqnid  caibonydtoqninonle  add,  which  after  the  ether  has  been  distilled 
oiT,  remains  aa  a  brown  eryatalune  reddne.  It  is  piarilled  by  te-oyatallimtion  from 
water  containing  hydrodilorie  add,  with  help  of  animal  diucoaL—  Or  the  solution, 
treated  with  bromine  and  filtered,  is  mixed  with  carbonate  of  lead,  till  thia  salt  bsgins 
to  take  up  organic  subetancee ;  the  filtrate  ia  precifHtBCed  with  soludon  of  nenttal 
acetate  of  lead,  and  then,  after  this  precipitate  haa  been  colleded,  a  ftiMher  p«dpitat« 
ia  obtdned  hj  addition  of  ammonia.  By  decomposing  the  predpitatcs  taspended  in 
water  with  nilpliydric  add,  then  boiling  np  and  diluttng  tbe  ftltist^  earbohydro- 
quinonic  add  is  obtained  from  tbe  SjBt  [acdpitate.  The  acid  obtained  itaim  f 
lead-predpitate  still  retains  unaltered  quinic  add,  fiom  which  it  mar  be 
by  eUier.     (Heaae.) 

iVojwrffrs.— DirbohydroqainiHiio  add  njitnUians  frcm  its  aqneotis  solation  with 
1  at.  water  (C'H'O'.ffO),  m  ftarcats  gronps  <d  needle^  also  in  rhmnbie  laminm  01 
granular  siystals..  It  is  dimoiphons.  The  gnnnlar  eiystals  im  distorted  twins, 
bdonpng  to  tha  mmioclinic  system.  The  needles  are  mombie  prisma  haTing  tha 
acute  edges  perpendicnlBriy  truncated,  deavaUe  at  ri^t  anriM  to  tiw  ^iimatia  &ont 
(Hosse).— The  nystalliaed  add  dindvea  in  40  or  SO  pts.  niaattr  at  17°,  nrj  eaaily 
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D  aleoM,  Imt  a  inioliibla  In  eUtt.    It  bM  a 

„ .     .  lOi.    EMt«d  to  100°  it  fijiraa  oil;  on  thsBTent  . ,- 

waUa,  lesTing  the  aahyinmi  tdi,  CEK)',  vbieh  mdta  t  201°  (oamoUd)  vitb 
putUl  dsoompomtioii,  and  MtidiflM  in  Uie  ndio-t^TBUUiiw  fcnn  bctWMn  160°  uid 
170°  (He»e).  Wban  cutunii^  hgatad,  it  nblimee  irith  fMtul  daeompodtioii, 
(LaittemHDiL) 

Dnamo*! 

bcifily  whai 
CW5«  +  ( 
iiMtctdof  hj 

•UnMBDOt  I 

boilii^  dilDte  niirie  addi  tlw  amcMtxttai  add  «n>f«t«  it,  villi  rim  tl  tanpMBtura 
and  GTdntion  at  nitraia  Mid,  into  oxali«  Mid,  together  with  *  baw  cf  a  jcUmr  nib- 
■tuioe. — 3.  AtfyiiincafiJIsiAiAdiMtdTMi^  witbinitaTDlatMiiof  gwfbniiiigabliie 
liqiud,bnnniiifab7teflM(«d  light.  No  CMgngatad  ■nlphnrie  Mid  «u  be  obtained  fltm 
tlw  eolatioii.— In  eii  of  vUHal,  earbi^dipfnininiin  Mid  diMolna  riowlv,  and  Aan 
vlien  heated. — t.  Bromiit  diwolvM  akwHy  la  the  ayeow  add,  wiUieWBtionof  gu. 
— S.  Aqneoni  ttAobjiroiiiuaoDic  aiad,  in  oontaet  «Uh  luU  wrAmaf*  oftaleaim  and 
•ir,  MqaiM*  a  daA,  nearly  bhek  vAam,  and  dtpodti  a  Uad  podpitate,  which 
"  -  -  »wiUi«ddji  (He»«6).^  Rom  «r     ■  ■    ' 


t  radncea  nhnte  of  mlTer  irtieii  heated,  but  not  in  Um 

The  carbohjdroqaiiionat«i  vrt,  tar  the  moat  put,  eaa\y  aolnble  in  «at«r. 
nioringl;  aolabte  or  inaolnble  in  alcnW.  Heme  nBa&  the  acid  ai  monobaiic,  and 
the  unmODiiun-Balt  »  a  bMic  nit,  in  wliidl  1  at.  azomonia  takea  the  place  of  mltr  td 
OTitalliBalitm,  CH*(KH<)0*JfE*.    The  fimnnla  (^^^°)"'|o>  Tepreaanti  it  u  tria< 

toQue  but  monobasic,  like  plycitiic  add  (ii.STS).  Streeker(ffanjiDiV(fr4.  ii.  [2],99S), 
n^aids  the  add  la  dibanc  CirbohjdToquinonic  add  decompcaei  the  carbonalea  of 
the  sOuliiie  earUu.  Ita  (alts  torn  brown  in  tbs  air.  In  contact  with  a  small 
qoantitf  of  >a9^aicUoride  of  iron,  the;  acqiure  •  Tiolet  coionr ;  with  a  latgsi  qcanti^, 
a  fine  pniple-TioIet  to  dirome-gmn  colonc  eapedoll;  in  ncatnl  edntion.  (Eeeae.) 
Ammonmin-iaUi. — 'Wbtn  dry  ammonia-ga*  ia  paued  over  diy  earbohjdnqninonie 


NH'),  withont  giving  offwatn".  The  molting  ODrnpomid,  freed  bom  ezceea  of : 
bf  etanding  orar  oU  of  Titriol,  eontaina  44'7  per  omt.  C,  and  t-2  H,  oomeponding 
to  the  fbrmda,  C^NH')U'.im<  (ealc  44-«8  pel  cent  C,  and  8-38  H).  Whoi 
expoaed  to  mdst  air,  it  quicMj  giTea  oflT  ammonia,  and  diaadves,  with  alkuine  Teae> 
tion,  in  water  and  alcohol.  Tlie  latter  edntian,  iriian  erapoiated,  depodts  email  add 
eiTMals.  Hjdrated  ether  pwdaUr  diwdvee  the  ammoninni-ealt,  MtTing  a  portion, 
--- ^~B  eooaiatingof  (7H'{NH*)0'.HW.  An  ether-aleoboUe  aohjtion  of  carbohydro- 
io  add  becomea  toibid  irtien  aauuonia  gaa  ia  paeaed  over  it,  and  then  dmr, 
xiting  eoneentiic  gioupa  of  priims.  Brown  anbatancea  are  fbnnsd  at  the  eame 
ume.    (leaee.) 

Ltad-tall.—Sima  aqneona  caibofaydroqninouie  add,  an  aqoeoiu  or  alooholic  aolntion 
of  nenlnl  acetate  of  lead  throws  down  an  amoriJumi  yellow  prndpitat^  eadly  aolnblt  in 
nitiia  add,  with  difllcnl^  in  acetio  add.  Fait  of  the  carbobydroqninonieaaddiaadTea 
at  the  Bome  time  in  the  acetic  add  which  ia  aet  five,  ao  that  the  llltnte  itdll  giTea  a 
pndptate  with  ammonia.     ^Heaae.) 

The  potattisni'ialt  Ib  preapitated  from  its  aqneoni  aolntion  bj  alcohol  in  the  fbnn 
of  a  sytnp. — The  manganoui  lalt  forms  small  piisnu,  easily  adnble  id  water. — The 
rinc-tail  forms  lamime. — Aqneona  carbohydroqninonic  add  yields  a  gtejish-jellow  pre- 
dpitate  with  tartar  rmetic  ;  and  with  fertK  knirocldorate,  a  dark  green  solution  ehang- 
ine  to  violet  on  addition  of  add  carbonate  of  aodinin,  or  of  tartaric  add,  ferric  hjdio- 
cMorate,  and  ammonia.    It  doee  not  predpitate  gdaim. 

The  fbllowing  adds  give  reaetioiu  Ter;  similar  to  thoee  of  carbohydio^uinonic  add ; 
1.  Horintawnic  aai  and  Jlfonn,  which,  according  to  Hlamweta,  are  laomeric  with 
cnrbohjdroqninonic  add. — 2.  Dtaterecatechvis  acid,  C*H*0',  and  l^aUchiac  acid, 
C^>*0<.  These  two  adds  are  supposed  by  Strecker  (Ann.  Ch.  Fharm.  cxriiL 
280)  to  exist  in  catfchn,  inasmuch  as  he  regarded  the  mroeateehin,  first  as  the  one, 
then  as  the  other  of  theee  adds,  and  flnully,  aa  a  miztore  of  the  two.— 3.  Prato- 
calechmc  acid.  This  add.  according  to  Lautemann  (Ann.  Ch.  Pharm.  ao-  tlS), 
must  be  rq^arded  aa  Identical  with  carboLydioqninonic  acid,  since  the  latter  add,  when 
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Iteated  with  pndee,  It  eapabla  of  yielding  pyrocatecUn.  But  aceoidiiig  to  Seata 
(Ann.  Ch.  Fharm.  enii.  231),  tile  two  oddji  react  differmtlj  with  cufrie  tartiste,  and 
roairt  therefbra  be  ngttrded  M  only  iBOmeric; — 1.  C^jafKyAe  nn^.  Wltli  reganl  to 
thii  add,  lAntenuim  thinki  it  probable  that  it  maj  be  capable  of  pttMiDg  into  carbo- 
hydroquinonic  Mid  (ca  the  latter  into  d^raalicylic  aad).— 8.  BsvogdUio  aaid. 

Ethyl-carbckydroquinonU  acid,  l?H"0'  -(^^^.lo*.  Carbc>kydroj«i- 
nonie  etiitr. — To  prepare  this  compoimd,  eubohydroqniiioiiie  add  ia  diiisalvad  in 
■Icobol  of  90  per  cent. ;  tbe  aolntion  ia  aatoiated  irith  hrdredilorie  add  gu ;  the 
alcohol  ia  diitiUed  off  in  the  water-'bath ;  the  naldne  ia  ahaken  tip  vith  ether,  ■>  long 
u  that  liqoid  takes  up  a  nlolanee  wlddi  edonra  frario  diloiich ;  the  ethtx  ia  then 
diatilled  off;  the  brown  m^italKne  leaidae  if  ihaken  op  with  boiliii^  Tsiy  dilnta 
alccAol,  and  a  amall  quanti^  of  caibonata  of  Mdinm;  IIm  lohitioii  ia  left  to  cool; 
BDd  the  odd  is  again  exhaiutsd  with  ether.  The  ethoNal  aolntion  when  arworatMl 
leaTea  coloond  aTKalet  whidi  m^  be  deeoIoriMd  bj  a^n  bealii^  them  with  dilDt« 
aleobol,  aoda,  and  ether.  It  tbnn*  wriotuleM  prisnu  muted  in  iBdiat«  groups,  nential, 
melting  at  I  H°  (corrected),  and  beoomiiig  crjatalline  again  at  114'B°. 

The  ethei  melta  in  boiling  water  beCbra  duBtdring ;  diaaolTM  Mlilr  in  olcatol,  and 
eipedall?  in  common  Mer.  The  aqneona  aolatioi^  added  to  mtutrti  neetaU  of  kad, 
iarna  a  white  amorphona  pradpitaCe  aidnble  in  B«rtie  add ;  it  eoloiBa  ftrrie  kgdro' 
cjUiini(«  Tiolrt,  changing  to  puipla-TioIet  on  addttjon  of  ahrgerquntityof  tbeiro 


aalt,  andflnaUT  to  cnnwie-neen.    It  ndtieea  HMrvuril  eldanit,  nUrait  <^  tUvrr,  uii 
■    %    i&ataa.  loe.  cit.) 

_  MtpdamMfc  (Wobler,  Ann.Ch.  Pbiina.n.IS5.^StJ[deIer, 
iUd.  Uix.  132,  306,  S2I.} — Theae  compoimdi  ai«  prodoeed  by  The  action  of  reducing 
agents  on  the  correepondma  chlorinated  deriTatiTS*  of  qoinone :  the;  are  meet  eseily 
prepared  by  meana  of  enliihiirDns  add.  They  bear  a  greater  reBembUnce  to  bydro- 
qoinone  in  pro^rtion  aa  they  conlxin  lea*  oUoriiM.  'Hiay  act  liie  weak  adds,  their 
alcoholic  tofntions  jieldins  wiite  predpitatca  with  acetate  at  lead,  the  qnantity  of  the 
nradpitale  being  incrcaeed  by  additimi  of  ammonia.  The  diknae  in  lluae  componnda 
doea  not  exhibit  its  osoal  readioa  witli  mliat«  of  nltet.  By  ""'*'""'y  agenta,  viz.  by 
nitrie  add  and  aaaqnidiloride  of  iron,  thc^  are  oonnrtMl  dther  into  the  correeponding 
chloiinated  qninonea,  or  eompounda  of  thtM  widt  the  diloiinated  hjdioqniDanea. 

MenoeAlarinated  Evdroquiinne,  C^K30*,  fitrmi  toftaof  oolonrlesa  prisniB, 
very  aolnble  in  water,  alcohol  and  ether,  and  liquefying  in  cootaet  with  the  Taponi  of 
ether.    It  melts  easily,  and  inblimea  in  white  lamini^  with  partial  dMompontioa.  Its 

S aeons  solntion  redoeea  nitrate  of  lilver.    It  dlasolrsa  in  »>nTnftnimj  fbnniiig  a  daik- 
le  aolntion,  i-tmngiTig  to  green,  yellow,  and  red-brown. 

DitiiUrinated  Bgdroquinene,  l?H'CI<0*,  fomu  beantifbl  nacreona  oyetals, 
which  melt  at  164°,  and  begin  to  sublime  at  120°.  It  nddent  litmna;  dinolrea 
aparin^  in  cold  water,  eaaiht  in  boiling  vater,  also  in  alcohol,  in  ether,  and  in  hot 
acetic  add ;  sparingly  in  boilutg  hydroddorie  add ;  it  is  soluble  also  in  hot  concen- 
trated sulphuric  acid,  and  sepantes  on  cooling.  With  dilute  pota^  it  fbrms  a  colour- 
less solution,  which  on  exposure  to  the  air  turns  gi«en,  then  red,  and  depotita  a  Tiolet 
powder.  With  ammonia,  it  forms  a  yellow  MlntiMi,  vbieh  teddaoi  in  oonlstet  with  the 
air,  and  dcpodts  a  biownlBh  piedpitate. 

Trichlarinated  Hgdre^uinene,  CHK^l'O*,  Ibrms  colourless  lanmue,  or 
flattened  prism*  melting  at  a  little  above  130°,  and  subliming  in  Irideaoant  Kales.  It 
dissolTea  readily  in  alcohol  and  in  ether ;  the'  alcoholic  aolatioD  r«ddaiia  litmus.  It 
disaolrea  in  polaah  and  in  ammoaja,  forming  ff^tn  solntione,  whidi  tarn  fiict  red, 
then  IwowD,  and  yield  co[hobs  predpitatai  with lijdtodilorio  add. 

3'f(racltDriiia<fiiirydn?;Htiian«,CHKl'0*,  forms  colouring  nacreous  lamiutE^ 
insoluble  io  water,  very  soluble  in  alcohol  and  ether;  its  solutions  redden  litmus. 
When  heated,  it  begina  to  turn  brawn  at  160°,  the  colour  becoming  stronger  towards 
320° ;  it  then  aublimea  rapidly,  but  does  not  melt  tilt  more  stmngly  heated ;  the 
melted  mass  ciyelaUises  on  cooling.  It  diaaolves  in  potusb  and  in  ainmonia.  The 
potash  solatjon,  saturated  hot,  depostts  on  oooUng,  prismatic  crystals,  apparently  con- 
sisting of  B  potanium-salL 

Oclai:IHorinated  Acetyl- dihydroguiiiciit,  C»HHn*0*  -  C'^I?H'0)C1*0< 
(Hesse,  Ann.  Ch.  Phaim.  czir.  292).^ProdDced  by  r*'*™B  sulphurous  anhydride 
into  a  mixture  of  tetrachloroquinone  and  gUdal  ocetio  add,  then  eraponting  and 

2(?a'0«  +   (PHM)*  +   HH)   +   2S0'     -     CH-aK)'  +   2S0'. 
It  fbrms  colourless  laminw,  which  mdt  at  230°,  dissolve  eanly  in  ether,  alcohol, 
hot  benicne,  efd  strong  acetic  acid,  but  aro  nearly  insoluble  in  vata. 
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OttoeUoHitatid  BlAvl-dihx_'lragulnone.  CEKVO*  -  C><H>(C<H')C1'0* 
(HeMC^be.  «<(.). — Obtainaab^pMBU^calpIianHiiuihTdridefbrionietitBa  tbiODgh  a 
Wt«d  uixhii*<^  MM^iIoiaqaiiMMM  with  SO  pt&  ■]a>h<>l  of  9S  par  eenL  The  MMchloro- 

ZDiiHHN  Ilka  duBolniv  *''^  ^  ■■■liit^Bii'*^  wi  th  iratOT  jieMa  the  octodiloiiiutcd  cth^ 
jdioqniiUDU^  ^lich  exTitallisra  from  beuene  in  eolonrim  riiombic  T«min»^  often  u 
imh  lon^  and  cahibitiiigthe  combinatkni  nit's  ■  vF  ■  fnP« .  The  compoimd  melta  at 
3M°,  nibliinMalincatimaltoTedat310°;  UnoMljiiuidnUeiiiwatsFaiHluiaoliitioiuDf 
•a^hitM>  bat  duBolvM  «u>1t  u>  aleahol,  «tl)er,  hot  brauena,  and  aoslia  add.  Th» 
alcoholic  aolntion  aft«r  *  mUe  bacomea  acid  and  bron-edonnd,  ^d  iiltimatalr 
d(fM«ita  bl^  priamt  hkTing  ft  metaUie  hutae;  on  addition  of  bTpodiloriu  of  aodinm, 
thaB<diiliMiyialdBgrMnoi7Btali,Budth«nteti«hli]n>qninc>De.  OelodiloriBat«d  eth?)- 
hydroqniiKnis  mixed  -with  quidlimi^  and  moiitaied  ihth  •  fev  diopa  «<  water, 
ezhibita  a  fine  green  eolonr. 

Cilorinalai  QuinkgdroHi*. — The  chlorinated  hTdioqainonsa  combine  with  tha 
chlorinated  quinonea,  foraung  eomponnda  which  m»  be  regaided  aa  dlorinated 
qmnbjdtonea  (a  313).  lliMe  Mmnnuida  are  pradneed  by  mixing  the  aqneooa 
aoliitlonaof  tbeiroomponflDta,  or  t7Uieacdon  of  oiidiain{j  agenta  on  llie  chlnnaated 
hjdrDqniiMmea^  or  of  redndng  agrata  on  the  dilrainated  cnunonea.  The  diciioritiBlBl 
eomponnd,  C^'OO*.  O'H'CaO',  nblimee  in  brown  needles,  irtiich  colonr  the  skin 
pntple,  and  reddoi  litmoa.— The  MreeUtrrinaied  oompouid,  (?H<C1*0VCH>C1>0>,  in 
the  MnhydroDa  aUit^  Ibima  fellow  ajtHtia ;  in  the  h;drated  atate,  with  3H*0, 
it  Ibniu  TioM  iryatala.— The  kexeUarimiled  eomponnd,  CH'CI'O'.CHCl'O*,  afoears 
to  be  (onned  by  treating  tridtlarDqninone  with  a  gnantitj  of  mlphnroni  aad  not 
anSdent  to  conrett  it  oompletelT  into  trich]orinat«d  njdiDqninone ;  and  the  oeloeUo-  . 
nnatoi  eomponnd,  C'H^'O'.  C*C1*0*, by  the  action  of  nitrate  of  ailTeron  prrehloiinated 

nu»p&ebjA«qnlnoDia  mUU  CHTO*  -  CHK>>.PE0'  (Heeae,  Ann.  Ch.. 
Fhann.  ciiT.  292). — Qninio  acid  diaaolvM  in  oold  dilnt«  aqneona  phoapboric  add  with- 
out decompoaition  ;  but  on  naporating  the  aidnlion,  a  copiona  erolntion  of  gas  takea 
place  at  a  certain  degree  of  ooncentration,  and  the  renuunmg  brown  aolntion  eontAina 
■n  acid,  whoas  (mlcinm-aalt,  whidl  aepaiatee  jKutlj  rayatalline,  partW  Mnorpbons,  baa 
the  eoBipoaition  CH'CaFO*.  The  fonnation  of  the  add  ia  lepreeentad  by  the  eq[aation : 

{rH"0'  +  PHK)*     -     C^TO"   +   CO   +  4HK), 
Fhoapholinln- 

QslBleaetiL  qulDoi^ 

■cM. 

Malgtan  or  MrOnqnlBODe.  C"B"SO'  -  SCH*0*.SO>  (A.  Clemm,  Ann.  Cb. 
Plmmi.  ex.  345). — When  enlphorona  anhydride  ia  passed  thr<iiu;b  a  solution  of 
qninong  till  that  oompooiid  is  completely  eonyeiled  into  oolooriee*  fydraqninont^  and 
the  passage  of  the  gas  is  then  ftirtheF  continned,  the  liqiud  sgsin  tnnu  yellow,  and 
deposits,  after  coneentration,  yellow  rhombobedral  ci7>taU  baring  the  abore  compori' 
tiai.  This  eomponnd  ia  Tcry  easily  decompoeible,  and  ^Tes  ofF  anlphnrons  anhydride 
when  heated,  leariag  eolonrleaa  hydioqninone. 

SolplMliT^raqnlnoiile  maUa.  Adds  oontainitig  the  elements  of  hydroqninone 
and  anlphnrio  anliydrida ;  podnced  W  the  action  of  snlphnric  add  or  anhydride  on 
qninic  add  and  hydroqninone.     (O.  Hesse,  Ann.  Ch.  Phonii.  cz.  191;  czit.  293.) 

1.  Diiulpko-Agdros^inonie  aeid,  CTH^IK)' -  C^*0*2S0'.— AvpanifK>n  a/ 


-  - ,  ..-hsdT.  ,  ..  .  ,  . 

tJu  barinm-ialL — Fuming  anlphnrie  add  is  poured  into  fused  or  finely  pnlvtrised 
qoinic  add,  till  a  EMah  udition  no  longer  canaea  any  considerable  erolntion  of  | 
the  liquid  ia^tly  warmed  towards  tbe  end  of  the  i^ieration,dilDted  after  eooling' 
a  large  qnantitr  of  water,  neutralised  with  caiboBSte  of  beriam,  and  CTspontrd  u 


qouuc  acid,  till  a  EMah  addition  no  longer  canaea  any  considerable  erolution  of  gas  ; 
the  liquid  i*  gently  warmed  towards  the  end  of  the  i^ieration,  dilnted  after  eooling  with 
a  large  qnantitr  of  water,  neutralised  with  caiboaste  of  beriam,  and  eTspontrd  to  die 
OTsdulinng  point, 
cclonring  matter,  so  t 

Tlie  aqneona  add,  obtained  by  decompoBLOK  the  barimn-salt  with  the  exactly  equiva- 
lent qnanti^  of  tn^ihnric  add,  or  the  leed-eeJt  with  lulphydrie  acid,  forms  an  add 
^yrnp,  easily  acdnhle  in  alcchoi,  insoluble  in  etirr, 

Tfe  add  is  dibatie,  but  only  the  dimetaUic  calls  baTS  been  obtaiaed.  The  salts  and 
the  equeons  add  produce  with  ferric  bydrochlorate  a  flue  bine  colour,  which  diaappeara 
on  heating,  and  reappears  with  a  dingy  tint  on  cooling.  The  blue  colour  is  also 
deetntyed,  slowly  by  access  of  nir,  Or  by  addition  of  nitric  or  acetic  add,  quickly  bj 
addition  of  hydrochloric,  gnlphnric,  or  tartaric  odd.  A  similar  action  is  exerted  bj 
sal-ammoniac,  chloride  of  bnnnm,  chloride  of  calcium,  sulphate  of  msgneeium,  phoephat« 
of  sodium,  nentiat  acetate  of  lead,  and  ferric  hydiochlotate.  The  salta  separate  melallie 
siher  tram  the  nitrate. 


„ct,CoogIc 


tl8  HTDEOSALICYLAMIDE, 

ThB  laritm-ti^t,  C^'B»'SH)*.4H'0,  forma  baiotiW  monodinic  priimB,  with 
angles  of  113°  i'.  Wlien  bested,  it  gives  oS  niSbcstiDg  npoun,  l^draqainone, 
qninhydioDe,  and  water,  leaving  »  resjdne  of  charcoil,  The  lau  dried  id  the  air,  or 
over  oil  of  vitriol,  gives  ofTat  90°  &om  10-8  to  ll-fi  per  cent,  water  (S  aL  —  Il'SI  per 
ccmt  H\)),  then  b^een  120°  and  160°  an  additi<»ial  3'3  pcz  eeoL  (1  at,  ••  377  per 
ceDt  H*0),  correBponding  in  all  to  1  at.  The  sail  dtMotvea  readily  in  boilioK  water, 
with  diScolIj  lu  oold  water,  and  in  alcohol  atiiet  cold  or  boilings  bat  ii  inidnble  in 
ether. 

The  cakimn'ti^t  resembles  the  bantun-sall. 

The  ltad-*ait,  CH<Pb^0>.2FbH0,  la  iqiarated  from  Ute  ooncpetiated  eolation  of 
the  bariom-Bolt  by  notttml  acetate  of  lead,  aa  a  bnlkr  preoipitatt^  which  quickly  ohangM 
into  yellowish  micioeeopic  ctyBtals  having  a  silk;  hutrs.  When  heateil,  it  aaetuuee  a 
t(«ion-yellow  colour,  and  becomes  Gerboniaed.  It  is  neoriy  insolnble  in  watM  and 
acetic  add,  easily  soluble  in  nitric  acid,  predpitable  by  ammoma. 

The  polMiiujK-taJl,  2C*H'KTSK)'.3H'0,  is  obtained  by  neutralisiiig  the  aqaeeua 
add  witb  carbonate  of  potassium,  and  separatee  with  the  same  composition,  even  fiom 
solutiona  coDtaioing  2  at.  acid  to  1  at.  potaah.  It  fbnna  colourless  prianui  having  a 
saline  taste,  easily  soluble  in  water,  spaiiogly  in  alcohol.  They  ratain  6'9  per  cent. 
— * -a  oil  of  vitriol,  gire  off  the  whole  at  150°,  and  decompose  when  melt—' 


Bait,  which  oyBttilliBeB  in  concenlricalljr  grouped  needles  containing  C'*I  .  . 
Tbis  salt  ia  easily  soluble  in  water  and  in  aqueous  alcohol,  sparingly  soluble  i^  abso- 
luUi  alcohol,  and  ia  predpitatad  therefrom  in  flocks  by  ether. 

a.J)i«BipAotfiiyifr<iffuinoniooci<i,C"H"SK>"-2C*H'0'.aSO'.H'0.— Hjdio- 
Quinone  exposed  to  me  vwour  of  Bulphurie  anhydride  deLiqaeeeea  and  yislds  this  add. 
The  pofotnuni-MU,  C"B'%S<0",  cnstalUseB  in  colourlesa  monoclinic  prisms  or  in 
flattened,  sharp-pointed  needles,  easily  soluble  in  water  and  in  hot  alcohoL  The  solu- 
tion treated  with  ferric  hydnichlorate  acquires  a  transient  dark-hlaa  colour ;  it  forms  a 
iriiito  precipitate  with  ammoniacal  acetate  of  lead,  and  redncoB  nlvsr  fixim  the  nitiate. 

WmtOBAX  lOTX AJgUB.  C"H'fETK)*  -  in(C'H^)'.  SaiAydranridt.  Saluy- 
limide.  Hj/dridt  of  Aeo$aiicgHEttling,  Ann.  Ch.  Phamuxxxv.  261). — TbiBoompouiu 
is  produced  by  the  action  of  ammonia  on  hydride  of  sslic^l  (salicyloaa  acid) : 

SCTH'O"  +  2HH"  -  C"H"NK)'  +  8H*0. 
The  hydride  of  salicyl  is  dissolved  in  3  or  1  times  its  volome  of  cold  alcohol,  and  a 
qunnti^  of  ammonia  is  added  equal  to  that  of  the  hydride  of  salii^l  employed.  The 
aolution  then  immediately  pelds  yellowish-whitfi  neeales,  and  soon  solidinee  in  a  mass. 
On  applying  a  gentle  heat,  the  product  diseolvea  completely,  and  the  liquid,  on  cooliof^ 
deposits  CTjstals  of  hydiosaliirrlamide. 

HydrosolicyLumde  crystolliseH  in  tridlnic  prisma,  without  modification.  Angle 
a^T:  asP;  =117°  30'i  oP:  oo/P  -103°  30';oP:  b>P'=S3°30'.  It  i^jpears  to 
bo  insoluble  in  vtaUr,  and  dissolves  but  sporiiigly  in  cold  atcoAol,  but  quickly  in  abont 
ED  pts.  of  boiling  alcohoL  At  300°it  mdta  to  a  yellow  and  brownish  mass,  yielding 
a  white,  vei7  light  sublimate,  At  a  higher  temperature  it  carbonises.  It  is  not 
deeomposod  by  weak  polaii-l^  in  the  colC  but  on  boiling  it  gives  off  ammonia  and 
forme  salicylide  of  potassium.  Dilute  aeidt  also  do  not  decompose  it  in  tho  cold,  but 
1 «: — ._?-  : J... .J J  Lwj-:j„  .K«-„i:^-.i  :^  -^t  i 'oi:**^^^  ..i_l...u. 


heating,  ammoQia  is  produced,  end  hydride  of  salicyl  ia  set  fne.  With  an  alcoholic 
solution  at  tvipAydric  acid,  it  yidds  hydride  of  sulphosalieyt: 
C^H'IW  +   3B?S     -     SCH-OS  +   28^. 
Hydronllcrl-  H  jdnda  of 

Hiilili.  ulpbe-unoL 

HTdrosalicylamideformssevenlsaltsiuirtuchpart  of  the  hydrogen  ia  r^lacedby 

mclallic  radidea.  

The  aipro-cupramfnome  tali,  C"H'*(3u'(HH*Cn}N'0*,  is  obtained  b]r  mixing  a  very 
dilute  and  slightly  cooled  aleobolic  solution  of  hydrosalicylamide  with  ammoniacal 


D  then  bnt  alowlj-.     They  melt  when  bested,  and  yield  by  distillation  ai 
""  "  "'  '       ing  the  odonr  of  gum-beaioin 

'o  prepare  this  salt,  an  o^ueona 
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K^otion  of  ftrric  eUoride  u  mixed  with  a  qcuntitj  of  (sxtaric  add  mBdent  to  pment 
iti  pncipilation  bj  ft  Ituge  ensm  ot  MnmODia ;  m  ■■tontcd  aleoholio  loliitioa  oi  hjdni- 
nhciykiiude  is  tbea  mii«d  with  ■  quuiti^  of  ammoDu  infficient  to  enable  it  to  be 
tre^ed  with  30  or  40  times  ila  Tolmne  of  cold  Titer  withont  becominK  ttubid ;  aod  tlie 
two  lolatiDaB  are  mixed.  The  mixtme  immediatelj  tequire*  ft  de^iblood-ied  colour, 
sDd  ftftej'  iome  time  denoatts  a  jellovi^-ted  flocenlent  [ovcipitats  which  gradnallj 
becomea  dftiker  aohnaed  aad  granular.  Tbit  prec^iitBte  ta  partull^  adnble  in  alcohol. 
It  ia  not  dceompoMd  Iqt  cold  dilnte  hjrdrochlorie  aei^  but  the  hot  concentnted  add 
deoompoaaa  it,  will)  aapantion  of  hjdnde  of  s^i^L 

ZitM-taUt. — Two  of  theae  aalta  appear  to  exist.  One  of  thnn  is  obtained  by  roizilig 
ft  adotion  of  acetate  of  lead  with  ten  timea  ita  volume  of  alcohol,  heating  the  mixtnii-, 
ponling  in  ft  little  «■■'"""'»,  and  adding  an  alcoholic  solation  of  hydrosaliojlamtde 
containing  ■  nnall  qnantitj  of  ammonia  till  the  precipitate  which  forms  at  &rat  no 
longer  TedimolTee  in  the  hot  liqnid ;  this  Uqiud  on  Cooling  depoaita  a  jellow  granular 


powder. — The  other  lead-salt  at  hTdrosaliin'lamide  is  obtained  Dj  mixing  a  uhitiDn  of 
the  hjdramide  with  aqnwnia  ammonia,  and  adding  in  the  edd  a  aolntiou  of  acstat«  of 
lead.    Light  yellow  flocka  aie  then  (biined,  which  become  itronglj  alMrie  by  Motion. 


OnH»BrTPO'  -  M^C^'BrO)*.  Sgdridt  qf 
BromaMotaiksil.  £tmiwramid>. — Obtained  b;  the  action  of  ammonia  on  hjdnde  of 
l»otiMiaali(7l  (bnnaoaalii^lona  add).  Its  pmpettiea  and  reactions  are  piedeelj  ftnalo- 
eoiH  to  th«N  of  UijB  following  eomponnd.     (Firia.) 

WjllrftiiliUfii— HnjlBinKla  C»H>'C1'NK)'  -  tP{C'^'ClOy.  aydridi  of 
CAforasMofAyl.  CUorMomiit  (Piria,  Ann.  Ch.  FhTS.  [3]  Ixix.  SOS).— Fn>dnced  by 
the  action  of  ammooia-^a  on  hydiide  <A  chltn^walicyl  (chl<uoBali<7lons  add) : 

SCHKaO*  +  SHH*  -  C^WCfSW  +  aHK). 
On  passing  a  current  of  diy  ammonia  gas  over  diy  chloroaalicylons  add,  the  gas  is 
abacrlied  and  a  yellow  reeinona  masa  is  foimed.  To  complete  the  reaction.  It  is  neees- 
aaijr  to  withdnw  the  maas  from  time  to  time,  pnlTeriBe  il^  and  again  submit  it  to  the 
action  of  the  gas.  The  product  is  tJieo  cryBtallised  from  absolute  alcohol,  or  better 
from  hot  anhydrous  ether. 

Hydrodilaiosalicylftmide  oystallisea  in  small  yeSow  scales,  tasteleas,  nearly  insoluble 
in  water,  but  sohible  in  alcohol  and  ether,  rapedatly  with  aid  of  heat.  Absolate  alcohol 
disscJves  it  withont  alteratioQ ;  bnt  hot  aquroua  alcohol  decompoacs  it,  eliminating 
ially  in  prasence  of  acid  or  alkaline  liquids. 
UOXT&    A  hydrous  varisty  of  aupt^  oeeurrina  inamoiphoua  uui 

the  palagonite  tofk  at  Palagonia  a^  Ad  Castello  in  Sidly,  aasocii 

or  mixed  with  b(rsetielit«,  phillipeite  and  caldte.  According  to  t.  Waltershausen,  it 
contaiaa  43-03  KO'  4-B*  Al-O",  2719  CaK),  S-41  Mg«,  2B1  Na'O,  267  K-O,  15-08 
ntar  and  earb«mic  add,  and  2'19  insoluble  matter.  (SamfntMer^i  MintraleiemU, 
p.  Ml.) 

■   A  ateatite  &om  OSpfengrun,  in  which  KlaprotJi  found  £9'&. 

ITAXiOmk  A  talo-Iilie  mineral,  tranalnoent  in  thin  folia,  &om  Snarum 
in  Norway, where  it  occurs  imbedded  in  seipentine.  Hardness  ••  2-0  (Hochstatter). 
Spedflegrati^B  2-091  (Rammelsberg).  It  dissolTCS  easily  and -with  effbrrescence 
in  adds,  Mtaioing  its  solubility  after  ignition.  Hermann  examined  a  mineral  ^which 
he  called  Voltnerite)  eyidenlly  identic^  with  tliis,  from  Behaechemskqa  Qora  m  the 
Uml,  wfaero  it  occurs  in  the  mica  alate,  together  with  dilraoqiinel,  bydrarglllile,  and 
other  minerala,  and  is  said  sometimes  (o  form  six-sided  punns  dsaTing  perfectly 
puallel  to  the  leiminal  &ces.    Spedflc  grsTity  —  3-04. 

Analgta.  a.  by  Hoahstetter(J.pr.  Chem.xxTiL  37fl). — b — a.In  Bammelsberg 
(MinemUitniie,  p.  IBS) /  by  Hermann  (J.  pr.  Chem.  xlri.  237). 
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■TSaosiMOtVB.    See  Zam-BLoom. 

Mll»umiKZO  AOXB.  CH<N^.— An  acid  belongiiia  to  the  tuic  add  graap 
diMorerad  br  Schlieper  (Ann.  Ch.  Fhsrm.  eri  11),  uia  farther  inTeitigBted  In- 
Baejer  (>MI.  oavii  II).  SehUeper,  who  uaigned  ID  it  the  formola  C"J9>iV>0'I, 
oooe  obtained  it  aocident^lj  in  treating  nrie  acid  with  dilute  oitnc  add,  and  ooneen- 
tiaUng  the  mother-liqaor  maaiiiiag  after  the  alloiaa  (i.  13f>)  had  ci7>talliw<l  out; 
bat  he  did  not  meceed  in  preparing  it  t,  seoond  time.  It  wu  reaUj  pnidnefd  by  the 
decompcHntion  of  dialnric  acid,  irhicb  is  one  of  the  prodQcU  of  the  aeUon  of  nitiit;  acid 
upon  nric  acid  (ii.  Sflfi),  and  in  Schlieper'a  eneriment  int  decomposed  bj  the  heat  of 
tba  aand-bath  in  which  the  frnipf  liquid  had  beeo  alloired  to  moain. 

Ba*;ei  obtain*  hjdanlis  add  bj  neating  dialorio  odd  with  glycerin  (vhieh  acts 
merely  as  a  aolvent)  to  abont  160",  the  dialnric  acid  then  qilitting  up  into  bjdanlate 
of  ammonium,  fbimie  acid,  and  carbonic  aDhydtide : 

I-   CHW  +   SCO*. 

Frfparation  from   Uric  acid, — The  one  add  is  flnt  ooBTCited   i 


xrta  unc  aao.  ana  dBooionsea  u  neceasarj'  viu  pnn  aaimsi  cnarooai,  is  coarmea 
to  dialnric  add  l^  reduction  wUh  stannons  chloride-  For  this  pnrpoae,  a  qoantitj 
tin  equal  to  the  weigbt  of  uric  add  employed,  is  dissolved  in  sxcen  of  strong 
drocbloric  add ;  the  still  hot  liijaid  is  added  dl  at  once  to  the  alloxan  solotion ;  and 
:«  hydrochloric  add  is  added  till  the  Yolnme  of  the  liquid  amoiusts  Ic  '  '" 

-'  -' — '■-  --'  ' — ■■     "" '- oportions  most  be  carel 

is  obtained  iutead  of  < 

s  used,  dialuiate  of  tin  npaTatea  in 

, .   „ — J. -BaTinj  the  etronf^y  add  solution  to 

stand  ftor  a  day,  dialmic  add  ctyBtalluee  oat  in  ysllowish  stellate  grotipa  of  short  fimr- 
sided  prisms,  which  most  be  quickly  washed,  and  dried  in  a  Tacnnm.  The  quantity 
DbtainDd  amounts  to  about  £0  ^er  cent,  of  the  nrio  add  employed. 

To  convert  the  dialnric  add  into  hydurilic  add,  9  pta.  of  the  perfectly  dry  substance 
is  mixed  in  a  capadous  flask  with  6  pta.  of  concentrated  glycerin  (as  it  is  obtaiaed  by 
evaporation  in  a  basin  till  its  temperature  rieeeto  160°),  and  heated  in  an  oil-bath  to  1*0" 
— ISO".  A  brisk  andregnlar  evolution  of  carbonic  anhydride  then  takes  place,  and  as 
coon  as  this  ceases  and  the  contents  of  the  flask  hare  become  solid,  the  temperature  is 
raised  ibr  a  short  time  to  160°,  and  the  glycerin,  after  cooling,  is  removed  by  washing. 
A  yellowish-white  granular  powder  is  then  left,  connsting  of  add  hyaurilfit«  of 
ammoniom  (p.  221).  The  glycerin  lakes  no  part  in  the  reaction,  but  acts  merely  as  a 
BOlvent. 

To  obtain  the  free  add,  it  is  best  to  convert  the  acid  ammoniuii-salt  into  a  copper^alt 
and  decompoee  tbia  salt  with  l^drochlorie  acid.  The  crude  ammoninm-salt  is  dissolved 
in  boiling  wat^r,  ammonia  is  added  in  Blight  excess,  and  solution  of  cnpric  sulphate  is 
added  to  the  filtrate.  The  liquid  then  assumes  a  da^-green  colour,  Bnd,if  hot^  deposits 
on  cooling  red  warty  crystals  of  neutial  hydurilate  of  copper.  Thia  salt  is  then  de- 
oomposed  by  hot  hydrochloric  add,  and  the  hydurilic  acid  which  crystallises  out  is 
washed  with  dilute  hydrochloric  add  and  dried  over  the  water-bath. 

iVo^firs.— Hydurilic  add  prepared  as  above  fbnns  a  bulky  white  povdec  having  a 
yellowish  tioge  ;  by  once  reHOTstallisiog  it  from  water,  it  may  be  obtaiaed  quite  pure 
and  colourleBs.  It  is  very  sparingly  soliXle  In  cdd  toattr,  somewhat  more  in  hot  water, 
and  cmtallises  there&om  on  coding  in  smtdl  fbur-sided  prisma  containing  4  at.  water, 
CH^WiffO.  It  is  also  bat  very  slightly  solable  in  ofcoini,  which,  however,  does 
not  predpitate  it  fnm  the  aqueous  solution. — SidphitTie  acid  dissolves  it  without  de- 
compodtiDD,  and  oD  adding  water,  part  of  the  hydurilic  acid  separates  out  again.  In 
iydroclUoric  acid  it  is  even  less  soluble  than  in  water,  and  is  gradnally  precipitat«d 
bj  it  &om  the  aqneoua  solution.  From  a  hot  concentrated  solutioh  in  hydrochloric 
acid,  or  from  an  ammoniacal  eolution  decomposed  by  hydrochloric  add,  it  separates 
as  H  crystalline  powder  conaiating  of  rhombic  tablets  containing  2  at.  wat«r  of  crys- 
tallisation: C'H'N'O'.aH'O.  The  water,  amounting  to  6'88  per  cent  (2  at  -  677) 
is  given  ofl' at  110°. 

Hydurilic  add  bean  a  tolerably  high  temperatare  without  decompontian ;  it  like- 
wise offers  considerable  reeietance  to  the  action  of  alialii,  bdng  attacked  bat  slowly 
and  without  blackening,  by  melting  potash,  with  fiirmatian  of  oxalic  add.  It  is  not 
attacked  by  reducing  agents ;  but  onifuni^  ojKtifs,  such  as  cilerinr,  bnnniru,nilTic  acid, 
oxide  of  nlvfr,  peroxide  of  lead,  and  umiekltride  of  iron,  attach  it  very  quickly, 
fielding  various  prodocte.    When  heated  with  ^rrio  eUoricU,  it  yields  oxyhy- 
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0/  polaiaium,  hjdarilic  add  jielda  dichloro-hjdnrilio  acid,  C^'CITN'O',— 
Fnmiiig  nilrii;  aeid  conTerta  it  iato  alloian  withoot  *iir  otbor  prodaet;  bnt  with 
nitric  add  of  ordinar;  streDgtb,  it  jitddi  nlloiaD  togeUieT  iritli  violitiic  acid, 
TJolantin  and  dilitaric  acid  <ii.  666).  If  the  action  be  cairied  on  to  the  end, 
with  aid  of  heat,  the  011I7  product  is  dilitnrio  add  * ;  bat  if  it  he  intsnupted  at  an 
eaiUer  stags,  a  mixbtre  ia  obtained,  mying  in  compodlaon  according  to  the  duration  of 
the  action: 

(^HfNH)'   +  NHO*     -     CmSHy  +  tWlPO'  +   H'O; 


Dilitnric  add  maj  indeed  be  regarded  as  a  prodnct  of  the  (nidation  of  riolnrie  acid, 
C'H"H"0*  —  CHWO*  +  0  ;  and  TJolantin,  C'H'NW,  is  a  eomponmd  of  the  two.  With 
niirtnu  aeid,  the  aame  piodnota  are  obtained.  With  nibite  of  potaasilnn  and  exeen  of 
DitBHU  add,  the  pndncCa  ate  Tioluste  of  potaoriom  and  alloxan: 

CHTt'O'  +  HKO"  +  2NH0'  -  C'H'KNK)'  +  CHTPO*  +  2H'0  +  2N0. 
HTdurlllE  VJolaiwa  or  Alloua. 

HTdnrilie  acid  ii 

whidi  the  add  and  ila  salts  p 

dcatroTsd  bj  stroEig  adds  and  alkali^  alio  hj  heat,  the  hydorilic  add  then  decompoaing 
and  Ok  colimr  chuging  to  red.  ChanetenMie  aieo  are  the  chalk-white  predpitatea 
produced  on  adding  nydrocUorie  add  tt>  the  alkaline  solntion,  and  the  reactions  with 
hydrochlode  add  and  chlorate  of  poteasiiun  and  with  nitric  add,  joit  roentianed. 

WrAmrOmtaB.  HTdnrilic  add  ia  dibidir,  jneldin^  both  add  and  nontral  nlta.  It 
diasolrea  eaail;  in  amnioai*,  potash,  and  loda,  fbrmuw  moderately  aolable  salts ;  the 
other  hfdnriJi^  are  spuinfi^  aotable  er  inaohible.  These  salta  cannot,  hoverer,  in 
genenl  be  obtained  hj  doable  deoonpontioo,  since  the  add  has  ■  great  tendencj  to 
nnn  doable  salta ;  ther  most  theiefrae  be  fsepaied  with  tie  free  add.  The  add 
decompoMS  most  metaUic  chlorides,  forming  acid  salts ;  also  acetates,  with  fonnation 
of  nentcal  lalti^  excepting  in  the  case  of  the  ammoniain-  and  potaaiium-saltih 

EfduTilalii  of  ^mmontuni.— -The  add  talt,  C*H*i;NH')N*0<,  obtained  by 
heating  dialorie  add  in  glycerin  (p.  230),  is  nearly  pure,  baring  only  a  fsiat  ysUowish 
eoloir.  It  is  modatatel^  aolnble  in  boiling  water,  and  separata^  on  coding,  in  crosts 
and  giMmlML  By  adntion  in  hot  dilute  ammoaia,  and  ta«cipitatioB  vitii  aoetiD  add, 
" ''obtained qrate  ptD*^ in fnull octahedral  cryEtals,  vhid), Dovever,  tc "  >---"._.._ 

D. -.1 .._, L  ,r.i. -Qonis,    The  otjltals  are 

y  mixing  the  add  salt  witii  ai 
fates  troai  a  hot  satoiaUd  sdnlioD  by  rapid  oooung  in  needlea  containing  2  at 
wator;  iti«alMobtaiiMdintheBamefiambTpredpit«tionwithsnl{^deof ammoninm, 
in  wlueh  it  is  insolnUe.  1b.t  wdntMii  vben  uA  to  «tand,  or  slowly  erapontad,  dqiosita 

vffloreKin^  with  loat  of  water  and  ammonia,  when  exposed  to  the  air.  (For  Kammds- 
berg's  dcteminatioa  of  the  form  of  these  crystals,  see  Ann,  Ch.  Fbsrm.  cxxrii.  19.) 
The  salt  is  moduatelr  iohible  in  water,  vary  easily  in  ammonia,  and  is  eomi^etely 
piedpitated  therefrom  by  alcohd  in  traoiphons  Socks  or  in  needles. 

Sydurilata  e/  Barium  (nentral),  C^fBa*N<0*.2HK),  is  obtained  M  an  unor- 
phona  predpitale,  which  soon  becomes  oystalliae,  00  adding  a  hot  solution  <^  hydnrilic 
add  to  acetate  of  barinin, 

ByduTiUt«$  of  CaleiKtB.  — The  aeid  lalt.  <?H*CaN'0'.8H»0,  stjarates,  on 
adding  hydnrilic  add  to  a  solntion  of  chloride  of  ealdnm,  in  small  fining  prisms, 
insolnble  in  water.  The  neutral  tall,  CH'CaTN'O'.BnK),  is  obtained  by  decomposing 
aeetate  of  ealdnm  with  hydariHc  add,  as  an  amorpbons  predpitate,  which  becomes 
erjitalline  on  standing.    It  gives  off  2  at.  water  at  130°. 

Bydurilaiei  of  Copper.— Tht  acid  talt,  CfH»CnN*0'.eHK),  is  obtained  by 
adding  cnpric  acetate  to  eicrai  of  hydnrilic  acid,  or  by  mixing  the  add  with  cupric 
snlph^.  From  concentrated  solotions  it  sepamtee  in  green  needles ;  from  more  dilute 
•olntiotil;  in  thin  prisms  of  a  shining  yellow  colour.    It  ia  decomposed  by  excess  of 

■  ScbllcBer'i  *■  niini.liTdgrllU:  idd,' otMlneil  bi  Ibeutlonor  hot  nitric  mctd  an  hjiliiTlUc  add,  vu 
_..,-  j„..„-._ ._.. ._^^  potatb,<lefiT«d  mm  the  impure  brdiulUo acU ued.  (Bsa  ja  r. 
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Btrong  adds.  When  holed,  it  giret  off  the  irtiale  of  U»  mter,  uti  <i  MUTnted  into 
a  Tfid  pcnrdor  of  the  anhydroai  udt,  which  ii  also  pi«cipitat«d  immediately  from  hot 
Bolntiont. 

The  iKUiral  talt,  C"H'On'M'0".8H»0,  ii  obtained  ly  adding  hjdnrilic  add  to  exeew 
of  cnpric  acetate,  or  by  nixiiig  the  nentnl  ominoniniii-  or  eodiam-Balt  with  niprie 
sulphate.  Cold  dilute  solatiDDB  yield  ■  red  predpitate  of  the  hydnted  nit,  conlisting 
of  ahoirt  needlea ;  wtrra  eonoenlzated  solntioiiB,  a  doA  brown-ied  piedpitate  of  the 
anhydnm  nh.  The  r«i  >alt  ia  ooDTeFtad  by  heat  into  the  brawn  aolt,  ginns  off  ita 
water,  bat  lecoren  it  in  contact  in  water.  The  ult  i>  decompOMd  by  exceai  of  hydro- 
chloric add,  yielding  hydorilic  add  and  chloride  of  copper. 

Hydutitatti  of  Iron. — The  ferric  salt  is  a  dark  green,  eaail;  decompoaible  pre- 
dpitate ;  the  ftrrtntt  4ali  is  a  while  precipitate  which  soon  tuma  green. 

Hydnrilale  of  Ltad  ia  a  white  predpilats,  insoluble  in  ocetie  add,  insoluble  in 
wat«z,  Bolable  in  nitric  add;  obtained  by  adding  hydnrilic  add  la  neutral  aoelate 
of  lead. 

Hgdurilalt  of  Pctattium  ha*  not  been  obtained  in  definite  form.  A  aolntiou  of 
hydnrilic  add  in  potash  mixed  with  acetic  add,  yields  hydnrilic  add  eontaining 
variable  qnontities  (rf  potash ;  alcohol  also  thiowa  down  tram  the  some  solntion  a 
anbatonce  conttining  more  potash  than  tlie  neutral  salt  voold  contain. 

Sfdurilai*  qf  Bitvtr, — jlcetateof  tilrer  forms  with  hydnrilic  add  small  shining 
prisms,  which  soon  torn  grey :  with  a  cold  solntion  of  hjdorilate  of  ammonium,  it 
forms  a  white  predpitBte ;  with  a  warm  solntion,  cry«taU  which  soon  turn  block.  On 
bailing  the  silTcr^alt  with  wntm,  silver  is  redoced,  and  the  hydnrilic  add  is  oxidised, 
forming  oiyhydurilic  acid  (p.  221). 

BsduTxiate  of  Sodium,  OH'Na'N'C 
of  hydnrilic  odd  in  strong  sods-ley  with  ai 
ealt  then  separatea  in  small,  ooLcnuless,  jhining  prisma,  which  are  moderately  s<dnble 
in  cold,  Munly  in  hot  water.    The  sdd-sslt  does  not  appeoE  to  exist. 

H^duritalet  o/ Zinc— The  aeidiaU,  CH'ZdNK)',  erystallius  from  a  acantion 
of  nn»«hLiride  mixed  with  hydnrilic  add,  in  beautifnl  fe^eiy  groups  of  oeedlee 
having  a  strong  Insbe.  The  nnOral  aalt,  (7H<Za*N'0*.lHK),  separates  on  mixing 
hjdnnlie  add  with  eiom  of  nno^olatiou,  as  a  white  amorplions  predpitate,  which 
■oon  beeooes  crystalline. 

IMeU«l«hjdnrUlo  wiM.  CfH'Cl'N*0'.— This  compcnmd  is  prepared  on  adding 
dilwUe  of  potasainm  by  small  portions,  and  with  const«iit  stitriDg,  to  a  past;  mixture  of 
hydnrific  and  stiong  hydiDddoric  acid.  A  snow-white  powder  is  thns  obtained,  wliich  is 
Tciy  slightly  wdnble  in  water,  either  hot  or  cold,  and  is  most  eosly  pnrifled  by  dissolTina 
it  in  itimig  m^nrie  add,  which  exerts  bat  little  action  on  it,  tnt  Uiii±enB  when  heaUd 
with  it  over  tlw  water-bath,  and,  on  giadool  addition  id  water,  deposits  the  ddoiinated 
add  in  small  rhcnnbia  ciyitals,  containing  (7H*C11I*0*.4B'0.  It  is  sspedally  per- 
manent in  odd  liquids,  ia  not  attacked  b;  dilotine,  and  bnt  douiy  by  warm  nitric 
add,  with  fbrmatJoD  of  dilttDric  add,  bnt  is  easily  deeompoeed  by  alkuia. 

DichlorohTdnrilic  Odd  is  a  strong  dibasic  add,  which  dissolTes  in  alkalis,  especially 


The  nailral  potaatiim-tait,  I7B'K%1'N'0'.1H*0,  crysUlliBea  &om  a  warm  aolDtion 
of  potash  satnrated  with  the  acid  in  roiall,  beautifsl  six-sided  tables.  It  dissolrea 
sporinj^  in  cold,  more  nadily  in  hot  water.  It  retains  its  wtlua  ot  oystallisatiDn  at 
120°  i  at  a  stroQgtT  heat  it  turns  red  and  deoomposea. 

(Wohler  and  Losaen,  Ann.  Ch.  Pharm.  cxxi.  STi.— Logaen, 
ic  bass  occarring,  together  with  oocame,  in  CDca-leaYFS 
9  two  bases,  the  leiiTei  are  exhausted  with  rain-water  at  a 

;  the  united  otraels  are  precipitated  with  neutral  acetate  of 

lead  and  filtered ;  Ihe  filtrate  ia  predpitated  with  a  Mlnrated  sqnsons  loiutioD  of 
sulphate  of  Bodinm,  again  filtered  tuid  Concentrated  ;  and  tlie  concentrated  liquid,  after 
bring  rendered  slEghUy  alkaline  by  carbonate  of  sodium,  is  agitated  fonr  or  six  times 
with  ether  to  extract  the  cocaine.  The  remaining  liquid  Tuixed  with  an  addilJonal 
quantity  of  carbonate  of  sodium,  and  again  shaken  with  ether,  yields  hygriae  and  a 
neutral  oil  hariug  tie  odour  of  tobacco.  These  mbntwicce  remain  when  the  ether  ir 
distilled  off;  and  on  further  heating  tie  raHidnB,  till  if  '    "      '     '  '  ' ' 

rtees  to  above  280°,  and  a  brown  alialine  oil  distila  0 

buhind.    'When  the  distillate  is  maintained  »tl40",_._   , 

hydrogen,  the  greater  part  possea  over  of  a  yellow  colour  (a),  while  the  remainder 
Tolatilises  only  at  H0°  to  230°,  and  condensoe  to  a  thick  brown  oil  (6).  Eyj^ine  is 
coatained  in  both  portions ;  that  in  A,  however,  is  contaminated  with  a  ncniral  oil ; 
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thit  in  a  with  an  Aaallj  ToUtOiwa  nUbince.  To  n 
is  conTsited  into  cnJste,  the  s«U  ia  dinolvad  is  abaolat«  sleohol,  the  aolDtion 
empontcd,  and  Uie  reoidne  mixed  with  euiatio  patsab,  vhicb  aepuatce  the  hjgnna 
in  tlie  tatta  at  oiL  The  alkaUne  Biililtioii  ia  heated  to  boiling  in  a  stream  of  hj^o^eo, 
whra  tha  hygrinr,  dinolTed  in  the  vatrr,  paaaoa  over  (bj  addiDa;  valpr  \o  the  neidne 
and  again  £>Iilling  to  dirnea^  a  farther  qnantity  ma;  l>e  otitauied),  miil  ia  extracted 
from  the  diatillale  bj  eOier ;  on  again  »li«rilHng  tha  etherMl  sohition,  the  hTOrine 
remmna  befaind.  The  nenbal  oil  in  i  U  remored  by  diaaolTio^  h  in  vater  containing 
hjdrodiloiie  aeid,  shakiiig  the  aolntion  with  elhat,  and  aeparating  the  ethereal  layer ; 
aftt*  iriiidi,  tlie  Mid  adntion  ia  rapttaatnTated  with  eanatio  ai^  and  the  hygrina 
tak«i  i^byethw,  aain  thetreatmoitof  0.    (Loaaan.) 

Hygnne  ia  a  thick,  pale-yellow  oil,  hiving  a  BiToag  alkatine  reacliOD,  a  bumiog 
taste,  and  an  odosr  of  trimethylanune.  It  pnidncee  iriiite  clonda  with  the  Tolatile 
mai»;  diatili  ve>7  alowly  with  n^or  of  water.    It  doea  not  appear  to  be  pDlaanana. 

Hygrine  doee  not  diaaolve  in  jeattr  in  all  prc^mrtioDa.    The  aqoeoiu  aohitioa  fonna 


giaoBlar,  bat  not  brown.  Hygrina  ftnua  white  predpitatta  with  ^Uotida  of  nareury 
and  mtrofa  ofiUvir;  the  aimr  praoHtate  qnioUy  tnma  brawn. 

Hygrine  eombinea  with  I^fdroMorie  aeid,  terming  deliqiteeenit  OTttak.  The 
aqneonahydroehlontelbnna  abrowDfloeenlentptaeipilatewith(K'N>iS((«i>/]»(aunin, 
TM-whita  with  dieUoride  of  tin,  wfaita  with  eorrotive  iMwuUe,  partly  floocalrnt  and 

Kij  in  oily  dropa.    With  ^liioridt  ofjiatmuat  it  fcrma  dir^  irtiite-ydlow  (or  red) 
aa,  which  are  decompowd  by  healing  the  Uquid,  and  da  not  lypoar  in  very  dilute 
Bohitiona.     Fierie  add  thniwa  dowB  firom  hydwehkrata  at  Iq^pitM  ■  yellow  powder ; 
g^otamtio  aeid,  n  white  poeciiatate. 
Hygrine  diaaotrea  in  qmmIm  and  in  etier. 

measure)  ia  any  iuatrnment  which  measures  the  amount  or  d^ree  of  moiatnre  in  the 
atmosphere.  There  are,  howerer,  aeveral  kinda  of  hjgrometenp  wfaidi  meaanre,  or  are 
■aid  to  neaaore  moialDre,  by  entirely  ddffimint  modea,  and  the  problem  itself — to  «eti- 
Diata  the  degree  of  moistneaa  of  the  air— i»  found  on  examination  to  be  quite  ambiguoua. 
It  ia  therefore  neceaaaiy  to  attend  to  the  principles  of  the  mbject. 

Frine^ltt  of  Bygrftmitry, — Vfiinr,  boui  liquid  and  eolid,  alwaya  tends  to  aaaume 
the  gaaeooi  form,  >nd  in  ao  doing  exerts  an  eUstJe  force  increasing  aa  the  temperature 
riwa.  la/j^.  6Sa  the  earre  A^C-is  drawn  ao  aa  to  repreaent  the  law  of  the  elaatio 
foioe  of  aqneona  vapour :  if  the  divisioua  along  the  honaontal  axia  represent  the  tem- 


Fiff.K6 
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.^ 

^ 

..c. 

ott-r      t 

pnatore  of  the  water  in  dPEreeaFahr.,  tha  perpendicular  lines  drawn  trom  them  to  the 
corye,  being  measured,  will  give  tha  qorrH^Kjnding  force  of  its  vapour  ee"      '   "     ' 


rtimatedJD  the 


h^^t  of  the  eolnmo  of  meieaij  whkih  it  would  be  able  to  aoetam. 

nie  daatic  force  obviously  increaaee  in  a  hi^er  ratio  than  the  temperatare,  and,  in 
order  thataoeh  increasing  fbreenuqr  be  exertM  when  water  is  eonflned  in  agivensTOen, 
it  ia  nei?«awrr  that  a  ittget  and  lawet  qnantity  of  water  ahonld  become  T^onr.    It  ia 
tint  if  the  wei(^  of  n^onr  be  not  inenaaed,  its  elaatie  force  will  ru«  with  its 
'  '  ''x   For  aqnaoos  vapour,  like  any  other  gi 

nperBtnrs. 

Id  has  the 


.   For  •qDaooa  vapour,  like  any  other  gas,  tends 
expand  brtijdi  part  of  its  volnma  at  S2°F.fi»e*ei7  degree  of- '  '— "- 


Thna,  if  the  v^>Dur  which  riaes  from  water  at  the  temperature  of  6i 
daatk  force  of  -SIB  inch  be  eooflned  in  the  same  apace,  but  q>a7t  fhnn  w 
healed,  its  elastic  fbrce  will  rise  in  a  manner  lepresf  nted  by  the  straight  line  BE 
(^,S6B);  but  if  more  water  bo  present  to  supply  additional  v^tonr,  the  elaatie  frace  (^ 
the  whole  vapour  would  rise,  a«  shown  by  the  curve  BC. 
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On  the  othcE  luuid,  if  tli«  Taponr  at  60^  F.  be  eoolad,  it  will,  u  igUi'tend  to  exert 
an  sUitic  forca  fiUling  u  the  Knusht  lioe  SD.  Bat  Uis  eUttic  force  vhich  liquid 
water  exerts  fidl*  more  rspidlj,  aa  ahawn  b;  the  curve  BA ;  heace  part  of  the  nponr 
must  be  condensed  to  the  liqnid  condition  until  the  ekatic  force  of  the  remainder  i« 
not  neater  than  that  which  riaea  from  v&tar  at  that  tempeiKture.  The  following 
deSnitioni  will  now  be  undant«ad  Aqaeona  t^ioiu  ia  (aid  M  be  taluraiad,  and  ^ 
maxinuuntliuliefiinie.wiMt  anj  rednetiiHKtf  tenipeiatara,  or  ao;  increase  of  prcaBiir& 
would  cans*  some  of  the  Tipoar  to  be  eandenaed.  The  tempeiatan  of  saturated 
vapour  is  said  to  be  at  the  dew-point  Thuaaqueaoav^NMiTDf  6D°F.stid  irfan  elastic 
force  of  '618  inch  ie  saturated,  and  60°  is  its  dew-pomt.  Anj  portioo  of  aquaoua 
vapour  has  a  dew-point;  for  the  tempersture  m«f  alwajs  be  ndoced  so  low  that  a 
pintian  will  be  condensed  bj  aaj  fbrth^  reduction. 

What  ia  true  of  aqneona  vapour  alone  M  alM  trna  of  aqneovf  vapon  mixed  with  air : 
Ibr  it  is  a  law  that  mixed  gasM  do  not  exert  their  preeaora  upon  eaoh  otber.  Tie 
onl^  difference  is,  tliwt  vapour  does  not  ^iread  to  rqndlj  into  a  space  occoined  I^  air 


a  vaeomu  space.     In  an  ti 


itdy  malt  ipaee, 


1,  the  v^KHir  and 


air  ma;  be  cottsidered  piafectly  independent  of  each  other.  Tlie  larger  the  Tolunu^ 
the  longer  do  we  nned  to  wait  until  diffluion  has  produced  perfect  mixture.*  Air  is 
aaid  to  be  satoiBted  with  moisture  when  the  aqaeoos  THpoor  it  contains  is  of  maninaiii 
elastic  force.  The  temparatore  of  the  air  is  then  called  its  dew-point— for  an;  redac- 
tion of  temperature  woold  cauee  the  condensation  (^  some  Y^ionr  in  the  form  of  devg 

The  dtgrt»  of  ktmidttj,  or  qf  laiuniiion,  is  (be  ratio  which  the  vapour  in  the  air 
bears  to  what  it  mi^t  contain.    (Sea  Bjua,  pp.  SI,  SS.) 

OoBdamrias  Hyiromatf  are  tlioaa  which.  In  cooling  the  airuntil  the  contained 
vapour  begins  lo  be  condensed,  indicate  the  dew-point,  and  thus  enable  us  to  leani  the 
elastic  force  of  tbe  vapcnr.  Dalton  first  proposed  this  method  of  Hygromeby,  using 
acnp  of  cold  watj>r.  Le  Boi  propoaed  the  nae  of  ice  for  this  purpose;  and  in 
the  absence  of  an;  hygrometer,  the  dew-point  ma;  be  asceitained  Terj  accuratel;,  b; 
aipaaing  to  the  air  a  small  bright  metal  cup,  for  instance  a  platinum  crucible, 
containing  water  cooled  W  ice  or  ^  some  salt,  such  as  sal-ammoniac  or  nitmte  of  am- 
monium,  aissalved  in  it.  The  water  is  to  be  stiired  with  the  bolb  of  a  email  thermomet^, 
and  the  degree  noted  at  which  dew  begins  to  form  orto  evaporate  on  the  bright  metalUe 

~  ~  IS  the  flnt  accurate  inatrament  invented,  and  ma;  Btill  be 

3  dew-point  with  considerable  ease  and  ezsctnesa  {DanirlTt 
Meteoroloffical  Eaagi,  p.  127}.  It  consists  l_fiff.  £66)  of  a 
small  glass  siphon,  at  esch  end  of  which  is  a  thin  glus 
bulb  about  l|inch  in  diameter.  The  longer  leg  ab  is 
about  4  inches  long  and  contains  a  small  butver;  delicate 
thermometer,  the  bulb  of  which  ia  within  t^e  terminal 
L  glass  balL  The  siphon  containa  so  mneh  common  ether 
f  as  when  ponied  into  the  lower  bulb  c  will  rather  mom 
than  half  cover  the  endoeed  thermometer-bulb.  Before 
the  tube  is  sealed  up,  the  ether  ie  boiled,  so  u  to  drive  out 
the  whole  of  the  air.  The  essential  fvt  of  the  instru- 
ment  is  completed  b;  covering  the  npper  bnlb  d  with 
mnslin  and  gilding  a  part  of  the  lower  bulb.  It  is  now 
nsnal,  however,  to  male  this  lower  bulb  of  black  ^ass. 
The  sipbon-tube  is  placed  for  use  npon  tlie  little  stand 
which  contuna  the  aecond  tbermomelar  /,  in  order  that 
the  temperature  of  the  air  ma;  be  observed  at  the  same 
time  as  its  dew-point. 

To  moke  sn  observatiou,  all  tbe  ether  within  the 
inatrument  ia  first  poured  into  the  lower  bulb.  Then 
taking  a  bottle  of  common  ether,  a  few  drops  are  poured 


used  to  determine  t 
F^.  fiSfl. 


is  gradually  reduced,  until  the  dew-point  of  the  mrroundiag 
,;  be  observed  forming  npon  the  raided  or  Uaet 
B  bulb.    The  daw-point,  ai  shown  t?  the  induded  thermometer,  is 


K  blaekened  surface 


is  reached,  and  dew  ma;  be  observed  forming  u] 

Ot  the  bulb.     The  dew-point,  ai  shown  ty  the  in< __. 

read,  bnt  accuracy  is  onl;  to  be  atlained  b;  observing  several  successive  d^Msitions 


it  tbli  Oict  hsi  iFd  B> 
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ud  eT^)ontion«  of  dev  in  &  maiuwr  Ml;  d«*enb«d  under  the  he«d  of  Begnault'a 
Hfcmneter. 

Tha  hjgrometar  of  DonieU.  hoverer  elegtmt  and  plewing  in  theoiy,  baa  muiy 
■onrces  at  ineonrenience  and  inoccaracj.  The  eipraditure  of  ether  is  ooiuideraUe  and 
coattj,  and  in  a  hot  and  dr;  climate  it  ie  Tsiy  difficult  to  obtain  an;  depoaicion  of  dew, 
during  the  tong-continned  manipulation  and  close  obeerratioo  of  the  inirtxninent  which 
is  alwBjs  necflBsary.  The  varmUi  and  diolbCut«  of  the  hand  and  bodj  are  sure  to  aff^ 
die  indieationa  of  both  thermoms1«ra.  The  cold  ether  Tspour  flowing  &om  the  upper 
bulb  maj  also  ouue  iDsocnrac;.  The  last  and  most  important  objection  ia  that  cold 
IB  produced  only  at  the  eurfuce  of  the  ether  in  thp  lower  bulb,  and  there  ia  no  agitatton 
of  the  liquid  to  enaure  uniformity  of  temperature.  Hence  the  internal  thermometer 
may  often  indicate  a  temperatorp  aome  degrees  different  from  that  at  which  dew  is  being 
depoeited.  This  objection  ia  partially  remedied  by  making  the  lower  bulb  oblique,  so 
that  oat  part  cd'  it  ahall  be  nearly  in  contact  with  the  thennometer-bulb  within. 
Daniell,  veil  aware  of  this  objection,  remai^  that  dew  will  fiiat  be  depoaited  in  ft 
circle  round  the  bulb  near  to  tlie  aurfaca  of  the  ether,  and  directs  that  the  thennometer- 
bull)  ehall  be  placed  ao  Ha  to  be  cat  by  the  aurface  of  the  ether, 

Subaeqnent  to  Daniell's  invention,  aereral  dew-point  instrumenta  were  denied,  in 
which  the  evaporation  of  ether  waa  mode  to  cool  the  bulb  of  a  thennometer  and  cause 
a  deposit  of  dew,  either  upon  the  bulb  or  a  metallic  capeule  in  a  more  aimple  manner. 
Snchisthat  of  Jones  (Phil.  Trans.  [1826]  civL  pt.  ii.  fi 3).  Of  a  lumilar  natnre  are 
the  hygromitre  a  cajauU  and  the  hsgromitTe  a  virvlt  rfor  of  Ponillet  (El^m.  de. 
Phys.  [7th  ed.  1656]  iL  739).  That  of  M.  Belli  (Ann.  Ch.  Phy&  [3]  zr.  SOS)  ia 
difEbrent  and  THry  ingenioua,  giving  a  continnal  indication  of  the  dew-point. 

C  oniieira^jr'™'''''<'Tery  lately  proposed,  and  to  aome  extent,  we  believe,  brought 
into  nse,  consiata  of  a  thermometer  with  its  bulb  immersed  in  ether,  contained  within 
k  small  metal  globe.  A  common  exhausting  ayringe  ia  used  to  canae  the  evaporation 
of  tlie  ether,  and  the  dew-point  is  then  ascertained,  exactly  as  in  Daniell's  or  Regnault's 
hTgronieter.  Thia  method  preaenta  soma  alight  advantages  over  Daniell's,  but  retaina 
aU  its  worst  caosea  of  error  and  inconvenience.    It  is  also  an  expensive  inatnunant,  and 

eaonot  compare  with  Beimaull's  Condenser  Hvsrometar  -i'l—-  •»  ti..^—  ~.  t- •;— 

It  isdescril 
Mag.[<lTii 

Dr.  George  Cnmming's  Hygrometer  (Qi 
p.  403)  aeems  Brat  to  have  iutiodaced  a  mrlhod  no 
consisted  [fig.  SS7)  of  a  thin  gloas  or  metallic  tulie 
containing   a    delicate    thermometer   enveloped   in     fig,  997.  j^,  fgg, 

sponge  or  other  porooa  anbetanoe,  upon  which  a 
little  ether  was  to  be  poured.  Almost  any  degree 
of  artificial  cold  conld  then  be  [oodaced  by  a  stream 
of  air  from  a  pair  of  bellows,  or  other  pneumatic 
Dontrivasce.  The  only  important  objection  to  this 
instrument  ia  die  presence  of  a  apon^  Or  porous 
Bubstanoe,  which  would  prevent  perfect  uniformity  of 
temperatare  within  the  tube. 

Dobereiner  further  proposed  a  hygrometer  in 
which  a  current  of  air  &i>m  a  forcing  pnmn  is  made 
to  traverse  the  ether,  disposed  as  in  Daniell's  instru- 
ment, and  thus  produce  cold  by  evaporation.  (Fc^. 
Amu  IxT.  S39.) 

Begnanlt's  Condtruer  HygromeUr  (Aon.  Ch. 
Phys.  [8]  XV.  ia»)  may  be  deseiibwl  as  a  perfect 
instrnmest  of  its  kind.  Jn  its  complete  form  (^. 
568)  it  consists  of  a  very  thin  and  Wichtlj  polished 
■ilvB'  thimbio  a,  46  mm.  high  and  20  mm.  in 
diameter,  fitted  to  the  ^aas  tube  i,  which  again  is 
fixed  by  the  small  lat^l  tube  t,  and  the  metallic 
tnbs  d,  to  the  stand.  The  npper  end  of  the  glass 
tnbe  b  is  closed  by  a  cork,  bearing  a  thin  glass 
tnbe  «,  descending  nearly  to  the  bottom  of  the  sdrer 
thimble,  and  a  very  dehcateand  accural  Ihetmo- 
meter,  the  pear-shaped  bulb  of  which  ia  in  the  centre 
of  the  thimble,  A  second  exactly  similar  thermo- 
meter, similarly  placed  within  ngtsss  tube  and  silver 
thimble,  ia  mounted  on  the  other  side  of  the  stand, 
but  the  cork  ia  not  penetrated  by  any  glass  tube. 

To  make  on  obsarvation,  so  much  good  ether  ia  poured  into  the  tub*  b  as  will  iBtbar 
Vol.  m,  Q 
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mars  than  BU  Uie  tUinUe  to  Uie  IgtsI  J,  and  tlie  cork  being  fitted  In  ur  tight,  the  In- 
Btnunent  ii  pot  in  eooneetion,  l^  UfiBiia  of  the  csoutcbcme  tnbe^,  wittacoinnoDupi- 
ntor,  bjwhiehuieitctlyMgnlatadflowof  airlliroii^h  the  inatnuitfntiiui^  be  obtained. 
The  BspilatiM',  irilidi  nujhaTe  aeqiacity  of  3  at  1  liCm  (3  cr  4  qnarta)  u  placed  ok)M 
to  tlis  obsBTver,  and  the  hTgromeler  may  be  at  some  diitanca,  &r  iutance  oataide  a 
window,  being  obsemd,  if  neeeaaaiy,  with  a  t«leeoope. 

Kow  wbau  tnXer  it  iJloved  to  flow  from  th*  aapiiator,  air  la  drawn  thiou^  the 
tab«k  and  bvbbliog  np  throogh  Iha  ether,  caaaea  ■  tnon  or  te«  laind  pvaporatioii.  Tfaa 
tcmpantoM  of  the  emer  i>  tbos  alowlt  radiunl,  and  bom  its  constant  agitation  by  thu 
■luaui  af  ail^  the  ailrer  thimble  and  the  tJlemomBter-bnlb  are  muntainecl  at  an  riactly 
iimilal  temperaton.  Afta  a  minnte  <?  two  at  the  noat,  dew  will  begin  to  form  on 
the  thimble  and  will  be  Ttrj  Tiaible  on  ill  bri^itljF  poliahed  anrfcce.  The  thcr- 
nwnieter  ia  inataatly  to  be  raad,  aud  the  ttiMm  hwa  the  aumtor  to  be  atapped. 
Snt^ow  that  the  leading  obaarred  i>  48-1°  F^  the  dMoait  of  ae«  may  in<T«aa  for  s 
fewiDomenta,  bntwill  boob  begin  to erapMate again,  Uia  theiiEiometer rising.  At  the 
moment  that  the  dew  eatinly  diauipeaTa,  lead  the  thenuometer  again  ;  let  it  be  193. 
Conaidering  that  dew  reqnina  a  aarat  lime  to  form  or  eTsporata  in  a  lisible  degree,  iC 
ii  obTiona  that  the  dew-point  Ilea  betweoi  Ml  and  40-8.  Let  an  exceeding^  bIow 
OBRent  of  BIT  be  now  dnwn  thiongfa  the  ether,  bo  UiM  the  tharmometer  ia  vety 
gtadnallj  tvdneed  to  19-3,  49' 1, 49-0,  and  m  on.  The  point  at  which  dew  flnt  appears 
may  now  be  obarared  with  mn^  greater  aecnraey  ;  let  it  be  48-8.  Still  itia  probable 
that  48'8  ia  aanewhat  below  the  exact  daw-point  I^vhen  the  enrrentia  stopped,  the 
amall  depoait  of  dew  Tuiiahee  at  490,  we  may  couider  the  mean,  ot  48*9,  to  be  the  true 
dew-point ;  bat  if  neeeaoaiT  we  may,  by  atill  alcwar  pnmdnre,  appTonmatd  even  more 


dew-point ;  bot  if  neeeaaaiy  we  may,  by  Btill  alowor  pnmd 
eloiMy.  "All  theae  operationa,"  obeerrea  M.  Beananll;  " 
than  to  tseento ;  with  a  tittle  naetioa,  three  or  bnr  mini: 


amall  depoait  of  dew  Toniahee  at  490,  we  may  coooider  the  mean,  ot  48*9,  to  be  theinu 
■ystilli'  ■  ■      - 

le  ^Mtioa, 

lining  the  dew-point  almoat  within  ^  of  a  dpgree  Centigrade." 

At  ^  eame  time,  the  second  thermometer  ia  U  b*  read,  togivethecc 
ratnre  of  the  air.  From  its  parallel  circniiutanoea  and  position,  its  indicatioiu  woiild 
beeiaetlyBimilBite  those  of  the  other;  benoethediffbrenceof  thetwogiTeathedeproii- 
Hon  of  tbn  dew-p)int  ftoe  ftom  almost  aL  kinds  of  error.  It  is  obriona  that  all  the 
ottjeetionable  pomts  in  Daniell's  hygrometer  are  avoided  in  this  admirable  inatra- 
ment.  The  only  remaining  objeetioa  is  the  incuDrenience  (rf  keeping  or  caixying  aboat 
a  Itfge  n^aiHtor,  and  froqnently  filling  it  with  water.  In  the  Kew  Obaerratory,  the 
aspirator  ia  in  the  fiinn  of  a  ciicnlar  bellows,  to  the  lower  monble  boud  of  which  a 
weight  is  attached.  Mr.  Welsh  alao  propoaed  to  expand  the  npprr  end  of  the  tube  s 
into  a  small  funnel  by  which  triah  ether  may  readily  be  introdnoad. 

LienL  Noble  has  obtained  dew  with  thia  faj^rometer,  at  all  temperatores  down  to 
—  SC°,  the  limit  of  gmdoatioD  of  his  tbermomBtO'.  the  t»ily  requisites  when  the  dew- 
point  is  Tery  tow  lieing  patience  and  pure  ether.    (Fhii.  Mag.  [4]  li.  SOB.) 

Sereral  London  inatmment-mahen  liare  rendered  tbia  inatmmeDt  lees  expensiTe  by 
omitting  lie  Becoitd  thermometer  and  ite  appmdagce.  They  tiave  likewioe  Bubatttnted 
a  closed  tube  of  black  glass  for  the  polishej  silver  thimt>le.  This  is,  on  the  whole,  an 
improrement,  for  the  dew  is  even  more  risible  on  the  bled  aor&ce,  and  the  difficulty 
of  maintainiiig  the  ailyer  bright  is  avoided;  bnt  on  the  other  hand  the  imiformilj  of 
fb  ess  temperature   is    not  so  rigoroosly    ensured.      As  regards  (he 

I  tempetatore  of  the  air,  we  think  it  is  best  leomt  by  an  ordinary 

thennometer  freely  exposed,  uid  that  Begnanlt's  puiallet  ei~ 
langement  of  the  second  tiiermometpr,  althon^h  beantifhl  in 
tEieoiT,  w  actually  erroneona  and  nndesirable  in  tlie  otdinoij 
use  of  the  instrumeati 

Except,  hnrerer,  for  refined  reaearchea  or  lc«ig  contianed  seties 
rfobearration,  a  mneh  tinpla  apparatus  will  aerve.  Tbepiac- 
lical  chemist  has  only  to  take  a  common  teet-tvbe,  containing 
about  H  inch  depth  c^  edier,  insert  somewhat  loosely  a  deliwle 
tnbe-thermometar  and  dasi  tube,  as  ehown  in  jt^.  609,  and  gentry 
blow  with  the  month  throogh  tlie  b^it  tabe  a,  and  the  whola 
process  of  observation  can  be  conducted  almost  aa  wall  as  in 
BegDBult's  complete  instnunent.  It  is  necessary  to  liave  the 
tube  a  of  considerable  lengtl^  that  the  moistoess  and  warmth  of 
Ihe  liodyand  ttie  breath  may  not  ailect  the  air  announding  the 
tabe.  The  writer  lud  used  such  an  apptratns  doily  tbr  many 
month*  befbre  notidng  that  Begnault  mentions  ita  lucoessfU 

^  Mycronotrr  Itr  ■■iiaaMiuii— Dr.  Button  of  Edin- 

burgh first  suggnted  that  the  degree  of  cold  prodooed  by  the  ev:qnratioB  of  water  in  the 
air,  wonld  depend  upon  and  therefore  indieste.the  moistoHa  of  the  air.    Leslie  again 
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tnj  dirtinctiy  itatcd  thia  priociple  (Leiilie,  On  lie  Btlathni  of  Air  to  Htat  and 
Meitttm,  1SI3.  p.  3S),  and  i«dui?«d  it  to  pnetJM  by  eoTaring  aaa  of  the  bolba  of  hu 
diKnDtial  ai>^Ui«inoni«t«  vitli  vet  moalin.  The  motiDn  of  the  colomn  of  irater 
towwda  the  mout  bulb,  of  eoone,  ihom  the  defoanoo  of  the  tfimpeimton  of  erspo- 
fatioit.  TMa  hygminetw  might  yet,  w«  think,  M  oftra  naed  in  certun  resaarchea,  and 
ui^t  b*  added  to  the  eomiBon  waatiuHlaaa. 

eold;  pirfBT,  meaannV  m  foraMd  of  t«a  maiiai  dalieata  tharmomet«n  pUced  in  a 
gentle  cnneut  of  air,  tbs  balb  of  i»e  thetmonietBr  b«inp  eonnd  with  miuLui  and  kept 
moiat  hv  a  eotton  thread  Icadiog  from  ft  aaaU  naerrtxr  of  nin  or  distilled  nter.  T&e 
dij-balb  UwrmiHDeter  indicatea  the  Ime  temperatora  <£  the  air ;  the  other  will  be 
found  to  ram»in  atationar]'  at  a  teupentora  said  to  be  that  of  eraporatiini,  which  U 
naoallj  aarenl  dcgreea  below  that  <rf  the  air.  In  aalwated  or  moiat  air,  this  thanno- 
BMt«n  ta*d  alike ;  tbediHimnoa  ioaeueainaca>epTopoil*ni  t«  tbe^ryiteuoftheair, 
and  Dia^  b«  need  aa  a  anffloieDt  meoaare  of  the  lujiieaa  in  many  practical  mattrra, 
■och  ■*  the  Tentilatitm  of  dwdliug-houas^  hallj,  ptant-honaaa  and  so  on. 

Fiom  abaerratiooa  of  the  dij-  and  wst-bolb  thMmometeta,  it  ia  fiuther  poaaibla,  by 
meana  of  taUea  pnriaiulr  detMrnined  by  ezparinant,  or  by  ealenlatioa  &oai  a  priori 
prindplMi  to  detenoina  toe  esiatuig  tenaion  u  aqaeooa  Tapoor,  and  other  hvgrometric 
oata.  The  Boat  boatwoitliy  tabi*  for  asch  rednetiana  is  ifae  fbltowing,  which  haa  been 
obtained  by  Mr,  Olkiaher&om  the  eoDbination  irfall  the  nnuiltaBeoDt  obaerratioiu 


of  the  dry-  and  wet-bulb  thanaometera  with  Daniall'a  hygrometor,  tskaa  at  the  Boyal 
ObaffTalot;,  Oi«tn*id),  &«M  the  Tear  1B41  to  1864,  with  aome  obi 
bi^  lompetrntDiea  in  India,  ajid  othen  atTonmto. 


>e  obBerraiioDB  taken  at 


TiBU  I.  lb  obtain  tkx  dm>-potnt,  multiply  lit  difermet  of  riadmg  of  Qte  lierna- 
meten  In/  tin  factor  oppetiit  tilt  dty-bmh  rtading,  and  tuitraet  lit  product  fitrnttUt 
dry-iuli  naditig. 


PtJ-flLl 

Drj-bHlb 

Drr-Ml 

Drr-balta 

Faia*. 

ttWBO- 

Fa*». 

■Htorr. 

aHUrF. 

"*"''■ 

mkF 

10» 

878 

83° 

3-01 

66° 

l'S4 

78° 

1-69 

11 

8-78 

31 

3-77 

67 

1-92 

79 

1-68 

13 

8-78 

a 

2-60 

68 

1-90 

80 

1-68 

8-77 

36 

3-M 

ee 

1'89 

81 

1'68 

879 

87 

3*2 

60 

1-S8 

82 

167 

8'7fi 

88 

2-86 

61 

1-87 

83 

1-67 

8-70 

19 

3-32 

62 

1-86 

64 

1-66 

8-03 

40 

2'39 

63 

186 

86 

1-66 

e-fio 

41 

3-26 

64 

1-88 

86 

1-66 

8-34 

43 

3-23 

66 

1-83 

87 

1-64 

20 

81* 

43 

2'20 

66 

1-81 

88 

IM 

31 

7'88 

44 

218 

67 

1-80 

89 

1-63 

32 

7-60 

46 

216 

63 

179 

SO 

1-63 

23 

7-28 

46 

3-14 

69 

178 

91 

1-62 

21 

6-D2 

47 

212 

VO 

177 

92 

1-63 

2£ 

S'S3 

48 

210 

71 

1-76 

93 

1-61 

26 

S-08 

49 

208 

73 

176 

94 

1-60 

37 

«'61 

fO 

3-06 

73 

1-74 

96 

1-60 

28 

S-13 

61 

2-04 

74 

173 

96 

1-69 

29 

*63 

63 

202 

76 

1-72 

97 

1-69 

SO 

*li 

63 

3-00 

76 

171 

98 

1-68 

81 

1-70 

Si 

1-98 

7J 

1-70 

99 

IM 

12 

S-S2 

66 

1-96 

A>  an  Bztaple,  let  tlv  dry-bnlb  thernwmater  atand  at  64-8°  F.,  and  the  wM-ba)b  at 
JO*": 

64-3  —  69'8  —  3-S  —  diSbieDee  of  icadinga. 

The  bclor  to  be  need  ia  1-83  opposite  S*°,  the  neaieat  degree  to  6*1 : 

S4'3  -  3-6  X   1-83  -  67-9°  -  dew-point 
In  the  Phil  Mag.  [*]  li.  30*,  is  a  table  for  reduction  of  diy  and  wet-bulb  readingi 


The  dry-  and  wet-bulb  thermometei  hanng  loi^  beoome  the  ordinal?  w 
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:1l  atlfintioD  to  tba 
_    d  »  pair  of  v 
delicate  thennoiaetani  (see  ^.670)  about  one  foot  long,  and  w 
Fig.  570.  Bmall  Bpherical  bolba  of  thin  glasa  of  about  i  inch  dimfleter. 

They  are  monntednpon  metal  acales  Kradaated  fromaboot  —10° 
to  -I- 130°  F.  and  fixed  paisUsl  to  each  other  from  2  ta  i  inchee 
apart  apon  a  metal  cross  piece.  Caie  is  taken  that  each  pair  of 
thermometeiH  ii  aa  exactly  aimitar  aa  posaible.  The  bulb  of  the 
vet  thennome1«r  ia  oovered  vitli  thin  ^nalLn^  round  the  neck  of 
Tbich  is  twisted  acoaductiugthreadof  lamp  wick,  common  darn- 
ing cotton,  or  fioss  silk ;  thia  pawea  into  an  a^jacect  Teasel  of 
water  pla(»i  about  three  inches  distant  fiom  the  wet  bulb,  a 
litde  beneath  it,  and  on  the  opposite  aide  to  the  dry-bulb  ther- 
mometer. It  is  a  TeiT  ol;]  actionable  practice  to  place  a  long 
glass  dstem  between  the  two  thermometen ;  tbi  the  water  will 
seldom  be  of  exactly  the  some  temparstore  aa  tiie  snrrouuding 
air,  and  will  tend  sligbtly  to  vitiate  the  readings  of  both  thermo- 
meteia.  The  writer  prefen  for  a  cistern  a  short  narrow-necked 
^ass  bottle^  bom  which  but  little  evaporation  will  take  place. 
The  water  must  be  either  rain  or  diatilled  water.  Care  must  be 
taken  neTer  to  record  any  readings  when  tbe  bulb  is  not 
tboroughly  moist  all  over.  As  dust  and  saline  particles  gradually 
,  - — yx  settle  on  the  wet  muslin,  it  is  well  to  re-cover  the  bulb  and  supply 
W  a  fresh  wick  about  every  month.  Before  use,  too,  each  wick 
should  be  waahed  in  a  solution  of  carbonate  of  soda,  and  pressed  whilst  under  water 
tbninghaat  its  length.  The  supply  of  water  to  the  bulb  can  be  easily  regulated  by 
raising  or  lowering  the  dstem. 

In  taking  an  obserration,  the  dn-bulb  thermometer  is  first  to  be  read,  because  it  is 
moat  liable  to  change ;  the  wet-bulb  is  then  to  be  read,  the  two  reading!  to  be  recorded, 
and  a  comparison  with  the  tJiermometen  made,  to  secure  the  correct  number  of  whole 
degrees.  The  observer  most  follow  the  directions  under  the  article  Thhbmokvtbk.  as 
r^Mrds  placing  the  instrnment,  correcting  the  thermometer-readinM,  &c. 

The  dry-  and  wet-bulb  hygrometer  continues  to  act  even  when  the  water  is  frasen, 
since  evsporatiOD  still  takea  place ;  but  espedaL  care  must  be  taken  that  the  bulb  really 
is  covered  with  ice,  and  if  not,  water  must  bs  poured  upon  it,  and  the  observation 
delayed  till  the  water  be  &ozen,  and  the  thnrmometar  sink  to  a  constant  reading.  In 
frosty  weather  it  is  best  to  wet  Uie  bulb  after  every  periodic  observation,  or  at  least 
t«a  minote*  before  the  next 

Tieortf  of  the  Pit/ehTomiier. — Altbongb  we  may  ascertain  the  dew-point  &Dm  read- 
ings of  the  dry-  and  wet-bulb  thermometers  on  purely  experimental  grounds,  as  in  Dsing 
Q^isher'a  factors,  the  sulnect  alao  admits  of  mathematical  inv^atigatiou.  Mr.  Ivory 
first  solved  the  problem  (FhiL  Mac.  [3]  Ix.  80)  with  substantial  convctness.  August 
of  Berlin,  and  Bohnenberger,  idiowed  the  coinddeace  of  the  theory  with  experi- 
ment, and  determined  the  oooatanta  with  accuracy  (August,  Vebcr  die  ForttchritU 
der  Jfygromelrie  irt  der  Neuaten  Zeit,  Btrlin,  1830. — Bohnenberger,  Ttibingai  t/at, 
Hitl.  Sue,  Manoiri,  voL  iL).  But  the  sulQect  is  beat  known  in  England  &om 
Dr.  Apjohn's  sxcellent  resulla  (FhiL  Ma^.  [3]  vi.  182i  vii.  266,  470;  liii.  261). 

We  now  give  the  inveetSgation  •■  it  la  stated  by  Eegnault  after  the  method  of 
M.  August. 

The  evaporation  of  a  liquid  involve  the  conversion  of  sendble  into  latent  heat,  and 
the  supply  of  heat  must  be  drawn  from  the  li<^aid  evaporated,  irom  the  remaining 
liquid,  or  from  aurronndiDg  objects.  Whan  air  is  in  contact  with  the  moistened  bulb 
of  a  thermometer,  the  evaporation  of  the  water  will  reduce  the  temperature  of  the  bulb, 
but  the  fall  of  tempBratuni  will  be  checked  by  heat  communicated  from  the  remaindw 
of  the  air.  At  some  point,  the  amounts  of  heat  subtracted  and  Cotnmimicaled  will  be 
equal,  and  an  invarinble  temperature  of  evaporation  will  be  the  result. 

Let  OS  snppoaa,  with  M.  August,  that  the  portions  of  air  succeeaively  in  contact 
with  fhs  moiBt  themioinetar-biub  become  thereby  perfectly  Baturat«d  wiui  moistnre. 


■nd  are  reduced  to  the  temperature  of  the  bulb. 

Let  K  ••  weight  of  stratum  of  dry  air 

tiie  pressure  of  0'7flO. 
h  p-  height  of  barometer. 
t  ~  temperature  of  aunoonding  air 
f  =  temperature  of  evaporation,  01 


iding  the  bulb  at  0°  C,  and  under 


ing  of  tbe  wet-bulb 


f  anAJ'—  ^  elastic  forces  of  eaturoled  aqueous  vapour  for  tbe  temperalnrei 

f  andf. 
*  •■  the  actnal  elastic  force  of  vapour  in  the  air  at  the  time. 


..CAIOgIc 
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with  iret  balb  mmiUrlj  u 


l^Mlj,  lat  A  be  the  latent  h«at  abaorbei  b/  water,  wkan  beoaining  gMeona  betwMO 
the  temperatorei  t  and  t. 

The  qiuntitj  of  heat  abambed  will  be 

.■_j_.-t;.. 


OT  we  hare,  bj  eqntting  them  and  itrilring  out  the  factor  w  ■  — — p  .  j^, 

1  +  i  ((-0        i»-^('-0 

Inaerting  valnea  of  the  known  qnaiitities,  namelv,  fbr  y,  0-2660,  for  i,  0-2669  (the 
tpedAe  heat  of  oqneoiu  Tsponr  being  BSramed  equal  to  that  of  air),  for  t,  the  epecifie 
gravitj  of  aqneooa  Taponr,  0'623S,  and  for  A,  the  latent  heat  of  aqneooa  Taponr, 
640-f,  accOTding  Ui  the  kw  of  Watt,  and  ne^ectang  aoma  of  tbe  amaller  terms, 

Aognat  obtaina   the   temida  *  '•  f a  _  j    •  K    tbe  temperatnrea  being 

ezToeaaed  in  centigrade  degnea. 

Aegnaolt,  nmng  more  accurate  data,  namelj,  for  t,  0'62S,  and  for  A,  SIC  —  t 
(r  -1  -  0-3666  aa  before),  modiAea  thja  to 

,_.._0429(t-f)     . 


E^erimentall;,  Bcgiuuilt  baa  found  that  the  formula  > 


The  formnla  which  haa  benn  moat  naed  in  the  reduction  of  dn-  and  wet-bulb 
obeerrationa  in  that  obtained  by  Dr.  Apjohn.  In  the  Qreenwich  OMemttona  it  ii 
EJTen  aa  fbllowa : 

f       f-±     ±         F     f-±     ^ 

•^       88'  80  ■'       »6     80 

The  flrat  formnla  ia  to  be  naed  when  the  reading  of  the  wpt-bnlb  ia  above  32°  F., 
and  the  eecond  when  below.  In  the  abore,  d  ia  the  difference  of  the  dry-  and  wet-bulb 
mdinga,  k  the  height  of  the  barometer,/  the  elastic  force  of  Taponr  for  the  tempemtore 
of  the  wet-btdb,  to  be  Uhm  from  Table  IL,  and  F  the  eloatic  force  of  TMranr  at  the 
dew-point,  from  which  the  dew-point  may  be  fbnad,  if  neceaaary,  fay  tbe  tablo. 
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oblaioed  bj  QUuhei'i  fketon. 
Takii^  the  eipreuioD  in  die  fimn 


with  ^  being  inoonridenUe  «xo«pt  mt  gie&t  beighti,  the  fiiUowitig  nInM 


of  the  coefflcieiit  m  hsTe  been  given  (for  dagreca  Fahr.) 

Ajgohn — d  priori  filcnlation  , 
„  experiment!  on  dev-poiut 
„  „  Kfii^inlion 

„     Dth«r  eaqMtimenU 

B^nenbeiger— flnt  SB  obsemtioni 

K&emta  titan  13°  F. 

below  S3  F. 
KopIRt         above  SI  F. 


-0119 
-01U9 
■01101 
■Ollfi 
■OIU 
-01 U 

■ousts 

■0118 
-0113 
■01  ISA 


The  anppoeed  gnat  BecaiMj  (rf  numT  of  theee  cWamiiiulioiiB  haa  been  iomewluit 
duken  b;  the  later  atperuMOita  of  Begnanlt  (Ann.  Ch.  FbTs.  [3]  xr.),  tea  be 
floda  Uiat  the  tempentnTe  of  er^nntion  £  not  inrariabl^  bnt  linu  lower,  tlie  greater 
the  iMtditf  with  vfaich  the  air  laiTamidin^  the  wet  balb  ii  moviDg.  He  ie  Ihoe  led 
to  doubt  the  aoanclneas  of  Angnrt'e  usomption,  that  the  etiatnm  of  air  mrrDniidiii^  the 
wet  bulb  ie  alwaje  eatnratsd  ind  of  the  lanie  temperature  ai  the  bnlb,  and  ha  eoimden 
that  the  radiant  heat  &]Iing  on  the  bulb  ii  an  element  not  to  be  neglected.  The 
oidinaiy  formulK,  however,  maj  be  ooDsidered  sufflcientlj  accurate  ae  long  ai  the 
Telodtj  of  the  air  doea  not  exceeds  or  6  metres  (IS  to  20  feet)  per  lecond. 

We  quite  eigT«e,howeTeT,  with  Dr.  Drew  ("  PnurHal  Meteorology,"  p.  109),  that  tha 
problem  ofthedrf- and  wet-bulb  thennometen  ie  etill  quite  open  to  frtah  investigation. 

3"  groMttric  Calculations. — Having  found  Che  dew-point  of  the  air,  it  i* 
J  reqnii^  to  deduce  other  data  concerning  the  moistceae  of  the  air.  The 
neeeeaoiycalcalatiiBia  are  a  little  intncate,  bat  have  been  brought  to  a  veij  iatufiu:toi7 
Mate  of  aceuracj  hy  Ur.  Gl  ail  her,  whose  exeellmt  hji^ometricsl  tables  for  the  ^zj- 
and  wet-bulb  thermometers,  give  tjl  the  necaeeai;  deductions  &om  the  readings  of 
the  thermometm,  almost  without  calculation.  These  tables  are  quite  indiipensahle  to 
anj  person  who  has  frequently  to  make  hfgiometncal  calcohitioaa,  but  the  ingenioos 
hrgrometric  sliding  rde  of  Mr.  Welsh  (BriL  Assoc.  ISSl ;  Tiant.  8e<^  p.  42),  as 
mannfiutnied  bj  Adi^  will  also  give  most  ti  the  required  nsolta  macbanicallj.  Ve 
can  here  onlj  enter  the  snijeet  briefly. 

Th«  elastic  fbros  of  oqueons  vapour  in  the  ur  is  the  same  as  ths  maximum  els«ti4 
Airce  at  the  dsw-poin^  and  we,  therefore,  ascertain  it  ttj  raforrtng  to  the  tempcratnrs 
of  the  dew-pnnt  in  a  table  of  the  maximom  alaatia  filMe  of  vaponr.  The  Iwowing 
table  (IL),  haviiw  bees  ealenlaled  from  tiie  c^ariuMt^  nsolta  <tf  Begnaul^  is  tha 
most  reliable  of  the  kind. 

If  there  be  a  fractional  port  of  a  degree  over,  moltiplyit  into  the  next  fbUowingd(fer> 
met  in  the  third  cojnmn  (dividing  b;  10  if  a  decimal),  and  add  the  nsnlt  to  the 
number  opposite  the  whole  degree. 

This  table  diSbni  somewhat  from  that  adc^ited  bj  the  Jtoval  Sode^  in  their 
"Report  on  Fhynca"  (p.  SB],  andftom  several  othais  ealculatro  frttm  older  and  less 
truitwoitii;  expeninents  than  those  of  Regaault. 

To  &nd  the  weight  of  a  cubic  fixit  of  aqueous  vapour  of  maximum  tensiMl  at  anj 
lemperatnre  t,  let  £«  be  the  dattie  Ibice  at  that  tanperatnre.  Than  since  25S-448 
grains  is  the  wn^t  ofaeabic  footof v^onrat  312°,  of  an  elastic  foica  of  SOinehea, 
2fiS'44S  grains  x  ^  would  be  the  weight  of  a  cubic  fbot  of  the  vapour  aaturated  at 
tempetattiie  t,  after  it  has  been  heated  up  to  213°  and  kept  under  the  same  pmase  le 
E,  as  before.  Bince  a  gas  expands  O'SOSS  of  ita  own  volume  from  32°  to  Ul",  or 
0-0020301  fOr  each  degree  Fahr., 

will  be  the  wright  of  a  eabic  foot  of  vapour  aataisted  at  the  temperature  t   Frtnn  Ihil 
fbrmula,  the  nnmberi  in  Table  IIL  (p.  212),  column  2,  were  obtained. 
'    When  the  air  is  saturated  withv^iour  and  the  tamperatore  of  the  air  of  ev^ioratioB 
and  of  the  dew-point  <.-oincide,  the  required  weight  of  vapour  in  a  cubic  toot  i^  air  ma; 
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be  taken  at  ODi»  Arom  the  Ibnnnla  ot  table.     In  all  other  a 

abore  ita  dev-point  tapanila  lik*  KOJ  otiua  gaa,  «e  ngiut  bare 

Actual  wfiglit  of  ft     (    _  Wei^t  of  a  cubic  foot  ?  Volume  at  dew-point 

^bic  Ibot  ^  npooT  t    "  ^vspoiuat  der-pointj    "    Tdnme  at  lempemtnie  of  air. 

Tha  weight  of  a  enbie  foot  of  di;  air  ii  ewiilf  odcolaled  fam  the  following  data  «( 
Renault     Drf  air  ezpande  b;  ^  ec  -003O361  puis  of  ita  wluiu  at  33°  F.  for 

•reiy  mcnan  of  1°  of  beat,  and  a  enUe  foot  of  diy  air  at  32°  under  a  pnaauTe  of  30 
inches  of  meTcni7  waigba  666-81  gniiw.  Ttam  an  calco]jit«d,  tar  a  pieMnte  el 
30  indies  of  Bureoiy,  the  Dumber*  in  odumn  3  of  Table  in. 

If  a  Guide  (botof  diT  air  and  a  enbiB  fbot  of  aqueous  Tapoor  dt  the  lame  tenpera- 
tnie  be  mixed  toeeOm  and  cwnaMsed  into  a  cuUe  foot  of  space,  the  elastic  foroa  of 
the  mixtnre  will  n  the  sum  of  th«  elastic  forces  of  the  air  and  vapour.  In  order 
ttlM  the  mixed  or  moist  air  ma;  have  the  same  elsstic  force  as  the  diy  air  prerionsl;, 
it  mart  be  allowed  to  expand,  in  the  proportion  of  Ihe  eliiatic  force  of  uie  diy  air  to  IM 
son  of  the  elastic  farces  of  the  aii  and  Taponr. 

Thus,  if  £^  —  elsatio  force  of  Tspour  at  temparHtnn  t, 

and  p  •■  elastic  force  of  moist  sir — sa;  tho  almosphetic  pressure  as  shown  bj 
the  barometer 
we  baveji  —  E,  —  elastic  Ibroe  of  dr;  air, 
^ .  Totume  of  moist  air       p 
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Thna  ona  cubic  foot  of  dry  ur,  aftei  becoming  utniated  with  moiatim^  eipaiidt  into  the 
Tolnme m  if  it  be  oonflned  under  ths  nunc  preunm  M  before. 


(Waj^t  <d  cabie  foot  of  dij  air  +  weight  of  cnbie  fbot  of  n^witr)  x 


stmospbere  foi  the  bsroniBtric  pnnm  of  80  inches.    For  uij  otJier  hei^t  of  tl 
b«omet«T  wo  aort  aoltiply  br  tlii«  haght  in  ineho        ■   ■■  -^    •     — •     *" 
kir  it  not  satnratad,  we  mnit  eubtiBct  tli*  following : 


ide  bj  81 


Weight  of  cahic  foot  of  T^xnir  at  daw* 

/Weight  of  nib.>  _  (weight  of  cub.  fb.\  paint 

Vjtrfdiyair     J    ^ (of eUnnted «ur    /      Weight  of  cabie  foot  of  rspaui  it  tem- 

parmtnrQ  of  air : 
trom  the  weight  of  a  trobic  Ibot  of  dry  air,  and  lednce  tiie  rendt  as  before  to  the 
barometric  preenre  st  the  time. 

7Ag  Dt^te  of  Svaii^ts  represents  the  proportional  utoration  of  t}ie  air  with 
tnoiBtare,  dodmaUy  ezpreaMd,  so  that  natnrated  air  has  the  d^ree  100,  and  perfecUy 
dn  air  tlie  degree  0.  It  is  fonad  bj  dividing  the  weight  of  vapour  (T&ble  TTT. 
cofnmn  2)  at  the  dew-point  by  the  weight  which  would  be  preeent  at  the  tempeiatare 
of  the  air,  if  it  were  ■atnnted.  Borne  writers  ose  the  coireapondiDg  elutic  forcee  of 
the  vapouiB  at  the  dew-point  and  temperature  of  the  air  (Taote  IL)  in  place  of  the 
weight*  of  TBpour,  bat  the  reiults  ««  nearly  the  same. 

Chemical  Method  of  Bygromttrg.  The  chemist  may  alwayi  avoid  the 
difficultiee  atleiiding  the  use  of  bygromelen,  by  absorbing  the  aqueoo*  vapour  bua 
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HYGROMETRY. 

U17  eiTm  Tolnme  of  aic  and 
■etDally  Tcigliiiig  it  upon  tbe 
chstniral  balance.  The  Decenary 
appiinliu  {fig.  611)  coDsists  of  a 
tomiDDD  upirator  a  and  tiro  D- 
ghaped  Aryio^  Cubes  b,  e,  eon- 
tainiDg  fragmrntflDf  pamiw-Atoae 
aoakad  in  Btrong  snlphnne  add. 
The  asiHrator  being  foil  of  mtor, 
tlie  Berand  tnbe  e  ia  detached, 
and  again 
0  the  other 
diTitw  tnb«  ft.  on  the  other  side 
to  a  long  perfativ  dry  tabe  d, 
by  means  of  wlii<i  air  from  any 
nqniied  point,  as  foi  instance 
from  the  open  atmosphere  ont-  ^ 
aide  the  laboratory  wmdow.  may  | 
be  drairn  through  the  apparatna. 

Tbs  fixed  dmng  tube  b  is  employed  to  preTent  any  -vapour  passing  back  from 
the  BspirslDT.  BegDMiiU  took  great  paiua  to  ascertain  the  least  fleceeaary  sise  of  the 
veighsd  drying  tnbe.  He  generallr  indeed  employed  two  iraigbed  lubes,  each  0'18 
metre  in  height,  BUed  with  large  fra^menta  of  pamles-stoDe;  Bat  the  Second  tube 
rardg  gained  1  or  3  milligrammes  in  weight,  and  chiefly  serred  to  afford  a  proof 
that  tlie  absorption  by  the  first  tub«  was  oompleta.  It  u  probably  beat  therefore 
to  di^enas  with  a  aesmd  weighed  tuba,  aa  the  increased  error  in  weighing  the  largcc 
■ppaiatoB  will  probably  be  greater  tiuw  the  minate  weight  of  v^our  wUeh  ma;  be 
lost.  Additional  accnrs^  may  alway*  b«  had  by  increasing  the  volume  of  air  paaasd 
tbrongh  the  tabe. 

A  determinflte  volume  of  water  having  been  allowed  to  flow  slowly  and  unifbrmly 
from  the  aspirator  hj  the  tap  e,  an  equal  Tolame  of  air,  of  course,  passes  through  the 
tnbe  c,  and  becomes  desiccated.  The  weight  of  Tsiionr  alworbed  u  learnt  by  again 
weighing  the  tube  e,  but  to  determine  the  corresponding  weight  of  air  with  accnncy, 
■     "  ■■  ■      ntby  a  the  '       ' 

_   ._.  .   ,. , Tse  obaarvB  the 

(be  caleolatioD  as  directed  on  page  230. 

This  method  may  alao  be  used  to  determine  the  anunmt  of  water  napmded  in  the 
ur  in  the  fbrm  of  mist  or  clond.  The  weight  of  the  watery  particles  is  the  excess  of 
the  whole  weight  absorbed  orer  the  maximum  weight  of  vaponr  (aaturated)  aa  piea 
in  Table  III.  column  3. 

The  chemical  detCTmination  of  vapour  has  been  fully  considered  by  Brn  nnsr.  (Ann. 
Ch.  Phys.  [3]  iii.  308.) 

The  chemical  method  might  obrioosly  be  tiBed  to  detsrmine  the  average  Bin™nt.  n* 
vaponr  in  the  a:     '    '  .   .    ..■  ■■.  .       .  .__.i: 


I  the  reqnired  result.  8udi  a  process  was  proposed  by  Dr.  Andrews  (Brit, 
n.  18GI,  Trana  of  Sre.  p.  29),  who  has  also  descnbed  an  aspirator  suitable  for  the 
pnrpoas  (PhiL  Mag,  [4]  it.  330^  and  we  know  not  why  it  is  not  adopted,  at  least  in 
some  of  the  principal  olnerTaturies. 

MjKTomenpl«  bodies.  Host  organised  structures  expand  Or  contnct  according  to 
their  stats  of  moistnre  or  dirness,  and  many  organic  substances  to  such  a  degree  that 
they  afibrd  Tery  delicate  indications  of  hygrometric  changes.  Thus  a  thin  shaving  of 
whalebone  laid  on  the  hand  instantly  curls  up,  and  a  slip  of  whalebone  tteiishod  with 
»  mnltipljing  indei  formed  the  hygrometer  finally  adopted  bjDaluc  (PhiL  Trans. 
ri7Sl]lxxxL  419).  Anivory  hygrometer  was  also  constnirtedbjDeluc  (PhiL Tran*. 
(1773]  p.  VH)  and  Leslie  (Ann.  Ch.  Ph.  i.  «68).  A  hygroaoope  formed  of  pieces  of 
deal-wood  was  designed  in  1878  by  John  Coniers  (PbiL  Trana.  xL  71S).  Chimney 
ornaments  are  often  seen  in  which  certain  figures  are  caused  to  more  by  the  contraction 
or  expansion  of  catgut,  thus  indicating  the  approach  of  rain  or  fine  weather.  The  awn 
of  the  Jndropagon  eontorlnn  has  be«ii  used  for  similar  purposes  by  Capt.  Kater;  the 
awa  of  tbe  ^I'nia/iiftui.or  wild  oat.bj  Hooke;  the  internal  membrane  of  the  Arrnida  , 
Pkrttgmita,  orcommonreed,  In  Adie;  and  the  FMnaria  hygrometTKO,  or  con^mon  cord' 
moss,  the  arista  of  Uis  seed  of  the  8tipa  pennifa,  ta  common  feather-grass,  by  others. 
The  hygroscope  nsnally  placed  at  the  top  of  the  common  barometer  or  weather-glass 
consist*  of  an  awn  or  Testable  filament  which  tu  twisting  or  untwistiiig  moret  •  fight 
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234    HTOCHOLALIC  ACID— HYOGLTCOCHOLIC  ACID. 

8auuur^»  Hair  Bygronrttr  in  the  ooly  iDBtrnmeiit  of  thi«  clan  vhich  has  been  snp- 

posed  in  Ute  jean  to  possen  any  scieiitiflo  accimcf  at  importaDce.      To  niaiitnicl  it, 

Fiq.  (72         '""^  ™^  '"'*  straight  hnmati  h(in  most  be  procured  *nd  boiled  for 

^'„  half  an  hour  la  a  litre  of  wHter  coatjuniag  lOgrmnunee  of  cryfltaliieed 

carbonatu of eodo.  AfterbeingvellTaBheduipnreinCeruiddnedirith- 

out  heat,  the  beet  hair  ia  choeen,  of  ■  length  of  about  S4  centinietna. 

Oaeriidia  filed  to  the  lop  of  the  iaatnuueiit(.^.  fi72),  and  the  oth<s, 

being  passed  round  a  pullej  of  the  diameto'  of  h  millimetre*,  ii 

attached   to  a  weight  of  about  0-3  emninB  (3  graimi).      An  index 

flx«d  to  the  pulley  moTM  over  a  divided  circle,  the  diTinoni  of  whioh 

are  determined  l^  placing  the  inatnuneDt  first  orer  nter  and  then 

omndphnric  acid,  that  in  in  perfscUj  moiat  and  perfectly  di7  air,  and 

dindiug  the  apace  which  tl)«  index  ia  thoa  canwd  to  more  OTer  iid» 

100  equal  parta.    When  veil  and  delicately  conatmeted,  aocb  an  inatm- 

ment  will  promptly  (bow  the  Bllghtent  changn  of  moiature  in  the  air. 

Begnault,  in  bii  "Etudee  de  I'HygnimJtne.''  hai  apmt  much  labmu 

and  ingenuity  in  tiyiiig  to  render  the  Hsir  Hygrometer  adentificaUy 


in  the  nature  of  the  hairs,  their  prepantton,  or  the  weighC  by  which 
they  are  extended ;  that  the  moat  carefully  constnuted  inatrn- 
menta  are  but  little  accordant  \  and  that,  after  aQ,  tbe  degreM  an  quite 
arbitrary,  and  can  onlj  be  redaced  to  tme  degrees  of  humidity  or  force 
of  ac^neona  Tapooi,  by  •  table  Bpedally  determiaed  by  experiment  for 
each  inatrament     Such  a  table  may  be  fbnnd  in  PoniUet'g  SentimU 


de  Pkytiqut,  7th  ed.  ii.  p.  742,  haTing  been  prepared  by  Oay-Lusaac,  and  rappoaed  by 
him  to  apply  la  all  Qair  Hygromelera. 

BegnauU,  indeed,  has  found  that  the  cero  of  the  Hair  Hygrometer,  at  which  it  should 
stand  in  perfectly  dry  air,  ie  ignite  illuaory,  for  the  hair  will  coutinur  to  ahrink  more  or 
lesi  even  when  it  haa  beea  expoaed  for  wnae  montba  to  the  dry  air.  He  therefore 
commeacea  the  BTaduatioa  for  air  aboat  }  aatnmted,  or  of  30  d(^;reea  of  hamidity. 

Enmti  {MlUorologu,  Paria,  1898,  p.  71}  comparea  the  table  of  Oay-LoMae  with 
oLhsre  calcnlated  for  tiiinanue'a  Hygrometer  bj  frmaep,  Uelloni,  and  Angnat.  There 
ia  very  little  anordanee. 

A  great  number  of  experimsnta  on  hygroeoopea  and  hygnwcopic  labetaooes  are  given 


n  aeeoant  of  twenty  years'  tuaidiions  Uboun  in  liggromttry,  moatty  occaMOtisd  l^ 
ajiomaliea  i^  the  ksgrvtcopic  Unadt." 

There  is  ■  qomplete  and  learned  hiatoiy  of  hygrometiy  by  Suerman,  entitled 
"  Commeobatio  de  deflaiendA  Quantitate  Taporii  aqoei  in  Atmoaphni,"  4to.  Lngd.  Bat. 
1S31. 

Id  Prof.  FotbeeT  Stmlmmtary  Btpori  en  lltUoTokgy  <Brit  Aaaoc  Bcfiort,  1840. 
pp.  9fi-101)  is  an  excellent  rinmi  of  the  theory  of  tbe  wet-bolb  thermometer. 

A  seaereJ  account  of  hygromMry,  with  examplee  of  the  calculatioBa  required  in  ma. 
teorology,  ia  to  be  foond  in  Dr.  Drew's  Praeiieal  HtUonlogg.  W.  S.  J. 

XTOOSObA^ia   AOIB.    Syn.  with  Htocrouo  Acts. 

KTOCBOKXO  ACTS.  CH'O*. — An  add  obtained,  together  with  glycodne,  \!j 
the  action  of  potash  on  hyt^lycocholic  acid.  It  is  ineolnble  in  water,  soluble  in 
alcohol  and  ether,  and  cryatalluKS  in  mammellated  gMumles.  Its  barima-tait  dried  at 
180°  eoutains  C»H-BaO<.    (Strecker.) 

BTOOKTOOCXOI.ZO  AOZB,  C^<^0*.  Formeriy  Called  ByoeMie  add. 
(Strecker  and  Onndelacb,  Ann.  Ch.  Pharm.  IxiL  20S.)^Ad  acid  which,  in  the 
form  of  a  Kidiam-aslt,  constitutes  the  prindpal  parts  of  the  bile  of  the  [og :  hence  it* 
name  (from  Et,  Ut  a  pig,  and  x'^'^  bile). 

To  prepare  the  sodiom-aalt  in  the  pure  atata,  the  &esh  bila  is  completelv  saturated 
with  Bulpbate  of  sodium ;  the  mixture  is  heated  for  some  hoara  on  a  sand-bath,  and 
then  left  to  cool:  and  tbe  resulting  precipitate,  consisCing of  byogljcocholate of  eodinin 
mixed  with  mucus  and  a  small  quantity  of  yellow  colouring  matter,  is  washed  with  » 
eoaoentrated  solution  of  aalphate  of  andium.  flrat  by  decajitation  and  then  on  a  filter, 
aftar  which  it  is  dried  at  110°  C.  and  treated  with  abaolute  alcohol,  which  diasolvee  the 
hyoglycochoUte  of  aodiam.  The  alcoholic  solution  is  dacoloriaed  with  animal  charcoal, 
then  predpitaled  by  othfr,  and  the'  precipitate  ia  dried  at  100°. 

The  free  acid  ia  obtained  by  precipitating  the  aqaeoua  solution  of  &e  sodinm-aalt 
with  dilate  sulphuric  acid,  dissolTing  the  precipitate  in  alcohol  aod  precipitatJng  with 
water.      The  liquid  ia  milky  at  fint,  but  bectnnee  limpid  afler  a  while,  and  d^onU 
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(noipareDt  drops.  It  mnit  be  IfA  od  tbe  nDd-Iat}i  for  Mienl  d&js,  bmoK  the 
fredpitation  ii  not  eompleto  till  the  laat  tnma  of  alcohol  are  erBpontsd.  Bj  repest- 
ingthu  opcntion  two  m  Ibrae  timta,  Ui«  acid  is  obtAined  quite  pun. 

Ejog^yeocholie  acid  ii  a  whita  nainoiu  bodj  which  melt«  ia  hot  vstar,  md  thta 
preaeata  a  ailkf  upect.  It  aolidillda  after  renuuDing  for  a  few  daja  orei  the  water- 
bath,  and  after  it  haa  loat  all  traces  of  wMer ;  doea  cot  m«lt  ereii  at  130°.  It  ia  bat 
■lightlr  aoluble  in  water,  imputing  howerar,  an  acdd  reaction ;  eaailj  aolnble  in 
aimlkol,  but  quite  iosotuble  is  tlier.  It  diaaulna  readilj  in  ammenia  and  in  dilot* 
Bolntioiw  ot  W  fixtd  aUcaUt  <tt  their  earbonata.  According  to  P.  Hoppe  ( Jahreabel. 
1858,  p.  bM\  the  aolntioiu  of  the  free  add  exhibit  an  optical  lotaton  power 
~  +  3°  1  that  of  the  aodiam-aalt  doea  not  act  on  polariaed  light  It  dit&ra  ttom  the 
add  <A  ox-bile  (oheocholic  add)  bv  ita  iparing  aolnbilitf  in  watrr,  and  by  forming 
pneipitatea  iaaonUe  in  water,  witn  bw^a,  line,  &o. ;  in  tliif  reapect  it  resamblea 


fiittr  « „  -  -  .     . 

also  produoed,  together  with  hjdrocjanio  add,  when  hjogljoocholu  t*  ozidiaed  bj  a 
miituie  of  ckroaaU  e/poitunun  and  tulpiarie  acid. 

Hj(«l;cocbolic  acid,  boiled  for  a  long  time  with  atiocg  hydrvehlorie  a^d,  ia  deown- 
poaed  in  ttu  same  manusr  aa  gljeocholie  acid  (iL  000),  Tieldiiw  flrat  a  rainoaa 
anbslaoce  aolnble  in  alkalia  (hyochobldie  add  ?),  then  hjodfa^sin  inaoluble  in 
alkalis,  while  gljcodne  leciaina  in  solation ; 

CPH-NO*    -    P^B^C  +  tTHfNO' 

Fotialt  indncee  a  Bimilar  tnmsfbnnatian,  jielding  hjocholic  add,  which  difien  tram 
hyodyslyBin  only  by  the  elamenta  of  I  at.  water, 

ByoglycDchotic  acid  is  monobane,  the  ki/oglycoehoiatet  in  the  dry  state  containing 
C"H*TH»0'.  The  ammonium^»alt  is  obtained  by  adding  chloride,  carbon»t(^  or 
■nlphide  of  ammoninm  to  beah  pig's  bilt^  ot  a  aolntioo  of  the  sodinm-salL  It 
disBolvee  very  eaeily  in  water,  but  tcij  Hperinglj  in  rtjoag  so^ntiopft  of  ammoniacal- 
salta.  It  is  di-compoaed  by  boiling.  The  bariujit-ta't,  2C'^*'BaNO*.HK),  diHolTea 
Tery  mringljin  water,  very  n-adily  in  alcohol.  Taecatcium-tdt,  2C"H"CaN0".H"0, 
rceemblM  vob  bariam-sulL  The  Itad-iall  is  a  white  precipitate  obtained  by  mixuig  a 
eolation  of  the  sodium-salt  with  neutral  acetate  of  lead.  This  mother-liquor  yidda 
with  the  basic  acetate  anotJier  precipitate  which  appears  to  be  a  bsaie  salt. 

The  ptianiuiH-tiUl.  SC^HmNCSK),  U  prepajed  bj;  dissolving  the  add  in  canrtio 
potash,  and  treating  the  Bolation  with  sulphate  of  polHSaium,  &c,  »  in  the  preparation 
of  the  sodium  salt.  It  ia  a  white  amorphous  maaa,  which  melts  at  the  heat  itf  the  water- 
bath  so  long  as  it  r^ains  water  or  alcohol ;  when  quite  dry,  it  remaina  solid  even  at  130°, 

The  tilveriaU,  C"H'*AgNO*,  ia  a  gdatinoDS  ptedpitate,  irtuch  becomea  flocmleob 
when  boiled. 

The  lodium-tall,  2C"H"IIaN0*,HK),  ia  a  whita  powder  whidi  does  not  beeoma 
moist  by  expoeure  to  the  air.  Its  alcoholio  aoiulion  yields  by  eraporation  a  perfectly 
transpareDt  Tarnish.  It  lus  a  bitter  and  very  peraistetit  taste.  Heated  on  platininn- 
fotl,  It  mejts,  swells  np,  and  bums  with  a  smoky  flame, 

nOOSOKOXSIO  AOni.  The  reeinooa  Hubetance  formed  preTions  to  hyodys- 
lyun,  when  hyoglyoocholic  acid  ia  boiled  with  strong  hydrochlone  add,  is  perhaps 
homologoUB  with  choloidio  add,  C"H"0'.  According  to  Hoppe  (Jihresber.  1868, 
p.  688),  its  solutions  have  a  dextro-rotatory  power  —  23'B''. 

STODTB&TVnr.  C"By<y. — A  substance  homologous  with  dyslysin,  produced  by 
thecontinuedactioQofboilinBbydTOchlorie  add  onhToplycocholic  acid.  It  is  inaolnbfe 
in  water,  potash,  and  ■■^■"™'«i  sparil^y  soluble  in  boiling  alcohol,  moderately  aoluble 

STOSOTAaOBm  (QeigerandHeese,  [1883]  Ann.Ch.Fhann.  vii.270.>~An 
alkalind  oontained  in  heubaDC  (Ifyoteyamtu  n^tr),  and  other  spedes  of  Uyo«7alinia. 
To  prepare  it,  the  bmiaed  seeds  of  henbane  are  exhausted  with  hot  alcohol  contaiung 
2  per  cfat  of  sulphuric  add ;  the  eipreaaed  juice  is  mixed  with  a  quantity  of  slaked 
lime,  enfBdent  to  produce  a  strong  alkaline  reaction ;  the  fllterfd  liquid  is  aligjitly 
•opersaturated  with  sulphuric  add,  and  again  filtered ;  the  alcohol  is  distilled  off  Ifl  one- 
fourth  ;  the  reaidoe  diluted  with  water ;  and  the  rest  of  the  alcohol  driyen  off  at  the 
lowest  possible  temperature.    To  the  rsma&ing  liquid  is  tliea  cautiously  added  a  coo- 
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cen(T&t«d  aolutioB  of  carboDats  of  potoniiim,  the  liquil  being  again  filtrard  if  any 
torbiditj  is  tbenbf  piodaced ;  then  n  Ibik^  eican  of  the  same  Bolutioa ;  and  the  vhals 
i»  ihnki'D  with  etiier  w  long  iia  that  liquid  takes  aajthiDg  np.  The  eUiereal  solutian, 
aeponited  &om  the  watery  liquid  and  eTtLpontad,  Uavea  impure  hjoKj&mine,  which 
maj  be  poiifled  hj  mixing  it  irith  voter  till  a  clear  BolutJoii  ia  produced  ;  adding  to 
tlua  aolution  twice  ita  weight  nf  ether-alcohol,  dilating  with  animal  charcoal,  and  etv 
porating  off  the  ether-aicohol,  first  at  a  genlle  heat,  uid  atUrwarda  in  Taeuo.  If  tho 
residaa  is  stilt  coloured,  it  moat  be  once  more  diasaWed  in  dilute  amd ;  the  eolation 
mixed  with  bd  equal  quantity  of  alcohol,  digested  with  animal  charcoal,  sjid  dsoompoaed 
by  exeeaa  of  carboDute  of  potassiam  ;  the  byoacyamine  extitcted  by  ether;  and  the 
Mole  proceoB  repeated  if  necessary. 

Hyoan-amine  may  also  be  prepared,  though  leas  adTsntageoiialy,  from  the  herb 
of  the  plant,  while  in  &owcr,  by  boiling  the  expreased  juice,  filterinj^  "'""g  with 
lima,  treating  the  flltnte  with  exceu  of  carbonate  of  potaasium,  and  diatolving  out  the 
h^T'M'^oiii'i'B  If  Bgitalion  with  ether.  The  dried  herb  likewise  jielda  it  when  treated 
with  Bcidnlated  alcohol. 

Hyoscyamine  cryit^Uiaes  in  atallate  groupa  of  rilky  needles,  bnt  ia  freqnenOy  alw 
obtained  as  an  amorphous  atickj  masa.  When  perfectly  dry  it  ia  inodcnoua,  bnt  in  the 
moist  state,  it  has  an  unpleasant  odonF  reeembling  that  of  tobacco.  It  is  aalnble  in 
waUr,  alcoiol,  and  tther.  Tbe  aqueons  solution  boa  an  alkaline  renction.  It  melts 
when  heated,  and  then  Tolatilises  with  partial  decomposilion.  It  is  decouiposed  when 
heated  with  aciiU.  Strong  niCrie  ana  diasolres  it  without  colour ;  atrong  nUphuria 
add  toma  it  brown.  ledint  added  to  its  aqneoui  solution  furma  a  ropioua  precipitate 
haTius  the  colour  of  kerme*.  Taken  intarnslly,  eren  in  imBll  dosiw.  it  acta  as  a 
narcotic  poison.  Rubbed  into  the  eye,  even  in  minute  quantity,  it  produces  peisiMent 
dilatation  of  tbe  pupil. 

EjioseTamine  nautrolises  acids  completely.  Itlaay  of  its  salta  crystalliseand  are  per- 
manent m  the  ur.  Tbpy  have  do  odour,  but  an  acrid,  nauseous  taate,  and  are  *ery 
poisonous.  Their  solutions  are  not  precipitated  by  dichloride  of  platinum ;  but  yield 
whitish  flock*  with  chloride  of  gold.    With  infusion  of  galls  they  form  a  white  preci- 

See  MiaBOTBim. 

Syn.  with.  Salictlio  Aom. 
nvn,  as  a  prefix,  syn.  with  Pbs. 

KTVBMSTHMn  (from  Mf  and  »lim,  ati«ngtb,  on  account  of  the  greater 
haidneas  and  density  of  this  mineral  as  compared  with  hornblende,  with  which  it  was 
formpriy  confounded).  It  is  a  sub-spedca  of  augite,  containing,  according  to  Muir'a 
analyses  (Pogg.  Ann.  Ixir.  162), 

fflO"  Al'C  O.'O  Mg'O  YtfO  Mii*0  H'O 
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r  gteenish-bUck  colour,  with 

the  moBt  d:'  -"--'    ' 

of  titaniferou 
lineial.    It  ia  remarkable  that  all  the  aug^tic  rocks  of  Sweden 


I  or  Hypertthme-Tock  ii  a  ciystallo-^nuiular  mixture  of 
hyperathene  and  labrador,  with  small  quantities  of  litaniferous  iron  imbedded  in  tbe 
hypentbene,  and  occasional  admixture  i^  icon  pyrlti^s,  mica,  hornblende,  olivine^  garnet, 
opalite,  &c  Labrador  is  usually  t^  chief  component.  Quartz  is  never  found  id  this 
lock.  Hypsrathene-rock  belongs  to  the  less  trequently  occurring  crystalline,  nnstiati~ 
fied  formations.  It  is  found  in  the  island  of  St.  Paul,  on  the  coast  of  Labrador,  at 
Elfdalen  in  Sweden,  at  several  localitios  in  Norway,  in  the  lale  of  Skye,  in  OomwaJl,  in 
the  Uaii  iu  Silesia,  Bohemia,  &c. 

The  following  analyses  ot  hypersthenite  are  by  Bunsen  (Jahreeb.  1861,  ■p.  1070): 
a.  Cosree-grained.  containing  brown  hyperathene  and  greyish-white  labradmite,  from 
arein  nearPenigin  Saxony. — b.  Medium-giaiDedjgiMmsh-biown,  containing greeniih- 
white  Ubradorite  and  dark  green  angite,  &om  ^bor,  near  Oelechin  in  Bohemia. — 
e.  Somewhat  finer-grained  and  browner,  from  Stiaoako  near  LirbetadL — if.  Oreyisb- 
grccn,  cryatalline,  medium-grained,  very  slightly  magnetic,  containing  Iricliuio  felspar, 
from  Hmbacow  near  Ktsrkeubach. — e.  From  tbe  railway  cutting  of  tbe  Woleachka  vaUey, 
between  Somil  and  Koatiaiow  near  Poric    It  ia  finely  erystalline,  darit  grey  to  gMcai^, 
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M  yvossoiff om  ACZ1>.  BrHO,^Theibniiatioziof  blAachiDsliquidBanAlt^ous 
to  the  hjpochlaritea  b;  the  action  of  bromine  on  solutions  of  the  slkalia  and  alkiJine 
earths  wu  noticed  by  Bslard  in  his  original  memoiroD  bromine  (Ann.  Ch.  PbjB,  [2] 
3cxzii.  337),  aiidsabveqneiitlr  bfLovig  (Fogg.  Ann.  xir.  14,  4S5),  Fritische  (J.  pr 
Chem.  uiv.  294),  aod  Gaj-LnsHae  (Compt,  rend.  xiv.  9Slj.  Balard  also  found  that 
bromine-wafer  forma  with  mercuric  oiido  a  eparinglj  soluble  oiVbromido  of  mercuc; 
and  a  bleaching  liquid  which,  by  distillation  in  a  vacaum,  ;ieliiH  a  liquid  also  possesBing 
bleaching  propertieti,  and  Eupposed  to  be  hypobromoua  acid  (i.  679). 

More  reoeutly,  Spitler  (Jahresber.  18S9,  97  ;  18S2,  73)  and  Dancer  (Cham.  Sac. 
J.  XT.  447)  haTB  ahown  that  when  bromine  is  added  to  excess  of  solutioD  of  nitrate  of 
■ilrer,  half  Che  bromine  ispredpitated  u  bromide  of  silver,  while  the  other  half  remains 
in  solution  as  hjpobromoua  acid,  forming  a  strongly  bleaching  liquid.  &om  which,  ac- 
cording to  Dancer,  tbe  hypobromans  acid  niE^  be  distilled  under  a  preasnie  of  SO  mm. 
of  mercniT,  the  liquid  then  boiling  at  fiO°.  The  distillats,  vhich  does  not  contain  &ee 
bromine,  is  stiaw-yeUow.  has  an  acid  reaction,  bleaches  Btrongly.  and  decomposes  when 
heated  abora  60".  It  gare  by  analyei*  Diunben  coizespoiidiiig  with  the  ibrmula  of 
hypobromons  acid. 

Bypobnimous  acid  is  likewise  obtsiDed  in  solution  by  agitating  bromine-inter  with 
eiceoB  of  mermric  codde  or  oxide  of  silver.  When  bcomJne  is  brought  in  contact  with 
axcees  of  di;  merenric  oxide,  the  mixture  becomes  Tery  hot.  3j  heating  the  two 
Bubetances  together  in  a  sealed  tube  tj>  100°  s  powder  is  obtained  which  smells  like 
chioride  of  lime  and  bleaches  when  moistened  with  water;  it  is  a  mixture  of  mercuric 
iHOmide,  oxide  and  hypobromite.  If  the  bromine  is  in  ezceas.  a  solid  mass  is  fbrDH<d 
DonsistiDg  merely  of  mercuric  bromide  and  oiida.  Oxygen  ii  sat  free  in  both  cases. 
(Dancer.) 

AH  attempts  to  prepare  hypobromons  anhydride  by  methods  similar  to  those  which 
yield  hypoctdorooB  anhydride  (i.  908)  were  unsuccessful,  the  compound  being  decom- 
posed, boA  at  common  temperatorea  and  at  — 18°,  into  bromine  and  o^gen. 

HTTOOH^OMTC  ACID.  Syn.  with  Perchloric  oxide.  (See  CvLOuaia,  Oxidbs  of, 
i.  912.) 

MTTOCKKOSZXBi  (GrSne  Ei»enerde.)—A.  minrasl  occurring  at  Sdmeeberf^ 
Johanngeoigenstadt,  and  Brannsdorf  in  Saxony,  in  minute  greenish  crystals  ai3 
graios,  or  msssiTe  and  earthy.  It  contains,  acccoding  to  SchulePa  anilysiB,  &a'24  per 
cent,  silica,  14'SG  alumina,  13-03  oxide  of  biamnth,  10-64  protoxide  of  iron,  and  9'S2 
phosphoric  aahjdride,  with  a  trace  of  manganese,  and  is  perhaps  a  silicate  ot  bismuth 
and  iron  mixed  with  phosphate  of  aluminium.    (Dana,  ii.  182^ 

MTVOOBKOBXTas.  CllUO.— The  formation,  general  propettiee  and  reactiona 
of  theaasalta,  and  the  methods  of  estimating  the  quantity  of  arailahle  cblorina  contained 
in  them,  tmebem  alrtadj  described  uider  CsiMtana  (L  904,  908).  For  the  prepara- 
tion of  bypoehlorite  of  calcium,  itsuses  as  a  bleaching  and  disinfecting ag™*  — '' 
"■»  nethods  of  a--------   -■ '  •      ■  ^  .    -.  .-         ^ 


_  a  oommercial  ralne,  see  Urit  Dietiimary  0/  AtU,  fte. 
i.  904 ;  also  Biehardton  and  Watl^t  Ckttlacai  Teclmeiogy,  toL  L  pt.  3,  pp.  3B0-42G. 

Asampleof  "  diloride of  lime,"  analysed  by  F.  Bose  under  the  direcUoa  of  Frese- 
nins  (Ann.  Ch.  Phann.  czriiL  317),  yielded  20-72  per  cent  CaClO,  SA'Sl  CaCl, 
SS-Ofi  CbK),  and  24-73  combined  and  hygroscopic  water.  On  repeatedly  tri- 
tuniting  it  with  fresh  quantities  of  water  to  a  thin  pulp,  the  chloride  of  calciom  was 
fbund  to  dissolTe  at  the  flrst  trituratioa,  the  hjpochlorile  only  at  the  third.  Hence 
Fieseuins  concludes  that  the  two  salts  exist  in  the  hleschiag  powder  merely  in  a  state 
of  mixture^  or  at  most  as  a  loose  combination  sasily  decomposed  by  water.  Ee  regards 
bleaching  powder  as  a  mixture  of  hypochlorite  and  basic  chloride  or  oiyehloride  of 
ealcinm,  C«aO  +  {CaCLCa-0).2H^.  The  basic  chloride  i«  Kfolved  by  water  into 
chloride  and  hydrate  of  caliuum. 

Solutions  of  the  hypochloriira  of  the  alkali-metals  have  long  been  used  as  disinftct- 
ing  agents.  The  st^cailed  chloride  of  soda  or  Labarraqne's  disinfecting 
liquid,  is  a  mixture  of  hypochlorite  and  chloride  of  sodium,  prepared  by  passing 
chJariue  into  a  solution  of  caustic  soda  or  carbonate  of  sodium,  or  by  decomposing 
hypochlorite  of  calcium  (bleaching  powder)  with  carbonate  or  sulphate  of  sodium.  In 
tne  ftnt  mode  of  prepantion,  about  40  lbs.  of  soda-^^^stals  are  dissolyed  in  about  20 
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B>ll<Hii  at  wMnr,  *ad  a  itreun  of  chlodne  i>  paned  through  the  aoluliou  till  It  has 
Mtuniid  ■  BpeciflcT  gniTit;  of  I'US.  A  rise  of  Ibe  dcDBitj  ihore  this  point  indicates  Clie 
formation  iS  chlonite  of  KKiiiuii.  To  prepare  th«  dlBinfecCing  liquid  b;  the  avcond 
method,  about  20  IIm.  of  good  bl«achiiu  powder  bib  diaaolmd  in  about  SIS  galloiu  of 
wst«T,  aod  to  the  flltsred  Ijooid  ia  added  a  lolutioD  of  40  lbs.  aoda-ctyBtjJa  in  abuut 
B  galkina  of  VBrm  water.     The  filtered  aolution  couatitutee  LabairHqne'B  liquid. 

Chloride  of  Potash  at  Eaudt  JavtUe  ia  a  mixture  of  bTpochlorite  and  i^orids 
of  polaaaium  prepared  by  similar  methods. 

A.  miztun  of  hupocAlorile  of  magneiiiii/ii,  prxpwed  by  decompoainK  chloride  of 
lime  witli  an  equiTaient  quantity  of  aolpbate  of  magseainDi.  ie  said  by  (^unen  to  he 
more  efllcacioua  thaji  other  chlorinr-compoimde  for  bleaching  Sax  and  hemp. 

Bj/pocliloriU  of  Alujninium,  prepared  by  mizing  equivali^t  muuititiee  of  aidphate  of 
alnmioinm  and  hypochlorite  i^  caldnm,  is  recommended  by  Orioli  (Bep.  PHt.  lar. 
April  1860)  aa  a  bleaching  and  antiieptic  agent.  It  ia  very  easily  decomposed,  and 
therefore  acts  Teiy  rapidly  on  organic  matt^'ra.  It  may  ahn  be  used  u  a  mordant 
inataad  of  acetate  of  almninium,  all  the  hypochlonnu  acid  being  diaengaged  at  the 
heat  of  tlie  dya-bath  while  the  alamina  remsini  attached  to  the  flta«. 

^w>cUfnf«q/'Zinc  is  also  nwdaa  a  mordant,  and  is  recommended  by  Varrentrapp 
(Dii^  poL  J.  clviii.  378),  on  account  of  ita  ready  decomposibility,  aa  a  bleaching 
mi     .  ..  .,i._!i.   ..  !■  ..   j^^y  jjp  aiiva"'"  '  .      .   i  ,      ., 

■  (i.  90B).— Thia  gas  is  absorbed 
anhydride,  and  when  the  latter  compoimt^  in  a  state  of  perfect  diyncm 
niantitiea  of  not  mote  than  for  6  grma.  atatimc^  ia  aatnmted  with  hypochlorauB 
de,  a  daiit-red  thiclush  liquid  is  tbrmed,  which  solidifies  on  cooling  to  a  mass  of 
_„-it  red  ueedka  apparently  conMsting  of  01*0.130'.  These  cryatala  melt  at  £6°,  and 
detonate  -irhen  snadeiily  mised  to  a  higher  temperatnie.  They  are  instantly  drcum- 
posed  by  water  into  sulphoric  and  hypochloroue  acids ;  hence  the  compound  acts  as 
a  powerful  oiiHlamg  agent  on  sugar,  alcohol,  and  other  organic  enbstancea.  lodiue 
deoomposaa  it,  with  emotion  of  cmorine  and  formation  of  iodic  acid. 

mtan  hypochlorolU)  anhydride  ia  passed  into  liquid  Bulphnrons  anhydride,  a  TOiy 
briik  reaction  takee  place  as  soon  as  Uie  containing  vessel  is  remored  frton  the  freeaing 
n^tnr^  chlorine  being  eTohed  and  a  red  Tisdd  anbetance  remaining,  composed  <? 
'    and  hfpoddoions  anhydrides  ID  a  proportion  not  yet  determined.     (Schtitx- 
r,  Oompt  lend.  lii.  13S;  Uii  £38 ;  Jahreiber.  1861,  p.  142.) 

.  CfH^O*  -  *''^'^lo.-,4n  acid  belonging  to  the  oleic 
aaiiea  CH^-'O*,  discorered  in  1895  by  Oossmann  and  8ch  even  (Ann.  Ch.  Pharm, 
xeir.  230)  in  oil  of  earthnut  (ArackiM  kvpogaa)  It  ia  isomeric,  if  not  identical,  with 
phyeetoleic  acid,  discoreredin  1B44  by  HofstSdter  (Ann.  Ch.  Pharm.icL  177)  in 
sperm-oil  (see  PHTsaroLmc  Acm),  also  with  the  acid  obtained  by  oxidation  cf  azinic 
acid  (CH^C),  an  acid  produced  by  the  aaponiflcation  of  the&t^  substance,  age  or 
azin,  contained  in  the  Uexicsn  plant,  OoceuA  Amu.  (F.  Hoppc^  J.  pr.  Chem.  Ixzz. 
102.) 

Pmarationfrom  Barth-Kvt  oil. — Thn  Isf^  acida  of  the  oil  are  diseolTed  in  aloohol; 
arachidic  and  psimitie  acids  are  precipitated  by  ammonia  and  acetate  of  magnenom ; 
the  precipitate  is  remored  ;  and  Uie  oltnte  is  mixed  with  anunonia  and  an  alci^rolic 
aolnlion  of  aentral  acetate  ofl«d.  The  precipitate  is  (V^ected  after  a  fbw  days.  [Mvawd 
•nd  disBidTed  in  ether ;  the  ethereal  aolntion  is  afiitated  with  aqueoDS  hydiodiloric 
Mid ;  the  chloride  of  lead  is  filtsred  off;  the  ftltrate  is  shaken  op  with  water  vhieh  has 
been  bttd  tram  air  by  boiling :  the  ethereal  layer  which  separatee  again  on  leaving 
the  liquid  at  reat  is  taken  off;  and  the  ether  ia  removed  by  distillatjon.  The  remainins 
liqnid  on  cooling  depoaita  yellowiah  cryatala,  whioh  may  be  purified  by  pTMnre  and 
mnytjlti— finn  tnm  «lcohol  at  a  mr  low  tetnperalare.  AJi  addittonal  qoantity  of 
cryatala  m^  be  obtained  ftom  (he  mother-liqiior.    {Qdasmann  and  Bchevan.) 

Azinie  add  yields  by  ozidalion,  aginin  insolnblein  ether,  and  the  acid,  0"H^*, 
«Uch  may  be  dissolred  oat  b^  sther,  and  ajratallises  from  the  ethereal  salation. 

^pogne  acid  f  ijntnllinnn  in  stellate  groapa  of  needlea,  inodorous,  melting  at  M"  or 
If  °7^9aetcdeic  add  melta  at  80°  and  solidlflea  at  28°),  easUy  salable  in  de^ol  and 
in  eUer. — 1.  When  exposed  to  the  air,  it  aoqnirea  a  yellowish  oolonr  and  raneid  odonr, 
and  than  ervalaUiaes  with  difBcnlty,  even  at  very  low  tempetatnrM. — S.  When 
■ntneoted  to  otj  distillatitHi,  it  flrat  gives  off  a  reddiah-^reUow  liquid,  then  ydlowiah- 
while  ctTSlaUme  sAoeie  acid,  and  lastly,  a  fMid  oil,  leanng  a  small  qoanti^  of  char- 
ooaL 

Ktnnu  an£  convsrfa hypogauG amd  into  the  isomfflic onnponnd  gaidie  acid,  which 
is  related  tO  it  in  the  same  manner  aa  ela'idic  to  oleic  acid.  It  forms  a  colourleoa  cr^ 
talhne  masa,  permanent  in  the  air,  melting  at  3So, -solidifying  in  the  radio-eryatalluie 


olpfanrioi 
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fiim  OD  cooling,  and  ToUtiliiing  nndecomposed  at  highar  toaptrktiuM.     (Caldwell 
and  QotBuitnu,  Aim.  Ch.  Fhum.  zcix.  SOt.) 

Hjpogeic  kcid  is  moaobuic.  The  barium-ialt  u  obtained  by  adding  alnduKe 
•Mate  (^  barium  to  aa  aicohcilie  solntion  of  the  add  mixed  with  ezcesn  of  ammooia, 
in  white  graioa  vhich  dinolre  when  heated  and  nparate  again  on  cooling. 

Bvpoffoate  of  Copper,  CH'thiO',  ig  obtained,  in  like  manner,  by  railing  alcoholie 
copne  acetate  with  a  hot  alcoholic  aoliition  of  the  acid  containinE  anuaanis,  and  a«pa- 
rates  on  cooling  in  violet-blue  dystaUine  greina,  solnble  in  alcohol  and  cohering  to  a 
tnnahiceDt  wax  at  16°, — Gaidate  o/ccpper  is  obtained  by  mixing  aqueone  ga'idale  of 
eodiom  with  miprie  aolphat^,  aa  a  scarcely  dyatalline  precipitate,  which  diBsolTes  with 
difficolty  in  alcohol,  and  separates  thentfrom  in  giuinlea.  It  melta  without  decom- 
position at  a  temperatnre  abore  120°. 

Bspogitatt  of  Elivl,  C"H'(<?H*)0*,  is  obtained  \y  pssnng  hydrochlorie  acid  gas 
through  a  Bolntion  of  hjpogseic  acid  in  alcohol  of  9S  per  cent  and  sepontca  on  wanning 
the  liqnid,  as  an  oil  which  may  be  (teed  fiom  adhering  acid  bv  washing  with  small 
quantities  of  alcohol,  and  diied  in  a  stceam  of  carbonic  anhydnde  between  100^  and 
120°.  It  is  yellow,  inodorons,  lighter  than  water,  but  sinks  in  alcohol,  in  which  it  is 
bnt  dightly  aolnble.    Not  Tolatile  without  decomposition. 

Qimlatt  of  Etkgl  is  prepared  by  pasaing  hydrocbloric  Ftcid  gas  thioagb  a  solntion 
of  galdicacid  in  absolute  alcohol,  pre^tatiiw  after  12  hours  with  water,  andBubject' 
ing  the  sejnisted  mixture  of  gaJUio  ether  and  gaidic  acid  to  a  second  tteatment  with 
bydrocfalonc  add.  The  pradnct  is  washed  and  dried  at  1(K)°  in  a  stream  of  hydrogen. 
It  is  a  colonrieas,  lBmin».4^stalline  maas,  which  melta  between  9°  and  10^,  and 
TolaliliBea  luideccnnpoMd  at  •  higher  tempeTstnrB.  It  is  inodoTOBs,  lighter  than 
water,  heaTier  than  alrajlol,  and  sparingly  solubls  in  alcohol 

GSdate  of  SIver  is  obtained  by  precipitation  as  a  whits  amoiphoiis  mass  wbidl,  whm 
washed,  and  especiallf  if  hsated  witJl  wats,  alcohol  or  ether,  tnnis  Uack  without 
diasohing. 

GiBdatt  of  Sodiam  iaobtainsd  by  dissolringthe  add  in  aqoeons  carbonate  of  aodinin, 
arapOTating,  and  eibanstiiig  the  restdae  with  absolata  alcohol ;  the  solntian  oa  eotding 
depoaita  thesalt  as  a  tranduceatjel^:  firon  dilat«  salntioiM  it  sataiatcs  in  ayatalline 
grains. 

■TTOOAUbZO  ACItS.  (7H*0<.  (Matthieisen  and  Foster,  Chem.  Sue.  J. 
xtL  3fiO.)— An  acid  produced  by  the  action  of  boiling  aoncentralAd  hydriodic  acid  ou 
hemipinic  acid  (p.  142) : 

CHi'O*  +   am     -     CH^'   +   2CH1  +   CO*. 
.Bmiplnlc  Hfpsnlltc       IsdMeor 

add,  >c£l.  uathrl. 

It  is  iaomerie  with  cBrbobydioqiiinonic,  protocatechnic  and  ozysalicylic  acids,  and 
intnnediate  in  composition  between  salicybc  acid,  C'H'O*.  and  g^c  acid,  CH*0>. 

Hypopllie  add,  whm  pore,  is  only  sUghtJy  soluble  in  cold  water,  but  dissolTca 
easily  in  hot  water,  aicohoX  and  ether ;  ite  solution  reacts  strongly  atod  with  litmnii- 
piqier.  It  scparatrs  &om  hot  water  in  small  priamatio  cryataU,  united  iuti>  «t«llal« 
groups,  and  containing  \\  at.  watar  of  crystalluBtioD,  which  they  lose  at  100°.  The 
add  melta  at  about  180°,  but  as  it  begios  to  decompose  even  at  a  lower  tempecature, 
it4  mehua-point  ronld  not  be  accarattdy  ascertained. 

Hfpegulic  add  giadually  tnma  brown  when  heated  in  the  air  to  a  little  above  100° ; 
the  same  change  occma  now  quaddy  when  a  salntion  of  it,  ei^edally  if  nential  or 
aPtaline,  is  evapoated.  Added  to  solntion  of  Mtmtt  or  ammome-mtratt  of  tUver,  it 
eansM  an  immediate  predpitation  of  metallic  silver,  even  in  the  eoLd ;  with  tUphati 
Hfeopptr  and  a  alight  excess  ti  potash,  it  gives  a  yellfwiah  green  solution,  from  which 
an  onnge-yellow  predpitate  is  thrown  down  on  warming ;  in  a  miitore  of  taqitkUorida 
of  tftni  and  rtd  pnunate  of  potatk,  it  immediately  produces  a  blue  medpitate  ;  when 
boiled  with  aohition  of  neretwie  Bhioride,  it  reduces  it  to  calomel  With  mqKteUande 
if  mm,  it  gives  an  intense  indiKi-blue  coloration,  which  is  shanged  to  violet  by  a  very 
small  qnsntilj  of  ammonia,  and  to  blood-red  by  eiceaa  of  ammonia,  no  predpitala 
being  pnMluced,  unless  too  much  chloride  of  iron  has  been  used ;  the  colour  is  desbtiyed 
I^  strong  acids,  but  restored  by  neutraliaation  with  alkali,  and  partially  by  addition 
dr  water.  A  solution  of  the  add  immediately  becomes  brown  en  addition  of  idkali, 
the  eokjar  quickly  becoming  dai^er  by  exposure  to  the  air.  With  aamona  a/nd 
Moride  of  barbmi  or  cofciien,  it  gives  a  htovnish  white  flocculent  pMdpitate  ;  with 
acttaU  ^Uad,  *pale  yi41ow  piedpitate. 

Hyptwallic  add  ia  decomposed  by  heat  into  carbonic  aalndride  and  a  anbetance 
whidi  solidiflea  in  the  neck  of  the  retort  to  a  colourleos  crystalUne  maas.  Hie  deeom- 
bosition  begin*  at  about  170°,  and  goes  on  rapidly  at  200°.  The  crystalline  pro- 
duct melta,  in  the  crude  state,  at  about  90° ;  it  diasotvea  easily  in  water,  and 
eryslaUisea  in  needjM  when  the  tohlian  is  evaporated.   It  is  lapidly  attacked  by  tiitris 
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acid,  evra  irben  dilnted,  giving  b  red-bnnm  koIdUod.  With  seaqiiicbloride  of  iron  it 
giTcs  a  blniah-black  amorphous  predpitjile ;  with  Bfrtate  of  lead  it  givea  a  while  or 
Tellowiih-wtiite  precipitata,  loluble  in  an  eicega  of  acetic  acid.  It  slowl;  amuDea  a 
oaAeF  eolonr  b;  exposure  to  air  in  contact  with  alkali.  Thii  aabataoce  baa  not  jel 
been  prepared  in  snffldent  qnantit;  for  complete  inveatigation. 

Tbe  tntM  acidi  above  mentioned  as  isomeric  with  hj'pogallic  add,  bare  about  the 
■ame  aolabilitr  in  water,  alcohol,  and  ether,  aa  the  latter ;  thej  all  lifcewi>«  give  a  dark 
coloration  witA  the  amallcBt  trace  of  sesquichloride  of  iron ;  reduce  nitrate  of  ailver ; 
become  dark  brown  when  mixed  witli  alkali  and  eipoeed  to  the  air ;  gi>e  a  jellowiah- 
whita  precipitate  with  acetate  of  lead  ;  and  at  a  high  (esiperature  are  all  decomposed 
into  carbonic  anhjdride  and  oifphenic  acid  or  hydroquinooe.  Nernrthelpss,  no  two 
of  these  acids  appear  to  have  quite  the  same  properties.  The  following  are  tie  most 
important  points  in  which  diflerences  have  boen  obeened.  Hypbgallic  acid  crystallises 
with  li  molecule  of  water  (ll'EI  per  cent.),  carbohjdroquinonic  and  protocatechuic  acida 
with  1  molecule  (10-1  per  cent),  and  ozjsalii^Iic  acid  without  water.  HvpogoUic  and 
onsaticrlie  adda  give  a  dark-bias  colour  with  seaqnichloride  of  inn,  the  other  two 
aeidi  a  clarit«rreD  colonr.  Hjpogidlic  add  reduces  nitrate  of  silver  immadiatelv  in 
tbs  cold ;  earbDhjdroqninonie  add  reducea  it  slowly  in  the  cold,  r^idlj  when  boiled ; 
oi^salii^IiQ  add  baa  no  action  on  nitrate  of  sUver  in  the  cold,  bt^  reduces  it  completely 
when  boiled.  CarbohydroqaiDonic add  reduces  cuprous  oxide  &om  a  mlitDreof  cupric 
acetate,  tartaric  acid,  and  excess  of  DOtaah  ;  protocatechnic  add  causes  no  redaction  of 
the  aame  aolntion.  Hypogallic  add  eauses  a  precipitate  in  a  mixture  of  chloride  of 
barium  and  ammonia ;  protocatechnic  acid  only  on  addition  of  alcohoL  Some  of  these 
diffarencea  my  perhaps  be  due  to  accidental  causes,  dependiog  on  the  different  sources 
and  modes  of  preparation. 

9.    See  lODmB,  OiAcms  nr. 
[J  ACXD.     See  NiOBiiix. 


MTVOWXTXXC  AUU.  Syn.  witb  Pemitric  oxide.  (SeeNrrKoasH,  Oxidiis  of.) 
SIFOMITSOMSOOWIO  AOISi  Syn.  with  NitTomeconiQ.  (See  Miconin.) 
KT90M  I'l'MOVS  ACXS.  Syn.  with  NrrBoua  acid. 
>  S  VOVBOCPBOftOTTB  ACXS.  See  FHoapHOBca,  OxTOn-acma  of. 
HTJOBOTiMM  TTM,  A  name  applied  by  Bieithaupt  to  a  mineral  from  Arundel, 
irilieb,  according  to  Hammebiberg,  is  probably  albita  mixed  with  angite.  (See  ALsm 
nnder  Fai.sFA£.) 

Syn.  with  Smmn. 

Syn.  with  Amyl-anlpburoua  add.    (See  Sul- 

3ja.  with  Disulphide  of  Anenic.    (Sea 

Syn.   with  Ethjl-aulphuroos  acid.      (See 

HJMO  AOIV.  1      ^  Im««>-Wi™uBi0  ACma. 
Syn.  with  SoLFHOOLtrnc  acm. 
AOD.    Syn.  with  Methyl-sulphuioita  add.    (See 


AOXOBi    See  FKOsraokDB,  Sulfhidis  or. 

STVOBITXVKintZO    and    XTVCWOUSUaOVS   AOHM.      See  Sulphub, 

OxTtisM-Acina  or. 

See  VavuilDii. 

An  aaotiBed  organic  sabatanee  diacovered  by  Seherer 

(Ann.  Ch.  Fharm.  Ixziii.  328)  in  the  spleen  of  man  and  in  the  ox,  and  since  fonnd  to 

exist  in  many  other  parts  of  the  animal  body.    It  ia  probably  identical  with  BaBcnn 

{?■'■) 

HysaoVXW&     A  doubtftal  alkaloid,  said  by  Herberger  to  exist  in  the  herb  of 

"- '^Hotit. 

't  OZK  or.      A    roUtile   oil    obtained  from  Byttoput   ogicinala   by 
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distillation  with  water.    It  ii  yellinr  wlwn  frMh,  bvt  tanw  Md  bj  ke^^ugj  hu  • 
•haip  tMte  «nd  ameUs  like  on^hor. 

vmrATITS.    8711.  with  luam^ 


XASTAOK&TBB.     A  Tuic^  of  agste^ 

*™— *™  A  nliotte  from  HontoTBl,  neaz  Toledo,  ooeuiring  in  Urge  nz-iid«d 
priiiDB  wiUi  bMal  eloTago.  HudncaB  •>  3-S.  Suciflo  STavit;  —  2'S9.  CoDtains, 
■ceording  lo  Norlin  (EongL  Vetsnik.  Aisd.  fSdiuidliDgar,  1B4«,  Slfi),  40-9U 
oat  cent.  SiO*,  30-74  AJH)*,  16*7  FeKI,  Mn*0  IBS,  0-40  CaK),  081  M^,  *6r 
K?0,  0-04  IT&*0,  fi-66  HK)  -  99-82.  Fa»»  to  a  duk  pcwi  befbra  the  blowpipe.  It 
ii  pobKbt;  tlli(>d  to  dielmiit«. 

If»-SVAa.  A  luune  >oiii«tinie>  applied  to  a  tianaparest  rarietj  of  lelapar  found 
in  TraaTian  laraa :  the  tana  indudra  pellmad  ntrietini  of  other  apecira  of  felspar. 
tDana.) 

traXASS-SVAX.    Tmuparent  calc-apar.    (See  Cu^-Spu.) 

■CKTKZDnVi    A  anbatanee  contained  in  the  immatare  egg<  of  CTprinind  flabea. 

XOMXMZV.  The  uotiiied  coiutitaeiit  of  tha  rggB  at  cmitilaginona  Sahsc  It  ia 
ewQj  extracted  from  (ha  eg^  of  the  ray  by  pouring  the  jolk  into  a  large  qnantitj  of 
diatill«i  water,  waahing  the  dense  granules  which  tall  to  tbe  botlom  till  the  waah- 
watei  contain!  only  tracea  of  albtunin  and  aaline  matten^  and  faially  PTh«n«tiT»g  thent 
with  alcohol  and  ether. 

Ichthin  thtu  obtftined  foms  bomwMlecnaa,  lAite,  tranaparent  graiDa,  loft  to  the 
toneh,  inaolable  in  water,  alcohol,  and  ether.  Hydnwhloric  add  ifiisolTea  it  without 
Tldet  cdoration ;  it  ia  also  rradilj  soluble  io  dilute  acetic  and  phosphoric  add,  and  in 
other  adda  in  the  concentrated  state.  Solutiona  of  potash  and  soda  diasolre  it  slowly ; 
amiDODia  does  not  act  upon  it.  It  giies  by  analyaia  60'S  to  SI -0  per  cent,  carbon,  ST 
to  7'8  liydKeen,  t4'7  to  IA'4  nitrogen,  and  1'9  phosphonu  (?).  It  does  not  appear  to 
contain  snli^ui.  It  Imvm  bat  a  trace  of  ash  when  buruL  (Talencieunea  and 
Frimj,  Ctnnpt.  rend.  zxxriiiL  480,  528.) 

lOKTKranr-  The  lei;  yonng  «sa  of  cyprinoid  SshM  contain,  boridea  icthidia, 
a  KiDDgly  albnlDilionS  liquid  which,  noldi  in  auapensioa  certain  mineral  salts,  together 
with  ictbnlJn,  which  may  be  piedpitated  by  water.  When  first  precipitated,  it  iaviseid 
like  glnten  i  but  when  treated  with  alcohol  and  ether,  it  loses  its  Tiscosity  and  becomes 
solid  and  pilTemlenL  Like  ichthin,  it  dissolvea  in  acetic  and  in  phosphoric  add,  alua 
in  bydnxLloric  add,  without  Tiolet  coloration.  It  contains  S2'S  to  £33  per  cent. 
carbon,  8'0  to  B-3  bydic^n,  IS-I  nitrogen,  1-0  sulphur,  and  O'S  phosphoma  (?}.  It 
seems  to  disaimesr  as  the  SBsa  uprosch  maturity,  and  to  be  replaced  by  albumm. 
(Valenciennes  and  Frimj!) 

See  QiuTnr  (iL  SZfl). 
Syn.  with  AfofeilUIS  (i-  Sfil). 
A  resin Terrsimilar  to  eletni,  obtained  from  treea  iwj  common 
in  Oniana,  belMigiu  to  the  order  3kreMiiCjiaw<K  It  oeowa  in  amall  masses  or  o^aqo* 
graina,  htmag  a  Tellowuh-irtiite  cdom,  and  a  sweet,  rather  aoeeaUe  odour,  the 
strength  itfi^iehlsiiiaMsed  by  heat.  It  is  friable  and  tasteleM.  It  ei*e«npBaUiitig 
to  witO',  and  ia  bot  sparingly  s^ble  Id  alM^iol,  requiring  Ibr  cotD]^ete  solution  it 
parta  of  cold  akohol  of  86°,  and  15  parts  of  boUing  alodiol:  it  dissolTCa  also  in  S| 
parta  of  oil  of  tumntine  at  ordinaiy  temperatoira.  It  i«  insoluble  in  alkaUa.  Its 
alcohdic  solntioD  doa  not  precipitate  lead  or  silver  salta. 

Idea-reein  is  eompoMd  of  three  distinel  cubstances,  sspaiable  by  tbcir  diSerent 
^gMea  ot  Bolubility  m  alcohoL 

a.  If  the  resin  be  completely  dissolyed  in  boiling  alwAoI,  one  of  these  rohstance^ 
vix.  brsan,  oiyt(>Iliscs  on  cooling.  It  hss  the  composition  of  choleetenn,  and  ftnrna 
white,  tasteleas,  needle^baped  crystals,  inroluble  in  water  and  in  alkalis,  snringly 
soluble  in  alcohol,  and  hanng  a  neutral  reaction.  It  melts  at  167",  and  loUdiflea  oa 
cooling  to  a  mass  neembling  amber.  By  diy  distillation  it  yields  empyreamalic  oils, 
a  Tolatils,  solid,  amtophooa  substance  which  eoUecta  in  the  neck  of  tha  retort,  snd 
a  »»i«ll  reiddua  of  charcoal.  It  is  dissolved,  with  red  colour,  W  aulphohc  add,  and 
predptated  unaltered  by  water.  Nitric  add  decomposes  it,  with  evolution  of  nibona 
(tunes,  Ibrming  a  yellow  body  soluUe  in  excess  of  nitric  — '■'  — •" :-i»-».j 


w  body  soluUe  in  excess  of  nitric  add,  and  precipitat«d  <« 
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6.  Oa  ranonug  the  bnan  u>il  eonenitiatiiig  tbe  mothar-liqnoF,  a  certafn  qnantitf 
of  the  ums  anbitaiicx,  in  an  irapnn  state,  fint  oepanU^  and  aitenrarda  another 
cryitalline  remit,  ieican,  vhich  hua  the  name  melting-pDint  as  bcaao,  and  reatanblea  it 
in  moot  of  itfl  other  propertiea,  but  a  difltingtiisbed  bj  itfl  gnaUn  Bolability  in  alcoboL 
It  givn  bj  analjvi  BSOl  per  cent.  C,  ll'GS  E,  and  B'34  0,  which  ma^  be  represented 
hy  the  fonnnla  C*H*'0.  Ita  compoailion  ia  ahont  the  lame  aa  tliat  of  the  reein  of 
CiToxylon  Andieola. 

0.  The  mother-liqnor  of  iacss,  after  heing  oompletslj  fteed  frnm  eryitiiUiaabla 
natter,  depontA  a  amall  quantity  ol  a  jtHow  amoiphoiu  naiii,  vliicb  melta  below  100°, 
and  is  much  more  aotuble  in  ahnhtd  and  ether  than  brean  or  icicaa.  Ita  alixiliolic 
aolntion  is  sUghlly  add  lo  test-nper,  but  the  reeiii  does  not  diasolTS  in  aJksLii.  It 
coBtaini  77'E>8  per  cenL  C,  10'69  H,  and  11470,  corresponding  appioziioatelT  with  the 
fcrmnhlC^Hi*'.    (Soriba,  Ann.  CL  Phjs.  [3]  liii.  1S6.) 

XDtOKTVM.  A  t«m  applied  by  Qnthiie  (Chem.  So.!;  I.  idii.  S5)  to  bodin 
derived  b;  leplaeemenC  from  the  eame  aabetooce,  indadiog  the  typical  substance  itself; 
■mmoDia,  for  example,  is  idiotypLc  with  ethylamin^  phenjlamin^  and  all  the  organic 
basis  derived  from  it  by  sabstdtntion,  and  tbeee  are  idiotypic  one  with  the  other. 

ITie  same  term  was  applied  bj  WaekeDfoder  (J.  pr,  Chem.  xjdr.  18)  to  eoitain 
DOD'Crystalliiie  organic  bodies  which,  acooiduig  to  llil  obsemliolis,  exhibit  certain 
similarities  of  stroctoie. 

ZHOOBAU.     SeeVHUnul. 

XBmXALXX.  C^'O  (T).— The  essential  eonsUtnent  of  idrialite,  from  which  it 
is  obtained  either  bj  di7  distillation  in  an  atmocpliere  of  CBrbonie  anhjdrtde —  or  better, 
by  boiling  the  minwalwith  rock-oil  or  oil  of  turpenting ;  the  lii^nidon  cooling  solidiliea 
in  a  loass,  which  may  be  freed  from  the  eolvent  by  means  of  bibalow  paper. 

Idrialin  forms  eolonrlesa  scales,  which  melt  at  a  very  high  tempenture,  with  partinl 
decompositioa.  When  dintilled,  it  partly  volatilise^  but  at  least  ^  of  it  ii  decomposed 
at  the  nuns  time,  even  in  an  atmosphere  of  carbonic  anhydride.  It  is  insoluble  in 
wafer,  even  at  the  bailing  heat,  and  nearly  insoluble  in  acohol  and  etlier  ;  the  best 
solvent  for  it  is  boiling  ou  of  litrpentitu,  Jt  gives  by  aaaJysLs  917  to  92'0  per  cent. 
carbon,  and  5'1  to  fi'4hydnigen,  agreeing  aearly  with  the  formula  above  given — which 
requires  9107  C,  5-11  H,  and  S-92  O.  (Bodeker,  Ann.  Ch.  Fhann.  lii  100.) 
Dumas  and  Laurent  regarded  it  as  a  hydrocarbon  C  *H",  but  these  rMutt«  were 
cslimlstsd  according  to  the  old  atomic  wei^t  of  carbon. 

Idiialin  heated  with  strong  ttdv^rit  aeid  forms  a  solatioD  of  a  fine  bine  colour, 
Kks  that  of  snlphindigoU'c  acid.    The  solution  diluted  with  vater  forms  with  bases 

Euliar  salts,  among  which  the  potassium-salt  is  distinguished  by  ita  beautiful  crystal- 
I  character. — Idrialin  boiled  with  strong  nilrin  acid  yields  a  red  powder  (Laurent's 
nitrili  of  idrialtui)  destitiite  <rf  taste  and  odour,  insoluble  in  water  and  ether,  solnble 
in  sulphuric  acid,  to  which  it  imparts  a  mahogany  colour.  In  potash  it  dissolves  with 
brown  colour.  Bested  in  a  closed  tube,  it  decomposes  with  explosion  and  emission  of 
lighL  According  to  Laurent's  analysis,  it  coutauu  6Z'7  to  63'3  per  cent,  csrbon,  3'2 
to  3'0  bydiDgBn,  and  lO'fi  nitrogen,  approximating  to  the  formula  C'&'*(NO*VO. 
(6S-2  C,  a»  H.  and  9-0  N). 

XBMXAJHTM.  The  mineral  from  which  idrialin  is  obtained.  It  is  fbund  in  the 
quicknlver  mbe  of  Idris,  mixed  with  cinnabsT,  and  is  aometiines  called  ii^lamtaallt 
timiabar  {Qurcktilbtrbrmidert).  It  is  massive  and  opaque,  with  gnai^  lustn,  greyish 
«r  brownish-black  colour,  and  bladkish  sticak  iochmog  to  red.  Specific  gravity,  Vi 
to  1-6.    Hardness,  1  to  I'fi. 

DBTK.    Bodeker  foond  in  a  product  obtained  by  the  dry  distillation  of  the 

^aidwlver  ore  of  Idria  in  a  close  vessel,  two  peenlisr  hydrocarbona,  one  of  whieb 
idryl)  formed  mammellated  groaps,  fbsible  at  SS°.  volalile  without  draomposition, 
TeiTSDlnbleinalcaliol,  ether,  acetic  acid,  and  oil  of  turpentine ;  while  the  other  formed 
Males  melting  above  100°,  volatilising  before  melting,  and  much  more  solnble  thtmtha 
ftmnsr.  Thur  ennpoailion  agreed  nearly  with  the  formula,  nCE*  (91*7  C  and  fi'3  H). 
XUMMVmxe  AOXD.  Pelletier  and  Carenton  (Ann.  Ch.  Phys.  [2],  x.  1^3). 
An  acid  contained,  in  very  small  quantity,  combined  with  strychnine,  in  the  bran  of 
St.  Ignatius ;  also  in  buz  aotnica,  and  in  the  root  of  Stiychnot  eeliiiriiia.  It  is  ^ir»- 
pared  by  washing  the  magnesia  which  hss  servsd  for  the  pvparatian  of  sbychnme, 
with  cold  water,  till  the  colouring  matter  is  removed,  then  boiling  it  witil  a  large 
quantity  of  distilled  water,  wiiieh  dissaKes  the  igasurate  of  msgnearam,  precipitating 
It  with  acetate  of  lead,  decomposing  with  aulphydric  acid,  and  evsporating  to  a  symp. 
The  add  is  then  d^ioeited,  after  a  while,  in  small  hard  granalar  cryst^  It  has  a 
sour,  styptic  taste,  and  is  vei7  soluble  in  wat^r  and  in  alcohoL  Corriol  regards  it  as 
identical  with  lactic  aeid ;  but,  according  to  Marsson  (Ann.  Ch.  Pharm.  IniL  296), 
this  identity  does  not  exist,  hr  igasnric  acid  precipitates  acelat«  of  kad,  whidi  lactio 
acid  does  not 
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T)i»  igaturaia  ue  ftw  th«  moit  part  solnbla  in  lrat«F  aad  in  alcohoL  Tha  anrmtk 
niioK-tiut  is  perfectly  nenlntl,  does  not  precipitats  tlie  ulU  of  iron,  mercoiy,  or  ■ilra', 
bat  coloon  coppei-«alti  green,  and  then  tanaa  a  greeniih-vhite  preciptate  eparingljr 
mlnble  in  Tatar. 

inAXUmxarm,  An  alkiloTd,  diKorered  in  ISS3  b;  Desnoiz  (J.  Phum.  [31, 
XKT.  202).  It  eziata  in  mts  wmka,  and  i»  fbnnd  in  the  molher-liqaora  from  which 
■bjchnine  and  brncine  Iutb  been  precipitated  by  lime  at  the  boiling  heat  These 
mother~liqnoTB,  if  laflSciEntlj  concentrated,  deposit  the  igarorine  ia  crjalala  on  the 
■idea  of  the  ven«l.  It  may  be  purified  by  ditsolring  ia  watar  acidulated  with  h jdro- 
ehlorie  add,  treating  the  sedation  with  anunal  oharcoal,  precipitating  hj  ammonia,  and 
KOTStallising. 

Jgasniim  crjrstallises  in  colonrleaa  prisms,  haTing  a  silkj  lustre.  It  is  more  solnble 
in  mtfar  than  glrycbnine  or  bmciDe,  disaolTing  in  SOO  parts  of  Cold  and  IQO  ports  of 
lioiliiig  water;  it  is  RKuinglr  solahle  in  ether,  very  solnble  in  alcoltol.  The  alcoholic 
■olntian  tnnu  the  ^tane  of^>olarisation  to  the  left:  f  a]  >■  —  820°.  It  has  not 
be«n  analysed,  bnt  its  atomic  weight  appears  to  be  intermediate  between  those  of 
ttmhnine  and  bnicina. 

Igsanriniv  when  heated,  melts  and  gives  off  water  (ahont  10  per  Cent)  ;  at  a  hwher 
temperature,  it  is  decomposed,  with  erolatioii  of  ammoniacal  Tsponrs.  Strong  auJphurie 
aeid  oommonicates  to  it  a  rose-colonr,  which  passes  to  yellow,  and  then  to  yellowish- 
green.  NUrie  aeid  colours  it  denp  red  like  bntciiiB ;  od  adding  a  few  drops  of  staanons 
ehleride,  the  eolonr  dianges  to  violet.  Chiorme,  paused  into  a  very  dilute  salntian  of 
l^dmdllotate  of  igamtrine,  prodaces  fiiBl  a  roee,  IIwd  a  r^d,  then  a  yellow  colour,  each 
babble  of  gas  being  enTeloped  by  a  white  pellicle,  which  is  gradaally  deposited  in  the 
palreralenl  form.  If  Uiestream  of  chlorine  be diecoatinaed,  the  precipitate  redissolres 
on  agitation,  and  the  solotioo  soon  aJlerwanIs  losea  its  red  colour,  retaining  only  a 
•lig^  greenish  tint.  lodidt  of  potateiitm.  added  to  a  solution  of  igasurine,  produces 
a  err^dline  prediotAte  after  a  considerable  time ;  ioduittted  iodide  of  potamtm 
immediately  forms  a  brown  predpitate,  Igasurine  is  not  predpitBt«d  by  Curate  of 
potaasiam,  but  its  solnlioas  yield  a  yellow  precipitate  with  dickloridii  of  plalinmn, 
white  with  lamm,  and  witb  tttftuion  afgaUe. 

Igasorine  is  intensely  poisonous,  bmng  intermediate  in  power  between  strychnine 
■ndbmcine. 

Igasaiine  diMolTM  mjH^  !n  dilute  aeide,  and  is  precipitated  from  the  stJnHona  by 
fttitK  toda,  and  ammoida,  tbe  precipitate  redissolTing  in  excess  of  the  aUiali,  eape- 
cial^  in  potash.  It  is  also  precipitated  in  needle-shaped  dystals  by  aeid  earbonate 
tjf  tedtum,  or  jwtessium,  in  presence  of  tartaric  acid. 

nie  salts  of  igasorine  are  for  the  most  part  CTystHllisshle.  The  ni^pila<<  forms 
mloariesa,  silfcy  ctyalala,  soluble  in  aboat  *  pts.  of  boiling  water,  and  10  pts.  of  cold 
water.  The  ijfdroeUor«U  resemblee  the  suLpbate  in  fbrm,  but  diseolves  in  3  pta.  of 
hot,  and  abont  1  pts.  of  cold  water.  The  mtrate  forms  ooloorless  crystals,  nwre 
Bolubls  in  water  than  rither  of  the  preceding  salts. 

According  to  Schiitieaberger  (Compt  rend,  slvi,  1231;  Ann  Ch.  Pherm.  criii. 
SIS),  igaannncv  prepared  sa  aboTe  from  the  seeds  of  SttycinoM  nux  votniea,  yields  by 
treMment  with  h'  t  water,  and  fractional  crystfllliBBtion,  no  fewer  than  nine  distinct 
bases,  all  coloarless,  Tsry  bitter,  and  acting  like  stiychmne.  They  dyvtallise  in 
tMnsparent  needles,  or  in  nacreous  t:n11iy  gcMlea.  They  are  reddened  by  nitric  add 
like  brncine,  which  they  also  resemble  in  their  chemical  reactjona,  but  they  are  more 
■olablein  wataandin  alcohol.  They  all  coutain  water  of  oryatBlliaalion  (3  or  4  at.). 
which  they  siTe  c^  at  100°.  Schulienberger  distinguiahea  them  as  a,  6,  e,  &c. 
^Mitiinc^  and  asmgns  to  them  the  following  fbrmnin  : 

Igasorine  a.  (^•H'TCO'.SHK)  very  slightly  soluble. 
b.  C'H-IPO'.SHK)  sli^tly  BolubU. 
e.  C'^a-HMJ'.SHK)  modCTately  Mdnble. 

d.  C'H'TnO'.SHK) 

e.  C"WSHy.SBKt 

„         /.  C-H-NWJ  or  4HS)        „ 

a.  C"H'WO'.aH'0  Tery  slightly  soluble. 
1  C"H*OnO'.SHK)  modCTately  sohble. 
i.  C"H«T!TO'.8H'0 

J  oxidation  with  nitrons  acid,  a  base  having  the  fonnnla 
"'lee  in  eolonilees  needles,  conbuning  4  at.  water,  melting  in 
n  at  100°,  and  coloured  red  by  nitric  add. 
In  the  absence  of  confirmatory  evidences,  these  results  mnst  be  considered  rather 
donbtAiL 
nrnun *MT».    Syn.  with  HoBM-Lxan.     (See  Lbad,  Cbujudb  or.) 
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Mtrm  ta  KUOira.    Sjn.  with  Anuootrm  (L  SSS). 

Jiaroaarra.    A  colambite  from  Ildefbaio,  in  Spain,  haTiag  a  sabmstaUia 

"leliutie.    Specific  gTBTit7  7'41S(Dknk,u.  SSS). 


XftlOZO  AOIS,    (UoUenhaner,  Ann.  Ch.  Fhum.  ciL  390).— An  ■tdd 


.1 J  m  . 


oi^Utodwith  baiie  acetate  of  lead;  the  filtrate,  &eed  from  lead  bj  aol^jdric  L..^ 
U  hettad  witJi  hydnt«  of  lead ;  t^  disiolTed  lead  is  again  remoied  bj  inlphjdrie 
acid ;  and  tlte  flltnU«  ia  redaoed  to  a  ajrap.  The  tamiiue  ibnned  after  soma  daji  an 
jntrifisd  by  pnaaing,  dtBalTiiig  in  water,  precipitating  with  alcohol,  and  reciTirtallising 


with  the  help  of  aoimsl  charcoal,  whereby  <»laurleaa  ilicate  of  calcium  ii  oblaiDed. 

Sieait of  calciiinnxnt*iia  I2'S6  percent  calcium, and  ii  readilj lolabte  id  watei 
iuolnblB  in  idcohol.  An  aqueoiu  aolution  doee  not  ^recipilute  aiJts  of  manyanof. 


add,  a  colonrleia  STrnp  is  formed,  wUeh  itill  contsini  lim^  and  bj'  nentiaHsation  witb 
carbonate  of  buiom,  jisldi  anuKphoai  ilicala  of  barium. 

HoUf-leaTee  gathered  in  Janoaij  contain  gam,  oc  a  aimilai  mliatanoa,  vlueh  inter- 
ferea  with  the  eitiaetion  of  the  acid. 

0  DJleaehampi 

,_     „ ^ — ^._ with  baiic  acetate 

of  bad ;  caibonate  of  potaadnm  il  added  to  make  the  liquid  filter,  and  to  precipitate 
tnj  azceH  of  thelead-aalt ;  and  the  filtrate  is  addiSed  with  dilute  salpharic  acid,  again 
filterad,  saturated  with  catbonate  of  calcium,  and  evaporated  to  a  ejrup.  Alcohol 
■ztiacta  tcom  the  071110  a  light  brown,  ytij  hjgroscopic  rabetance,  which,  in  thin 
Ujen^  driet  ap  to  amatl  ihinmg  scBlea.  Or,  the  aqueoiu  extract  ii  nJuuted  with 
alcohol,  the  alcoholic  KlatioD  enponted,  and  the  dij  rendaa  aihaosted  with 
water  at  40°.  'Hie  filtrate  ia  precipitated  with  fauio  aoetate  of  lead,  fraed  from  exoeaa 
ctf  lead  bj  inlphTdrio  acid,  eraponted,  and  toaatad  with  alcohol,  whidi  takaa  np  the 
ilicin,  and  leavaa  it  behind  on  rrapontion.  The  aqaeou  lolDtian  of  the  alooholie 
eKtraet  may  alto  be  Imtted,  aa  abore,  with  acetate  of  lead,  dilute  snl^hDiie  acid,  and 
eari>onata  of  ealdnin  in  tiuceadon,  the  filtrate  araponted,  and  th«  ilidii  esttacted 
torn  th*  Maidoa  br  alooboL  It  ii  a  Uttar,  amorpbooit  broim,  reiy  hjgiOBOO^  masa 
(itiU  containing  a  little  potaah),  oonTarted  bj  adda  at  a  gentle  heat  into  a  black  lob- 
■tance,  with  empmnnutio  odour.  It  ia  aoluble  in  water  and  ajeohiri,  inaolnble  in 
ether-— Lebonrain  (Ann.  Ch,  Phann.  bmi  25*)  agititea  the  decoction  of  the  leaTve 
with  animal  ehaicoal,  then  heata  it  therewitli  toboSing;  leaTca  it  to  cool;  remoTea 
the  now  oolourleaa  and  tastelaas  liquid ;  waabee  the  enarooal  with  cold  water ;  boila 
it  with  alcohol ;  and  learea  the  filtrate  to  evaporate :  it  then  leaTis  a  coloorleas,  rerr 

bitter  ajrup,  and  ftnallj  ai  '  

almhoL— ffloldeuhaaer'i 

fWmthia.    Holdenhauei  T«  ....  .      ..  ._  ...    ....  . 

1^  diadllati^  and  the  aepaiated  reain  by  Bltiation ;  piedpilatn  with  basic  acetate  of 
load;  waahaa  the  TellovpmeiiH'lat^  and  deeonpoaaa  it  andar  water  with  I^dioaalidiaric 
add,  Th*  salphide  of  Itad,  after  being  wdl  boiled  with  water,  jieUa  the  iliein  to 
aloohol,  aa  a  tmj  bitter,  itA  laown  sabetaoee,  nfmhling  tannin,  and  alightl*  in 
water. — Benneuanii  (S.  Br.  Ardi.  idiL  4)  gives  the  muueof  ilidnUi  or^itab  which 
he  obt«iat  as  fcdlowa :  He  predpitates  the  decoction  with  baaio  acetate  of  lead ; 
decompoaas  the  washed  pradpitate  onder  water  with  anlphjdnc  add ;  fllten  the  liquid 
from  the  enlphids  of  lead,  and  evaparat«  to  dryoeet.  Bj  repe^edlv  exhausting  the 
residae  with  aleoh^  and  leaving  the  eolotion  to  ev^ratc^  needlea  were  &allj 
obtained,  but  not  in  mfflcient  quantity  for  fiirtber  examination. 

ZUXAVTBXV.  C"H**0".  (Moldenhauar,  Ann.  Ch.  Pharm.  di.  346.}~A 
mbatance  oeeomng  in  the  leavea  of  the  holly  {Utx  ajm/oiiuni).  The  leavea  gathered 
in  Jannaiy  wwitain  erarcely  any  ilixantbin,  while  thoae  gatheicd  in  Aognst  contain  a 
lafga  qoanti^.  The  leaves  are  ezhauoted  with  aloohol  of  80  per  cent ;  the  tincture 
ibva  ootainea  is  freed  from  the  greater  port  of  the  alcohol  by  distillation ;  and  the 
rendue  ia  set  aaide  to  e^stallise.  The  gtannlsB,  which  separate  after  some  days,  are 
dried,  washed  with  ether  to  remove  the  green  colonriog  matter  of  the  leavea,  diasolved 
in  alcohol,  and  again  aepantsd  by  evaporation  and  addition  of  water;  the;  are,  lastly, 
iMiJstaUiaed  ttom  hot  water,  A  further  quactit;  of  ilizonlhin  may  be  obtained  from 
the  mother-UqnoT  by  redudng  it  to  a  symn,  dissolving  in  absolnte  idcohol,  evaporating 
the  alcoholic  scdotioa,  dieaolviag  the  reaidne  in  water,  and  predpitating  with  basic 
aoMate  of  lead.  The  washed  predpitate  ia  decomposed  under  hot  water  wiUi  sulphydrio 
add,  and  the  filtrate  ia  evaponled  to  a  aymp,  whereupon  the  ilixonthin  erystalhses  ont 
in  stmw-yellowioictDseopic  needles,  which  melt  at  ISB^totranaparrDt  red-yellow  diopa. 
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Hinathin  boQi  ud  dtoompoaH  at  BIfi°.  ]t  doM  not  ndnea  u  *lkilio«  tolntion 
of  euprtc  oxide,  ereo  on  prolonged  Ixiilioe.  It  a  atuzlj  iusotublt  in  cold  tpater,  bat 
diaaolns  euilj  in  hot  wtta,  fiiraiiiig  »,  yellow  lolntioD ;  alw  in  aicoial,  bat  ia  innlnblt 
in  ttker.  It  duaolxM  in  «arai  Mneenbvtcd  igdraeUort'c  add.  Tho  colour  of  th« 
aqneoDi  ■olntion  it  cbuged  t«  onngo-nllow  by  aUaiii  ud  tdkalina  carbonalri,  but 
bccotDM  MloaHcM  on  addition  of  lul^iiric  acid.  Femmt  and  ffttprk  lalli  do  not 
■Sect  ilizinthin ; />rrta  aUon'A  raloat*  it  graen.  Nentiml  or  btuic  aettaU  of  Itad  oto- 
doees  in  the  ajumni  lolntion  of  ili'T.Hthin  ■  BpleuJiil  jdJoT  pitdpitata,  KilDble  witbout 
oolonr  in  acMje  acid. 

Jliainthin  fimiu  >  jelknr  dye  on  cloth  tovpored  with  ihinuiia  ta  iron  moidAnbi, 

Tfilf  WIM.    ^uifflroni  In>ii.     Sec  Titakatw. 

According  to  H«rm&nii  (J.  pr.  Cfaem.  xzznii.  SI,  US;  il.  iTfi; 
ttrottolnlile,  oryttroilmenitp,  rontaini  e 
_.i.um,  .._.-. ^jeid,  elosely  resembling uiobic acid (ms  1 
distingniabed  fknn  it  l^  Ita  lower  n>ed8e  eraTi^,  by  the  inaolalality  of  iti  faydnle  i.. 
hydrochloric  add,  and  by  filming  with  anluinric  add  a  conn>onnd  which  ia  dtcompoeed 
hj  a  large  qnantity  of  water,  leaving  a  rendne  of  hjdnted  ilmenie  add.  According  to 
E.Boae,howeTer  (Pogg.  AmLlxzi.  1S7X  the  anj^oeed  ilnwnie  add  i*  meraly  niobte 
acid,  motfi  or  len  imporSL  £ose  alao  re^uda  yttro-ilmenite  at  identical  with  nrano- 
butalitfl  or  Samankite  (jj.  v.) 

BiTAZ^M.    See  IdBVBtTB.' 

JMAMimanxmM.  C>^»KO.  (Laarent,  B«T.aeient.z,13a;  J.pr.Cbein.zzTii. 
312.) — Frodooed,  togadur  with  beniilain  and  beniilimide,  by  tha  action  of  'nr^"iria 

C'H-O*  +  KH*     -     C"H"NO  +   WO. 

Beniils  ia  dlasolTed  in  warm  abaolnte  alcohol ;  dry  ammoDiacal  gai  ia  paaai  il  throorii 
the  still  warm  aolation ;  and  the  lipoid  ia  Mt  to  cool,  while  the  paange  of  the  gM  >a 
cODttDDed.  After  34  ho«nt  the  liquid,  tosether  with  the  aedimvnt  which  baa  C^ad, 
ia  heated  to  the  boiling  poiiit,  and  Altered  at  the  aame  temperatDre.  JmabeniUe  then 
remaina  on  the  filter,  and  m^  ba  purified  t^  waabing  with  ether. 

Iwahfmiile  ia  a  whU«  inodarona  powder,  whidi  a^ianitea  tcota  ita  aolndon  in  boilii^ 
ether-alcobol,  in  nicroaec^  right  rhonbio  prisma  with  dihedral  aaniinita.  wboaa  facta 
rest  on  the  obtoae  lateral  edgea.  It  melta  at  140°,  remaina  kA  and  gtatioona  on  cooHng, 
and  then  solidifiea  withont  oyitaUiiing.    It  ia  quite  inaolnbte  in  boiling  alcohol  and 


it  neither  giTM  <M  gu  nor  leaT»  any  airbonaeeona  rendae.  When  nntly  heated 
with  mtric  acid,  it  ipvcs  ofT  red  Tapoon,  and  yielda  a  yellow  oil,  which  adidiSea  in  the 
cryBtalline  fbrm  on  eooling,  disaolTea  in  alcobol,  and  cryitallisee  there&om  in  amall 
needlee  united  in  tufta,  bat  is  insolnble  in  ammonia.  It  la  not  altered  by  boiling  with 
hydrochloric  add.  It  dieaolvn  in  gently  heated  lutpiurie  add,  and  the  adntion,  mixed 
with  water,  drpodta  bennlam.  It  diaeolrce  readily  in  boiling  alcoholic  potMh  ;  and 
water  added  to  tha  eolation  Ihiowi  down  bendlimidc,  while  nothing  bat  potaah  nmaina 

IMMMAms  AOIB.    Syn.  irith  lujoo  Aoa. 

CMABATZW.  C-H"N'0'.  (Laaren^  Ann.  Cfa.  Fbya.  ];s]iiLt88:>— A  cott- 
poand  pradnced  by  boiling  a  lolntion  of  iaatia  in  ammonia.  It  la  of  a  greyiab-yellsw 
colonr,  often  inclining  to  brown  or  green,  and  njtfailiiri  aometimea  in  lamellated 
RTsina,  sometinie*  in  radiated  apherea  of  a  dailer  coloar.  It  ia  inaolnblD  in  water  and 
in  ether,  reiy  aparingly  aolabla  in  boiling  elcoboL  It  ia  decompoaed  by  dry  distilla- 
tioa,  pdding  a  large  qoantity  of  chveoiu  and  a  anblimate  of  coloorleea  needle*.  It 
is  not  attained  by  bouing  hydrochloric  acid.  Canatic  potaah  diaeolrea  it,  and  the 
■olalion,  dilated  with  water  and  neatraliaBd  by  an  add,  yielde  a  whitiah,  gelalinoaa 
predpitate. 

DieUormatatin,  C'*SK!l*SHy,  ia  a  powder  of  alighlly  reddiah  colonr,  produced  by 
the  action  of  ammonia  on  an  alcoholic  tolncion  of  chloriaatin. 

Telrabrondnuualin,  C'*H'Br'N'0*.  Beddish-yellow  icalea  prodnoed  by  the  action 
of  ammonia  on  tetrabromiMtin. 

ncATmA  BTOWBC  Stony  CMKietionB  finind  in  a  mariy  formation  on  the 
Schnttgebitg  in  Finland.  They  were  ngerded  by  Parrot  (Peteiab.Acad.BulL  1889, 
Ti  183)  aa  petrified  malloaca,  on  the  ground  that  they  contained  caldnm  and  anlphnr, 
nuther  of  which  elementa  were  found  by  him  in  tEie  formation  in  which  th^  were 
imbedded.  On  the  other  band,  VIrlet  (Bnll.  Q^.ii  319;  It.  22;  Jahreaber.  1817-8. 
p.  12S8)  ngurded  ^em  merely  as  calcareo-alnminoua  concretiona  produced  by  mole- 
cnlar  attiacti<«i.    The  conCTetiona  iA),  and  the  tbrmation  {B)  in  which  thay  are  fband, 

.OOQ 


246  IMESATIN  —  INDICAN. 

hare  bwn  mnalTMd  by  Ul«x  (Jahnsber.  1S61,  p.  lOSA);  tht  UUtt,  aiMO  (ff)  hj 
8>lv«tat  (tMf.  1198): 

810"       Cii«CO»     AI'O'      IVO»     Jln>Oi       HtO      AUaU     '^Jf* 
X     70-8         .     .         lei         8-8         2-1  87  .     .        -  1000 

-  100-0 

uiuula  gu  into  a  lioiling  (olntian  of  iwtm  in  abaolnto  sloohol,  io  which  a  uu^u^  mm»  w 
polTccued  iaatiii  is  xupendsd.  Itfbniu  oolonrlun  li^t  poum*,  with  rMtuignllr  boMS 
madonna,  inaolnble  in  water,  niodanilelj  ootubla  in  Soiling  alcohol,  rarr  apuniiglT  in 
ether.  H«at«d  with  a  tmall  quantity  of  alcohol  and  hydrochloric  acid,  it  diaaolTM 
raadily  and  dsoompoaM,  jialdiiig  iwrtui  aod  Hl-ammonuu:.  The  aame  dMompontioD 
ii  produced  b;  potash. 

CUorimMli*,  OVCttPO,  naraiUM  imentiii,  and  ii  obtained  in  Uke  maimer  ftom 
ddoriaadiL    It  fonna  yellow  hexagonal  aeale^  niariiu||tT  HilaUe  in  boiliiig  alooho). 


i3fiuterwort.)—The  root  of  this  plant 
(analned  br  KeUet)  ooutaina  0-2  pai  cent  of  aiesinealledimpeTatonn  or  peocedanin ; 
16-0  bt  and  ToUtile  oil ;  ('0  extract  aolnble  in  water  and  alcohol ;  8-8  gum  and  salta 
■olable  in  water;  9-2  atarch  and  extract  aolnble  in  boiling  water ;  il'SregetablG  flbM, 
and  190  water  (and  Idbb).    (Felooie  udFrimy,  'RaOi,  n.  398.) 

IMVBRATOBXW.    See  FBnonaMiit. 

IVOmKATlOV.    See  Aan  (L  417). 

XWBH&ZBBOMaL  C"H;Br^>0'.— A  yellow  siibstanoe,  inaolnbla  in  water, 
[«oliiced  by  the  action  of  bromine  on  isamic  add.    (Lanrent.) 

tMtUAMXTM.  A.  Taiirtr  of  anorthite  (L  308)  Grand  in  the  Camatic,  diflering 
Bonwwhat  from  ordinary  anorUiite  (fhnn  Vnavina)  in  the  eompoailion  of  the  prottoide* 
which  it  ^""*""«  Aocrading  to  Langier'a  anuyaia  (Hem.  dn  Hna.  d.  hist.  nat-TiL 
841\  it  containa  43-0  to  13-0  p«r  oent.  SiO*,  U-ft--U-6  AI'O;  tS-O— 16-6  Cb*0,  S'Sfr- 
S-e  NaV,  8-20-1-0  FeK>*,  and  1-0  water. 

an  iuporlad  from  Cbina-    It  i>  eompoied  of  a  very  Sns  black,  said  by  Frechot  to  be 
obtmned  ftvm  camphor,  cmientcd  toother  with  gelatin. 

T1"***  TKXD.  A  mineral  from  the  Petnan  Qnl^  used  aa  a  pigment.  The  hud 
coarse  powder  has  a  dark  red  colour,  with  a  tinge  of  purple.  Specidc  mvity  3-813. 
lie  following  analyses.  A,  of  the  entire  iiiinflr»l,  B,  la  toe  portion  soluble  in  hydro- 
chloric acid,  are  by  How  (Edinb.  New  PhiL  J.  new  aerica,  li  306 ;  Jahresbar.  lS3f^ 
P.9M): 

8I0>  Fa'0>        AfO*        CitO        H(IO         SO*  CO)  H<0 

A.  80-17        U'S9        3-79        3-65        1-48        3-3S        178        1-62  - 100-20 

B.  (.    .  3-91        8-23        2-SG        087        3-2S        1-73        .    .)  -    13-SS 
The  prind pal  portion  (insoluble  in  hydroehlnric  acidj  is  a  ferric  silieats,  Fe*0*.3SiO*. 
The  name  Indian  red  ia  also  applied  to  another  pigment  of  similar  colour,  consist- 
ing chiefly  of  sesquioiide  of  iron. 

I  Mill  AW  "mMLtAXW  or  HIMMMM.  A  yellow  pigment  eonsisting  essentially  of 
euxaothate  of  magncoium.    (See  Euxuitbic  Acm,  ii.  609,  and  Fdmki!) 

IMIWOAJr.  CfH"yO"  (Schunek,  Fhil.  Mag.  [4]  x.  73;  xt.  39,  117.  388; 
Jahiesber.  IBM,  p.  660;  ISfiS,  p.  46A.~Sni.  xtLI.)— A  eolour1(«s  mbetanoeexiating 
In  woad,  and  most  probably  is  other  plants  which  yield  indigo-blue.  It  Ukewiae  occurs 
in  hnman  urine,  both  heslthy  and  diseased,  and  when  pteeeut  in  considerable  qnantit^, 
causes  the  urine,  after  spontaneous  fermenlMioo,  or  on  addition  of  scida,  to  deposit^ 
sometime*  indi^blne,  soDietimee  indirabin.  It  may  be  detected  by  precipitating  the 
urine  with  basic  acetate  cf  lead,  collecting  the  precipitate  which  fcrms  in  the  fl1tint« 
on  addition  of  ammonia,  and  decomposing  it  wiui  cold  dilute  acids,  the  filtmte  tJien 
depositing,  firsts  indigo-blue,  then  indiruhin,  and  afterwaids  other  products  of  the 
deoompoeitian  of  indican.  Indicsu  ia  also  fonnd  in  the  blood  of  man,  and  in  tlie  blood 
and  nnne  of  the  oi.     (CartKr,  Ed.  Med.  J..  Aug.  18e9.) 

iVrpdra&'on. — From  taoad-lraea,  ear^uUy  dried  /aid  pulwriint  wkilr  aam. — 1.  The 
leam  are  exhausted  witii  cold  alcohol  in  a  percolating  appHmlus;  the  green  tinctore 
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ia  pndpitoted  with  aleoholie  sn^tMf-Iead  and  >  little  nmmonia-wBtw ;  snd  the  ^sh 
geeea  precipitate,  otter  vuhing  vith  cold  ilcobul,  ia  decomposed  under  water  br  k 
strauQ  of  carbonie  anhydride ;  it  then  loeee  its  ooloui.  snd  yieldn  a  jellov  solotion, 
vhieh,  iAfi]  freed  from  dissolTsd  lead  b;  aulphjdric  acid,  aiid  erHmnited  orer  oil  of 
vitriol,  Tiatdfl  indican. — 2.  The  tincttm  prepued  with  cold  alodiol  is  coneeDtrated, 
tttel  addition  of  a  little  water,  b;  pwaii^  a  ■tream  of  air  over  it  at  the  eommoD  tiun- 
peratnie;  the  iat  which  separates  is  rsmoved  by  filtratioD ;  thci  filtrate  shaken  dd  with 
recently  predpitatrd  capric  hydrate;  the  liqnid  again  filtered;  the  filtrate  freed  from 
dissolTed  copper  by  snlphydnc  acid ;  and  the  liquid  separated  bom  the  solpfaids  of 
copper  ia  erapotated  at  the  temperature  of  the  air.  From  the  reaidiud  loijwn  aymp, 
cold  alcohol  diisolTFfl  ont  the  indican,  leavinff  undiBHoWed  a  brown  viacid  maas  which 
eoatains  oiindicaniii.  By  mixing  the  aIcohi»ic  solntioa  with  3  toL  ether,  fiirthar  pro- 
dncta  of  decomposition  are  precipitated,  whilst  the  indican  ia  obtained  by  eraforating 
the  filtrate,    ^hen  thus  prepand  it  still  ntaiiu  a  little  &I. 

Praperliet. — Indican  fbnns  a  yellow  or  yellow-brown  synip,  which  cannot  be  dried 
witbont  decomposing.  It  has  a  ilightly  bitter  and  repnlsive  taate,  diaaolvea  in  aaitr, 
with  yellow  cotour,  slao  in  alcoiol  and  elker.  The  alcohoiic  sdatjon  fonna,  with  acetate 
of  lead,  a  solphnr-yellow  precipitate,  which  increasea  on  addition  of  ammoaia;  the 
aqneoiu  aolntion  ia  predpitatsd  by  acetate  of  lead  only  after  addition  of  unmonia. 

BeeoapoMliotu. — 1.  Indican  deoompoacaem]  when  gently  wsmed,  and  at  a  atronger 
Best  awellB  op  and  smita  Ti^>aarB  which  condeoae  to  an  oil,  aolidiffiDg  partially  in  uie 
aystalline  fbrm. 

2.  The  aqneona  solution  ia  decompoaed  by  hea^  and  by  apraitaneona  er^iontion, 
yielding  the  following  podncta : 

a.  Oxtndieariiti,  C"H"NO".  This  compound  aepatatas  on  aponlaueoui  araporation, 
and  may  be  porifled  by  repeated  solution  in  water  and  precipitation  by  alcohol.  It 
is  a  brown  viscid  combustilile  gum,  having  a  nauseoua  taate ;  by  boiling  with  dilnte 
Bulpharic  add,  it  if  leaalved  into  indifnscin  and  indiglncin : 

2C"H»W0"     -     C»H"NK)'  +  3CH"0'  +   4C0'  +   3HK) 

OitaKlkcula.  lodlftucln.  iodlaliieiii. 

b.  Oxindieatin. —Pradneed  when  an  aqaeons  solution  of  indican  is  evaporated  bf 
heat,  the  indican,  according  to  Schnnrk,  being  first  converted,  with  s^taration  of  isdl- 
glnein,  into  indicanin,  the  latter,  with  abntption  of  aiygen,  into  oiindicsnin,  and  thia 
-Uit  being  naolved,  wilh  anaamption  of  water,  into  oiindioiBiD  and  indiglndn : 

2C»H»H0"  +   8HK)     -     CH'TfO"   +   SCWO' 

It  ia  purified  like  the  precedioft  which  it  reeemblea.  It«  aqueous  aolntion,  ^eci- 
pitated  with  exceaa  (tf  neutral  acetate  of  lend,  fields  a  yellow  lead-aalt  containing 
C"H"rl'.*PbS). 

c.  Indicatin. — The  liquid  filtered  team  the  lead-salt  of  oiindicasin,  and  containing 
excess  of  lead-acetate,  yields,  whan  treated  with  a  laiva  quantity  of  alcohol,  a  pale 
yellow  predpitate  -  C*E"N'0".6Fb'0. 

3.  In  contact  with  toda4ey  or  baryta-^naier,  indican  ia  reaolvcd  intA  indieuiin  aitd 

CB^yiO"   +  H^     -     C*H^O"  +  QWQ' 

IndJean.  liMUculo.  IndLftoda. 

A  solution  of  indican,  left  for  several  days  in  contact  with  aoda-le^,  yielda,  with  addi^ 
indimlnn  produced  from  the  indicanin ;  aftar  longer  standing  indiretin  ia  likewise 
obtained,  and  in  BOma  eases  the  latter  ia  the  onlv  piodacL 

I.  Indican  ia  decomposed  by  dilute  aeidt  in  the  cold,  and  more  qnickly  when  heated. 

tsrbidoi 

Tin  mix     .  ,.   -      . 

powder,  while  lendne  and  indiglaeiii  remain  in  aolntion,  together  wilh  certain  volalilB 
prodncti,  viz.  carbonic,  formic,  acetic,  and  parhapa  pzopionio  acid,  which  esc^e  when 
the  liqnid  ia  heated. 

Ihe  anbsboice  insoluble  in  water  ia  a  mixture  of  six  different  bodies.  On  exhausting 
it,  first  with  cold,  then  with  warm  dilute  soda-ley,  imfiittnun,  indifiudn,  and  mdirettH 
are  diasolved ;  the  residue  yields  to  alcohol,  a-  or  0-i7id^fidan  and  nufiruini,  together 
with  reaidnea  of  indifusdn,  while  indigiyJiliu  remains  in  solution.  Instead  of  IndiAucii^ 
indffliteone  ia  sometimea  obtained.    Schunck  gives  the  following  fonnnlM : — 

&  Formation  (^  indigoblue  oc  its  iaomer,  indimbia,  and  of  indiglacm: 
C*H"HO"  +  2HK)     -     (?H"NO   +   BC^^O* 


,:cc.;vC00gIC 
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Put  of  Um  iudigo-Una  is  laid  to  split  up  into  Isndnei,  fbraic  acid,  and  carbame 
snhjdrida: 

OB'NO  +  flHH)     -     CrH"NO'  +   CffC  +  CO* 
iDrilis^na.  IawIh        Fsnole  kU. 

b.  FomutiDn  of  ••indifdlTiD,  isdiglviaii,  and  fbrmic  add : 

•iO-HrSO"   +   6ffO     -     CH-N'O'  +   iCH-O*  +  eCHW 

■  IsdlhlltlB.  IlldlllBclll.        Fomlc  Kid. 

«.  FormatiDn  of  ^indifalTin,  indigjuciii,  fbnuio  acid,  and  oarbonic  add; 
4CrH"N0»  +   7BK>     -     C^H'TJ-O*  +   BC^-O*  +   :0CHK)»  +  SCO" 
lodliwi.  t  lodlhilTlii.  IndlcliKiB.        Tormkc  kU. 

C«H»HO"  +  ZHS)    -    C>WHO«  +  !Km»0»  +  CWO'  +  CO" 


mofindiftuoone,  indig^man,  tMtieacid,  and  earbonic  auh jdrida 

ify^'so"  +  3HK)   -   (?^H»ino*  +  tcTH'^)'  +  acm-o*  +  aoo* 


nnnfWXV,  C*H^O".  (aohnnck,  FhiL  Hag.  [4]  zr.  183.}— Thii  oom- 
pound  ii  Tsodoeed,  togetJisr  ■with  indigliidii,  bj  tha  action  of  aqaaom  alkiUii  or  batjtA- 
wsterotl  utdiean: 

crBP'lTO"  +  H»0     -  '  CH'^0''  +   CH"*0'. 

Indii:anin  a  left  in  oantact  wiUi  bwrtt^mter;  the  liquid  ii  piedpitBt«d  witli  dilute 
Botphuric  add ;  and  the  flltrato  is  fraea  Cn>m  pxmm  of  mlphuriG  acid  by  carbonate  of 
le^  from  Iwd  hj  mlpliydrie  add,  and  eraporated  in  a  Etresm  of  etc  at  mean  tempera- 
tore.  The  reddne  is  dimolTed  in  alcohol ;  the  solntion  ii  mixed  with  twice  ita  Ttdiuna 
of  ether,  whidi  precipitatea  iodig^ncin ;  and  the  filtiate  i«  left  to  eTapomte. 

lodicanin  ia  a  jeliow  oi  blown  bitter  ^rnp,  niable  ia  waler,  alMliai,  and  tti*r. 
'When  heated  on  plBitiaaDi-foil,  it  kwbIIb  up  atcongly  and  \et,rte  chBrcoaL  By  diy  dia- 
lillation  it  yielda  a  brawn  oil  in  which  white  needlee  larta,  WheD  bailed  with  edit, 
it  yield*  indialudu  and  indimbin,  and  if  impute,  likAwiM  indintin  uid  indifludn, 

0''H"HO'«  +  HK)     -     cm.'SO  -t    2O'H»0'. 
Whan  boiled  with  toda-Ug,  it  giTea  off  ammoniai 

Aqneooa  indieanin  forma  a  alight  predpitate  with  neiiti«I  acetate  of  lead;  bom 
alcoholic  iodiesnin  an  alcoholic  nlntioQ  of  neutral  acetate  of  lead  throws  down  a  copious 
Bulphor-yellaw  predpitate.  soluble  in  excess  of  tha  lead-acetale,  preoipilable  by  am- 
monia, and  containing  C"H^0''.8Pb^. 

nntmxvnr.  (Schonck,  loe.  eil.) — This  name  is  applied  to  two  compounds, 
distingniahed  as  ■  indiftilrin,  CH^NK)*,  and  $  indiMrin,  CTHfJU'O*,  whidi  are 
obtained,  together  with  indiftudn,  indiglndo,  indigo-blue,  indihumin,  indimtin,  and 
indimbin,  by  treating  iadic&n  with  dilute  scida. 

PrtparaHon —  Indican  is  heated  with  dilute  aulphnric  odd ;  the  flocks  which  aepa- 
rste  are  collected  (the  solution  which  runs  off  being  prnerred  for  the  preparation  of 
indi^udn),  washed  with  cold  water,  aod  treated,  first  with  cold,  then  with  worm  dilute 
Bodo-Iey,  which  diasolTH  one  portion,  and  leaTM  another  cootaining  a-  and  ^indifnlvin, 
indimbin,  and  indi^blua.  The  alkaline  solntion  is  predpitated  with  hydrochloric 
add,  and  the  predpitate  is  collected,  waahed,  and  treated  with  boiling  ammonia,  whii^ 
diaaolTee  indifbsdn  and  indiretin,  and  leave*  indihumin.  Tho  ammoaiacal  BoluCion, 
natibaliBed  with  acetie  add,  ^ds  a  p):«dpitate  of  indifnscin,  and  on  additional 
^nanti^of  this  prodnetiapt«ci|iitatedfrom  the  flltratfl  by  alcoholic  mgOTKif-Iead.  The 
indiretin  which  itiUreiDUiis  in  solntioiiiaBepuBted  by  ammonia,  in  combination  with 
lead-oxide  and  amtaminsted  with  indifoadn ;  it  is  separated  from  the  leed-oxide  by 
-treating  the  predpitate  with  acetic  and  then  with  hot  hydrochloric  add,  and  purified 
by  repeated  solution  in  alcohol,  which  learea  the  indifnsciD  undiaBolved. 

The  mixture  of  o-  and  fl-indiftJsin,  indirnbin,  and  indigo-blne,  insoluble  in  dilate 
soda-ley,  gires  op  to  boiling  alcohol  eveiything  eiceptingthe  indigo-blne.  The  purple- 
liTOwn  sJcoholic  solution,  mixed  with  ammonia  and  alcoholic  Bagar-of-lesd.  ifrpodta 
rceidues  of  enbetaneea  solnble  in  soda-ley ;  and  on  separaling  theee,  then  adding  oicees 
of  acetic  add,  distilling  off  the  alcohol,  and  dilotiiig  largely  with  water,  pnrple-biown 
flocks  ore  obtained,  from  which,  when  purified  with  dihite  soda-ley,  a  amall  quantity  of 
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dgpusit  is  fbrmed,  conaiitiiig  of  indirabin.  Thia  is  waahed  witli  inter  ■DddSaBolTad 
in  alcohol.  The  portioa  iiiaolQble  in  the  »lfc«li»»«  solatioa  ii  m  miztan  of  indinbin 
uid  indifiilnii. 

ladifnlTin  ia  obtsiiiad  of  vsiiona  eompoaltion,  a  or  JB,  aiMoidiiig  to  dmunstaoeM 
not  well  andaratogd.  It  is  a  brittle,  friable,  leddiah-jeUow  reain,  irhicb,  when  heated, 
melts,  barna  with  flame,  add  learm  ohannaL  Heat«d  in  a  ^asa  tube,  it  gjvea  off  a 
■Uong-smeUing  TIjpaar,  aondemnng  to  a  brown  oil,  which  aoUdiflea  in  the  crTataJline 
fiwm.  DiMotrca  m  atcong  tutpiuria  acid,  with  gmD-brown  oolonr,  and  dun  when 
btated.  Bj  oidiBaly  nitnc  •toil,  it  ia  ecaical^  attacked,  even  at  the  boiliag  heat;  but 
it  (tiaaalrea  ia  ftuotng  nitric  acid,  and  ia  precipitated  hj  water  in  omoge-jellow  fiockj, 
TBj  heatiiig  and  ermporatina  the  liquid,  a  Teltow  reain  ia  obtained,  togetber  with  eiTftala 
•ehibie  in  water,  ajid  difnnnt  from  oxalic  add.  It  ia  alowlj  dscompoaed  bj  cironiie 
aeid.  It  do«g  n<K  dtaaolve  in  aqneoua  oUoftf,  even  U  the  buling  heat,  or  on  addition 
of  grape-angar,  or  dicMoride  of  tin. 

XXSmacnr,  (?*H»NK>',  and  ZWrnrmowm,  C*^H»N*0'?~Tbeae  com- 
wmnda  are  produced  in  gicateat  qnsnti^  bj  the  action  of  dilute  Enjphnrie  add  on 
indiean  wbidi  baa  bean  pnmooa^  expoetd  to  the  air.  A  brown  powder  ia  than  fbrmed, 
eoataiBlBgbom  M-i  to  eT-6  per  cent.  C,  £78  to  7-12  N,  and  2912  to  20'2S  O,  ao  that 
it  appeaza  to  a^ee,  aonetimea  with  one,  sonetiinea  with  the  other  of  the  formola  jnat 
giren.  When  neated,  it  emita  Tapoam,  with  an  odour  of  boniing  tnif,  and  jielda  an 
oily  distillate.  It  bama  without  AiaioD ;  coloura  ekromie  acid  green ;  with  boiling 
nUrie  add,  it  jielda  oialic  and  piiaic  aeida ;  diaaolTea  in  etrong  solphanc  add,  w^ 
brawn  eotonr,  giving  off  aolphuroaa  anhydride  when  heated.  It  ia  inaolnble  in  boiling 
walrr ;  dtMalvea  eanlj  in  alcoholic  ariHiutnia,  whence  it  ia  predpitated  in  brown  flocka 
by  adda ;  alao  in  aqoeoaa  altaiit  and  aliaiin*  carioiiata,  and  ii  precipitated  therefrom 
t^  atiaHie  mUtt;  aparii^l;  lolDble  in  boiling  aleoiA 

IMDXUKavtm.  C^"0*.  (Sehnnek,  PhiL  Hag.  [41  z.  73 ;  zr.  IBS ;  Jahreabee. 
1864,  669 ;  ISCB,  46S  ;  Qm.  it.  S02.)— Prodnced.  together  mth  the  prodncta  abore 
mentioned,  \sj  heating  indiean,  "^""'"i  ozindicanin,  or  oiiodicaau],  with  water, 
adda,  or  alkaiia  (pp.  247,  248), 

PrrparaUon. — Tincture  of  woad-leaTM,  jirepared  with  cold  alcohol,  !■  eraporated  in 
a  cnrrent  of  air ;  the  residue  ia  mixed  with  odd,  very  dilnte  Bulphuric  add,  and  the 
fat  which  fiiUa  to  the  bottom  ia  immedi&telj  leporated  by  filtration.  The  filtrate 
■erres  iiurtead  of  the  addnJated  aqneona  aomtion  of  indiean.  The  decompoaition, 
which  begins  in  the  cold,  ia  kept  up  by  gentle  heating,  whereupon  the  aolntion 
becomea  tnrbid,  and  a  mixture  of  aix  insoluble  snbstiuicH  separatee  (p.  247);  the 
liquid  ia  then  filtered,  the  residue  washed  with  cold  watw,  and  decomposed  in  the 
manner  deeeribed  under  indiciui.  The  flltrat^  freed  from  snlphoric  add  by  carbonate 
of  lead,  and  from  lead  by  aulphnric  add,  erapoiBted  to  a  syrup  in  a  stream  of  air, 
dksolred  in  alcohol,  and  mixed  with  a  large  quantity  of  ether,  depoiita  leucine  in 
frjatols,  and  indig^udn  as  a  sj^rup.  The  latter,  after  the  remonil  of  the  ctystale,  ia 
digsolTfld  in  water ;  the  solution  is  mixed  with  acetate  of  lead ;  the  scanty  precipitate 
la  remored ;  and  the  yellow  lead-compoond  of  indigludn  is  predpitatcd  from  the  filtrate 
by  aqueona  ammonia.  The  lead-salt  decomposed  by  solphjdric  add  nnder  water,  and 
treated  with  animal  charcoal  till  a  aample  gires  a  white  predpitats  with  ammoniacal 
angap«f-lsad,  vielda  a  solution  from  which,  bj  eraporation,  solution  of  the  reddne  in 
alcohc^  and  additioii  of  ether,  the  indiolncin  is  predpitated  in  the  form  of  a  syrup. — 
2.  In  the  preparation  of  indicanin  from  indiean,  by  mudng  the  latter  with  baiyta-water 
and  IcaTing  it  at  reet^  then  remoTing  the  baryta.  erBporating  the  flltiste  in  a  current 
of  air,  dtSBolving  the  restdne  in  alcohol,  and  precipitating  by  ether,  indigludn  ia  Hepa-> 
rated  as  a  symp.  This  symp  is  diasolTed  in  alcohol,  mixed  with  excess  of  alcoholic 
sngar.of-lead,  the  brown  prpdpitate  remored,  and  the  eolution  precujitated  with  am- 
monia.    The  lead-compound  of  indigludn  ia  pnrifled  sud  decompoaedaa  in  method  I. 

Indi^udn  ii  a  CDloorless  or  li^ht  yellow  symp  haiing  a  alichtly  sweet  taste,  aoluble 
in  voter  and  in  idmliaij  but  precipitated  from  the  alcohohc  aolntion  b;  et)itr. 

It  swells  up  when  heated,  and  gires  off  an  odour  of  carameL  With  boiling  nitrvx 
acid,  it  fbrms  oxalic  add.  With  strong  m^uric  aeid,  it  becomes  carbonised.  Whan 
boiled  with  loda-ltj/,  it  tnma  yellow,  and  separates  brown  flocka.  From  an  alkatint 
cuprie  tohititm  it  reducea  euprona  oxide;  bom  an  aqueons  and  still  more  from  an 
onimifMamf  solution  of  miratt  of  tUver,  it  redncea  metallic  ailver;  similarly  witli 
tricMoridt  of  gold.    It  ia  not  fknnentable,  but  tuma  add  by  prolonged  contact  with 

u  boiling  do- 
„  .        ,.__«Jby.-    •    ■ 

tare  of  indigludn  with  baryta-vmier  alcohol  throws  down  yellow  fli 

Aqneons  indigludn  ia  predpitated  by  neutral  or  basic  acetate  of  lead,  only  after  addi- 
"        '  the  predpitate  faaa  the  compodtioQ  2C*H>PbO*.SFb'0. 
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CH'HO  or  C"H>IIO*.— Km  Indigo.  IndigoUn.  Ottdhtd 
Indigo  (Qm.  liii  39  ;  Gerh.  iii.  fill), — ThwimpoiUnt  colmuing  maUerwiB  known  in 
Indift  iind  in  Egypt  before  tbe  ChriBtian  tia,  ood  U  mentioned  b]r  Dioaooridei  u>d 
Plinj  nndei  tbe  namis  Ii4uiJi>  and  indiami,  Emtuui  mvnimie*  1wt«  ben  foaod 
«mpp(Nl  in  blue  clotlu,  the  colour  of  whidi  exhibited  all  tlie  cbanetcn  of  indiga 
Tbe  Som&na  used  it  onl;  as  a  pigment,  not  being  aeqniinted  with  the  oetlieid  at  dU- 
Bolring  it.  Ita  intioduetion  into  Enrope  as  a  dve  is  genenllj  attribiit«d  to  the  Jews, 
who  during  the  middle  agta  pnetind  Tbe  ait  of  djing  with  indigo  in  the  Levant  It 
was  tat  imported  in  l^e  qnautitiM  iolo  tbe  EunpeMi  madtete  fMm  India  in  the 
MTent«eiith  century  by  tbe  Dntcb. 

Indiga  is  ehipilj  obtained  fram  rarioaa  epaciee  of  RidiOBfira,  DameW,  L  ttneloria, 
I,  Ami,  I,  duperma  and  /.  pieudoliJtclona,  cnltiTsted  eepecudty  in  the  East  ud  Wert 
Jndioi ;  aieo  from  Kerivm  Itnetorium  and  CaianlAs  verclrifolia,  natiTei  of  Eindoetan ; 
Asdeptai  tmctoria  and  Martdtftia  tindoria  of  Siuuati^  Poiygontm  iinctorimii,  Itatii 
indigoltca,  Jiaiicia  iinctoria  and  SItlia  TanifrviUia  at  China,  and  Ami>rphafivtki>*a 
of  Oaiolina.  Tbe  only  Earopeaa  plant  which  yields  trae  indigO-blue  ii  woitd  (fioNt 
tineloria\  which  waa  ext«DiuveI^  used  tor  blue-dyeing  befbra  the  intradaebon  at 
indigo  ;  bat  it  is  much  leee  rich  in  indigo  tbaa  Uie  tropical  plants  abore  mentiraied, 
and  i«  now  uaed  only  an  an  addition  to  tbe  iodigo-vat  (p.  SdS).  The  fidlowing 
Eiuopean  plaots  also  yield  blue  colauring  matters  more  or  leoe  reaembling  indiao.  bmt 
apttarentlynotidecticalwithit:  Jitrooit/uf/yi^AyUHi,  C!rn(diirM(!^HMi»,<7jl^'2^ 
pu^ui,  dietr  arietinum,  Cniutfa  arhoraemt,  Coronilla  EmenLt,  Gatrga  nffimnalu, 
Btdyttrrttm  Oaobrychii,  Intda  Heltnium,  Irit  germamea,  Lattu  earniaiiatoi.  Medicago 
latiiHi,  Menniriala  pertanii,  Poli/gotivm  avicuiare,  PtUggtmum  Fagopymm,  EUruntkua 
Criila-gaili,  SanJnumt  nigra,  SoBibueiti  EbuiuM,  Seaiiota  «uonni  and  FocnntiMt 
JfurMZfiu. 

ladigo-blae  ia  Bometimea  deposited  torn  human  nriiw  botli  healthy  and  diseaaed, 
being  produced  by  spontaneoos  fermentatian  (rota  indican  (p.  246).  It  hail  also 
been  ocauiDually  observed  to  form  in  the  milk  of  cows,  especially  aufh  as  have  been  fed 
ejcluairely  on  sHinfoin. 

With  regard  to  the  state  in  which  indigo  exists  in  the  plants  from  which  it  ia 
obtained,  and  the  natare  of  the  procesa  by  which  it  is  conTerted  into  indigo-blue. 
Tarious  opinions  haTC  been  entertained.  Boxburgh  (TVonsoelira*  o/lie  BoiattgoJ 
Arts,  Tol.  iiriii.)  suppased  that  indigo  [dants  contain  only  the  base  of  the  coloDrintt 
matter,  which  of  itaalfia  green ;  that  it  ta  kept  in  aolntion  by  the  ctubonie  add  eTolied 
in  the  preparation  of  indigo,  set  free  by  tbe  addition  of  alkalis,  and  absorbs  from  the 
air  a  sabatance  which  conrerts  it  into  indigo-blue.  Qiobert  (TVoifJ  tur  U  poffc^ 
Paris  1813)  supposed  that  indigo-plants  contain  coloorless  iudigogen,  which  is 
Bolnbte  in  water  and  contains  more  carbon  than  indigo-blue,  into  which  it  is  oonvrated, 
with  formation  of  carbonic  acid,  by  absorbing  oxygen  &om  the  air.  This  oxidation  is 
promoted  by  heat  or  by  the  preeence  of  alkalis,  especially  by  lime ;  it  is  aireated  by 
adds,  eren  by  carbonic  add.     (Giobert.) 

According  to  CheTreul  <Ann.  Chim.  Ixri.  8  ;  liriii.  281),  weed  and  other  indigo- 
plunle  contnin  indigo-white,  C'H'NO,  which  contains  1  at  H  more  than  indigp-blne. 
and  beitig  held  in  ealnticai  by  the  sap,  is  conTerted  into  indigo-blue  by  oxidalitm,  on 

2(7H1T0  +   O     -     aCTH'HO   +  HHX 

This  explanation,  being  the  simplest,  was  Teiy  generally  adopted,  onlil  Schnnck 
(FhiL  Uag.  [1)  it.  29)  pointed  out  that  white  indigo  cannot  exist  in  any  plant, 
since  it  requires  free  alkali  for  its  solution,  whereae  the  sap  oi  plants  is  always  add, 
and  moreoTer  contains  fine  oxygen.  Schunck  has  further  shown  that  woad  contains 
indican,  (p.  216),  which  is  readdy  ■olnble  in  water,  and  when  bailed  with  adds  splits 
tip  into  indigo-blue  and  indigludn,  without  the  intrrrention  of  oxygen : 
C"H"1I0>»  +  ■affO     -     (?H'NO   +    3CH»0«. 


which  indigo  ia  obtained,  and  during  the  i)l«epin(,  ,  ,  .  , 

resolTed,  in  consequence  of  the  fermentatjou  which  takes  place,  into  ittdigo-blne  ai 

indiglndn. 

Preparaiion  of  Cmanereial  Indigo.— 1.  From  frtsk  Itava.—ln  Bengal,  the  plants 
which  are  cut  dase  to  the  ground  wnUst  the  blosaom  is  nniblding,  are  placed  in  a  bdck 
'detem  {ataping  vat,  Gakrvngikipe,  irempoire,  poiirriture\  which  is  filled  several  incbefl 
deep  with  cold  water,  and  aUowed  to  ferment  At  30°  C.  (86  F.)  the  fermentation  ia 
finiebed  in  &om  12  to  15  hours ;  at  lower  tcmperatores  it  requires  a  longer  time.  Tbe 
gaa  evolved  is  a  mixture  of  cacbooic  anhydnde  and  otmoepberic  air  Soai  whkh  the 
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Dxjgro  has  b«eD  absorbed.  WEien  Iht  liquid  no  longer  rises,  it  is  dran  off  into  th< 
6eaStig  vai  (BcU^impe,  baittrit)  which  Btiadalower,  whom  it  i>  kept  (tiiring  for  an 
hour  and  a  half  or  two  honn,  wharrapon  eubonio  aol^Tdride  ia  orolred  and  the  indigg 
at  flnt  Boparates  in  large  flakrs.  When,  after  baing  repratedlj  stirTcd,  it  fomu  gnini 
like  fine  aaod,  and  the  solalioD  ia  elear.  the  indigo  i>  allowed  to  settle.  After  two  ae 
three  houra.  the  liquid  is  drawn  off  bma  the  dmosit.  If  the  fermentatioB  ia  properlj 
eondneted,  the  indigo  aettlea  readily  down,  the  Uquid  ia  of  a  malaga-brown  colour,  and 
forma  a  thick  foam  which  rapidly  diaappean.  Ijie  deposit  ia  boiled  for  three  or  fonr 
hours  in  a  oopper  Tcaael  and  then  thrown  upon  a  lioea  filter ;  it  ia  aftervarda  preiaed, 
eat  into  oquaree,  and  dried  b;  heaL  lOOO  pla.  of  the  solution  of  the  learea  peld  from 
0-S  to  OT  pta.  of  indigo ;  more  is  precipitated  on  the  addition  of  potaab-lej  or  lins- 
watar.  bat  it  ia  not  so  pore. 

Beapeeting  the  maaofiictnrfl  of  indigo  in  the  Caneaana,  »t«  DingL  pal.  J.  130,  KM. 

3.  From  3nr  Jeoou.— In  the  ■oathem  parts  of  India,  the  leaTsa  of  the  indigo 
plant  an  dried,  and  packed  np  for  a  monlh,  more  or  less,  at  the  ennration  of  wbich 
time  thej  aaanme  a  l^ht  lead  colonr ;  by  additional  keeping  ^e  lead-colonr  gradnall; 
daikena  till  it  becomea  black.  Experience  has  prored  chat  the  leaves  will  not  give 
out  anj  colouring  matter  to  cold  ynXft  till  the  first  change  has  commenced,  when  tha 
■        ■■    ■■  ■    ■       ■       ■       d;  anatbatfr       


m  quantity  of  indigo  Beema  to  be  dereloped;  and  that  ftom  this  period  it 
miniabea.  If  from  fear  of  rain  the  pbint  be  cnt  loo  soon,  the  leaTes  should  be  kept 
pri^itioaally  longer;  but  if,  from  want  of  snfficient  sunshine,  the  cutting  be  defivred 
till  afUr  the  plant  ia  ftilly  ripe,  the  Inavee  will  not  require  to  be  kept  ao  long. 

These  leaveB,  ail«r  due  keeping,  are  transferred  to  the  steqnng-Tat,  where  they  at« 
iafosed  in  watrr,  in  the  proportion  of  about  one  volume  of  leaves  to  six  of  water,  and 
allowed  to  digest  for  two  bourn,  with  occssioasl  stirring.  The  water  is  then  mn  off 
thtDOgh  Btrainera  into  the  bcHting-mt,  where  it  is  agitated  by  the  paddles  of  tea  or 
twpiTB  natives  fiir  about  two  bonra,  during  which  time  the  flue  green  liquor  grsdnallr 
daikens  to  a  blackish  fane.  Lim»-watflr  is  now  thrown  intj)  tfae  vat,  and  well  mizsd 
with  the  liquor.  The  supemiitiuit  HadeiTBr^oIonred  liquid  is  run  off  »Rta  rspoae,  and 
the  anbatded  blue  indigo  is  drained  on  doth.  Next  morning  it  ia  mixed  with  water  in 
a  copper  and  boiled ;  after  which  the  whole  ia  thrown  on  straiuera,  and  the  indigo 
collected  is  dried  and  formed  into  cakes.     (Weston,  Joamtd  of  Seieiiet,  xxvii.  296.) 

Indigo  ia  obtained  in  the  same  way  in  the  south  of  France  troia  a  hot  extract  atlftrium 
Uncteriiini  and  H/lggoHum  iincltjritm  (J.  Phanu.  xxvi.  376;  J.  pr.  Chem.  zvi.  IBO). 
Indigo  was  Ibrmetly  prepared  from  woad  in  a  similar  manner,  by  empIoTing  tepia 
water  and  pierilritlliDg  with  lime-water;  a  deeper  colonr  was  imparted  to  tbe  product 
by  exbacting  uie  carbonate  of  ealdum  with  hydrochloric  acid.  The  preparation  of 
indigo  from  A^^jwrnim  tineii/rium  is  reudered  difficult  by  a  reain  whica  the  plant 
•Mntaina.  Tbia  teain  ia  separated  by  mtiiog  the  braised  leavre  with  one-tenth  of 
IbeiT  weight  of  ptotoeutphale  of  iron,  and  adding  a  sufBdent  quantity  of  water,  together 
with  an  excess  of  carbonate  of  potaaaiDm ;  the  whole  is  then  thrown  upon  a  filter,  ^dtha 
Bololion  mixed  with  sufficient  nitric  acid  (o  render  it  slightly  add.  On  neatralising  mth 
carbonate  of  potaasinm,  it  be<»mes  blue  and  deposits  all  the  indigo-blue  witbin 
24  houra ;  the  indigo  has  then  the  same  pioperties  as  that  obtained  from  Indigo/era, 
(Gaudry,  N.  J.  Fharm.  v.  183.) 

Piirifiiaiion. — Commercial  indigo  eontaini  from  fiO  to  BO  per  eent.  of  pore  indigo- 
blne,  the  remainder  consisting  of  indigo^Inten,  indigo-red,  indigo-brown,  and  a  unmbts 
of  brown  resinons  products,  &c,  formed  either  by  decomposition  of  the  indiso-blue 
produced  in  the  flnt  instance,  or  directly  from  the  indican  itself  (p.  246).  Certain 
anbstsjieeB  are  also  occasioaally  added  to  indigo  for  the  purpose  of  sdalleratiati. 

Indigo  may  be  purified  &om  most  of  these  foreign  matters  by  frmting  it  HuccesBively 
with  dilute  mldinric  or  hydrochloric  acid,  with  boiling  water,  and  with  aloohii 
This  treatment  however  does  not  yield  a  chemically  pure  product,  and  it  is  better  to 
resort  to  tha  proeesa  of  the  vat,  which  consista  in  conrertiQg  the  indigo-blue  into 
indigo-wbite  by  the  action  of  reducing  sgenta,  and  subsequently  reoxidising  it.  This 
proceas  is  also  one  of  grot  industriaf  importance^  being  that  which  ia  used  by  dyras 
tor  rendering  indigo  Soluble  and  fixing  it  upon  tissues. 

A  Cold  Valt.~  1.  Copperat  at  oammen  6lta  vat.  ((Taw  i  la  eovpttote,  ViMot- 
itiipe.)  In  this,  which  is  the  kind  of  cold  vat  generally  used  for  dyeing  cotton,  hemp, 
and  flax,  the  indLgo-blae  is  redaced  by  the  action  of  [ootosnlphate  of  iron.  1  pt.  ol 
finely  ground  indigo  la  mixed  with  hot  watn-,  in  which  4  pta.  of  quick-lime  are  slaked ; 
to  tbii  IB  added  a  sdlltion  of  3  pta.  of  sulphate  of  iron  &ee  from  copper,  the  whole 
beiiK  stirred.  (If  thasnJphateof  iron  is  yellowish,  one-lhird  morels  taken.)  Water 
is  added,  to  the  amount  of  100  or  SOO  times  the  weight  of  the  sulphate  of  iron,  accord- 
ing as  the  dye  is  required  dark  or  light,  and  the  whole,  after  bring  etirred,  is  left  at  rest. 
Td^.  T„.,T.r.^.,^.  »i^.^  ._  ((...u  — '.ft  commonly  used  in  dyeing ;  when  the  indigo  is 
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jialda  ■  »lutrp  •nX  (tehar/t  Kipe),  bom  wliicli  the  tluMda  of  tlie  iiiat«rk]  do  Dot 
n^diJj  take  np  tlis  dje  ;  too  liulg  lime  jieldi  ■  to/l  nt  (Mm  Kujm),  which  doea  not 
d^e  so  veil.  Oa  the  Addition  of  carbonate  of  potasuiun,  a  compound  of  indigo-'wlule 
vith  potuh  i*  formed.  A.  eediramt  ia  ibnoed  uid  a  yellow  ealatioii,  which  becomea 
COrered  with  •  eoppep^nlonfed  dim  (flowei) ;  the  solntioD  a  drawn  off  Afom  the 
■ediment.  Mid  deposit*  tolenbl j  pure  inditfo-blne  on  expwoie  to  th«  lir. — Thornton 
digests  commereis]  indigo  with  hme,  anlptutc  of  icon,  snd  water,  and  eipoMs  to  the 
air  the  decanted  solntioD  of  the  componiid  of  indigo-wlule  with  lime  ;  he  then  remom 
the  cvbonMd  of  caldnm  from  Che  bine  predpilste  with  hjdrochlorii:  acid,  and  the 
isdigo-ied«i(hwat«r,afterwaidiwasties  with  water  and  dries. — BerielinsmixMSpla. 
of  iadigo(panfled  accoiding  to  1)  with  6  pta.  of  quick-lime  ttohly  slaked,  4  pl«  of 
snlphata  in  iron,  and  4$0  pta.  of  bailing  w&ter ;  he  then  cloMS  the  Teasel  and  A^M 
lepeatadlj  ;  allows  the  whole  to  anlKid^  and  remores  the  jellow  solatiiH)  bj  meaoa  of  a 
(iphon ;  again  adds  hut  water,  and  drsws  it  off  after  repeated  ahaking ;  and  mixM  the 
whole  of  the  solutioo  with  hTdnxhkiric  acid ;  thia  is  niposrd  (o  the  air  and  shaken  tijl 
the  indigo  is  completelj  oxidised :  it  is  than  thrown  on  a  filter  and  washed  with  water. 
— Erdmano  mixes  t<^ether  1  pt.  indigo,  2  ^its.  aolpbate  of  iron,  8  pts.  lime,  and 
tfO  pta.  water ;  draws  off  the  clear  aolution;  mixes  it,  alirring  repeatedT;,  with  dilals 
fajcbocUoric  add  ;  and  washes  the  precipitate  in  oontact  with  the  air.  The  residaa  jielda 
fresh  qnantitiee  of  iodigo-lilne  whan  a^ain  atirred  np  with  hot  water,  and  with  hm«  if 
neccaaarj.  The  indigo-blne  thus  obtained  oontaiu  a  little  gypanm,  at  most  076  per 
cent.,  and  indigo-red,  which  it  is  diffietdt  Ut  temore  b^  bmling  with  akdiol ;  it  is  better 
to  reduce  the  indigo  again  in  the  cold  vat  and  {ncdpitate  it  with  Iqr^odilorie  a^— 
Aocoidi  ng  to  Dnmsa,  a  little  aalphide  <tf  caldnm  ia  filmed  in  the  TBt,  and  hence  anJphnt 
ia  mixed  with  the  iniUgo  when  it  ia  pi«eipit«ted  hj  bjdmdilocio  acid ;  thia  be  temores 
with  lolphide  of  carbon. 


2.  In  tbe  so-called  or^mtnt-vat,  a  aolotion  of  the  eomponnd  of  indigo-white  with 
potash  is  formed  in  a  miitare  of  indigo-blne  with  trisnlphide  of  ataenic,  potaah,  and 
water,  b;  the  oxidation  of  the  resulting  anlpharsenita  of  potaasiimi;  (he  tolntion 


deposits 
calici>.pr 


indigo-blns  when  exposed  to  the  air.    This  kind  ot  rat  ia  ehielly  used  for 
pnotiog,  not  br  dyeing  pri^ieriy  so-cslled. 


an  add  solution  of  tin,  «o  sa  to  neutralise  the  alkali  and  predpitata  the  indigo-white ; 
the  precipitate  w  then  used  for  printing 

b.  Warn]  Tata. — 1.  Woad-vat.  (Paitd-vai.)  On  mixing  from  3  to  6  pta.  of 
finely  powdered  indigo  with  A«m  30  to  SO  pt*.  w««d,  3  pta.  madder,  2  pta.  bran,  1  to 
8  pts.  potash,  and  i  pt.  lime,  and  warming  with  lOOO  pta.  water  (6000  to  7000  Ltres) 
at  80°  C.  (170°  F.),  a  iermantation  is  set  up  in  which  water  ia  deeomposed  and  the 
nascent  hydrogen  fiirms  iDdkBD-whit«,  which  osntHnea  with  the  ammonia  simnl- 
tonfoualj  formed.  The  biownish-yellow  liquid  fitst  becomes  green  on  exposnra  to  the 
air,  and  then  depoaita  indigo-blue;  It  may  l>eaaed  lor  dyeing  fbrthret  to  six  month^pnf- 
Tided  it  be  kept  warm,  and  madder,  bnui,  indigo  or  potash  added  from  time  to  lime  us 
_raqaired.     BHetroot-molaaeea  and  malt  may  be  adTSotageoDslj  need  instead  of  maddsr. 

The  Dse  of  madder,  bian,  Ilc.  in  tjils  process  appears  to  dejiend  upon  the  gummy  and 
nmrlaeeons  nbetancee  and  tbe  pectic  add  which  they  contain.    These  snlManees  are 

Kbabty  transformed,  first  into  lactic,  thfo  into  butyric  acid,  in  which  tianufiamation 
Irogen  ia  eTolred,  which  reduces  the  indlgo-blne  to  indigo-white.  The  woad  at  the 
tame  time  undergoes  putre&ction,  and  giree  off  ammonia,  which  keep*  the  indigo- 
white  in  BolutioD.  The  lime  seema  to  act  chiefi;  by  neutralising  the  eioeas  of  add 
produced  by  the  deeompontion  of  the  aTnylaceon*  and  gummy  matleta. 

2.  In  the  potaih  or  Indian  vai,  in  which  woad  and  lime  sre  not  used,  S  pts.  of  indigo 
•re  added  to  a  mixture  of  2  Ms.  madder,  3  pta.  wbeat-tiran,  S  pts.  potashes  and 
1000  pta.  water  at  60°  C.(UU°T.);  aftflrS6honrs,  Spta.  potadies.andafterlJhoan 
iDore  the  same  qnanti^  of  potashes  are  likewise  added,  lliia  vat  i*  easier  to  mansge 
than  the  woad  rat. 

II  dye-houses  and  in  e<rta<n  ktealitiea,  aa 
lie  potreQingBriDe  fomishea  at  once  tbe  reducing 
a^mm  (o  cuniert  the  blue  into  white  indigo,  and  the  ammonia  necessary  to  dissolTe 
the  latter.  [For  fbrther  details  RSpecting  the  mannfactuto  of  indigo  and  ita  use  in 
dyeing,  see  (Tn'i  Dictionary  of  Arf,  Ac.  il.  IBS.] 

To  obtain  indigo-tjloe  in  the  cryntalline  state,  i  cc  of  raw  indigo  and  4  oa.  of  grape- 
sugar  are  introduced  into  a  fiaak  capable  of  containing  12  lbs.  water,  to  which  6  oa.  of 
the  Uiongest  aoda-ley  are  added.  Ttte  whole  ie  well  shaken,  and  the  flsak  completely 
filled  wiu  hot  alcohol ;  it  is  then  tightly  corked  and  allowed  to  stand  fbr  several  hours, 
until  the  solution  is  sufficiently  clear  to  permit  its  being  siphoned  off  into  a  larwr 
flask.    The  flask  is  ^owed  to  stand  loosely  covered ;  the  solution,  at  first  of  a  besatilBl 
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■olntion  ia  Altered  umI  the  mdigo  ii 
till  the  BItnte  is  colourtpie.  In  this  nunnar,  3  «.  (AO  mt  ccot)  of  para  indigo-bloe 
is  obUined,  If  tlis  brovn  alcobolic  solatimi  is  ponnd  back  hot  into  tlw  fint  fluk, 
it  jield*  S  per  sent  mora  indigo;  bat  it  ia  then  ntmtij  VKhanitcd  (Fritsielie, 
UaichaDd)!-.IndiKa  4l>o  fonm  ■  -nt  immedutelT  with  gnpe-mgar,  eanstji!  loda, 
Bud  hot  water ;  the  decanted  aolotioii,  whan  exposed  to  the  air,  depoaita  indigo-blae 
containiv  a  qwuititj  of  indlgtyrad,  which  maj  be  eztnctad  bj  an  aleoholie  tolation  of 


be  lemored  with  a  pair  of  forcpps,  and  the  crratala  csreAillj  sepanted  fVom  adhering 
paiticlea  of  carbon,  onder  a  magnifying;  glaaa  (Le  Rojer  and  Dnmai ;  Damaa). — 
Crnm  lieats  indigo  between  two  plMinum  cninble  lida,  which  are  separated  troa  ons 
anotheibf  a  distanoe not  greater  than  ]  inch,  till  the  hiKingsoandoeiisea.—Berieliaa 
snUimea  udiga  in  an  exhanatad  retort,  of  the  siw  of  s  chicken's  tgg,  cots  off  the  nppec 
rt  (rf  the  ntoit  i^en  the  ajatala  hare  snbliaed,  and  aeparate*  the  town  eijstal* 
>m  the  adhering  partidea  of  carbon.  The  caysCaU  are  frnd  Inr  ethir  Ikont  tracH  of 
oil  and  rsain. — Taylor  stirs  Dp  an  iotimate  mixture  ot  2  pta.  ia»lj  powdered  indigo 


parttrf 

resin. — Taylor  stirs  n| 
,  t.  sjpanM  with  water  into  a  thin  paste,  which  he  spreads  opon  sheet  iron  in  layeia 
S  inc^M  broad  and  }  inch  deep.  TEuae  are  dried  bf  eroosnie  to  the  air,  then  healed 
at  one  end  with  a  spirit-lamp  till  red  vaponn  ore  erolTad,  and  so  the  cfiraation  is  eon- 
tinued.  If  the  mass  oatchre  Are,  it  ia  extinoaished  bj  a  drop  or  two  of  water.  The 
-nlve^  indigo  can  eaailj  be  separated,  and  maj  be  porifled  bj  alcohol  and  ether. 
(Med.  Gaa.  ISIS,  130.) 

PrKBorelion  of  Indtgo-hlat  ffcm  Iitdieait. — The  aqneoui  solnUoa  of  indican  ftom 
woad^eaTFS,  wlueh  must  not  be  (do  dilute,  is  boiled  with  solcdniric  acid  or  hydro- 
ebknioacid;  and  the  abundant  pniille-blueprecipitata  isflltared  off  and  washed.  Brat 
with  water  and  then  with  bailing  Mnhol,  till  the  filtrate  ii  of  a  pore  blue  colour :  the 
laddne  eonaista  of  pore  indigo-blue,  Nitric,  oxolicv  taitanc,  and  acetic  acida  are  also 
oapaUe  of  conrsTting  indicaa  into  indigo-blue :  acetic  acid,  howerer,  acta  lesa  powerfnll}- 
tfaaatherHt.    (S^unck.) 

JWpertiu. — Indigo-blua  snblimes  in  ri^t  rbomhio  prisma  (Hi  Her);  in  aix-sided 
miams  deriied  &om  a  rhambic  prism  of  82°  and  I4S°,  and  haTing  their  base*  replaced 
b;  two  &ces  which  seem  to  form  Ml  obtnsa  angle  wilh  one  another  (Laareut).  Ita 
lustra  is  semi-metallic,  and  hj  reflected  light,  dark-red  inclining  to  copp«r-red  (accord- 
ing to  Gmm,  it  ia  red  when  riewed  obliooalj  onder  the  mitmecope  ;  and  of  a  orilHant 
bins  when  Tiewed  peipendicnlarlf ).  When  prepared  in  the  wet  way,  it  ia  dark  blue, 
asd  Bcqnires  bf  pinasiue  a  dark  tOff  colour  and  almoit  metallic  Inatie.  It  ia 
inodofoos  and  iMtalesi^  mm!  does  irat  rract  upon  Tegetable  coloor*.— In  opra  veasela, 

it  iiiilatilis««  il  111 I  TltfTin  ilsll  ptotile-red  raponn;  in  dosed  Tcsaela,  it  decompoera 

partiallj  when  heated  (Crnm).  II  TotstiUiet  withont  decomposition  only  in  a  coneat 
of  air  or  ia  tmuo;  the  powder  drcf)ped  on  a  piece  of  heated  platinum  fbil,  Tolatiliaesin 
pniTile  TapoDiB  without  learing  a  residae,  each  particle  being  sapporied  bj  the  rapour 
without  RHniiw  in  coutoct  with  the  foil  (Damaa).  It  is  qnite  inaoluUe  in  uaitr, 
dilute  oe^  and  alkalu,  rlker,  mad  volatSe  oUt :  Usa  in  almlul  and.^SHi  oJbBteounon 
tempintares;  bat  hot  alcohol,  and  flied  oila  heated  above  100°,  dissolve  amaQ 
quantities,  and  deposit  it  again  on  cooling.  Sablimed  indigo  diasdves  pretty  reodilj 
in  hot  pMenie  aad,  forming  a  blue  liquid  when  mixed  with  a  little  aleolud,  bnt 
mecipitatad  bj  a  laiger  qnantitj.  Subliined  indigo  also  disBOlvea  to  a  small  extent  in 
Aot  «I  a/ tiirTxnAu. 

Indigo-blae  is  isomniswith  nanideof  benzoyL 

Dteampatitiaiu, — 1.  Indigo-blue  mdta  and  boil*  ' 
air;  at  highw  tempeMtnn*  it  bami  with  a  bright  and  very  tauAj  flame,  leaving  a 
teridneof  diflMUl7eombasliblBdiarMal(Berielins).  Bj  exposor*  to  air  eonWning 
«*«M  it  ia  qnicklj  cmverted  into  iatan.    (Bidmann,  J.  pr.  Cham-lxxL  308.) 

3.  ^  di7  distillation,  it  jielda  »  voy  littla  tmdreomposed  sablimste,  together  with 
oarfaOnata  and  cjanide  of  amnvoninm,  pbenylsmime,  emOTreamatie  oil,  and  a  luge 
midne  of  ahining  ehareoal  (Crnm).  On  heatinK  indiffo-uuein  vacao,  a  brown  oil  ia 
famed,  together  with  a  Urss  proportion  of  sabumed  udigo,  but  no  permsment  ^ 
or  aqneoos  liqnid;  by  rapid  beating,  more  snblimata  is  obtained,  and  a  fased  ahining 
charcoal;  on  heating  more  grsdnaUy,  Irsi  anlglimate  ia  fbrmed,  together  with  a  duQ 
MrthTcharcoaL    (Berieliua.) 

3.  Dry  eUoritu  data  sot  act  upon  iadigo-blae  between  0°  and  100°.    If  indim-bloe 
and  cUorine  passed  through  while  the 
„reviidi-gr 
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(bnD«d,  and  >  7elIowuh-red  aolatioa;  on  dutilltng,  tricUoK^benie  sad  and  tri- 
ctiliHoplieiiTlsJiiiiiE  (mblime,  sad  a  liquid  distils  ovee  which  amslls  of  nniBic  icid, 
and  oontuiu  l^dnicliloric  snd  trichloropbenii:  acids.  Tha  reddna  in  the  nitort 
diawdTea  in  boiling  watar,  leaTiDg  a  brovo  roHin,  Thich  ia  formed  in  anall  qnantity 
onlj.  If  tha  masa  ia  eooind  aa  mnch  aa  poaaible  dnrioe  tha  action  of  the  chlonna.  and 
the  paaaage  of  the  chlorine  ia  inCeimpted  before  all  the  indigo-bine  ia  deatnyed,  the 
boiling  aaneona  aolation  d«ioaita,  on  eooling,  ajellowiah-ivd  erratalliiw  powdw,  which 
Tialda  ehltaiaatiii  and  diohlMiaatin  whau  laojaUlliaed  bma  aleohoL    (Erdmann.) 

4.  Bniniiu  acta  npon  indigo  in  Ike  aame  manner  aa  chlorine.  On  treatdng  moiat 
{ndiga  vitli  hnHsina,  a  ycUow  uaaa  ia  formed,  vhich  yiddii  b^  disdlliitiou,  tri- 
bioQK^heiue  arid  HndtnbnMnopbeDjlamine;  the  naidne  eontaina  a  little  bromiaa^,  s 
lai^  proportioD  of  dibromiaadn,  and  a  little  reeinona  matter.    (Erdmann.) 

5.  lodimt  decompoBGB  indigo  oalif  when  heated.     (Bercelina.) 

6.  Indigo  ia  dscompoaed  b;  heating  it  witli  ciloraU  nf  petaMiiiim  and  ij/draeihria 
add.    Only  ttacea  of  i^loranil  are  formed.    (Hofmann.) 

7.  When  boiled  with  dilate  nttric  add,  it  givea  off  a  lai^  qaaotity  of  gaa,  aitd 
fonaa  iaatin  and  a  brown  reein ;  with  a  ationger  acid,  it  foima  principally  nitraaali- 
^licadd,  and  with  an  azoeea  of  nitric  acid  of  apedficgraTi^  1-43.  it  yields  picric  acid; 
at  tbe  aame  time  carbonic  anhTdride,  prnadc  acid,  oiahe  acid,  and  the  ■o.-callpd 
artificial  indigo-reain  are  formML  6  pts.  of  faming  nitric  acid  becomea  to  Tioleally 
heatdd  with  1  pt.  powdered  commercial  indigo  that  tiie  maas  takaa  fire. 

S.  CoDcentratad  eArotnie  add  detbroja  indigo-bloe  intnediatdy,  eapecially  whan  beat 
i,  with  violeot  evolntioo  of  eanMmia  anhydride  and  precipitation  of  ataquioiide 
' —     Dilute  cbrmnic  acid  forma  a  cImt  yellow-brown  aolatian  with  indigo ; 
II  una  u  neaied  to  ne&r  tbe  boiling  point  and  filtered,  isatin  cryatallisea  oat  on  cooling 
(Erdmann).    Chlorochiomic  acid  doea  not  act  upon  indigo-bias.     (Tbomaon.) 

9.  On  boiling  indigo-blne  with  pemxide  of  lead,  a  paM  yellow  aolntion  ia  formed, 
which  breom«fl  tarbid  on  cooling,  and  leavM  a  yellow  poi^Br  when  evapontfd  to 
dryneaa.    Thia  aubatance  bring  aoapended  in  water  and  deonnpaaad  with  ao^hydrio 


amd,  yieldaabnnrnish-yeltow  Hltrate,  which  on  evapOTat 

exbacted  by  bmling  i 
preripitatad  by  water ;  Wling  water  extracta  &om  it  a  mbatatioe  vbiSi, 


a  amall  qoantity  of  bniwn  reein  and  a  fow  nratal 


a  brown  reain,  melting  at  100°,  which  maybe  exbacted  by  bmlii 
preripitatad  by  water ;  boiling  water  extracta  &om  it  a  labatatKW  vbi 
tion,  dnmrita  eryataia  mixed  with  reain.    (Erdmann.) 

10.  JVOHOitnu  tuMiait,  natigantiit  of  potatnvtit,  and  ptmanffOnale  of  pctauiuM 
ieoiioAe  indigo  (Lefort,  Ber.  adent  16,  SS8).  Go  heating  indigo-blne  for  a 
eonadttabl*  time  with  aqaeona  omoo  acid,  oxalic  add  i*  formed.  (Buttlerow,  J.  pr. 
Cbam.  In.  278.) 

11.  When  the  Tiponr  of  lulpAurio  atiigdridt  ia  posaed  over  longhly  palrariaed 
eommnrial  indigo,  the  latter  iwella  np,  becomea  he^ed,  and  a  beantiM  pniple-ied 
liqnid  ia  ibrmed,  which  ia  trenapansnt  in  thin  layera,  and  aolidiflea  into  a  crimaon  maaa. 
In  contact  with  the  air,  it  evolrea  anlphnrona  anhydride  (probably  on  aceonnt  of  tha 
impnritiaa  of  tha  indigo),  and  diaaolves  in  common  Bnlphnnc  arid  with  a  Tiolet  colour; 
on  diaKlving  it  in  water,  charooal  aeparatea  out  and  a  d^  Une  aolntiim  ia  filmed 
(Dobateiner;  Bucholta;  Bnsav).  Indigo  diaaolve^  witb  avolntion  <rf  beat^  in 
azceea  of  ftuning  or  of  common  tuiphuriB  add  (no  gaa  ia  emlvcd  if  the  indigo  ia  pwra) 
with  fonnstian  of  mlpbindigotic  arid ;  if  an  axceaa  of  aulpbaiic  add  ia  not  added, 
more  or  Irea  snlphophienidc  add  is  formed.  Aocotdiug  to  Berselin^  hypoaalpluDdi- 
gotie  aeid  ia  alao  formed  when  indigo  ia  disaalved  ia  faming  anlptmric  acid.  Indigo- 
Sine  diaaolvea  in  cold  aulphnric  arid,  int  with  a  yellow  colour,  which  aftarwarda 
become*  neao,  andflnalty  of  a  beantiJnl  bine  (Honnmann,  Jonm.  de  Phya.  1788; 
March,  (Slevrrol).  £'rom  tha  eolation,  while  atill  yellow,  ondecompoeed  indigo-bine 
may  be  predpated  by  water ;  tha  yellow  colour  changea  to  blae  in  a  few  honia  in  a 
ekiaed  VMael,  ainoe  anMiophmnide  arid  ia  tbrmed,  wbich  is  g^nally  conrerted  into 
anlphindigotii!  arid,  when  indigo  ia  mme  atronftly  hent^  with  aulphnric  arid, 
•nlpbnrona  anhydride  ia  erolTcd,  and  a  brown  oily  liqnid  tbrmed  (DoberainarX 
Liqnid  m^nnnu  anl^diide  doea  not  act  npon  indigo  (Bnaay).  Phaapbme 
anbydrida  and  bydrated  phoqibM^o  arid  are  without  action  upon  indigo ;  alao  ooneen-' 
trated  I^dTodilinia  arid.    (DoboFeiner.j 

12.  Indigo-Una  ia  but  (ui^tfy  attaded  by  prolonged  boiling  witb  dilnte  sotaf  A  / 
when  tha  boiling  point  baa  readied  100°,  the  indigo  is  oompletaly  deoompoaed,  whilat 
no  gaa  ia  given  of^  and  only  tracaa  of  ammonia  and  phenylamine  are  erolved  with 
the  aqoenna  Taponr  (Fritiache^  According  to  Oerhardt  (Bev.  adant  x.  8T1X' 
indigo-irtiiCe  and  iaatata  of  pol«aainm  are  formed  in  thia  reaction : 

xm'SO  +   KHO  +  HH>     -     CH'TTC   ♦   CfHTNO* 


byGoogIc 


INDIGO-BLUE.  255 

AcooKting  to  FiitsKhe,  a  jellowish-red  nlution  is  flnt  fbimed,  An  vbieli  a  dark 
eoknired  anlstaiice  floats,  and  from  which  vrUov  cryitalB  of  chi^saniJate  potaaiiuin 
an  SBparated  hj  continned  boiling ;  on  oooling,  it  >olidifiea  into  a  erystalhne  man, 
tODoMBg  princip&ll;  of  chiyranilate  of  potaaaiatn.  The  ciTStalllne  man,  when  waits 
ii  poarad  orer  it.  immediate];  yields  indigo-blne  (in  the  nmn  Btate  as  bom  tha 
in(£gi>-T«t);  the  filtered  Bolution  also  eontiniiee  to  depont  indigo-blne  vhm  expoard  to 
tbe  air.  Acooding  to  Gerhardt,  Fntzsche's  chijBaailic  acid  is  nothing  bnt  a  miitnre  of 
iotill,  isdigo-whit^  and  prhaps  also  other  prodacta  reenlting  from  t^e  hrUleT 
actioD  of  the  potash.    The  indigo-bine  is  formed  by  oxidation  of  t&g  indigo-white. 

Indigo-blae  fliaed  witli  ki/drats  of  poliunuin  yielda  fint  isatio  acid,  aa  aboTe,  tbra 
phenylragbinic  add  raanlting  ftom  the  decompoaition  of  the  Utter.     (Gethardt.) 
CHTfO*  +  EKt    ~    CHTtO*  +  CO*  +  H*. 

Utile  idd.  Fhmtl-ar- 

hunMKld. 

and  by  fluUiar  dcwmpadtion,  aali^Iio  acid  (CahoDri)  and  iduivlaiiiiiM 
<Fritii<3h«): 

CTHTfC  +  HK)     -     VWO'  +  SH" 

Fb«ijt-«r-  Sallnllc 

C'H'NO'   -   cnrjf  +  CO* 

13.  Indigo-blne  placed  in  contact  with  water,  an  aliaii,  and  a  dtoiiditmg  tvbttanee, 
baoomea  atflnt  ctdonied  Gfreen,  and  u  then  eonToted  into  iudigt>-«hit«,  which  forma 
a  ^dlow  aolntioD  with  aUalis.    In  tUi  rMction,  water  is  decmnpcsad,  tlie  bjdiogen 


The  following  snbatancea  react  in  a  limtlaT  manner;  phosphorus  phoaphonms  acid,  ini- 
jdiaToaB  add,  aolphydric  acid,  potaaaiom-amalgam,  anlphide  of  potasainm,  sulphide  of 
aodinm,  anlphids  of  aneni^  anlphide  of  antitaou;,  ana,  tin,  uoii,  terroas,  stannona, 
and  nunganona  cnides,  grape^agar,  and  lubataiices  undergoii^  fenDentation  or  patro- 
betioo,  aa  angar,  ^oten,  nnne,  woad,  madder.  Warm  pntrid  nnoe  diasolves  indigo-blpe, 
the  anunonia-Mmponnd  of  indigo-while  t>«ing  formed.  According  to  Loweathal,  on 
the  eonbaij  (J,  pr.  Chem.  bo.  163),  thia  rednction  of  blue  to  ind  igo-white  ia  not 
prodneed  on  aalta  of  snlpborons  or  phosphorona  acid,  by  snlDhide  of  potaasium, 
•nlphide  of  ealdaio,  maiuiaiioiia  salts,  or  UBenite  of  sodiam ;  bnt  indigo-blne  diaaolved  in 
•olphoric  acid  ia  rsdncad  to  indigo-white,  when  mixed  with  excess  of  acid  carboniite  of 
potassiom  oi  sodium,  and  than  treated  with  sotphydric  acid.  Ijowenthat  ia  of  opinion 
that  indigo-white  ia  not  indigo-bloe  jittu  hydrogen,  but  indigo-blne  mimit  oxygen. 

Tetting  and  Valuation  of  Indigo. — Commercial  indigo  occuis  in  snuJl  lumpa  or  cabie 
loarea  of  a  ricdel-blne  coloor;  when  of  good  quality  itu  Terf  ligbti  asaumea  a  coppery 
aapect  when  rubbed  with  a  hard  polished  bodyj  and  is  &ee  &om  ^wa  or  caTittea 
tmrenied  by  brown  or  whitish  veina.    The  beet  aorta  ac«  light  enough  to  float  on  water. 

Bitemal  characters,  however,  give  bnt  Tcry  uncertain  indications  of  the  amount  of 
ml  cokinring  ibaUei  contained  ia  a  sample  of  indigo;  hence  it  becomes  necessary  to 
resort  to  ehemiail  melliods  of  estimating  the  amount  of  pure  indigo-blue.  Good 
sorts  of  indigo  contain  about  60  per  ixat-,  but  the  proportion  ia  oftm  much  reduced  by 
fraudulent  admixture  of  forngn  substances,  such  as  sand,  TC{^Uble  mould,  powdered 
lead,  starch,  &a.    Some  tbieign  matters  are  also  unaToidabiy  introdoeed  in  the  proceM 


The  indigo  is  flrat  dried'  omr  tlie  water-bath  to  estimate  tlie  hygroseorac  water; 
which,  in  samples  not  fraudulently  moistened,  Tarieafrom  3'6  to  6  percent.  The  dried 
indigo  is  then  calcined  in  a  plstinnm  crucible  to  determine  the  amount  of  aah.  Good 
indigo  generally  fielda  from  7  to  10  percenL  The  presence  of  aand,  lead-powder,  tea,, 
nay  then  easily  be  deti«ted  bj  washing  the  aah  with  water. 

The  preaence  of  atcrchi  aometimea  coloured  with  iodine,  is  indicated  by  the  pale 
colour,  greater  denai^,  sod  friabilitT  which  it  imparts  to  the  Inmps  of  indigo.  It  maj 
be  further  detected  by  treating  the  mdigo  with  aligbtlr  alkaline  water,  neotialiaing  the 
filtered  liooid  with  a  few  drops  of  add,  and  testing  with  iodine. 

The  older  methods  of  eatsmating  the  proportion  of  real  indigo-blne  in  ccanmcidal 
indi^  depend,  for  the  most  part,  on  the  decoloration  produced  by  chlorine  and  other 

1.  WiSk  MlDrma  wattr. — A  weighed  qnanti^  of  the  finely  pulTeriaed  indigo  ia  added 
hj  amaZl  portioas  toameaaored  qnanbty  of  asatnmtedaqueons  solution  of  chlorine,  aa 
hn^  aa  it  disagree  with  yellow  ndmr,  and  the  quantity  thna  diaaolved  ia  ascertained  b/ 
weighing  the  r«aidue.    A  aimilBr  tzial  is  then  made  with  pcTfcctlj  pore  indigo-Moi^ 
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tse  INDIGO-BLUE. 

Bod  ti  rampuiaon  of  the  tiro  mnlta  giTei  thf  piopoitioo  of  eotonring  nutter  in  tiM 
aampla  of  commercit]  indigo  ondar  examimtion.  Aji  the  atrength  of  the  chlorine-wnlei 
ilten  Teiy  qoickly,  it  p«anot  ba  titrated  long  beforehand.    (Berialina.) 

3.  Will  ckloTicU  qf  linu,— The  iadigo  ia  tnt  diBsolvBd  bj  digastion  for  Art  or  ai 
boon  at  bO"  or  60°  wilh  IHimiag  mlphnric  acid  ;  the  aolution  is  thoroughly  mixed  iritl) 
distilled  water,  and  poored  into  a  graduated  bniette,  and  trom  this  Te«ael  it  ia  added 
drop  bj  diop  to  a  maaaured  quantity  of  aquFODS  chloride  of  lime,  till  the  bine  colour 
jnat  become!  pannonent.  A  Bimihir  experiment  being  then  made  with  an  eqnol  weight 
of  pure  indigo  bloe,  the  CDloncing  power  of  ths  two  nmplee  is  in  the  invena  ntio  of 
the  qnanlitiea  of  the  bloe  solntioa  ooosamed  in  tha  two  exparijaenta.  (Beblnmberger, 
BdIL  Sac  induatr.  de  HnlhooM,  vol.  xr.) 

S.  With  itj/droelUorie  acid  and  eitonM  iff  fataanum. — 1  arm.  of  floe^  pnberiasd 
Indiga  ia  digMted  for  aome  boon  with  lOgnuL  of  Aiming  raljAnnc  add,  uitaling  from 

ts —  ..  « —  1 '^  t^,p  adation.    The  Uanid  ia  then  ponrad  into  a  baam  contaiiUDg 

.._  .„  __ —  .»_. hydrochloric  »eid  •«  added,  and  the  li^uii 

ir  hand,  0-2S  grm.  of  eUonte  of  pouaainm 
ia  dissolved  in  tOO  grms.  of  water;  and  the  solution  is  poored  into  agradoated  burette, 
and  added  drop  by  drop  to  the  boiling  indigo  sototion  till  the  bloe  colonr  changea  to 
red-brown.  The  ricbnem  of  the  sample  of  indigo  ia  directly  proportional  to  the 
qnantihr  of  chlorate  consumed.    (Bolley,  Ann.  Ch.  Fharm.  Ixir.  242.) 

4.  With  tv^huric  acid  and  aeid  cArwiatt  of  potauiiait.  Tha  mode  of  proceeding 
isthemmeas  Chat  just  described  ;  lOgmu.  of  pure  indi^blne  prepared  bjFiitssche's 
metbod  reqnira  tbr  decoloration  ezacUj  7}  pts.  of  the  acid  chromste.  (Fenny,  Cbem. 
Boc.  J.  T.  297.) 

All  then  methods  are  liable  to  (be  otg'ection  that  it  ia  difflealt  to  institute  an  exact 
compariaon  btrtiwecin  the  difi^nt  shades  of  colour  ictulting  from  the  oxidation  of  the 
indigo  in  difibrentcaBCB,  the  pore  green  tint  thus  produced  in  solutiong  of  pure  indigo- 
Uua  giTing  {dace  to  a  dir^  oliTe  or  browniah-neen  when  crude  indigo  is  used,  iu  oin- 
MqMnoe  iM  the  impnrities  contained  in  it  Moreoret,  in  dissolving  indigo  in  ntrong 
suphnric  add,  it  is  acaredy  possible  to  avoid  tlie  ftaTiiatJon  of  mbihuroas  acid,  the 
TB  of  which  will  of  coniae  raise  the  apparent  perMntaga  of  id-'- —  "-' —  '-  ''■- 


aample.    By  emptopng  these  methods  indeed,  it  is  common  to  find,  in  a  good  aampla  of 
indigo,  more  than  80  par  cent,  of  pure  indigo-blne,  whereas  the  best  qnalities  seldom 
oontain  aboTe  SO  per  ceut,  and  av«i!vge  qualities  not  more  tbau  40  to  CO  per  cent. 
The  Ibllowing  m^hods,  which  depend  upon  the  reduction  '"«'•"'<  of  the  oxidati<m  of 


the  indigcs  ^Te  more  exact  rasnlta. 

6.  With  Proloiiilpluiit  of  Iron. — A  weighed  quantity  of  Iba  finely  pnlTeijsed  indigo  is 
well  mixed  with  an  equal  weight  oTpaie  lime  previously  slaked  with  water.  The  mixture 
is  poured  into  a  stoppered  bottle  of  known  capacity,  and  tha  mortar  is  well  rinsed  with 
water,  lAidl  is  added  t«  the  rest.  The  bottle  ia  now  heated  in  a  water-bath  for  several 
honra,  and  Bqaantit;  of  Bnely-powdered  solphate  of  iron  ia  added ;  the  bottle  is  then 
flUed  np  with  water;  the  atopper  is  inierted;  and,  after  the  contents  hare  been  well 
shaken,  the  whole  ia  left  at  rest  for  several  honTB,  til]  the  indigo  ia  reduced  and  the 
sediment  has  sunk  to  the  bottom.  A  portion  t^  the  dear  liquor  ia  then  drawn  off  with 
a  Bipbon,  and  the  qoanti^  of  liquid  having  been  accnratdy  measured,  it  ia  mixed  with 
an  exeeos  of  hydiochlorio  add,  and  the  precipitate,  after  having  been  oxidised  Hiy  ex- 
poaure  to  the  air),  is  collected  on  a  weighed  filter,  and  washed  with  water.  I^atly, 
thefilCer  with  the  ind^[0-blue  is  dried  at  Uie  heat  of  the  watei^bath,  and  wd^ed,  and 
the  we^t  of  the  filter  having  been  anbliacted  from  that  of  the  whole,  the  weight 
of  the  indigD-UnB  is  ascertained.  Si^^uae,  tor  example,  that  the  whole  quantity  of 
liquid  was  200  meaiam,  and  that  SO  ueasnree  have  been  drawn  o^  yielding  10  grains 
of  indiflD-hlna;  then  the  total  qnantitj  (Jindigo-blna  in  the  sample  is  40  grains.  For 
AO  gnuns  of  indigo  it  is  nrffnnnij  to  lake  from  1  lb.  to  2  lbs.  of  water.  This  method, 
tbwg^  nther  te£o«i^  give*  better  mnlla  than  any  of  tiie  preceding.  The  qnanlity 
of  indigo-blne  indicatad  I7  it  it  ntwdly  soBiewhat  less  than  the  actual  quantity  con- 
tvaed  in  tha  Kmplfb 

0.  With  tltauuna  eUoridt. — The  tan-eoliition  is  titrated  with  a  solution  of  pure 
indigo-blue,  prepared  by  dissolving  the  substance  dried  at  S10O-230°  C.  (4ID<>-446^F.) 
in  IS  pis.  of  BtTODg  ■nlphoric  add,  with  addition  of  pounded  glass  to  divide  the  indigo 
and  fifililate  the  solution.  The  indigo.salntion  thus  obtained  is  diluted  with  water, 
till  a  litre  of  it  contains  exactly  1  gnu.  of  indigo-blne.  The  indigo  to  be  examined  is 
than  dissolved  in  a  dmilar  maonar,  and  the  titrated  tin-solution  is  added  to  it  from  S 
boratte  till  tfae  blue  colour  changes  throogh  green  to  light-yellow.  Iron,  if  present  in 
the  indigo,  must  fliM  be  removed  by  digobon  in  hy<UocUoric  add,  with  addition  of 
Isifglass.     (E.  Mulder,  Scheik.  Ondeti.  iii.  flj  37;  Jahrwber.  1880,  p,  613.) 

rbonic  anhydride.    A 
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d  volBBte  of  this  Bolntioa  U  thra  iatinduMd  into  a'sradaatod  tabe  filled  with 

ir  oxygaO'-gu,  ind  the  Tolnme  of  oijgen  ■bsorbed  ia  resd  off  alter  &  fpw  honn.  A 
sunilu  experiment  is  tlisD  nude  with  pnre  indigo-blne,  sod  the  value  of  the  commer- 
ad  BUDple  u  detennined  bj  compariaan  ot  the  Kflolta. 

nrtMaO-num.  (ChevreBl,  Ann.  Chin,  Ixvi.  B ;  Bercalins,  Leirb.  iii- 
666 ;  Om.  ziiL  4S.)— A  broiro  lubstance  of  ancertain  annpogitJoii,  exjittng  together 
with  indigo-blne,  indiffo-glutea,  and  indigo-red,  in  all  kinds  of  mmmerciiil  indiso.  To 
obt&in  it^  tJie  indigo-Butan  ia  fiist  removed  liv  treating  tLe  indigo  with  dilate  Biilpbniic, 
hjdroehlorie,  of  acetic  sad,  and  then  with  boiling  water.  On  digesting  the  reaidiw 
in  hot  atnog  eanade  alkaline  l^e,  the  indigo-biovD  diSBolTH.  togethei  with  a  amall 
portion  of  indigo-bhM^  forming  a  dark-brown,  almost  black  Bolution,  fcom  whici,  ^r 
nitration,  the  indigo-brown  maj  be  precipitated  by  an  add.  The  precipitate  containa 
■  considerable  ijosntit;  of  indigo-blap,  foim  whioh  it  may  be  freed  for  tJie  moat  part 
bydiaaolTingitmcaxbonata  of  ammoninm,  «VBpoTBting  theflltnte  lodrrnem,  dinolring 
the  reeidae  tn  water,  Siting  from  the  undiaeofTed  portion,  ^printing  ehiefly  of  indigo- 


bases.  Witii  tlie  aitaiU,  it  forme  dark  tnown  componndi,  easilT  salable  in  water.  The 
baryta-ooTupoiBid  is  nwriulj  solable,  and  the  Ime-eonmatitid  insoluble.  Bj  boiling 
the  alkaline  componiids  with  lime  in  excess,  the  iikdigo-browD  maj  be  s^Mzated  aod 
rendered  inaolabla.  This  is  peihapa  one  of  the  uses  of  lime  in  the  indigo-vat 
(«.  3fil,  2fi2). 

lDdigo-b[««n  bean  a  eoniidsnble  resemUanee  to  Schonck's  iodihnmin  (p.  264), 
one  <^  Ula  prodneta  of  the  decompoeition  of  indican. 

IMttlgCt-Oit H  T  BW  ■  This  sabstanoe  is  extracted  from  ernde  indigo  hj  treating 
it  with  dilute  snlphoric,  hydrochloric,  or  aeetic  acid,  then  with  boiling  water,  and 
remmna  on  evaporating  the  eolation  as  a  yellow,  tran^iarent  eikact,  eolnble  iji  apirita 
of  wine,  easily  eolnble  in  water,  less  soluble  in  add  liquids.  Ita  taste  is  Uke  that  of 
-  the  extract  of  meat  It  yields  by  dry  distillation  much  ammonia  and  s  fietid  oU,  and 
behaves  in  moat  respects  like  ordinary  vegetable  gluten. 

Beixelios  obtaintd  a  green  subalaDce  by  adding  potash  in 


lime-water,  became  yellow  on  Bxposnre.    It  formed  a  green  precipitate  witli  ai 
lead,  none  with  mercuric  cUoride  or  tinetore  of  galls.    (Berielins.) 

Chevrenl  also  obtained  a  green  anbataoce  frimi  indi^  bat  it  appears  to  have  been 
merely  indigo-biown  mixed  with  a  little  indigo-blne. 

XX9Xao-FinKV&&  See  Sutraoraancia  ima  (v.  S90).— The  preparation  of  a 
"purple-blue"  from  indigo  for  dynng  ia  deacribed  by  L.  and  E.  Boilley  (DingL  poL 
J.  cUi.  S18),  and  has  bMm  patented  in  tbia  country  by  Johnson  (Bep.  pat.  uivent. 
Dec  1 860).  It  probably  consista  of  sulphindigotate  or  sulphophcenicate  of  sodium. 
To  prepare  it,  finely  pulverised  indiM  is  added  to  twenty  timne  its  weioht  of  acid  sul- 
phate of  sodium  in  the  slate  of  ftiaion,  and  thg  mixture  is  heated  and  stirred  till  a 
sample  colours  water  violet.  The  paste  tbna  produced  is  then  Intimately  mixed  with 
70  t0  80  times  its  weight  of  water  ;  and  the  ctilonring  matter  ia  precipitated  by  common 
■alt  (2  lbs.  to  1  lb.  of  the  paste)  and  washed  with  water  containing  that  salt.  Aft«r 
dijisg  it  forms  a  mass  of  interlaced  silky  crystals  having  a  coppery  lustre.  C^^ 
ftirthiT  detaiU,  and  apedmeos  of  fabrics  dyed  with  this  prepaiation,  see  Sip.  Caiim. 
app.  18S0,  p.  21fi.) 

CVSIOO-KBS.  A  red  sabstanca  oecnmng,  togetber  with  indigo-^aten  and 
indigo-brown,  in  commercial  indigo.  It  was  first  noticed  hj  Cfaevienl,  afterwards  mora 
fiilly  examined  by  Benelius. 

The  indieo-glaten  and  indigo-brown  having  been  removed  in  tbe  manner  already 
dew^ribed,  Uie  residne  is  eihaosted  witb  baifing  alcohol  of  specific  gravity  0-83.  A 
dark-rqd  solution  is  then  obtained  which,  when  filtered  and  distilled,  deposits  indi^ 
red  as  an  amorphous  blackish-biown  powder  quite  iosolable  in  water  and  in  alkahne 
liqnids.  By  distillation  in  a  vacuum,  it  yields  a  white  crystalline  sablimate  (the  so- 
CAlled  cotourless  indigo-ied,  as  well  as  nncbannd  indigo-red.  Strong  snlphnric  seid 
dissolves  it,  forming  a  dark-yellow  solution,  wbich  deposits  nothing  on  addition  of  water. 
Xbe  dilate  solution  is  decolorised  by  wool,  which  at  the  same  time  ac^tUMt  «  dir^ 
welloirish-biown  or  red  colour. 

Vol.  m.  8 
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When  the  freeh  Irtm  of  Polygonum  linetorium  on  rahaDHted  with  etbnv  and  part 
of  the  ether  ia  distilled  off,  indigo-bliie  EepuMeB  ont ;  uidan  OTHpoiBting  the  Temaining 
volntioQ  to  diTDMB,  uid  exhanatiug  the  neidue  vjth  alcohol,  Ulering  &om  a  eliebt 
broim  nddoe,  igsin  erupontiDg  to  dryneas,  and  exhaiuluis  the  rocidae  vith  Hot 
»»ter,  which  extiwcta  >  little  jeCow  oolooring  matter,  a  hard  brittle  friabla  renaooi 
'  sepantcB  of  a  flue  red  eolonr,  and  probably  agreeiDg  eaaenliall;  with  the  red 
m  enide  indigo-  Itisintolnble  in  «>aler,  alighu;  sohiblein  jieM«i,  anmiHtMV 
ana  BDcnt:  oM,  nnlj  in  aicoiat  and  ether.  The  alcoholic  aolntiiia  tons  red  on 
addition  Mriofyto^vobr,  litne-lBaUr,  batie  acetate  of  Itad,  ac  nitrate  of  tiiter,  and  duk 
red  witii  itamoue  Monde.  With  loliitjon  of  alum  it  £>ima  a  b«*ntifiU  red  iaka^  not 
aet«d  nnm  by  alkaline  caibonatci. 

The  indigo  obtaintd  from  the  flowen  of  Timienillia  eanlaneneie  coittaina  a  red 
■nbatanoe,  aQliibU  in  alcohol,  bat  inaoluble  in  wster  and  in  ether. 

For  flitthw  dtfaila  nneeting  these  int^go-reda,  wbich  are  piobablT  identical  in  the 
main  with  Sehtutck'e  indinibiu  (p.  2SS).   See  GvuUn'e  HandSoolt,  ziiL  tS. 

TWltlWIt  BTTliI  Mil  ITT*  ACtllMk  When  indigo-blae  is  maeented  in  ftiming 
Biihiltaile  add,  heat  i»  erolTed,  and  a  deep-blue  solntioii  ii  formed,  called  eulpiale  ^ 
Migo,  SoMi^  <a  oampotiium-Uiie,  toataimag  Bulphindi^oCie  acid,  CfH4lO.SO>. 
The  liquid  hai  a  deep-blue  ooloiir,  and  may  be  dunted  with  water  without  becoming 
tuind;  H  however,  the  mlphorie  add  ii  not  in  exceos,  there  generally  remain!  a 
nirple  ptnrder,  conaiating  m  anlphophtenicicacid,  SCH'NOjBO',  uuolnble  in 
dilata  amd%  iMit  Bolnblt^  with  bine  colonr,  in  pnre  water.  According  to  Benrlina, 
thenii  alaofbamed  a  thiid  uiA,  called  hyposnlphicdigotic  acid,  which  hd>  not 
been  analysed.  1^  Indigo-bloa  cannot  be  recoTwed  from  these  adde  b;  any  known 
methoda.  Their  Mlution  loeea  ita  colour  after  a  while,  and  i«  tnelaiitl;  Iiuned  vellow 
by  a  m^  qnantity  of  nibie  add:  tbii  raactlon  ia  used  in  qnalitatire  anaJyeia  for  the 
'-'-^'ii  of  nitric  acid. 


,_ ^ponlphacartUie  add.     To  isolate  thi«  add, 

the  akohoUo  Nllltion  ^  ita  amnUminm-Bait,  obtained  in  the  maimeT  prvaanUy  to 
be  diMribed  (Me  SnrFBiinuaoTic  acid),  is  mixed  with  an  alcoholic  eolntjon  of  ace- 
tate of  lead;  the  iriide  ia  eomplebJy  [mcipitated  by  addition  of  a  little  ammonia, 
and  tha  pradj^tate  ia  inapeiided  iji  water  and  dccompaeed  by  aolphydric  add.  A 
yellow  liipiid  ia  Umi  obt^ed,  wliidi,  on  eqosnie  to  the  air,  becomes  blue,  and  is  cod- 
Terlsd  into  hypoanl^iindiaotio  add.  By  eruoiating  this  aolntion,  the  add  ia  obtained 
as  an  amwpboM  maa^  iriiieh  beaaneamdat  in  contact  with  the  air,  disBolTM  readily  in 
water,  and  icael*  Hke  iolphindigotic  add  with  aulidiydiio  add,  liuc,  iron,  and  charcoaL 

niehypoai]lphindigotatearesanblethesnlpliindigotateaiDiiian7ren)eds,  bat 
m  diati&gtdafaed  1^  their  aolnUlilT  in  alcoh<d  of  M  per  cent.  When  gently  hcBtt^ 
thej  gin  off  anlphwona  ash:rinde  without  diangJM  colour ;  at  a  higher  temperatnt^ 


thej  gin  off  anlphwona  ash:r^>de  without  diangJM 
they  tom  green  and  yidd  a  mUimata  of  anlphits  of  i 

The '- -    --' — ' —   — '   " 

which  takes  im  only  the  hyposnlphindigotataa. 
Ths  iditiKamtm-t^  resembles  the  oanespondiiig  salt  of  milphiiidigotic  add. 
Tbn  beaium  tait  is  obtained  by  predpitating  the  potasdnin-salt  with  carbonate  of 


_     ^ id  yidd  a  mUimati 

The  ainBwufiwn-,  votauttfim-  and  todium-iidte  are  obtained  by  ateeinng  wool  dyed 
'h  nlpliata  of  indigo  in  aolntiona  of  the  cnreaponding  alkaline  eaiimiatee,  erapo- 
ing  the  tamldi^  aolntiolia  to  diTneaa,  and  exliansting  the  reaidnes  with  alcohol. 


,  (yR'SOSQ'.  Buipliate  of  indiao,  SoliMe  blue  indigo, 
mvlie  acid, — Indigo  may  be  diaeatTed  in  stroog  (mono- 
HKy),  as  wall  aa  in  the  Wing  add  (which  contains  snl- 


BiMiitAslie  aad,  Bulpka 

l»uatad)  nil^nme  aeid  ^SHKy),  aa  wall  aa  in  the  Wins  add  (which  a 

phnrio  adiydndo  in  aolntica),  but  it  requires  IS  ptB.  of  t£e  former,  and  only  6  pta. 

of  the  latter ;  moreoro,  the  aolntioa  in  common  solphnric  add  requires  the  aid  of  heat^ 

which  gires  rise  to  the  formation  of  anlcJiarone  add ;  it  mav,  however,  be  facilitated 

by  triturating  the  indigo  with  pounded  gtaaa  lo  ss  to  divide  the  psrtides. 

The  add  adation  is  diluted  with  from  30  to  CO  times  ita  bulk  of  water ;  the  liqdd 
ia  Altered  from  the  precipitated  eulphophosnido  add ;  the  filtrate  ia  digested  at  a  geutle 
heat  with  wool  or  wooUf^  stuff  (previooely  prepared  by  waabiog,  flrBt  with  soap  and 
then  with  water  contdning  1  per  cent,  carbonate  of  aodium,  and  fimdlj  with  pure 
water),  until  no  more  colouring  matter  is  taken  np,  the  excess  of  sulphuric  add  re- 
maining in  mlation.  The  wool,  dyed  blue  by  sulphindigolic  and  hyposulphindigotio 
add^  IS  washed  with  water  till  the  latter  no  longer  becomes  acid,  and  dig^ted 
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Titb  water  contaiBtiig  a  little  arboiute  of  ammoniam ;  the  blur  aolntuHi  is  pmmd  off 
bom  Om  deColoriMd  wool,  tud  engaated  to  drTDMS  at  G0° ;  ■nd  the  midae  u 
»«li«i.lil  nth  akobol  of  83  pa  MUt,  whieb  duBolna  ths  hjpoenlphindigotalfl  of 
ammauiaiii,  and  leane  the  BnlphiDdiBOtatd^  The  latter  a  diwolvHl  in  mter,  and  pre- 
dpitatfd  bf  aoetate  of  lead ;  th«  ^ffk-blne  predpitalc  is  vaahed  with  wat«r,  Umii 
nupMided  in  wahr,  and  daoompOMd  by  BolphTdrio  add ;  and  the  ynllow  or  ooloftriMS 
mlntiMi,  iriiieh  tnnis  bloe  on  exposara  to  the  air,  ii  evaporated  to  diTmeta  at  10" 

(Bcrielio*}.    According  to  Joes,  g^'-'---'--  -'-■-   -• —   -"-  —  -^-^.  n 

■eparatsd  froin  the  lij)KW^phuidigotati  ,  .  _ 

the  indioci-Kilntvm  with  wool  onlj  ao  long  as  it  forma  a  predpitata  with  acetate  of 

nuH  having  a 

aieoltoL     It  is     , 
sd-chaicoal,   and  with  greater  facility  bj  blood-charcoal. 


, ,.    . ,  jolphindigotato  of  ami _, 

■eparatsd  froin  the  bjpoa^phindigotate  bj  alcohol ;  it  is  better,  therefore,  to  digest 
the  indigo-aolntvm  with  wool  onlj  aa  fong  as  it  forma  a  precipitate  with  acetate  of 
baiinm,  bf  which  hTpmlphindigotic  acid  in  not  precipitat«(L 

Pnpirtia. — SalfJiindiBotie  acid  (brnu  a  aolid  maae  having  a  peculiar  aereesble 
odour  and  an  acid  taete  ;  it  haa  a  weak  bat  decided  add  reaction  ( Jo'i b).    It  beoomea 


It  in  the  aii;  and  ii  Terr  aoltible  in  leaitr  and  in  aieoM.     It  is  Beparated  from  it 
'  -   1  by  wo^-cl         '         ■      ■ 


Wo^iadjtdbrtbeaaneonaacid,  bnt  not  1^ its aalt^nnleaats acid ia  added,  acom- 
panUivdjmikacid,  nonaa  acetic  acid,  being  aaflLdent  for  the  imrpoae.  Boilii^  water 
andateobol  defBTe  tha  wool  of  only  a  portan  of  ita  colour,  bat  alkaLarenioTe  it  entirely 
(Berieliaa).  flobihiiidinitie  aod  ia  eoaplelely  decolorised  by  woollen  atuffii;  Rilk 
&brica  do  not  depnTe  it  la  all  its  colour;  unen  and  cotton  take  up  \atj  little.    Silk 


dyed  with  it  IB  d^riTed  of  ita  colour  by  soap,  but  not  by  water.     (Bergmano.) 

Saconpontunu. — 1.  Solphindigotic  add  yields  by  diy  distillation  mlpharona  an- 
hydride, anlcdiite  of  amnoniam,  much  water,  and  a  little  empj'reumatji!  oil.  Ro 
Tapooia  of  indigo-Une  are  erolTed,  bat  the  aablimed  sulphite  of  ammonia  dinoWea  in 
water  with  a  Una  coloar,  haTing  carried  over  a  little  of  the  andKompoaed  add.  The 
cacboaaceoua  reddne  bnnu  with  diScntty,  but  eompietatj.  The  nilphindigcitateB  also 
do  not  yield  any  anbHrnate  of  indigo  bj  dry  distiUatian  (BeTietini). — 2.  Snlphindi- 

gotie  aod  is  deeompoaed  by  ezposoie  to  snnlight 3.  Ciioritu  produi;ea  a  qnantity  of 

bnnrn  rena  in  the  solution  of  Uie  acid,  and  only  a  little  chlorisatio  and  dichloriaatin 
(Brdmann,  J. pr.  Ctem.  19, 35S).— The  blue  colour  of  the  add  is  cbau 
cUmdt  of  lirnt  (SchlDmberger),andto  leddish-biown  by  MonOeof 
A^rooUoric  aod  (Bolley).— -4.  Sulpbindiftotic  add  is  deeompoaed 
When  the  barium-aalt  is  decompoeed  by  boiung  with  concentrated  nitric  add  and  the 
■olntion  dilated  and  Altered,  it  iinotpredpitated  bichloride  of  baritim(BerEelins]. — 
fi.  The  aoluCiDn  of  snlphincUgotie  add,  heated  with  eiironuiU  of  fetauium,  becomes 
odue-jallaw  (Penny);  mixed  with  pcnaan^anab  ti/'pufoMfun,  it  beoomea  first  green 
and  then  brownish-yellow  (Elb  era,  BlohrVj  when  heated  with,/nric  xUtt,  it  is  deco- 
kicised  as  by  nittie  add  (Wohler,  Ann.  Ch.  Phsrm.,  xzxir.  23fi).  Theae  reactions 
an  used  foe  the  Taluatioa  of  commercial  indigo  (p.  2SS}.— B.  DeeiiditiMo  nbttanan 
redoce  aolpbindigotic  add  to  a  compound  denTable  frma  indif^whit^  and  change  the 
eoloor  of  the  adi^ion  to  yellow.  Zine  or  itihi  Slings  diaKdre  in  the  solntion  without 
diaangaoement  ti  hydnKon,  yielding  a  Uus  liquid,  iriiicfa,  howerei,  is  decokniaed  by 
saeMtf  add :  the  solutioD  qnioklT  reeorars  ita  blue  colour  oa  ezposnn  to  the  air. 
Bitlfiffirie  aeid  docs  not  deeolonae  the  aohition  at  ordinair  temperatures ;  but  on 
hnting  the  liquid  to  fiO°,  it  depodts  snlphar  and  becomes  cojonrleaa.  The  decolora- 
tion is  prennted  by  the  presence  at  fcee  adds.  If  the  aolutimi  containing  esceas  of 
Bu]phy£?ie  add  i*  evaporated  in  a  Tsennm  oyer  alif^y  mdstaned  potaib,  a  darii- 
yelW  Tiand  nsidoe  is  obtained,  which  becomf*  moist  and  dark-blu*  on  exposon  to 
the  air.  The  solntion  of  solphindigotic  add  is  likewise  dMomposed  b;  sdnMOtu 
djoriia.  (For  ftutber  details  on  theee  ledactiouE,  see  GvuUtC*  Sandboolt,  xiii.  00.) 
anlphindigotaCes.  C*(H'H)K0.80*.— These  mita  an  formed  by  direct  com- 
bination or  tw  double  decompodtiini.  They  cannot  be  obtained  crystallised ;  ther  are 
dufc  Unit,  with  a  pecnliai  ooTOo;  Inatm,  and  taste  fMily  aaline  and  deddeiuy  of 
indim.  Tlie  alkahne  tnlphisdigotatea  an  slightly  aolnble  in  cold  watn,  and  mora 
na^f  in  hot  water;  the  aidntion  is  bhw  tn  teneeted,  and  red  by  tnnsmitted  li^l. — 
nie  ■olphindiROtatw  we  more  readiW  decMniaed  than  the  fi«e  acid,  Wall  labatances 
irtiidi  MduMbidigD-bliie,  e^edally  in  the peMMa of  free  alkalis.  PnOotulpiaU  of 
•»■  ^"tt  not  ledoM  a  nantml  snlphindigotAtt^  eren  on  wanning ;  not  eren  iriien  la 
iwii  is  a^ad  M  ia  ninuasiiij  to  predpitate  the  [T0t«xide  tii  iron ;  but  the 
ptodneea  immemate  decolocatioii,  and  on  the  addition  of 
w  alkaK,  the  blue  eolonr  is  reatored.   SidMUofpotmrnmn 

ilntions  of  the  snlphiDdigotates,  part  of  ttie  sn^hide  being 

0  snlfjiate.  The  reduced  solution  appaan  yellow  when  neutral,  and 
burut-yetlow  when  alkaline.  The  neutral  solution  leavea,  when  ev^iomted  in  Tacno,  a 
dsil  arj  reddne,  which  appears  doric  7^''°*  when  pulverised,  and  becomea  blue  on 
exposure  to  the  air  (or  aeTcnil  ^ys.    The  solntion  turns  blue  on  exposure  to  the  air. 
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ponm  to  the  air,  a  whit*  powder,  irtkidi  is  ■  miituca  of  lUniiie  oiid«  and  a  product 
of  deeompoution  vhieh  beoomea  green  on  tipoeaze  to  Uie  air. 

Siilphindigot*t«^  iriien  h«BteS,  give  off  water  without  malting.  When  strooglj 
heated,  thej  deeompow,  erolTiog  five  UDmoma,  carbonate  of  ammoniom,  cyanide  ol 
iunmoiiiiiiii,atraca  of  volatile  oil,  and  afierwaida  of  eubonte  anhydride  whilit  a  remdne 
of  metallic  anlphide  is  left 

BtUpMndigeiaU  of  Ammortiam  is  prepared  bj  the  proeeea  described  on  page  2GS 
(Berielins);  or  by  predpitating  mlphindigotic  acid,  which  should  not  be  too  dilaf, 
with  ammonia  or  a  salt  of  ■mmoDia  (Ctuid).  It  reacts  similarly  to  the  potassinin- 
aalt.  It  melts  when  heated  and  swdla  up,  bat  is  not  decomposed,  eTen  by  a  pretty 
strong  heat,  and  although  it  assames  a  charred  •ppeaiance,  itill  dissolres  complete^ 
in  water,  fbrming  a  blue  solntioa.  When  more  strongly  heated,  it  yields  a  sublimate 
□f  Bulphite  of  ammonium  fBerielias.)  It  dissolTSs  in  f^mn  10  to  60  parts  of  cold 
water,  and  in  a  much  amalW  quantity  of  hot  wkter  (Cram),  and  is  precipitated  from 
the  solution  by  the  alkaline  Bolpfaatea  and  some  other  salts,  but  much  less  eom^telj 
than  the  potasnom-SBlt    It  is  not  soluble  in  alooboL     (Cram,  Benelius.) 

BuiphindtgotaU  of  Almidtmait  is  readily  solcble  in  wat«r,  and  dries  up  like  the 
otliBr  Bolptiindigotstce  on  (he  evaporation  of  the  solution.  Sulphindigotate  of  potas- 
sium, mixed  with  a  salt  of  aluminium  and  a  little  ammonia,  throws  down  a  dark  blue 
palveiulent  basic  salt,  becoming  blacUsh-blne  when  dried.  It  givM  np  all  its  acid  to 
an  excess  of  alkalL    (BerEelfus.) 

SidphiKiigoiate  of  Barium  is  precipitated  in  dark  blue  flakes,  onmixing  the  potas- 
sium-aalt  with  chloride  of  barium  (Crnbi,  Benelius).  It  dissolves  slightly  in 
cold  water  with  a  bluish  cotoor ;  more  abundantly  in  hot  water,  imparting  to  it  a 
dark  colour.  Owing  to  the  great  afEnibr  of  baryta  for  salphiadigotic  add,  this 
salt  is  formed  when  hyposulphindigotate  of  potassium  is  miisd,  first  with  sulphnrio 
acid,  and  then  with  cblonde  of  barium  ;  an  aiceas  of  sulphate  of  barium  ii,  bowerer, 
neccsssi7  to  the  res.ction,  and  hence  the  precipitate  has  a  jialer  eoloor.  Mphata  of 
baiium  already  precipitated  likewiss  forms  with  hyposulphuidigolsto  of  potastdom,  a 
small  quantity  ot  mlptindigotatc^  and  becomes  pale  blue. 

Sulpkindaoiatt  of  Caleiunt  is  solnble  in  water,  but  insoluble  in  aleohol,  wliich 
precipitates  it  in  blue  flocks. 

Bulpiindiffolate  of  Lead  is  raecipitated  in  dark  blue  flocks,  slightly  soluble  in  water 
ou  mixing  neutnl  acetate  of  lead  wiUi  anlphindigotate  of  potassium.  Basic  acetate 
of  lead  fbims  a  light  blue  predptats,  which  becomes  dadur  wheo  diy. 

BulpkirtdigoittU  of  MegnaiaM  is  vsry  soiuUe  in  water,  and  is  not  precipitated  by 
an  excess  of  sulphate  of  magneaiom. 

BtiiplHBdigotaU  of  Potauium,  CH'EKO.SO*.  This  salt  is  obtained:  1.  By  stt^ 
ing  wool  dyed  blue  with  sulphate  of  indigo,  in  a  solution  of  carbonate  of  potassian], 
evaporating  the  solution,  and  treating  the  reiiddne  with  alcohol,  which  extracts  hypo- 
snlphindigotste  of  potassium.  The  residue  is  tben  treated  with  acetic  add  and  alcohol 
to  remove  the  excess  of  carbonate  (Benelius). — 2.  Indigo-blne  is  treated  with 
exeesB  of  salpbnrio  acid ;  and  after  Uie  eulphophceuicic  acid  has  been  removed  bj 
filtration,  the  blue  liquid  is  satnrated  with  acetate  of  potassium ;  the  resulting  blue 
"'"'^e  is  thrown  OD  a  filter,  and  washed  with  acetate  of  potassium  till  the  liquid 
IS  thiongh  Ix^ns  to  turn  blua ;  the  salt  is  then  washed  with  alcohol  to  i»- 
move  the  acetate.    (Dnmaa) 

Solphindigolate  of  potassium  in  the  d^  state,  forms  a  copper-colouTed  mass,  yield- 
ing a  bine  powder ;  bine  also  b;  transmitted  lif^t!  It  rapidly  absorbs  moisture  from 
the  air. 

When  heated  it  does  not  melt  or  evolve  any  purple  vapours ;  it  is  difficult  to  incine- 
rate.  According  to  Beiseliu^  it  forms  siil{diopnrpaiBteofp)USBium  when  heated  with 
lime-water  out  of  contact  witii  the  air;  in  pretence  of  sir,  itlbrnis  salts  of  sulpboflavic; 
sulphofnlvic,  and  mdphomflc  adds. 

Snl^iindigotate  of  potaasioDt  dissolvee  in  140  psrts  of  cold  water,  and  ii 


S'" 


er  qnantity  of  boiling  water,  a  portion  separating  out  on  cooling.  The  solution 
a  daric  bine  colour,  transparent  only  when  viewed  in  thin  layers  ;  when  held  up 
s  the  light  of  (he  sun  or  of  a  candle,  it  appears  scarlet.  1  part  of  Uie  salt  imparts 
a  bine  colour  to  SOO.DOO  parts  of  water.  Water  contuning  1  per  cent,  of  acetate  of 
potassium  does  not  dissolve  the  salt  in  t.he  cold ;  on  healing,  a  portion  dissolves  and 
sepuatee  out  in  blackiBb  flakes  on  cooling.  It  is  readily  dissol^  bv  snlphniic  acid, 
but  is  not  soluble  in  concentiated  bydroi£lorie  acid  (Crum);  or  in  alcohol  of  speciflo 
gravity  0-80.  (Berselius.) 
Jf  an  aqueous  solutioa  of  sulphindigotate  of  potassium  is  mixed  with,  a  barium-  ot 
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calciam-solt  uid  carbonate  or  phosphate  of  aodium  addsd,  mbonita  and  phoaphute  of 
baiinm  and  carbonate  of  caLeinm  atenrcdpitated  of  a  light  blua  eolonr,  and  phoaphaU 
ot  calcium  of  a  deep  blue  coloor.  When  the  Bolnlioa  ot  milphiitdi^tate  of  potAMiam 
IB  miicd  with  aoetate  of  lead  and  a  loliitioD  of  tanaie  aeid,  the  precipitate  of  tannaf  e 
of  Iwd  carriee  down  all  the  colooriog  matter  with  it 

Snlphindigotato  of  potHsKum  occurfl  in  commeroe  tm  pvte  or  diy  powdCFf  kuolrn  aa 

i>  used  for  djeing  liD«i  of  an  anre-blne  colour,  sod  for  prodndtig  7^17  pnie  blue 
ocloDTB  on  wool. 

Su^imdyolaU  o/Sodivm,  alxo  sailed  indigo-carmine,  KHmblea  the  potasaium- 
aalt,  and  ia  uaed  for  aimilai  porpoaes,  bnt  ia  more  aoluble  in  saline  aolationa. 

■nlphvpluanlalo  BeMii  2U*H*HO.S0*.  Indigo-panU,  Phemicm,  gulphop«rjmrie 
add. — 13ils  add  is  formed  when  sulphuric  add  is  allowed  to  act  upon  indigo  fur  a  short 
time,  or  not  in  excess.  To  prepare  it  1  pt.  of  indigo-bloe  is  mixed  with  fkom  8  to  10  pts. 
of  Strang  Bnlphuric  acid,  and  kept  for  three  days  at  a  temperature  of  S0°  or  60° ;  the 
Holation  IB  then  diluted  «ith  irater,  and  the  precipitate  of  solphophiBnicic  aoid  ia  filtered, 
washed  with  dilate  hjdnjchloric  acid,  and  dried  in  an  oil-bsth  at  90°— 100°  (Damai). 
Or  powdered  indigo  is  porified  b;  boiling  vith  dilute  stilphuric  acid,  and  then  ahoken 
up  witb^from  7  to  3  vta.  of  Btiong  sulphuric  add  till  the  mixture  becomes  olive-green. 
The  whole  is  then  diiatad  with  a  verj  huge  qu&ntitj  of  water,  and  the  precipitate  of 
snl[dioplKenicic  add  is  collected  on  a  filtB  ana  washed  with  water,  which  becomes  more 
de^lj  blue  in  proportion  as  ^s  solphurie  add  is  removed.  The  last  filtrates  an 
eraporated  to  dryness.    (Crnm.) 

As  theeitiactitai  of  the  snlphophcEDicic  add  on  tlie  filter  according  to  (1)  is  a  v«y 
alow  pcocsBS.  and  iriien  tba  greater  part  of  the  indigo-bhie  ia  converted  into  snlpho- 
phcemde  add  bj  the  proloi^sd  action  of  the  sulphuric  add,  water  will  do  longer  pass 
through  the  filter,  the  foUowing  method  may  he  employed,  which  yields  a  more  abun- 
dant, thpuf^  teas  pnrepiodnct.  I  pt.  of  powdrred  indigo  is  shaken  in  a  fiaak  with  10 
pts.  of  atrong  sulfuric  add,  till  the  blue  eolonr, wliich  the  indigo  had  at  first  lost  is 
completely  rcatoicd.  For  this  pnrpose,  from  ten  to  twelve  hours  are  requisite  at  7°. 
three  hoars  in  llle  heat  of  the  ■nn,  20  minutes  at  88°,  and  a  few  momenta  at  100°.  A 
large  ananti^  of  watM  it  added ;  Oxe  sobition  is  filtered ;  and  the  precipitate  is  taken 
from  the  filter  and  wariied  V  deeantation  with  wat«r  containing  Bufficient  chloride  of 
ammoninm  to  prereot  it  from  dissdving  the  snlphophieiiidc  add.  The  solution  of 
diloride  of  ammoninm  is  allowed  to  nm  from  the  filter,  aod  the  predpitate  is  removed 
and  suspended  in  a  large  quantity  of  water.  Aitar  three  deys,  the  solution  is  poared 
ofC  and  the  water  is  renewed  as  long  as  solphophnmidc  add  contiDues  to  dissolve.  The 
BnlphophmDidc  add  ia  then  predpitated  from  Qie  decanted  solutions  by  chloride  of 
potasnum,  and  tlie  predpitate  is  washed  on  a  filter  nith  water  as  long  as  the  water  - 
continues  to  paw  thraugh.  Sulphophcenicic  add  thu)  piepared  contains  a  little  potas- 
sium-salt and  a  large  quantity  ot  taiihy  matter;  afler  oiying,  it  is  no  longer  solobts  in 
water.    (Cruiu.) 

Hafiyy  triturates  1  pt  of  finely  powdered  indigo  willi  20  pts.  of  common  snlphorie 
add;  allows  thewboleloMand&atometime,tilla  drop  of  theaotntioii,  which  is  at  first 
bhi^  coloBrswBter  crmer  violet  land  then  uixM  the  sdntion  with  abuse  qiuwtjtjr  of 
water :  ths  action  of  Uie  snlidinric  add  ii  pmnoted  b;  heatiiw  the  whtrie  to  10^.  If 
less  snli^mria  add  ia  nsed,  itmnstbemore  sb«n(^  heated;  ifcmlj3  pts.  of  snlphorie 
add  are  enqdoyed  fiir  1  pt.  c^  indigo,  the  Utter  is  not  completely  converted  into  solpbo- 
phcenide  aad.  If  ftaaing  nltdmric  add  is  used,  it  is  not  ea^  to  discover  when  the 
reaction  is  ended. 

Preptrtia. — Snlphophmmdo  add  forms  a  bine  mass  or  a  tnuplfr-red  powder,  soluble  in 
water,  to  which  it  imparts  a  bine  colour.  It  diasiilves  readily,  with  blue  oolosr,  in  sul- 
phnrie  acid,  eapedaliy  in  the  fHuning  add,  being  at  the  same  time  gradually  converted 
into  wilphitiiiigntiff  aisd.  With  a  If^ge  qnantitr  of  soda-ley,  it  forms  a  yellow  solotion 
which  tnmaUne  if  immediately  mixed  with  suphnricaddof  86°  B.;  but  stronger  snl- 
phnric  add  added  after  24  hoars,  prodncea  a  whitish  predpitatSk  (Qros-Benand, 
Dind.pcd.7.  129,  ZS8.) 

addition 

They  dissolve  very  spaiin^y  in  water,  bnt  more  readily  m  alcohoL    'llie  soint 

rednced  to  yellow  liquids  bv  heating  with  sulpbydric  add,  by  sulphate  of  ii 

lime,  orby  caustic  alkalis.   The  redund  solutions  turn  blue  on  enraauts  to  the  air,  and 

on  the  atulition  of  other  salts,  the  salt  of  solphophcenidc  odd  is  predpitated  un- 

The  ammiMttunt-saJf,  when  heated,  evdves  sulphurous  anhydride  together  with  sal- 
phite  of  ammonitim,  and  a  ted  raponr  which  yields  a  snblimats  like  ii^igo-Uoe.  This 
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....    a  the  iqneoiu  Kilation  of  tha  add.  .  .     , 

miwt  ba  nahed,  fint  witb  uetate  of  pottunnm,  tbco  wiUi  •Icotwl.    It  diwolia  in  100 

pta.  of  wafer. 

The  KxUitm-taH  it  obtained  in  like  majuiei'. 

The  solution  of  rolphophaoicic  udd,  even  when  Terr  dilnt^  it  pncipilM«d  b;  the 
lalti  of  eaieium,  nagmniaii,  ofiannniun,  tnMi,  Un,  and  copper. 

Froducii  ebtaintd  hy  dtaoTtipotiUon  of  tin  ^idiffo-nUpiurie  acidf. 
The  toOawwg  prodncta  of  the  decompoaitiDD  of  tbeae  acida  an  diacnbed  b^ 
Beneliof    (Lehriuek    der  ClumU,   4th   Anfl.  rii.  220);  bal  their  eompontioD  la 
Tory  nncertain,  and  they  nqniie  faitLer  CTamin«rinn  ; — 

1.  SnlptaoSaTla  mitU. — Thia  add  ia  filmed  bj  *»— ting  aal^oriridate  of  pataanam 
with  Jime-water  in  contact  with  Uie  ur. — To  prepare  il^  anlpbindigotate  of  potaadmn 
u  heated  with  lime-water  in  an  openTeaael,  nnliltbe  aohilioo  acquina  a  pme  ledo^or 
(if  the  action  is  too  pnlonged,  it  beeooua  yellow ;  if  tha  aiiceaa  of  air  ia  keptnnder 
contiol,  it  ia  easier  to  hit  the  right  moment).  Carbooie  anhydride  ia  then  paaaad 
throngh  the  liqnid ;  the  fllOate  eraporated  to  d^neai,  aitd  the  green,  browniah-yelkiw 
rvaidne  ezliBCled  with  alcc^l.  Xhe  yellow  aolntion  ia  neeipitated  with  acetate  of 
lead ;  the  leoion-ydlaw  precipitate  an^iended  in  wattr  and  deimimDBad  by  aolphydiie 
acid ;  and  the  aoliition  flltmed  from  the  inlfdiide  of  lead  ia  then  Icdt  to  eraporate.  It 
forma  yellcrw  aiboreacent  miaim.  hning  a  alioDa;  aeid  taate  and  reaction.  It  ia  aolnUe 
in  water  and  in  alciAtd ;  the  aolntion  fbrma  irit£  aoatote  of  lead  a  lemon-yellow  pied- 
pitale,  insolnble  in  wat«r. 

2.  Sni^balUvta  WM  _----- 

Bonilf  with  BolphoflKvic 

«en  extracted  b^  aleohtJ,  ia  diaaolTed  in  water,  and  the  brigbt-red  aolntion  ii  preci- 
pitated witb  baaie  acetate  of  lead.  The  pale-red  precipitate  ia  aoapended  in  water, 
and  decompoeed  with  nilphydric  acid,  and  the  flltrate  ia  evaporated  to  diyncea. 
Absolute  alcohol  tntncta  from  the  reeidocs  suIphofnlTic  acid,  which,  on  OTapon- 
tion,  ia  deposited  as  a  igA.  yellow,  traniparent  maae,  having  the  connatence  of  an 
extract ;  it  fanne  a  lead-aalt,  ia  readily  Bolubla  in  water  and  in  aJcohoL  The  portion 
insolnble  in  alcohol  ia  aulphoraflo  acid.  This  latter  d'saolrea  in  water  nilb 
a  fine  red  colour,  and,  on  avt^Hinting  the  water,  forma  a  dark  red,  opaque,  amor- 
phous uiaaa,  which  taataa  acid  and  atrangly  reddena  litmu*.  The  lead-salt  la  readily 
Doinlile  in  water  and  in  alcohij. 

8.  ■vipBapnpnrlo  A«ld.— This  add  is  formed  by  the  action  of  alkalis  upon 
sulphoviridio  acid.  1  pt  of  snlphindigotate  of  potaaeiom  is  diasolred  in  50  pta. 
of  lime-water  and  hcMed  in  a  covered  vessel,  till  the  solutiop,  which  has  gradoally 
turned  parpls  ml,  does  not  become  green  again  on  cooling.  After  the  whole  has  bem 
allowed  to  cool  in  the  oovared  venel,  the  axcesl  ot  lime  is  predpitaled  by  carbonic 
acid;  the  Bltnte  is  evaporated  to  drrneM ;  and  the  nsidue  treated  witb  alcobol, 
which  extracts  a  little  snlphc^vie  add.  The  rraidae  is  dissolved  in  water,  the 
purple-red  solution  predpitatad  with  acetate  of  lc«d,  and  the  predpitate  suspended  in 
water  and  decomposed  by  snl^iydrie  add  ;  the  flllered  solnli<m  ia  tban  evaporaled  to 

Solphopnrpnric  add  forms  a  brown  nncrystalliBed  maas,  disaolving  in  water  witb 
dtlfc  pmple-red  colour.  The  potaesinm-aalt  diaaolres  in  watm  and  imparta  to  it  a 
daric  pu^e-red  colour,  like  that  of  permanganate  of  potasaium.  The  predpitate 
produced  bj  mixing  the  Mueous  solution  of  the  add  with  acetate  of  lead,  is  slightly 
soluble  in  water,  with  a  reddish  colour ;  inaoloble  in  aloohoL  With  ezMsa  of  piide  of 
lead,  a  pale  red  salt  is  formed,  which  ia  inaolable  in  water. 

4.  ■nlphoTlrtdlA  AoUr-Tbis  is  the  flnt  product  of  decompcaition  in  the  action 
of  alkalis  upon  sulphindlgotie  add. 

1.  To  an  alcoholic  solution  of  an  alkalisie  hypoaulphindigotate,  hydrate  of  pataBainin 
is  added  in  small  portions  until  It  becomes  grean,  and  the  green  predpitate  is  washed 
on  a  filter  with  a  little  aloohoL  The  [vedpitale  is  decomposed  by  an  aoneous  solution 
pfoxaliaadd,  filtered,  and  the  filtrate  ia  freed  from  (oeess  ^  ox^e  add  I7  tritarating 
'*  *''4rt  ^"'*  carbonate  of  caldmn :  it  ia  then  filtered  and  evaporated  to  di^waa. 

3-  When  a  solution  of  hyposnlphiDdigotate  of  barium  is  eraporated  to  dirness  on  a 
water-lMlh,  it  becomes  green  and  vidds  a  precipiute  with  baaic  acetate  of  lead,  bot 
""i*  i^j  ■  **  neutral  acetate;  and  tf  the  gToyisli-pwn  predpitate  is  decomposed  by 
"?  -'^"°  •"d  "id  the  grean  filtrate  evaporated  to  drvnus,  sulphoTiiidic  add  is 
obluned  as  a  dry,  hard,  gummy  maai^  having  a  strong  add  leaetion. 
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It  diBsolvaa  yeiy  M«dity  in  wkter,  and  bIotIj,  but  oompletslj,  in  ttiong  alcohol; 
the  oolutions  wpesr  duk  gnea  bj  ralected  ligb^  and  dan  nd  bj  tnnamitted  li^U 
Tha  aqneons  K^ation  miud  viOi  lime-mtm  beootne*  fallow  in  eontaet  witb  tlie  air. 
The  laid-taU  is  aomewhat  aoluble  in  watei,  imparting  to  it  a  gceeniah  ookmr. 

J  AOm.    Sjn.  with  BtTBoaujOTLia  achd.    (See  Sauoiuo  aois.) 
Sjn,  with  iHBioo-Bttrr 

CH'IfO*.  ?%'<<  Truf^  rttftiwd  ec  dioxulued  Indue, 
Iiid^i)gm(Qm.im.93  ;Qei}Lm.BlO). — A  eolonHew  mbelaDce,  produced  br  the  aetion 
of  ndueiDg  agFnti  on  indigo-blne  (pp.  351,  25i),  and  diffenng  fi^>m  a  double  molecnla 
c^  the  Utter  (C"H»N>0>)  b;  two  atonu  of  Imlrogen.  Chevnol,  who  «aa  the  fint  to 
itoUte  i^  aappooed  that  it  existed  raadj  Bamai  in  indigofmona  ^anU,  and  wu 
eon*att«d  into  indi^bloe  t^  oxidation  ;  but  SehuaA  bM  ahown  that  thia  Tiew  ia 
nntenaUe,  beiiaaaB  mdigo-white  ia  tolnUe  on];  in  «]fc«liiMi  lignid^  and  the  jnioe  at 

planta  ia  all "     " ^.  .. .  >  .-  .     .  ■.        ■  .   f 

plants  itwDi 

which  ia  not  lae  aao. 

I^ipatahim, — Comneteial  indigo,  ptiti&ed  b;  bailing  with  hjdroehlorie  add,  next 
with  ebODg  potaah,  and  alleiwuda  with  aloohol,  la  mixed  with  (Mhl;  Dreptnd  Ifrdrat* 
of  calonm  (3  part*  of  qniok-lini*  to  1  of  indigo)  and  placed  in  aeloesd  rowiil  with  1(0 
paitaofboilins  wate^aflerirtiidi sulphate <rf inn eqnal to one-thM  the  weuhtof  the 
indigo  ia  addect  and  aJtor  the  Tenel  haa  been  doaed,  tbe  whole  is  e«i«AiI»  abakeQ. 
After  two  da^i,  the  aolntiDn  ia  decanted  bj  meani  of  a  aiphon  into  flaika  filled  with 
eaibonie  anhjdiide,  and  wbta  the  flaaka  an  neailyfbll,  thn  an  oomrietalr  filled  with 
boiling  dilqte  hjdnehlmis  and,  eorited  m  and  plaoed  m  a  veaael  oontaining  cold 
watei^  The  air  ie  thw  pnveoted  fmn  obtaining  aoceaa  to  (he  indigo-iriiit^  which 
eepantee  oat  in  white  cmtalline  flakcaL  After  the  indigo-white  haa  settled  dinnk,  the 
solntion  is  dnwn  ofi'  with  a  wide  siphon,  and  the  deposit  is  thrown  e^cm  a  filter,  whidt 
is  ODvered  with  a  bell-jar,  into  which  a  stream  of  hydragea  or  earbonie  anhydride  if 
puaed.  The  filter  is  washed  with  cold  water,  which  hee  bean  wcQl  boiled  and  then 
coiked  np.  Indigo-white  is  Tery  eaitjr  to  wash,  and  if  the  deposit  is  atlmred  to  ilssd 
for  UBTtxni  dan,  it  becomes  so  consistent  that  it  msT  be  washed  in  the  sir  withont 
beooming  dee[Uf  Mionted.  After  the  contents  of  the  filtCT  hsTe  been  washed,  ther  an 
spread,  while  still  moist,  npon  a  ^ass  ^ate  and  dried  in  a  racmmi.  When  the  indigo- 
white  is  drf,  carbonic  uhTdrids  is  alloved  to  flow  into  the  receiTei  of  the  atr-pamp^ 
in  Older  tlwt  the  pcfn  of  the  irj  maa  may  bec«ne  filled  with  tlie  gaa  (B«ra«Iin% 
l>nniaB>.-~3.  Thne pte.ofindigo-blnBwlucnhaTebeenpnrifiedb;boilin(iandigeat«d 
lorU  boon  with  6  pta.  of  bTdrateof  caldnm,  4  pta.  o{  snlphateof  iron,  and  120  pts, 
of  water,  in  a  doaed  flask  filled  with  hjidnmn,  and  the  whole  is  frequently  shaken  till 
the  depoadt  nisnmim  a  greemsh-jeUow  and  the  aololiaa  a  reddiah-ydlow  ooloor.  The 
linu  is  pmd^tated  fr<nn  the  latter  with  eaibMiateof  potaadnm,  and  the  dear  aolntioB 
ia  deemtad  by  means  of  a  aiphon  filled  with  hydngen,  into  a  Bask  containing  a 
mizton  of  bydroehloTM  add  and  sulphite  rf  ammoninm.  The  thi  A  white  predpilato 
whidi  ia  ttraa  fooned  ia  filtoed  out  at  contact  with  the  air,  washed  with  watw  con- 
taining a  little  rahtbita  of  »"™'™™'»t  and  dried  at  100°  in  a  ateeam  of  hydrogen. 
CLieb^g.) 

Pnptrtia. — Indigo-white  thus  pMpared  fbnns  a  oohennt  grcgniih-white  mass  having 
a  &int  silky  Inatm ;  if  abeolntdy  pan,  it  would  probably  be  qoito  whit«.  It  is  laete- 
leas,  inodonna,  and  doea  not  ehai^  the  colour  ot  litmna.  It  is  perfectly  insolnble  in 
tmitor,  and  in  sndi  aeidt  as  do  not  deemnpoee  it,  but  dissolves  in  aqneons  alkalii,  in 
aioolni,  and  in  sUer,  Gnming  yellow  solnttMA  which,  whm  exposed  to  the  air,  torn 
jellow  and  depcait  indigo-blae. 

DeeontfotUiimt. — 1.  when  indigo-whit«  is  heated  in  a  vaeunm,  a  Utile  water  is 
erohed,  a  small  qnantily  of  indigo-blna  sablimce,  end  b  large  carbonaoeoiis  reaidne  is 
left  (Ban  el  in  a)!— 3.  When  eiposed  to  the  air,  and  in  contact  with  various  otygat- 
amaaundt,  it  tskes  ap  oiygen  and  is  conTerted  into  indigo-blne.  Freahly  predpitattd 
indigo-white  tonu  blue  immediately  when  shaken  with  water  containing  air,  even  if  a 
free  add  ia  preeent.  After  washing  and  while  still  moist,  it  becomee  pnrple  Ihrough 
its  entire  mass  on  exposure  to  the  oil,  OnlMS  it  is  rapidly  dried.  When  dry,  it  raquirea 
trreal  day^  exposure  to  the  air,  to  Oxidise  it  coraplelelj,  first  becoming  bright 
bine,  and  then  daik  blue  throng  the  entin  mass.  It  (snnot  be  preserved  in  sealed 
tulm.  since  the  air  contained  in  its  poiee  is  sufBdent  fat  its  conveHHon  into  mdigo-Une. 
Dry  indigo-whito  expoeed  to  the  air  at  a  gradually  increasing  temperstors,  suddenly 
becomes  iiA  purple.  When  a  cupric  tali  is  add^  to  an  alkaline  solution  of  indigo- 
white,  a  salt  of  tiie  alkali,  tngethsr  with  indigu-blue  and  cuproas  oxide,  are  formed  ; 
the  laUw,  on  the  addition  of  sulphuric  add,  ia  decomposed  into  cnpioos  oxide,  which 
dissolves,  and  a  icaidue  of  metal. — 3.  lodigo-wbite  predpilated  Iiom  an  alkaline 
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264  INDIGO-TELLOW— ISDIN, 

Aecfadinc 


.    .    ,   .     .  .  >.  ^  ^°  aai,  and  tlim  inon 

itelj  d«compomd  (Bsrielins).    It  diMolTW  matanUy  in  mlfkur: 
^     ■  to  it  •  urk  pmplii  colaiir,  «hieh  p&sea  to  Use  oa  dilntios.    A 
BsrzelioB,  tha  indisovtute  u  (uddi««d,  and  put  of  Che  mlphnric  aeil  coDTeit«d  q 
nlpjjurio  add. 
taUie  Derivaticti  of  Indigo-viile. — IndigD-whita  disaolTes  readily  in  all  ai]neon> 


hypoiBlpb 
Metalli. 
altaliM  na..  —-      f 

aod  aodiani,  and,  acoordiiig  to  Liebib  Witiiont  deprivii 


aod  aodiani,  and,  acoording  to  Liebib  Withont  depriving  them  of  thdr  alkabne 
action.  Th«  cold  lolntioiu  are  pars  ;ell<nr,  the  wann  and  highl;  eooceutnted  aidatii 
browniih-jillow.     When  expoasd  to  the  air,  they  immediately  depoait  indigO-blue. 


alltalu  and  atkalint  tartht,  alia  in  the  aqaeaiiB  caitetutM  of  ammomnni,  patumnio, 
'  "  ~  iebib  WitJiont  depriving  them  of  thdr  attaline  re- 

]  yellinr,  the  warm  and  highly  eooceuti 

._.      .  .    ,   to  the  air,  they  immediately  d™o(nt  i 

Indigo-white  fornu  with  lime  a  nantnil  compomid,  readily  ■oluble  i  ,  -        - 

bwic  compound  which  is  aLtnoflt  inaolnble ;  tliia  latter  ia  precipitated  when  the  eolntioii 
of  tha  more  nentrsl  body  is  digaslad  with  hydrate  of  ealcinm,  or  when  ind^  is  digaeted 
with  wat«F,  aolphate  of  iron,  and  excess  of  linie.  Us  precipitate  of  gypsnm  aod 
hydrat«d  Msquioiide  of  iron,  which  is  formed  at  the  same  tiioe,  may  be  readily  sos- 
pended  in  water  and  saparated  by  leri^atioD.    The  baaio  compound  is  of  a  lemon- 


■  paitly  thrown  down  as  a  white  predpitatet  and  partly  ri 
-     -  -  solution,  to  which  it  imparts  a  jbUow  coloor ;  it  tni 

The  aiundntvm-et/Timmmd  ia  white,  bat  rapidly  tomi  bine  o 


aqaeoui  solution,  to  which  it  imparts  a  jbUow  coloor ;  it  turns  bloe  on  eipoauie  to 
the  sir.  The  aitoMmvm-a/nmnmd  is  white,  bat  rapidly  tomi  bine  on  the  filter ; 
if  it  be  then  dried,  it  formi  a  dark  bine  dyitalline  powder  which  sparkles  in  annshiae ; 


indigo-blue  may  be  Tety  readily  mblimed  from  it,  and  a  gray  earthy  reaidne  than 
remains.     (Benelius.) 

The  manqaiuM*  compotaid  is  dirty'-green,  and  doea  not  yield  any  snblimat«  of  indigo- 
blue  when  dried  in  the  air  and  heatedT  The  rmc'eompotmd  is  white,  but  rafndly  turns 
blue  on  ezpoeure  to  the  air,  and  then  yidda  a  sablimate  of  indigo-Uns  when  heated. 
The  Itadraanjxnmd  is  white  and  sli^uj  oystalline,  tnina  rundly  bhie  on  s^ioiare  to 
tile  air,  and  if  then  heated,  detonates  sbghtly,  and  yielda  reduced  lead.  The  ftrrmit 
eompmind  is  white,  but  quickly  turns  blue  on  expoanre  tD  the  air;  if  it  be  lAsn  heated, 
it  does  not  irield  any  sublimate  of  indigo-blae.  The  eobalt-eo»^«tind  ia  anm-ffttia, 
and  after  dicing  in  the  air,  doea  not  yidd  anv  sublimate  of  indigo-blne  when  hMted. 
Nitrate  of  nlver  produeee  with  an  eqneons  solntion  of  the  potassium-compound  a  pra- 
dpitate  which  ia  at  flmt  transparent  brown,  and  then  beoomea  black  ;  it  la  not  acted 

""" 

Ui  BZttO-VWUbO Vr.  A  substance  produced  1^  heatiDg  hyposnlpbindigotate  of 
ealdnm  with  liis»-water,  in  oontaet  with  the  air.  It  is  a  transparent  yellow  mua, 
with  nentral  reaction ;  swells  up  when  heated,  emitting  an  odonr  like  Uiat  of  bomt 
acitoal  matter,  and  is  slowly  converted  into  a  combustible  dnder.  It  diasolvea  in 
water  and  in  alcrtiol,  fcrming  yellow  aolntions.  The  aqneoua  solntion  is  predpitated 
incompletely  by  nentral  acetate  of  lead,  completely  by  the  baeie  ai^etate. 

XXniB  UMUM.  A  product  of  the  decomposition  of  indicau  (p.  213)  perhaps  iden- 
tical with  indigo-brown.  It  ia  obtained  bat  sparingly,  and  not  on  all  occaaions.  It  ia 
a  brown  powder,  containing  6S'8B  per  cent,  carbon,  4'71  hydrogen,  7'IS  nitrogen,  and 
25'2i  oxygen,  agreeing  nearly  with  the  Ibrmnla  Cfi'NO*.  It  buna  without  melting 
when  heated,  is  inaoluble  in  water  and  in  alcohol,  bat  diasolTea  in  aqoeona  alkalis, 
fbrming  a  brown  liqtud,  bom  wUeh  it  is  pred[utated  by  adds.  It  diseotvea  in  boiling 
nitric  acid,  forming  a  yellow  solution,  which,  on  evaporation,  learea  an  orange-yellow 

XSMW.  C'fHfN'O'.  (Laarent,  Ann.  Ch.  Phys.  [31  iH,  *71.>— A  compound, 
probably  containing  Uis  elements  of  two  moleculea  of  indwo-blac^  produced  by  tbe 
action  of  potash  on  iaatyde,  fulphttatydf^  or  disulphisaty^  by  heating  iaatan  or 
isatjde:— 

CfE'lTO*     -     CU-yPO*  +   WO. 

aC''H''HK)'  -     C''H''HK>'  +'2C'HW0«  *   2H»0. 
lulrdt.  ladn.  tullD. 

2C«H'*N»0«      +   SEHO  -     C^EKKf  +   2CH*KN0'   +   3HK). 
Iui]>d*.  ImUn-poniilun.  lutrUa  of 

aC"H"H'SO'  +  3KH0    -    C"H'KII*0'  +  2(?H'KNb*  +  H*0   +  aH«. 

SulpUuQd*.  ^^ 

2C"H"WBH>'  +  1KE0    =     C'H'KN'O*  +  2CTI'KK0'  +  Tnra  +  sffB. 


^dbyGooglc 


It  U  m(M MiOj  prepand  by  tha  actiou  of  potoah  OB  dualphbitfda.  ThiaiabMance 
it  pLued  in  a  mortal,  and  potisli  poutrd  npon  it  bo  thai  a  alilr  magma  u  formed, 
vmeh  ia  rabbed  up  foi  aome  tuna,  and  potash  added  drop  br  diop.  Whea  lAcr  flra 
<ir  ail  minnWi  the  mam  tornii  loaa-colonred,  almhol  la  gndnallT  add«d,  wd  the  whola 
ia  eonataot^  atiired,  anti]  a  dark  FoaeHjoIonred  pasta  ia  ibrmat^  whieh  il  dUntad  with 
alcohol,  and  flltared.  The  reeidae  ia  vaahed,  flrat  with  aloohol,  and  titan  wilh  wateK 
Since  the  indin  thoa  obtained  contains  abondanoe  of  Bnlphiaa^de,  tlie  water  ja  removad 
&om  it  bj  waahine  wiUi  alcohtd,  whidi  iaallomd  to  ran  throng  the  filter;  the  indin  ia 
then  taken  from  tae  fihar  and  treated  with  Teij  ationg  Ink^Aum  potaab,  wbeiein  it 
immediatelj  foima  a  bkek  aolntion,  wbidi  after  a  few  honta  becomes  thick  with  black 
needlea  of  indin-potaaainm.  (If  the  potadi  ia  too  hot^  the  black  colonr  disappears,  and 
the  indin  ia  completely  deatroyed.)  It  ia  then  diluted  with  abaolnte  slcohiM,  and  the 
BolntionTemondwith  a  pipette;  the  crptala  an  washed  on  a  amall  filter  with  common 
alcohol,  then  with  dilate  hydrochloric  acid,  and  flnally  with  water ;  they  are  thus 
gtadoallj  reduced  to  red  pulTemlsnt  indin.  In  order  to  obtain  indin  cryatalliaed,  the 
Uack  oystala  are  diaadred  in  boiling  abaolnte  alcohol,  and  Che  boiling  aohition  ia  mixed 
witti  hydrochloric  aeid ;  microacopic  oyalala  then  separate  out  on  cooling. 

Indin  forma  a  deep  rose-colonred  powder  or  fine  microacopic  needles ;  inaalnble  in 
water,  Teiy  aparingly  arable  in  aleoM  and  etAer,  eren  at  the  boiliiw  heat.  When 
heated,  it  aweUn  np  aa  aoon  aa  it  be^ns  to  melt,  yields  a  sublimate  of  nMidle-ihaped 


ctyatala.  and  leaves  a  couiideiaUe  quantity  of  charcoaL    It  diaaolTes  with  red  coioor 

in  niiviuric  acid,  and  ia  predpitated  unchai""" "" '"~     '•"^"-  — *'— " — -'  -'■  -^-"- 

nitrindin,  and  with  bromine,  dibromindin. 


n  niiviuric  acid,  and  ia  predpitated  unchanged  by  water.    'With  nilric  add,  it  yields 


The  analyses  of  indin,  made  at  difTerent  times,  do  not  agroe  veiy  weQ  together,  the 
carbon  varying  fiom  71'SS  to  7S'09  per  cent,  and  the  hydrogen  from  S-U  to  4'flS ;  the 
nitrc^en  in  one  anaj^siB  was  found  to  be  11-0  per  cent.  The  fbrmnla  C'E'tlMl'  ro- 
qnirea  733  C,  3'8  ti,  and  10-6  N.  The  diflenncea  aroae,  according  to  Iwirent,  from 
Um  presence  of  hydrindin,  into  which  a  por&>n  of  the  indin  had  bean  converted  by  the 
further  action  of  the  potash. 

IndiH-folatiiiuiii,  pnbablv  G"H*Klf*0'.  Thia  compound  is  formed  in  the  prepara- 
tion of  indin  as  above  descnbed,  and  may  be  prepared  in  a  state  of  greater  puri^  by 
wanning  indin  moistened  with  alcohol,  and  diasolving  it  in  atrodg  akohohe  potash. 
The  black  aolntion,  if  immediately  taken  ftom  the  fire,  deposita  black  cryatala,  irtiich 
moat  be  freed  from  the  liquid  b;  decantation,  rapidly  waahed  with  abaolute  alcohol, 
then  laid  upon  paper,  and  dried  m  a  vacniun  on  a  parous  tile.  The  ayetala  rapidly 
attract  moiatore  &om  the  air,  and  aro  raaolved  into  potaah  and  indin.  The  oomponnd 
gives  by  analysis  bnta  11-S  to  IS'O  per  cent,  potassium,  irhereaa  the  above  fbnnnla 
reqnires  13-0  per  cent.  The  analyaea  agree  bettrr  with  the  formula  CHi'StCO*, 
whiohis  that  of  the  potaasinm-salt  of  an  add,  related  t«  indin  in  the  same  manner  aa 
isatic  add,  CHTfO*,  to  isatin,  CH'NO'. 

Dtrhativtt  qf  Indin. 

IMtoromlBdlD.  C^H'StTPO'.  (Erdmann,  Xpr.Ch«n.zziL26S.  Laurent,  Aim. 
Ch.  Fhys.  [3]  iiL  371.) — Produced: — 1.  By  the  action  of  bromine  on  indin  (I^nrent^ 
— 2.  By  heating  dibromiaatyde  (Eidmann). — 3.  By  the  action  of  bromine  upon  diant 
^lisatyde.     (Laoreat) 

To  prepare  it,  indin  ia  tieated   with   bromine,  whefaupuu  hydnrfaoiiiie  add  ia 
«volved,  and  a  violet-black  powder  ia  fomied  (Launnt^.     Or  dibromiaatyde  ia_  heated 
tenq>eratun  not  aoeeding  SSO°,  and  dibromisatm  and  undaoompoaed  ditmmi- 


aatyde  are  reiooved  from  the  inoluctsly  MMJl^  them  with  hotting  aloohol  (Admaon). 
Or  bromine  ia  poured  upon  diaulphisa^d^  whereupon  hydrohcomio  add  and  bromida 
of  lolphur  are  evolved,  and  the  nin  brown  mast  thus  fbnned  ia  treated  with  ether, 
which  extracta  reein  and  an  orange-yellow  oyataUin*  maai,  and  leaves  dibromindin  aa 
a  viotet-Uack  powder.    (Lanrent.) 

Frtwed  Bccoidins  to  1  and  3,  it  is  a  violet-black  powder ;  prepared  according  to  3, 
it  ia  blackish  red.    ft  is  aligbtly  aoluble  in  aicekol  and  in  itMer. 

When  dibromindin  ia  hestedbetween  two  platiniun  crudble-covaia,  the  greater  part 
chara;  placed  on  glowing  chareoaUit  jidds  a  snblimate  of  shining  Ci^par-colonred  lamlui^ 
which  appear  violet  by  tzansmitted  light  under  the  microacopa.  It  blackeni  when 
.  treated  with  potash ;  if  water  is  added  and  the  whole  boiled,  the  dibromindin  gradually 
dia^Jves  and  forma  a  yellow  aolntion,  fVom  which  adda  prodpiUte  yellow  flakes. 
When  it  ia  boiled  with  alcohol  uid  aolid  hydrate  of  potassium,  a  blickieb  red  solution  is 
tbrmed,  from  which  Wats'  or  hydrochloric  add  precipitatea  violet-coionred  dibromindin. 
(Laurent) 

SldilarlnOln.  Ci*H*Cl*.  (Erdmann,  J.  pr.  Chnn.  xxiL  2M.) — Produced  from 
chlorisBlrde  by  the  aation  of  heat,  o(  by  beating  it  with  potash. 

Chloriaa^e  ia  heated  to  Wfi,  and  the  product  is  freed  from  ehkcisBtin  and  nn- 
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dseompoMd  cUonoitTde  bj  boiliiig  akohoL  Or,  ehloriu^da  ia  diBsoIvcd  in  warn 
potash,  and  allowed  to  eool :  the  motber-li^uor  ii  poured  off  from  the  deposit  of  chlo- 
riaatat«  at  potaaainni,  and  mixed  vith  acetie  acid,  irhidi  predpilslea  ydloir  ehloriastie 
add.  On  ■nhseqnentlj  hMtug  die  filtnte  with  hfdnchloriB  add,  it  aMnmea  a  derp 
oranse  t/Hsfot,  and  dapoaita  TioLet  flakea  of  ehloiiudii^  whid)  an  fllteMd  from  the  hot 
tolntioiu 

Chlorindin  (bnna  a  dii^  mAnt,  powder,  inaolaUe  in  water,  hydrochloric  add,  and 
ofeoW  It  diiealTea  in  potat\,  forming  a  jellowiah  Bolntioo,  with  which  hjdndiliaic 
add  giTcs  a  yellow  predpitale,  aoluble  with  jellow  eolour  in  water. 

TMniflumndlo.  Oi^H^:i<N^)>.  (Erdmanii,^.«<.>— Ptodnoed  fnim  chlod- 
aatyde  by  the  action  of  Iwat  below  300°,  or  bgr  the  action  of  potaah.  It  leaemblaa 
chlorindin. 

■jdrlndin.  CH»N'0*?  (Lanient,  Ann.  Ch.  Fh^  j;s]  iii.  475.)— A  componnd 
produced  by  the  action  <d  alcoholie  potaah  npon  indin,  uatm,  iaatyde,  aulphiaitjde,  or 
diealphuatyde. 

Prrptiratim. — 1.  Indin  mditened  with  aloahol  ia  warmed  with  strong  potaah-Iey 
till  the  aolation,  whioh  ia  at  flnt  black,  hai  become  colonrleea,  and  tb«  crystala  of  hy- 
drindin-potMMnm,  which  aefaiate  out  on  coolings  are  completely  fraed  frcnn  potaah  by 
water. — 3.  WhttD  inlTde  ia  treated  with  potaah  and  a  little  alcohol,  a  beantiftil  iom- 
coloured  aolntkai  ia  named,  whidi,  when  mixed  with  hydrochlMic  add,  aikd  gently 
en^MSted,  becom«a  yallow,  and  depoaita  on  cooling  a  mixture  of  iMtin  and  hvdrin- 
iliti,  fl<om  irtiieh  the  iaadn  ia  extracted  by  treating  with  a  little  boiling  aleohd. 
— S.  Snl^uaalyde  dia^olies  completely  in  gently  heUed  potaah,  and  on  moling,  the 
potaadiim-compoiind  of  hydrindia  lomatinMa  srpuatea  oat  in  besntifol  amall,  pale- 
Tellow  cryatala ;  aometimM,  howefet,  the  aolation  iolidiflea  into  a  maaa  of  needles 
Wins  A  £Skj  loatie.  The  whole  ii  mixed  with  a  large  quantity  of  water,  and  the 
aj^t  an  waahed  on  a  filter  till  all  the  potaah  la  extracted  The  fitttete  nuxedwith 
hydrochloiia  add  still  depotdts  a  small  qiuuititj  of  hydrindin,  together  with  a  eubslanea 
which  is  ptriiua  indin. 

^drindin  forma  a  white  or  pale-yellow  powder,  inaoluble  in  water,  slightly  aolable 
]n  boiling  aicaliot,  and  separating  hwa  the  solntioQ  rai  coolii^  in  small  riuunbio  or  six- 
sided  needlea. 

^drindin  earaftilly  heated  above  SOO^.tnmiTlolet-brownandgiveaoirSatwater; 
the  Eoddoe  behnes  with  alcoholic  potash  like  indin. — With  boiling  nitric  add  it  forma 
a  violet  powder  aimilar  to  nitrindin. 

Hjfdnndin  contains,  aooOTding  to  the  mean  of  I^nienlf  s  analyaes,  dD'SO  per  cent  (^ 
4-86  H,  and  10-70  N.  The  formula,  CH^'O',  deduced  therefrom  by  Laurent,  which 
repieeents  hydiuidin  as  composed  of  2  at.  indin  +  H*0,  requine  only  4'0  per  cent.  H, 
which  is  moch  below  the  analytical  number.  Oerhardt  soggeated  the  fbrmnla 
G"H"N'0*.H*0,  frtlidl  requires  TO'SS  per  cent  C,  4*41  H,  and  10-29  N,  and  reprewnte 
hydrindin  as  a  hydrate  of  a  donUe  moleeula  of  indin  -f  3  at.  H.  The  fbrmation  of 
hydrindin  I^  the  action  of  potash  on  indin,  Ac  is  Mkore  &Ticiurable  to  Lanrent'a  than  to 
Oeriiardt's  Tiew,  pronded  hydrindin  is  the  sole  prodoct  of  the  reaction ;  but  in  reality 
other  prodoct*  ate  tiumed  at  the  same  time,  so  tbat  th«  fbnnation  of  the  more  highly 
hydrogenised  compound,  hydrindin,  may  periia[«  be  compensated  by  that  of  one  or  more 
compounds  containing  a  lugei  woportion  of  oiysau.  The  organic  molecule,  C"H'*N*0, 
assodated  with  the  dements  A  ■ulphnrio  add  in  Sdiliepei'a  hydrindinmlphuric  acid 
(p.  267)  differs  fMm  indin  by  the  atOxtitation  of2at.H(brlat.  O;  bat  ae  the  mode 
^  fiffmation  of  this  moleenle  is  altogether  different  from  that  of  Laurent*  s  t^dondin, 
it  is  probable  that  the  two  ha-re  little  more  in  common  than  the  name. 

BgdriKdm-fotauitm.  0'^H"ENK}*.3H*0  ?  When  hydrindin  ia  dissohed  in  warm 
aqneoua  potad,  thia  salt  a^iaratea  out  in  short,  brilliant,  pale-yeDow  prisms  or  silW 
needle^  oontaining,  according  to  lAUlenta  enalyaif,  60-0  per  cent.  G,  4-3  H,  S'6  K, 
and  9-0  watet  of  OTttallisation ;  these  numbera  agree  better  with  Launnt's  formula 
above  jpven,  which  reaniiM  60-64  per  cent  C,  4-27  H,  and  618  E,  than  with  that 
which  eon««pondi  to  Qerhardt's  fonnula  of  hydrindin,  yIe.  C*^*'EN*0*.3H>0  irtiich 
requires  63-11  C,  4-S7  Hand  6-34  E.  The  salt  is  deoomposed  by  washing  with  water, 
living  noUiing  but  hydrindin. 

Wttrlnom.  C"H"N'0*-C"HVTOnW»0'.  {Lanrent,Ann.Ch.Pliys.t3]iiL*78.)— 
Produced  by  boiling  indin  or  hydrindin  with  nitric  add.  laatyde  and  sulpbieatyda 
probably  alao  yield  nitrindin  when  boiled  with  nitrio  add. 

It  ia  a  bri^t  violet  powder,  insoluble  in  water,  very  slightly  aolnUe  in  alcohol  and 

It  decomposes  relher  quickly  when  healed  in  doeed  tomcIb,  and  leaves  a  reddue  of 
bulky  charniul,  whidi  glows  even  out  of  contact  with  the  air.  It  is  gradually  decom- 
puseo  by  boiling  nifrio  aetd.    It  dissolves  in  jwtojA,  forming  a  deep  brawn  solutioii. 
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from  vhkh  byilnrlilraiG  neid  throws  down  sometimes  tmdMOmpoaed  indin,  and 
wmetimea  yellow  fl&kos,  especially  if  the  Bolati(m  has  been  boiled.  With  lulpiite  of 
■ —  ;.  1:>ehsvea  like  mdiu.    Ammonia  dom  not  act  npon  it 


.  C"H''ira»0"-(Ci'H"NK)'.SO«)BHK)<.  (Q.and 
Jl.  Sclilioper,  Ann.  Ch.  Plunn.  cix.  S4.} — An  acid  prudnced  by  the  oxidation  of 
hydrindiainilphnric  ecid  (lee  below).  The  tmnBformfttian  maj  be  eSect«d  by  heating 
t^drindiniintpbnric  acid  with  a  few  drops  of  nitric  acid,  or  b;  treating  it  with  oa 
Mkoliue  of  eolation  of  tenicyanidoof  potoBsioniorhTpochlorilerfsodiiim.  Thehydrin- 
dicBolphatee  ace  also  oonverted  into  indinmlphates  1^  expo«ure  to  the  air,  especially  ia 
alkaline  aolntion,  or  by  heating  thetn  with  nitric  oc  nitromonatic  acid.  The  mother- 
liqnor  obtained  in  the  preporalion  of  h^drindiiiBalphate  of  barium,  trrated  with  hot 


in  the  cryBtoUine  ibnn  ly  deoompooing  the  barimD-salt  with  sulphniic  add,  and  evapo- 
totiiK  the  filtrate.  It  has  a  Tad  colon;,  is  rasily  solable  in  wafer,  sparingly  in  alaoiol, 
■ad  u  precipitated  &om  the  alcoholio  aolntiao  by  elhtr,  in  red  flacks.  The  aqaeona 
aolntion  dyea  silk  and  wool  scarlat.  Its  colonr  is  altered  by  oUofia,  probably  in  con- 
•eqneace  of  a  cLange  analogou  to  the  conTemon  of  intin  into  iiatio  add.  By  itilpl^- 
Aie  aad  it  is  reduced  to  hydiindin-snlphuiie  add : 

C'lHiiH'SK)'   +   UK'S     -     C"E"SVQ»  +  EP  +  HH). 

Indinsnltdimfie  add  is  dibasic,  and  appean  to  iana  solable  Alts  with  most  bases. 
The  nlta  when  heated  yield  a  e^stalliae  sublimate  of  a  fine  red  colonr. 

The  iariwn-MU;  C^KBa*N*8K)*.2H<0,  is  obtained,  bji  drenching  the  hydrbdin- 
■nlpbate  with  dilato  ammonia,  aqnaing  it  to  the  air,  and  Btining  freqnently,  as  a  finely 
enrsCalUne  powder  of  •  fleiy  earniine-red  colour ;  or,  by  heating  tbe  mother-liquor 
of  the  faydiindininilphate  with  nitric  acid,  aM  a  light  powder  coiuiating  of  alender 
dolk-red,  brown  needleB.  It  ia  moderately  solnble  in  pore  water,  inwdnble  in  aqueous 
chloride  of  barium,  alcobol,  and  cold  hydrochloric  acid  and  tiitne  adds.  At  100°  it 
gires  off  S'4C  per  cent,  water  (calc  2  at.  —589),  and  the  dried  salt  yields  by  analysis 
SSMpereent  carbon,  2-02 hrdiogen,  and  2627  to  2674  baiytti,  the  Itomula requiring 
83'S9  C,  1-T4  U,  and  36-60  Ba*0. 

The  ftUurnm-*aa,  C>^'*E*H'S*0*.6H*0,  is  obtained,  by  ozidiaiD^  the  sohtiiw  of 
the  hy^findinmlpbate,  by  Exposure  to  the  air,  or  by  means  offerrieramdeof  potMsiiim, 
aa  a  bulky  earmino-colonrsd  predpitate,  perfectly  ineolnble  in  liqaids  eontoiung  potjuh. 
A  bot  eolation  of  indinsulpburic  add  mixed  with  eiceeii  of  a  potaBsinm^Blt,  the  diloride 
lor  example,  depodts  the  mdinsslphote  on  cooling  in  interbiced  needles  of  a  daifc-red 
oolonr  and  almoat  metallic  Instie,  and  eo  bulky  l£at  thay  neoiiy  fill  tbe  liqnid.  The 
oir^lriad  ult  hasted  to  100°  gare  dF,  on  the  aTamge,  14-24  and  14'34  percent,  water 
(cale.  fi  at.  —  14'8fi).  and  the  remaining  anhydnias  salt  gare  byacEdyds  18-OS  and 
18-21  pn  eent  S*0,  the  fionnla  reqniring  ISSl  per  cent. 

The  taMr-»iUt,  CfQ"Ag'H*8^,  is  obtained  by  mixing  a  sohition  of  the  add  with 
1_.-_.  j_-i —  -a  small  brown  bn%  needles  yielding  (at  loff")  by  anolysa 


c  add  by  the  sabetitation  of  2  at.  H  for  1  at  0,*  is  produced  1^  the 
■ciiiua  at  Eulpbydric  add  or  sulphide  ot  ammonium  on  indiniulphorioi  or  intnunt- 
pburic  acid ;  also  of  dnc  and  hydioehloric  or  sulphuric  add  on  the  latter,  bat  not  by 
the  action  of  hydriodic  add. 

I^eparaUon. — A  moderstely  concentratad  solution  of  iaatinsalphnric  add  (1  pt.  of 
the  add  to  A  or  6  pte.  water)  is  slightly  snpersotniated  with  ammonia,  then  mixed  with 
half  its  bulk  of  nilpliide  of  ammonium,  and  heated  to  boiling,  the  liqidd  then  becoming 
brown  &om  dinolVBd  oalphar,  and  smelling  strongly  of  ammonia.  Uore  mil{^de  M 
ammoninn  is  then  gcadoally  added  to  the  boiling  Inuid,  till  it  Boells  pennanentlr  of 
•n^Jqrdii«aeid;  ana  Um  boilingis  continued  (in  a  disk,  to  prerent  oxidation)  aaknu 
asattaeeof  amnioniBeaaapeB.  Theneatzalpafe-Tedsolntiontlltend&om  the  separated 
sulphw  consist*  almost  wholly  of  hydrinmnm^hate  of  ammiminm,  which  may  ba 
eonrerted  into  the  bariom-salt  by  predpitation  with  chloride  of  barium,  and  &om  this 
the  odd  is  obtained  by  deeompMition  with  eulpbaric  add. 

Hydrindiasulpharie  odd  is  obtained,  }rj  ev^ioration  of  its  aqaeous  solution,  as  a 
coloorlees  radio-oyitalline  mas^  which  becomes  reddish  when  eipoaed  ts  the  air.  It 
has  a  very  sour  taste,  disaolTes  ewiily  in  water,  leas  easily  in  oJcoAo^  and  is  insoluble 

Tbe  add  is  dtbaaic ;  its  salts  are  almost  all  eolnhle,  and  arc  easily  converted  into 
indinsulphales  by  oxidatiOD,  espedally  in  alkaline  eolations. 

■  li  the  orWiul  Bnnolr  [p,  t]  I.  llw  Iwa  nctda  i 
■■  liullt<>.wlijM  sad  IikUivUuii;  but  llili  tUun 
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The  hariuv^^aU,  C"H'^Bs*N'3K)M&*0  (aii^^ed),  ii  ■  ligbt  crTstalliiig  powder  eon- 
dstjdg  of  vhibi  shiniiig  scales.  At  lOO"  it  givea  off  II '68  p«i  cent,  mter  (calc  11-37 
per  cent.),  aad  the  anhjdrooa  salt  jields  bj  analyna  SO'96  and  26'87  per  cent  Ba'O, 
the  fonnidft  requiring  27 '27  per  cent. 

KraelBdlB-nilpbarte  MM.  C"H"M*8>0k.  (Q.  and  A.  Sehlieper,  Ana.  Cb. 
PhftTm.  czx.  33.) — This  acid,  which  diffsn  from  xba  last  hy  ths  elempnta  of  one 
molecule  of  water,  is  also  piodooed  bj  the  adioa  of  solphide  of  ammoainm  on  isn- 
tLDBalphuric  acid.  If  in  the  prooea!  Kbove  described,  the  liqaid.  after  filtiation 
from  Uie  Bulphnr,  be  immediately  mixed  with  excess  at  ctagtic  bajrts,  instaBd  of 
being  eTsporated,  the  whole  of  the  ammonia  then  expelled  b;  boiling,  the  excels 
of  baryta  removed  by  carbonic  acid,  and  the  clear  yellowish  solution  stronEly 
coDCODtTated  by  BTaporation,  it  deposits,  after  standic^  for  a  few  days,  white 
eryitalline  crosta  of  leaeicdin-snlphBte  of  bariom,  which  when  reciyBtalliBeJ,  ibrmi 
hud,  colourless,  shining  cryiitiils  cantaining  C''H'*Ba'S*0",  with  probably  5  at.  water. 
They  gave    off  11'6S  pel  cent  water  at  100°,  and  143  per    cent,  at   120°  (mi 


12-97) ;  by  calculation  C  at.  —  18-1.  The  anhydrous  salt  gave  by  Hnalyai 
(mean)  2S'10  per  cent  C,  3-S6  H,  and  22-U  BaK);  calculation  27-94  C,  3'T8  B 
and  22-27  Ba'O. 


Bv  decompoaing  tiie  bHrium-aalt  with  anlphnrie  acid,  and  er^iarating  the  filtrBte, 
leuciadia-BuIphuric  scid  ia  obtained  as  a  white  oyatallins  msas,  having  a  TSiy  aour 
taste,  easily  soluble  in  witt'!r,  sparingly  in  ali»hol.  Its  alkaline  solutions  are  Dot 
reddened  either  by  eiposure  to  the  sir,  or  by  treatment  with  nTTiH«irg  agents.  The 
solution  of  the  barium-salt  is  not  precipitated  by  nitiate  of  silver;  but  on  adding 
ammonia,  a  wliite  Qooculent  precipitate  is  fbnoed,  which  turns  brown  when  warmed; 
acetate  of  lead  forms  a  red  precipitate.  The  bariom-salt  evaporated  down  with 
hydrochlorie  or  eolphuric  acid,  ia  convBrt«d  into  indinsnlphab)  of  barium ;  it  is  not 
altered  by  heating  with  potash. 

ZXmxWXX.  C"H"NO*.(Schanck,PhiLMag.  [4]  iv.29,117.)-A compound, 
produced,  together  with  indihumin,  indirobin,  and  ouira'  products,  by  the  action  of 
dilute  solpharic  scid-apon  indican  (p.  348).  It  is  a  darfc-brown  shining  reain,  which 
at  lOO'-lW,  contains  on  the  averaae  88-04  per  cenL  C.  fi'67  H,  3'83  N,  and  24-56 
0  (calc.  66-06  C,  6-19  H,  4'28  H,  and  24-48  O).  -When  heattd  on  platinam 
fi:»l,  it  melts,  buras  with  a  yellow,  smoky  flame,  and  leaves  charooaL  By  drv  dittU- 
lation  it  gives  off  Btroug-Bmelling  rtipoan.  and  yields  an  oily  distillate.  It  mssolves 
in  oil  of  inlriai  with  brown  ooloor,  and  chais  when  heated.  With  boiling  niiric  acid, 
it  fbrme  letin,  and  picrie  add. — It  dissolves  easily  in  aqueons  eUttdit,  rad  with  brown 
colonr.  in  amowma,  being  predpitaCad  therc^m  bj  bariimL,  caltium,  and  tiltier-taU». 
It  is  p«diHtatad  from  the  alcoholic  solntion  by  Ktutml  aeetait  of  Uad,  and  partially 
by  eupric  ocrfaift 

ZVWOHrBXW.  (7H*II0.  (Sehnnek,  loe.  «i7.)— A  compoimd,  isomaie  with 
indigo-blm  (p.  249),  and  perilapa  identical  with  indigo-red  (p.  ^1),  obtained  in 
BmaS  qnantitf  by  dacompoaition  of  indican,  mOie  abonduitly  &om  Indian  woad-Ieavee, 
by  immprting  them  in  a  boiling  alkaline  solntion  of  stannous  chloride  the  liqnid  then 
depaaiting  indimtnn  on  expoanre  to  the  air.  The  product  thus  obtained  is  pnrifled  by 
dissoWing  it  in  alltaline  stannous  ehlortda,  and  treating  it,  after  i^seebitation,  witJi 
caiutie  soda,  aiddg,  and  water,  tad  then  reoyatalUsed  f^  aloohoL  It  Ibrmalai^, 
pniple,  metallio-shining  needle*,  which  q>pear  red  by  transmitted  li^tv  and  whni 
heated  volatilise  in  rrd  vapours  and  sublimei  In  the  impnre  state,  it  is  a  biown-red 
amorphons  powder.  Contains  7278  per  cent  C,  10-50  "S,  4-16  H,  and  12-f6  0, 
agreeing  with  the  formula  above  given.  It  disaolves  with  puiple  colonr  in  ttrtmg 
itUpkitTK  acid,  and  ia  partially  precipitated  there&om  by  water.  Cold  nitn'e  add 
dissolves  it  with  purple  colour,  but  on  af^lying  heat,  decompodtioa  takes  place, 
attended  with  formation  of  resin  and  picric  acid.  It  is  but  slightly  tiered  by  a 
mixture  of  ckrvmatt  of  potOMtum  and  dilute  euhiiuric  acid,  even  at  the  boiline  heat. 
With  cMorine  under  water,  it  forms  a  bine  amorphous  rpsin  soluble  in  alcohoL  Heated 
with  t/tda-lime,  it  g^vea  off  an  odour  of  benzoin,  together  with  alkaline  vapours,  wbich 
partly  condense  to  needles.  It  is  insoluble  in  aqaeons  alkalis,  but  diseolvea  easily  on 
addition  of  tCannous  eMoridt  or  grape-tagar,  Svsm  the  yellow  solntion,  acids  thraw 
down  dirty  yellow  flocks,  which  acquire  a  pnrpla  colonr  on  exposure  to  the  air,  and 
impart  a  &st  purple  dye  t«  cotton-wool  iminerHed  in  the  liquid  and  afterwards  exposed  . 
to  the  air.  It  is  not  precipitated  tioia  the  aleoholic  solntion  by  ammoniacal  tagar-of- 
Uad.    Its  sulphuric  add  solaCion  imparts  a  fine  colour  to  wool,  cottoo,  and  silk. 

■XSnW.  Ametaliecently  discovered  by  F.Beieh  and  Th.Kichter(  J.  pr.Chem. 
Ixxxix.  441)  in  the  sine-blende  of  Freiberg.  Its  apectnun  is  characterised  by  two 
tndigo-coloured  lines,  one  very  brij^t  and  more  re&nngible  than  the  blue  line  of  stron* 
tiam ;  the  other  fainter  but  still  more  refrangible,  approaching  the  blue  line  of  potas- 
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Hiam.  It  was  the  prodoetioii  of  thia  pecnliaF  (pectnua  Uwt  led  to  thediMoreiyof  thn 
metal.  Tb«  ore,  cotuistine  chieflj  ofldaxde,  nlena,  uid  vsenical  pyritM,  wu  roB<t«d 
to  expel  mlphOT  iDdaneDic,  thea  trratnd  with  hydnxiUaric  add,  and  the  aolotjon  ma 
eraponted  to  dijiMsa.  The  impon  chloride  of  dnc  thu>  obtaiuBl,  eihibiwd.  when 
exBBUDed  bj  tliB  ■pectioafope^  Uie  first  of  the  indigo  lines  abore  mentioned.  Tbe 
chloride  wia  sfterwaida  obtained  in  a  state  of  greater  poritj.  and  Ih>m  this  the  bydnit« 
and  the  metal  itself  were  prepared.  The  first  line  then  came  ont  with  much  greater 
brillian<7,  and  the  seaind  was  likewise  obeerred. 

Indinm  baa  hitherto  been  obtained  in  twj  Email  qnantitjp  only,  so  tbat  ita  ptopertia 
hsTe  been  but  imperfectlj  studied.  The  metal  itaelf  is  of  a  laad-grej  roionr,  soil, 
Terj  malleabte,  and  marks  [Bipei  like  lead.  It  disaolTM  eaailj  in  hydrochloric  add, 
forming  a  deliqneeeent  chloride.  From  the  solution  of  this  ajt,  it  is  [secipitated  by 
ammonia  and  potash  as  a  hydrate,  insoluble  in  excess  of  either  leagenL  Sulphjdria 
add  does  not  precipitate  it  &om  acid  salntion.  The  oxide  healed  on  charcoal  with 
soda,  jields  a  metallic  globule,  which  when  reheated  ozidiaea  to  a  yellawiah  powder. 
The  eompoands  of  indinm  imtnrt  a  violet  tint  to  the  flame  of  a  Bonaen's  burner. 
See  ELKTBicnt  (iL  3S4,  4fil). 
See  MiAHwnsH. 

See  laawi,  CHmaci,!.  AcnoK  or. 

ZVOTXA     Ehrn.  with  Ihdioo-blui.     (Qerli.iij.fi09.) 

JUT UMHKXA*  The  following  experiments  On  the  infloence  of  infUoria  in  aieildng 
fermentation,  have  been  made  by  Pasteur  (Compt.  rend.  Ivi.  416;  lUp.  Chim.  p. 
18S3,  p.  221).  A  quantity  of  tartrate  of  calcinm  mixed  with  a  fnr  thouaandths  of 
pbosphate  of  ammanium  and  alkaline  and  earthy  phosphates  (either  artiflojally  pre- 
pared, or  fiom  the  aahes  of  beer  or  of  infusoria),  was  placed  in  a  Qatrbottomed  bottle, 
the  narrow  neck  of  which  was  cemented  to  a  bent  glass  tube ;  the  bottle  was  then 
filled  up  with  pnre  ws1«r,  and  the  water  heated  to  tJie  boiling  point,  while  the  end  of 
the  bant  tube  was  plunged  into  water  likewise  heated  to  boiling ;  b;  this  means  all 
the  air  in  tbe  solation  was  driTen  ouL  The  surface  of  the  water  in  the  Teasel  into 
which  the  bent  tnbe  dropped  was  then  covered  with  a  thick  layer  of  oil,  and  the 
■ppantus  was  left  to  itself  for  twenty-four  hours.  Sot  the  slightest  trace  of  fermen- 
tation eonld  then  bepereeived;  but  on  quickly  introducing  into  the  bottle  a  anuill 
quantitjr  of  infusoria  [»»>dnced  hj  spontaneous  fermentation  of  tartrate  of  calcium,  atid 
immediately  replacing  the  small  quantity  of  water  thereby  dislodged,  with  water 
deairatsd  by  bwling  and  plnnging  the  end  of  the  tnbe  beiov  the  snimce  of  mercoiy 
so  as  completely  to  exclode  the  air,  the  infhaoria  multiplied  rapidly  in  the  deposit  of 
tartrate,  which  soon  disappeared  completely,  being  replaced  by  a  deposit  consisting  of 
the  carcases  of  infiuoria. 

Hence  it  appeals  that  the  fermentation  of  the  tartrate  is  detennined  by  the  pnaance 
of  an  animalcule  liiiiig  withont  free  oxygen.  If  the  bottle  is  filled  up  with  aSrated 
water,  the  tartrate  ferments  spontaneously ,  and  the  inlHisoris  multiply  quickly,  re- 
moving the  oxygen  present  down  to  the  lost  trace,  and  replacing  it  by  a  lightly  larger 
volume  of  caibonie  anhydride.  The  ferment  finds  the  nitrogen  and  phosphates  re- 
qatred  for  its  derekipmeut  in  the  albuminous  matter  present  or  the  ammoniaoal  salts 
and  phosi^iatas  introduced.    The  carbon  is  snp^Jied  by  the  tartario  acid.  (See  Fnn- 

On  the  influence  of  ininsoria  on  the  germination  of  ]Jants,  see  Lemaire,  Compt. 
lond.  1863,  Sept.  21  i  E6p.  Chim.  app.  1863,  p.  3T1. 

From  e^ienmenta  by  Morrin  (Compt.  rend,  xxiriii,  932  ;  Jahresber,  1865,  p.  649), 
it  a^ipears  that  the  derelopment  of  in^isoria  and  olgie  goes  on  only  when  they  can 
obtau  a  supply  of  nitrogen  already  in  the  state  of  chemical  combination,  e.0,  as 
evolved  by  deoomposinf  animal  matters,  or  in  the  fbrm  of  ammonical  salts.  They 
mow  in  water  which  is  ui  contact  with  atmospheric  air  oontinuaLy  renewed,  but  die  if 
the  air  has  been  deprived  of  ammoais  and  organic  matters  by  wasbing  witb  oil  of 

According  to  8a!m-HoTstmBr(Jahresber.  18fi4,  p.  14fi  ;  1S6S,  p.  134),  the  green 
colouring  matter  of  infusoria  is  optically  identical  with  chlorophylL 

XVrUBOBZAl  X&STK.  The  infusorial  earth  situated  on  the  souChom  edge  of 
tlie  Liinsbuw  heath,  near  Ebsdorf,  has  been  analysed  by  W.  Wicke  (Ann.  Cb.  Pharm. 
xiv.  292).  It  consists  of  two  layers,  the  upper,  which  is  from  10  to  18  feH  thick, 
being  li^t-coloured,  and  nearly  white  whend^,  and  the  lower,  which  is  10  fsst  tbick, 
or  nvse,  of  a  brownish-grey  ctuour. 

^•^'-    ^wter'  ■"''        C'^O'       I'e'O'       Al"0» 

Upper     .        ,    8-43        2-28'      8786        07S        OTS        013     -     lOO'lS 

lower     .        ,  24-43  7448        0-34        0-39  —      -       9964 
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name  of  ink.    laka  ore  of  ti 

for  writiitg  and  priudng.    V 

of  s  coloiu«d  ^d  not  too  thin  liqnid,  or  a 

pended  in  a  liquid. 

1.  Blaek  inks.— Common  black  ink  tarmitiagit  mad«  hj  adding  an  inAuion  or 
deeoetion  of  DDt-galli  to  a  soliilion  of  eop^unt  {tartcna  ialfh*te\.  The  infanon  or 
deoootion  of  the  ^lla  contuni  both  gallotanmc  and  gillie  addi,  both  of  irtnch  prodnee 
deep-bUdc  preeipitatca  with  ferric  salts,  bat  with  farroiu  salta,  white  jneeipitatea  whidi 
toTD  blaibk  by  oxidation  on  exposal^  to  the  air.  Uoreover,  gallio  add  eolotin  fbrric 
salts  ofa  much  deeper  black  than  gaUotannic  acid;  hence  itia  adTantaceom  to  leave  the 
inftuion  to  itaelf  for  aome  time,  either  before  or  after  mixtnro  with  the  iron-aaltfi,  in 
order  that  ^e  tajmic  odd  coatuned  in  it  mty  be  converted  into  gallic  add  (ii.  7B7, 
788). 

To  retain  the  predpitate  in  Rupensioti,  and  pNTent  it  from  fanning  a  aediment,  * 
eedun  quantity  of  gum  ia  alwan  added :  the  gum  likewise  gives  a  certain  gloaa  to 
tlie  ink.  These  are  the  essentju  ingredients  ot  good  writing  ink,  and  an^  other 
colouring  mattov  added,  (br  the  sake  A  die^mess,  as  labatiCnte*  fbr  ■  portioa  of  the 
gjjls,  <auj  impair  its  ^naliQr.  Lwvood  is  aometimoi  naed,  fbr  the  take  both  of  the 
tannin  and  tiM  colonruu|  maUczwnich  it  containa. 

To  prerent  ink  from  Deeoming  monldy,  rarions  sahatanees  are  added  to  it,'mdi  as 
essential  oils,  flnelj  braised  elo^,  a  few  drops  of  phenic  odd,  and  sometimei  (bat  not 
advantageonslj}  corrosiTe  sabUinat*.  The  addition  of  an  add  retards  the  conTsrsion 
of  the  ferrOQS  into'ferrie  salt;  the  ink  then  remains  (hinner  and  pale  while  kept  in 
the  bottle,  and  becomes  darker  only  as  the  writing  dries. 

™«.  .11 — .. .  .!..   recipes  for  the  prepaistion  of  black  ink, 

uu  pu.  VI  waiBr: — 

a  b  e  d  t         /  g 

Galls  .    225        1&7        133        13S        66        62        31 

Cot^eras         .       75  73  SS  24         22         31  19 

Qum-arabie    .      2S  73  6S  24        19        31  8 

k  i  k  I  m 

Oalla  . 

Cora>eraa 
Sotphate  of  copper 

Sugnr.        ...      —  —  23         1000 

Of  the  genuine  inka  {a — g\  a,  b,  and  c  are  too  strong  for  ordinair  use ;  d,  e  and  / 
are  periu^  the  best;  g  would  bis  somewhat  too  pale.  The  rest  cannot  be  recommended, 
excepting  for  spedal  pnrpos<>s.  Sulphate  of  copper  deepens  the  colour  of  the  pred- 
pitate, but  renders  it  mote  compad:  and  heavy,  and  therefore  mora  apt  to  aettle  down. 
A  certain  quantity  of  sngnr  renders  the  ink  more  fiuid,  and  permits  the  addition  of  a 
lai^er  proportion  of  gum.  It  likeviie  renden  the  ink  adhesive  when  dry,  so  that  a 
copy  of  the  writing  may  easily  be  taken  off  bj  laying  a  sheet  of  thin  unnied  paper, 
dmnped  with  a  aponge,  on  the  written  paper,  and  passing  light^  over  it  a  flat  iron  veij 
moderately  healed:  ink  of  this  quality  is  ealled  copyiog  ink. 

The  so-called  alizarin -inks  (a  mere  eommetcial  name,  by  no  means  implying  (hat 
Ouj  contain  the  allEarin  of  madder)  consist  of  common  ink  mixed  with  a  little  free 
snlphnrie  add,  which,  like  other  adds,  retards  the  oxidation  of  the  feiTons  predpitate 
(see  Iboh,  oiinaa  or),  so  that  t^e  writing  becomes  black  only  after  exposure  to  tlie 
air ;  the  change  being,  perhaps,  accelerated  by  the  neutralisation  of  the  snlphnrie  add 
by  tiie  basic  subntBiiceB  contained  in  the  paper;  the  ink  blackens  very  qoickly  when 
eipoaed  to  ammoniacal  vapours.  A  certain  quantity  of  solphindigotie  add  (p.  258), 
'ts  aodiam-talt  (indigo-carmiue)  is  usually  added,  so  that  the  ink  may  ni ' 


pale  in  writintF.     An  ink  of  this  kind  may  be  prenaied  l^  exhausting  40  pts.  by 

rht  of  nnt-mfis  with  112  pta.  water,  and  then  adding  7  pts.  aopperm  and  }  ])t. 

f.  ., ^ —   I  _i  (Y  flndj  pulverised  indigo-blae  is  dissolved  it- 


oxaue  add.  At  the  tame  time,  1  pL  of  flnelj  pulverised  indigo-blae  is  i 
4  pta.  fduiDg  si^inrie  add ;  the  suntion  after  34  houn  is  dunted  with  water,  aod 
mix«d  with  a  •mdl  qoautity  of  carbonate  of  soda ;  the  predpitate  is  collected,  wubed 
to  remove  the  saline  solatioD,  then  su^ended  in  water ;  and  this  liquid  is  added  U 
the  former  till  the  whole  exhibits  a  rather  deep  gTeenish-bltie  ojlonr. 

Cknyme  ini. — Buuge  first  mggeatfd  the  preparution  of  ink  with  logwood  and 
chcomate  of  potasnum.  Such  inx  ia  mare  easily  dilated  than  ordinaiy  copperas-ink, 
and  is  not  liable  to  turn  mouldy  ;  bnt  on  the  otJier  hand,  it  soon  beoomoa  viadd  and 

n .,  Coogic 


down  to  8  pO.  of  liqnid),  md  addi  1  oLof  jiellow  chnHUftte  of  potaMiDmdiMolTadin 
witor.  Oobel  takn  21  pU.  of  aolid  logwood  vxtmet,  1,000  pts.  wstar,  and  2  pta. 
jelloir  ehtomatn. 

VanadiitM  itii. — Freparrd  by  miziiig  a  decoetion  of  galla  with  vanadate  of  ■mmo- 
nik.  It  iablat^aild  flows  caailj,  beewua  it  does  cot  coDtain  anj  piecipitat«;  it  iinot 
attadced by  dilnts  alkalia,  bnt  adda  toiD  it  blus.    (Beiielini.) 

Hm  tiaei-viottt  BmeiiinJli(tmen  ilau  nnltnaut)  ii  prapaied  bj  boiling  7S0  pts.  of 
logwood  iritli  (^000  pta,  water,  Sd  pti.  akm,  SI  pta.  «un-antrie,  ud  le  pta,  Bogar- 
eudf ,  Imtu^  tin  mixton  t«  atandfor  t«>o  or  thiea  d«7a,  and  itnuning  tluon^  a 
liaen  clotli. 

Ini  in  caia. — 13  pta.  of  good  nnt-ndlB  and  S  pta.  ol  madder  ars  boiled  in  about 
nz  times  thoir  weight  of  watsr ;  tbe  flltared  decoction  is  mixed  with  &i  pta.  coppaina, 
aad  2  pta.  [>7Tolignat«  of  iron ;  1{  pU.  stdntion  of  ind^  (in  mlphimc  add,  dilated 
witb  water)  la  than  added;  Uw  mixture  is  ov^Minted  nea^  to  dijneM  at  a  gentle  heat, 
and  with  eonstant  stirring ;  and  the  pasbf  mass  is  then  nude  into  eakea,  and  thoronghly 
dried.  This  ink  dissdTed  in  6  pta.  of  hot  wnter  is  Mid  to  make  an  exoellent  ct^ying 
ink,  and  in  10  or  12  pta.  water,  a  rery  fine  writina  ink. 

Aii-foiBiItr. — A  stdid  ehronte-ink  maj  be  made  by  tritnratinf;  together  to  a  fine 
powder,  100  extract  of  logwood,  1  pt.  nantnl  chroiut*  ^  potassinm,  and  ^  indigo- 
'  nt.  of  this  powdei  added  to  32  pta.  watfr  U  said  to  make  Tt^  good  ink. 


Int.  of  1 
nafipta. 


.  I.  pounded  gall^  2  pta.  eopperaa,  and  1  pt  gnm-aiabia  u  also  be- 
qnentlf  aM  m  an  ink-powder. 

Oapyi'iff  <>•<(*■ — Ink*  Ibc  this  ptnpoae  natt  be  rather  thick,  not  di;  too  quickly,  and 

la  mnehR 


of  SO  pta.  TJnigar,  and  70  pta.  water,  and  S  pta.  copperaa,  2  pta.  ainm,  2  pta.  gam' 
arabi^  and  i  pta.  sngar  ace  then  added.  This  ink  is  at  flrit  more  vidat  Uian  the 
Booen  ink,  irtudi  ia  also  ased  aa  a  on^ng  ink. 

HuUHilt  intt. — As  writing  exeentedwith  otdinar;  ink  is  liable  to  bde  in  Sonne  of  time, 
the  tannate  andgallate  of  iron  being  gradually  decompoeed,  andaa,  moroorer,  it  is  easily 
s^oed  ty  the  action  of  certain  cfaemical  reagents  (oialie  add,  hydrochloric  acid,  chlo- 
rine), it  is  desirable  that  T«lnable  doenmenta  should  be  written  with  aninknotliaUeto 
deatrnction  from  each  seendes.  TarionscompoaitionahaTebeenpnmosadfbrthitpiiipoee. 
Moct  of  them  consist  m  common  ink,  or  some  otlkn  daik-colonred liqnid  in  wUeh  £ie|y 
diTided  arbon  (Indian  ink  or  lamp-blaek)  ia  snspsnded.  The  nmuest  of  all  ia  mads 
b*  mixing  eommon  ink  with  Indian  ink  (p.  24S)  robbed  np  with  weak  hydrochloric  a<dd. 
writing  cxeeat«d  with  snch  ink  cannot  be  bleadied  by  chlorine  or  destroyed  by  adds  ; 
bnt  the  carbon  may  be  nltimately  remored  by  watsr,  eren  when  it  is  as  finely  dividad 
aa  in  Indian  ink,  and  conseqnently  penetrates  the  pores  of  tiie  p^ei  to  a  certain 
extent.  Ink  prepand  in  like  mannm  with  lamp-black  is  eamly  washed  away.  Traiira 
ind^fale  ink  is  pmived  by  steqring  wheat-gtnten  is  water  for  21  to  36  iunrt,  then 
dissolnng  it  with  aid  of  hea^  insttong  nnMpv,  of  spedflc  gravity  1-033,  or  inp^io- 
ligneoiH  acid,  and  then  mbbing  it  op  with  Indian  ink  or  lamp-black  This  ink  is  of 
a  fine  V]»tk  eokmr,  and  cannot  be  obLterated  by  water,  chlorine,  or  dilate  addi. 
Kind  dissolves  I  pt  honey  in  14  pts.  water,  adds  2  pts.  strong  si^haric  add,  and 
then  adds  a  qniati^  of  indigo-aolntion  snffident  to  render  the  ink  visible  in  writii^.  A 
hot  iioD  ia  Oua  passed  over  the  writing,  whereby  not  oolj  the  honey  is  carbomsed, 
but  likewise  a  portion  of  the  papec-fibrts  by  the  action  of  the  free  snlphoric  add.  llie 
writing  cannot  ba  e&Md  by  any  ebemieal  reagent,  and  only  with  great  difficult  by 
mechanical  meana,  aince  the  ink  penetiatea  deeply  into  the  paper,  and  the  charcoal  u 
wnaaqoently  etqiaioted  within  the  pora ;  the  p^nr  is,  however,  very  mnch  attacked. 

The  vanadinm-ink,  above  dcecribed,  m^  aleo  be  nsed  as  an  indelible  ink  j 
adds  merely  turn  it  blae ;  chlorine  desDoys  tlie  black  eolotlr,  bnt  does  not  efbce  the 
writing  even  otter  long  washing. 

Red  Ink. — Bod  ink  is  nsa^y  prepared  either  with  cochineal  or  with  Biaiil-wood, 
The  eoeJmual  inJu  are  the  brigbteat,  but  at  the  same  lime  the  deareet  and  moat 
fiigilive.  The  beat  is  •  solution  of  pore  carmine  in  caustic  ammonia ;  it  most  be  pre- 
sensd  in  wcU-stopped  veeaela.  Bottserrecommeads  Ipt.  of  good  caTmiQe,120canstic 
ammonia,  and  1)  pt  gam-arebic  A  cheaper  bat  leae  brightly  colonrad  ink  is  made 
by  dmncMog  12  pts.  i^  pulverised  cochineal  and  4  pts.  of  carbonate  of  ammonia  (or 
pearl-aah)  with  32  pta.  hot  water,  then  digesting  and  pouring  off  the  clear  liqnid. 
Addition  of  cream  <n  tartar  and  stannic  chbride  renden  the  ink  more  ecarlet ;  cream 

tin-aalt  (stannous 
celling  widi  gnm- 

i,:cc.;,C00gIC 


siabie  ;  i.a.  i  pts.  Bnzil-wood  boiled  in  SO  pti.  water,  the  decoetdon  boiled  dovn  Vi 
36  pta.,  filtered,  and  mixed  with  i  pt.  of  tin-eatt  and  }  pt  ^nm-uxbic ;  or  8  pta. 
^adl-vood,  boiled  with  2  pti.  ilnm  and  Z  pte.  cnam  of  taMar  in  120  pts.  water;  the 
liquid  conceatrated  to  6  pto.  b;  wei^t,  and  mixed  with  2  pta,  gnm-arabic  and  3  pta. 

Blue  inka. — The  best  ia  made  b;  dinolring'SO  pta.  pore  Fnuaian  blae  (Paiii 
bine,  a.  227)  in  a  Bolntion  of  4  pts.  oudie  add  in  1,000  pts.  water.  A  blue  ink  maj  alKl 
be  prepared  by  difleolTing  4  pU.  of  mdigtr-carmine  in  64  p^  water^  and  rgi^ing  it 
with  1  pL  gam  aiabic  ;  but  it  cannot  be  lued  vith  Meel  pern. 

Yellow  and  green  inke  are  ■ometitnea,  thoogh  very  rarely,  naed.  The  former ms^ 
be  made  with  decoction  of  aafiron  or  yellow  beniee  ;  t£e  latter  of  eolation  of  Teidigzii 
mixed  with  tarmeric  or  gamboge  ;  or  better  of  iDdigo-cannine  mixed  wit^  picrie  add. 
It  may  aim  be  prepared  from  the  green  modiAoation  of  chrome^alum,  namdv,  by  dia- 
iolnng  3  pta,  add  chromate  of  potaanum  in  S  pta.  water,  adding  V  pt.  alnwol,  then 
■alpboric  acid  by  drope^  and  hestug  till  the  liquid  OBnimea  a  biowni^  green  coloor ; 
then  diluting  with  16  pts.  water,  adding  a  few  more  drops  of  ealphnric  add,  leaving 
the  liquid  to  (tand,  and  adding  a  small  qnanlity  of  gnm-anbic 

Sympathetic  inka. — This  name  ia  apdiedto  iua  wliicb  make  duiaetera  innaible 
till  brought  out  by  heat  oi  the  wplicatuin  of  aome  reagent  If  a  weak  inftuion 
of  ^0^  be  used,  the  writing  trill  be  loviaiUe  till  the  paper  la  moistened  with  a  week 
•olntion  of  snlphate  of  iron.  Dilute  salntiona  of  gcid  and  aifewr  remain  ooloories* 
npon  tbe  paper  till  eipoaed  to  (be  sun's  ligfali  wbich  gives  a  daA  colour  to  (he  oxides, 
and  renders  them  Tiaible.  Most  ocxdM,  or  mUm  $eiutiotu,  diluted,  and  UKd  to  write 
Tisible  by  heating  befbre  the  fire,  which  concentntea  then),  and  a 
-"       -er.     Dilub-   '"-   '' '   -'--'-   ■-'-  '— -- 


sulphate  of  troiL      The  solotiDa  of  cobaU  in  aqaa-regia, 


their  aetioii  On  the  p^wr. 
wetted  with  solution  of  e 

when  diluted,  afforda  an  ink  which  becomes  green  when  held  to  the  Sre,  but 
disappears  ugaiti  when  safibred  to  cooL  This  ink  hsa  been  need  in  fimcifal  dnwin^  of 
trees,  the  green  leaves  of  which  wpeir  when  warm,  and  vanish  again  on  cooling.  If 
the  heat  1^  continued  too  long  after  the  lettera  appear,  it  tenden  them  pennanent. 
If  oxide  of  Mbaltbe  dissolTed  in  acetic  acid,  and  a  uttle  nitre  added,  thssolntioD  will 
exhibit  a  p<U«  rose  colonr  when  heated,  which  diaappeaiB  on  coolii^.  A  aolntioD 
ot  eqnal  parts  of  nilphate  of  eerier  and  sal-anunomac  girea  a  yellow  colonr  whan 
beated,  that  disappean  wkeo  cold 

Sympathetic  iidcs  have  been  proposed  as  the  inatmmenta  of  secret  oarrespoodence, 
bntth^  are  of  little  nseinthitrespectibecanae  their  pTopertiea  change  by  remaining  on 
the  paper  Sir  a  few  days ;  most  of  tbem  hare  more  or  less  of  a  tinge  when  thoroughly 
' —    -~'   — le  of  them  resist  the  test  of  heating  the  paper  till  it  begins  to  be 


Harking  inki.-'Inki  Ibr  maiUng  linen  must  be  able  to  withstand  the  action  of 
water,  ooap,  alkaline  leys  and  acid  liquids.  The  best  are  thoee  which  contain  silTer. 
They  connit  of  a  solntion  of  nitrate  of  Bilver,  uauallT  colonrt^  with  sap-green,  or  other 
colouring  matter,  sometimes  with  lamp-black,  and  tnii^ened  with  suin.  It  is  beet  to 
prepare  the  part  of  the  linen  to  be  maiked  with  a  solution  of  carbonate  of  soda  and 
gnm,  then  smooth  it  with  a  hot  iron,  and  after  writing  upon  il;  expose  it  to  sun- 
shine. The  writing  m^  be  eflhced  by  a  solntioo  of  CTOiud*  of  potassinm,  with  or 
without  iodine. 

Boder  (Folyt  Notizblatt,  IBM,  p.  112]  prepares  a  marking  ink  by  dissolving  5  pta. 
molybdic  oxide  in  hydrochloric  acid,  adding  240  pts.  water,  6  pta,  gum-arabic,  and 
1  pts.  liquorice-juice.  The  writing  is  to  be  dried  and  then  moiateoed  with  solution  of 
stannous  chloride.  Inka  containing  gold  or  platinum  hare  also  been  recommended 
for  this  pnniose,  but  they  are  too  costly  fbr  general  use. 

An  ink  for  writing  on  rino  plant'labelt  may  be  mode  by  disaalving  equal  parts 
acetate  of  copper  and  sal-ammoniac  in  distilled  water.  When  characters  are  written 
with  this  solution  on  a  linc  plate,  the  copper  is  predpitated,  forming  deep  black,  very 
dnrable  marks. 

Ink  for  marking  copper  and  nit«r  vessels  may  be  made  by  boiling  Eulphide  of 
antimony  in  strong  potaah-le^,  learii^  the  liquid  to  cool,  and  filtering  from 
sepuatcd  kennes.  Ab  this  liquid  does  not  act  upon  iron,  steel  pens  may  be  ^ed  for 
writing  with  it  on  the  metal.  The  characters  on  copper  and  silver  are  blade  and  veiy 
dnrable  ;  on  tin,  lead,  and  one,  less  durable. 

Printing  ink. — -All  inks  or  paints  osed  for  letter-preas,  copper-plate,  lithographic 
printing,  &c.  coasiat  essentially  of  well-boiied  dijing  oils  (vamiahee)  mixed  with  hunp- 
biack,  ot  other  pigment,  according  to  the  colour  intended  to  be  produced.  Soap  and 
resinous  matters  are  sometimes  added  io  give  the  boiled  oil  the  required  co~"""' 
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boSliig  than  linseed  oil,  and  iota  not  eiisilj  acqaini  ao  firm  a 

■bould  be  old  and  well  elated,  hj  depoution.  from  piMiclea  of  moeoa. 

Tm  or  twelTs  g^na  of  Ae  oil  an  aet  orer  tlie  fln  in  an  iron  pot,  capable  of  holding 
at  least  half  as  much  more ;  (or  the  oil  swells  np  gteati;,  and  ita  boiling  oTor  iotn  the 
flre  WDold  be  veiy  dangerooe.  When  it  boils,  it  is  eoatinuallj  stined  wttS  an  iion  ladle ; 
and  if  it  do  not  itself  take  die,  it  is  kindled  with  a  piece  of  flaming  paper  or  wood ;  foi 
simple  boiling  without  the  actual  inflammation  of  uieoil,  doea  oat  communicateasniB- 
dent  degnie  of  the  dijing  qoalitj  required.  The  oil  >■  anffeivd  U>  bum  for  half  an  hour 
or  more,  and  ihe  flame  being  then  eatingnished  by  ooTeringthe  Teasel  cloee,  the  bailing 
ia  altenrsnls  continued  with  a  gentle  heat,  till  the  oil  ai^wars  of  a  proper  consistence  ; 
is  this  slate  it  is  called  Tarnish.*  Itisneceeaan  to  haTS  two  lunds  of  this  Tarnish,  a 
thidwr  and  a  thinner,  from  the  peateriv  leas  bwlin^  to  be  occasionallj  mixed  together 
as  difierent  porpoaca  msT  nquire,  that  which  answent  well  in  hot  weather  being  loo 
thid  in  eo\i,  and  large  diaracters  not  reqoiring  so  stilT  an  ink  at  small  once. 

^nie  (liickeat  Tamid,  when  cold,  ma;  be  drawn  into  threads  like  weak  glue,  by  whioh 
eritetion  the  workmen  jndge  of  the  due  boilings  small  qnaDlitias  being  from  time  to 
'time  taken  ont  and  droi^adnprai  a  tile  (or  IhiipDrpoH.  It  is  veij  riscid  and  tenaciou, 
like  the  soft  reainoaa  jnieaa,  M'  thick  torprntioe.  Neither  wiit«r  nor  alcohol  diHotrea  it; 
bat  it  minglea  readi^  enon^  with  freeh  oil,  and  nniles  with  mucikgea  into  a  mass 
diffiiaible  in  water  in  an  emolsiTe  foim.    The  oil  loses  from  one-tenth  to  one-eighth  of 


intingink,  the  addition  of  soap  to  the  Tarnish  i 


;s  weLght  by  boiling  into  the  thick  Tarnish. 

For  letler-preas  printing  ink,  the  addition  ol         ^  __^ ,  __ 

enable  the  ink  to  ^  taken  np  clearly  from  the  type*  by  the  moistened  paper,  without 
■mealing.  The  soap  need  for  the  pnrpoae  ia  jellow  reain-eoap ;  it  is  cut  into  thin 
■UceSi  well  dried,  rubbed  to  coarse  powdn,  and  iocoiporated  1^  small  portions  at  a 
time  with  the  Tamiah,  wtueh  is  then  once  more  pla<»d  orer  the  fire,  to  expel  an; 
— aining  mdstore. 

lie  eolevring  matter  of  black  printing  ink  u  the  beat  lamp-black,  preriouslj  eal- 
emed  to  free  it  from  empyreamatic  oils  and  resins.  Ita  somewhat  brownish  oolonr  is 
corrected  by  the  addition  of  a  little  Fraeeisn  bine  or  indigo. 

The  ink  used  by  copper-plate  printers  differs  in  the  oil,  which  is  not  so  much  boili>d 
as  to  acquire  the  adhesive  quality.  This  would  render  il  leas  disposed  to  enl«r  the 
cavitiaa  of  the  engnriog,  and  more  difficult  eithpr  to  be  spread  or  wiped  off  (Ure).t 
The  black  is  likewise  of  a  different  kind.  Instead  of  lamp-black,  or  sablimed  charcoal, 
the  Fnnklbrt  black  is  oaed,  which  is  a  rosidnal  or  denser  charcoal,  said  to  be  made 
from  vine-twigs,  lAmj^hlack  is  said  to  give  a  degree  of  tougbnees  to  the  ink,  which 
the  Frankfort  does  not ;  but  the  goodness  of  the  colour  seems  to  be  the  leading  indnce- 
meut  for  the  use  of  the  latter. 

For  red,  bine,  and  yellow  printing  inks,  the  ordinary  linseed  ail  Tarnish  is  not  very 
vdl  adapted,  as  it*  brown  oolonr  impairs  the  brightnees  of  the  tint.  A  good  varuist 
for  Uie  purpose  ni^  be  made  bv  mixing  copaiba  balsam  (previously  eubje^ed  to  rapid 
bailing  wiUi  water  for  scTeral  hours  in  an  open  ^-'-'- '      '' "— 


. _-  .,  .  ..x  very  deep-coloored  pigments  with  a  eonsiderable  qaanti^  of 

carbonate  of  magnesia.  In  that  case,  lights colonred  linseed-oil  varnish  mixed  with  ^ 
white  eoap  may  be  need.  A  Sne  red  is  formed  of  Tcrmillion  mixed  with  jg  carmine, 
and  ^  magnesia.  Blue  is  given  by  nltnuuarine  (the  darknt  varieties  used  in  ralico- 
printmg)  with  magnesia ;  yellow  by  chromate  of  lead,  Prussian  bios  mixed  with 
ehromr-jellow  and  a  Urge  quantity  of  magneeia,  or  nltrnmarine  with  chiomate  of  xiiic, 
yields  a  fine  green.    Browns  are  obtained  with  bistre  and  sepia, 

Liticgrapiae  printhig  ink  is  wide  in  tbe  same  way  as  common  printing  ink,  bnt 
with  a  larger  proportion  of  lamp-black,  and  without  addition  of  soap.    (£e  IdTHO- 

inting  inks,  aae  HandtnoTltrbucX  dtr  Chemie,  viL  388,  and 
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INOCARPIN— INOSITE. 

A  red  colouring  matter  conlaincd  in  the  jm'cc  of  Inoearmu  tiuUt, 
•  tiMgHinag  in  Tiluti  The  juice  which  exudes  fnim  mdnonB  in  the  bark  of  joiuig 
beo,  01  the  perieacp  of  green  traita,  is  mloorieBS,  but  soon  tonia  led  on  expomre  to 
tbeuT(thojai«e  of  old  traaa  ii  red  *s  soon  u  it  rues  out),  and  diiea  up  to  a  red 
gmtaj  mau,  aolable  in  irater  and  in  alcohol,  ioBoIalile  in  ether.  The  aqueoua 
■otntioD  mizM  vith  caustic  alkalis  exhibits  a  mcoliar  play  of  colonn  when  shaken 
np  with  air.  The  reddened  joiee  eontains  alao  a  jelloir  ootouring  matter  called 
xanthocarpin.     (Cnient,  J.  Phaim.  hit.  341,} 

nnwSO  AODI.  CE'IPO*  (?)  (Liebig  Ann,  Ch.  Phaim.  [8]  xuia  129.J— 
An  add  found  in  the  mothei-'liqTtor  of  the  preparation  of  creatine  from  flosh-jnioe. 
When  this  mother-liqnor  is  concentrated,  then  miipd  with  alcohol  till  it  acquires  a 
milk*  consistence,  and  left  to  itaelf  for  a  few  days,  it  deposits  a  crystalline  mixturs 
eonasting  <^  creatine,  Lnoeate  sf  potauinm,  inosate  of  banum,  and  Tarious  aabitancea 
of  nnkiMwn  eompoeition.  The  crystals  are  redisBolved  in  hot  water,  and  chloride  of 
harium  is  passed  into  the  solution,  which  then,  on  cooling,  depositi  crystals  of  inoeate 
ofbariam;  and  this  salt,  decompcoed  by  Bulphnric  acid,  yields  inoaio  add. 

Inoaic  add  is  BBcrystalliBable,  easily  soluble  in  water,  and  has  a  reiy  agreeable 
fliTOur  of  broth.  Alcohol  predpitates  it  from  its  aqueous  solution.  It  is  insolable 
in  ethor.  It  does  not  precipitate  barioni-  or  calcium-salta,  but  with  copper-salts  it 
ibrms  a  bhuBh-greea  predpitate,  insoluble  in  boiling  wdtw.  With  lead-aalts  it  forma 
a  white  predpitate  ;  and  with  siker^aKs,  a  white  gelatinous  predpitate,  hariitg  the 
wipad:  of  alumina,  soluble  in  nitric  add  and  in  ammouia. 

Inoaic  add,  heated  witli  peroxide  of  lead  and  a  small  quantity  of  sulphuric  add,  is 
decomposed,  and  the  filtered  liquid  contains  needle-shaped  dystals.  The  inotaia, 
hssteo  on  platinom-foil,  decompoae,  giring  off  an  odour  of  roast  meaL 

Iiumiit  of  pofanitm  forms  elongatsd  qnadiil&teml  prisms,  Ter;  solnhle  in  water, 
insoluble  in  alcohol.  It  gives  off  22-02  per  cent,  of  water  at  100°,  and  the  dried  salt 
contains  207  per  cent  potash.  The  todium-ialt  ciystallisrs  in  small  silky  needles, 
Tery  solnble  in  water;  meuluble  in  alcohol  The  barium-ia/t  forms  elongated  quadri- 
lateral scales,  having  a  nacreous  lustre.  3,000  pts.  of  water  at  16°  dimolre  3'fi  pts. 
of  this  sail ;  it  is  insoluble  in  alc^JioL  A  Holution,  saturated  at  TO",  deposits  part  of 
the  salt  when  raised  to  the  boiling  heat.  The  cryBlals,  dried  at  100°,  contain  246  to 
S4-8  per  cent.  C,  26  H,  11*4  N,  31 1  to  33-8  O.and  30-4  BaK),  whence  Liebig  deduces 
the  fccmola  C*E'Sa1fK)'.JIP0.  Glerhardt  conaiderB  the  oumpoeitioD  to  be  more 
correctly  reEa«s«nted  by  the  Ibnnnla  CH'BaM'O'.SHK).  The  OTstols  effloresce  io 
the  air,  giving  off  19'OT  per  ecnt  water, 

ItuitaU  of  eopptr  is  aesrlf  insolable  in  water  and  in  acetic  add ;  veij  soluble  in 
■mmnntm  Jnoialt  of  jifiwr  is  Sparingly  soluble  in  pure  water,  and  docs  not  blacken 
hj  e^ioEuie  to  light. 

IMItmrrm.  CH'H)*.  IiuhIti.  Piaaamannite.  (Scherer  [1S50],  AliD.Ch.Pharm. 
Iiiii.  322;  Ixixi.  376.— Vobl,  ibid.  xdi.  126;  d.  60.— Cloetta,  ibid.  xdx.  289.— 
W.  iS.arm.i,  ibid,  cacxix.  1:12.) — A  sacchariae  sabstanee  isomeric  with  glucose,  dis- 
covered bj  Seherer  in  the  muscular  substonceof  the  heart  (hence  its  name,  from  ti,  M», 
musde),  and  since  foimd  to  exist  in  the  lungs,  kidneys,  liver  and  spleen  of  oiea 
(Cloetta),  also  in  the  brein  (W.  Muller);  m  the  human  kidneys  and  in  the  uriaa. 
m  a  case  of  Brighl'i  disease:  at  most  to  tho  amount  of  01  per  cent  It  occure  also 
in  several  plants,  having  been  obtained  &om  green  kidnev  beans,  the  unripe  fruit  of 
PiauoiutvulganiCVoil);  from  the  green  pods  and  unnpe  serds  of  the  garden  pea 
(Pitum  taUvum) ;  tiie  unripe  frail  of  the  lentil  ( Brvum  lent),  and  of  the  common  acacia 
(^Bobinia  ]i*elldacatia) ;  frca  the  heads  of  the  common  cabluge  (BroMica  ohraeea,  var. 
eepitata) ;  from  the  hcrti  of  Ibx^ove  and  fnom  extract  of  digilAlis ;  from  the  leaves  and 
■temsofdBndelion(Ihniiaei»Rii«ns^«)nu),  not  from  the  flowers  orroots;  fromthoshoota 
of  the  potato:  from  the  green  herb  and  Qmipe  berries  of  asparagus;  and  from  tjra  cryp- 
toraunons  plants,  vU.  Laelarivi  piperatiu,  L.,  and  Clavari^  crossa,  Pera.    (Hsrmi.) 

Awpomitim. — Frvm  orgaaa  of  the  animal  body.  1.  The  muscle  of  the  heart,  of 
Other  orgaoB  containing  inosite,  is  exhausted  with  wrier,  as  for  the  prepsratioti  of 
creatine;  Hat  phosphates  are  predpitated  from  the  liquid  by  baryts-water ;  the  filtrata 
is  evuorated;  and  the  creatine  allowed  to  crystallise  out.  The  mother-liquor  is  treateA- 
with  dilute  sulphuric  acid  to  remove  the  dissolved  baryta,  and,  after  removal  of  the 
eolpbata  of  bsrinm,  heated  as  long  as  volatile  acids  escape.  It  is  then,  in  order  to 
remove  the  last  tjaces  of  volatile  adds  and  of  lactic  add,  repeatedly  shaken  ap  with 
ether  sa  lona  as  anytMng  is  dissolved.  The  liquid,  serrated  from  the  ether,  is  mixed 
with  sloohol  till  a  tnrbi^tv  benns  to  appear ;  then,  aftsc  standing  for  some  time,  it  is 
poured  off  from  the  precipitated  salphate  of  potssdum,  and  mixed  with  more  alcohol, 
whereby  crystals  of  inodte  mixed  with  snlphate  of  patsssium  are  obtained.  The 
oystals  of  ttie  former  are  picked  oat  and  dissolved  in  a  small  quanti^  of  warm  water, 
woich  leaves  the  more  difficultly  soluble  sulphate  of  potassium,  and  are  purified  b7 
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laitjon  (Scherer). — 2.  The  freah-chopped  tisane  is  eoreped  with  water,  uiil 
0  itaiid  fbi  U  hours  in  a  cool  pUce,  with  &eqnent  atirrisg ;  the  liquid  is 
ra(Bd.Bnd  the  midne  pressed;  the  solatioii  is  heated  vith  it  little  acetic  odd 


Kcrfataltisition  (Scher 
allowed  to  stud  "  " ' 
theD  separated.  ■! 

to  separate  albumin  uid  bceiaatia,  then  strained,  evsporated  on  the  water-bath  ti: 
tenCh^piecipitatedwith  neutral  acetate  of  lesd,  and  filtioed;  nnd  tlie  filtrate  is  mixed  with 
baide  acetate  of  lead,  wherenpoa  inoeite  is  throwa  down  in  eombiDatiou  irith  oxide  of 
lead,  aiMuapamed  bj  uric  and,  cystine,  and  other  aubstaDcea.  The  predpitatt^  after 
Wubinjt  !■  deaomposed  under  water  bj  mjphydric  acid,  and  the  liquid  filtered  from 
the  nlphide  of  lead ;  it  then  Bometimes  deposils  crjstAls  of  uric  add,  and  vhea 
evaporated  to  a  Bnall  balk  on  the  vatoi-batli,  and  mixed  with  alcohol  till  b  tnrbiditjr 
is  podnced,  it  jidds  dyitalsof  iiiosite(Cloetta).  Acetate  of  lead  may  also  be  added 
at  once  to  tl>e  watw  and  for  making  tLe  extract  (W.  Mailer). — 3.  The  liquid  &am 
trhiali  the  inoaits  is  to  be  separated  ia  eoncentraed  hj  enporation,  ind  mixed,  boiliii£ 
-widithraewlinirneMatM^aleoliid;  if  a  Urge  predpitaie,  which  sticks  to  thebotlom, 
ia  thna  produced,  the  liqaid  is  ^loared  off  bot ;  but  if  qnl j  a  slight,  not  stit^  predpi- 
lata  ia  pndaead,  the  hot  soloboa  is  filtered  throufth  a  preriouBlj  heated  fiuuiel,  and 
left  to  stand  for  SI  houta ;  crTstals  of  inoeite  are  then  deposited,  and  are  washed  with 
*  mall  quanta^  of  cold  alcolud.  If  the  precipitate  caused  bj  hot  alcohol  is  dissolTsd 
in  a  snuQ  quantity  of  boiling  water,  and  treated  like  the  first  aolntion,  a  further 
qaandtj  of  iooaita  is  obtained.  In  ease  no  inoaite  sepantee  from  the  cooled  solatioD, 
Uie  cnstallintion  tna;  be  Euulttated  bv  additioa  of  ether  until  a  turiiiditj  remaiDS ' 
after  diakuig.     (Cooper  Lane,  Ann.  Ot.  Pharm.  cxrii.  IIB.) 

Fivm  Mdiuy  htam  and  olier  vegetabU  organ*. — The  iruit  cnt  np  in  the  bean-mill  U 
bnng  in  a  pressing  bag  fbr  half  an  hour  in  boiling  water,  or  in  steam,  vherebj  it 
becomes  poaaible  to  pnas  it ;  the  expressed  liqaid  is  Uien  evaporated  to  a  STmp  on  a 
water-bath,  and  alcohol  is  added  till  a  permanent  turbidity  is  produced.  The  oTstals 
which  form  are  pnrified  by  repeated  OTBtaUisation  &om  water,  vith  help  of  aniioal 
charcoal    (VohL) 

Manni,  after  froning  the  aqaeons  extracts  of  the  plants  above  mentioned  &om  every- 
thing predpitable  by  tannic  add  and  neutral  acetate  of  lead,  and  decolorising  them  sa 
eomplftefy  as  posaiUs  with  milk  of  lime  cr  aidmal  chan^oal,  predpitat^d  thPin  vith 
ba«e  acetate  of  lead;  mixed  the  filtrate  with  ammonia,  whereby  a  second  pcedpitala 
«u  obtained ;  decomposed  both  predpitates  with  bnlphydrio  add ;  concentrated  the 
filtrata  on  the  water-bath  till  it  became  tnrbid  on  addition  of  ah»hol;  then  mixed  it 
with  a  doable  volume  of  alcohol ;  warmed  the  liquid  till  it  became  dear ;  and  left  it  to 


PrtMerttt*. — IiMisita  is  depodted  from  its  concentrated  aqneooa  solution  in  crvstals 
mntjjtring  s  lit  water,  Ch'*0*.2HV.  According  to  Toh^  the  oygtals  am  tabular, 
like  thoas  of  gjpanm ;  according  to  Schsrar,  they  am  obtiqae  prinnB.  arranged  for  the 
moat  part  in  groups  like  eaoliflower-beeda;  aceordiag  to  Cloetta,  they  are  right  rhombic 
priaiM  witb  an^ea  el  138-ft2°  and  41'8°.  Specific  gravity  -  llliH  at  e°  (Vohl). 
In  dry  air,  in  Tseno  over  salphnrio  add,  or  at  100°,  they  become  white  andiqiaqDe,  and 
give  aB  theii  water,  leaving  anhydroos  inosite,  CfS'^O*,  as  a  white  effloresced  maaa, 
wliioh  mdta  at  a  tunpsrature  above  210°,  yielding  a  oolourless  liquid,  which  solidifies 
in  the  crystalline  state  when  quickly  coolied,  and  to  an  amorpbous  mass  when  oooled 
slowly,  tmt  doea  not  loae  weight  or  undergo  further  alteration  (Scherer).  Aahydrooa 
inonte  separates  in  white,  opaque  Gryatals  beaa  the  aqueous  aolntion  cooled  below  0°. 
(Vohl).    Inosite  has  a  pore  sweet  taste  and  no  rotaloiy  power. 

Hytbated  inosite  diuolvea  in  6  pta.  vater  at  19°  (Vehl),  in  S^  pts.  at  W 
(CloettaX  The  nmeen&ated  solution,  of  epedflc.  gravity  I'OfilS  at  19°,  is  not  syrapy 
and  itot  lubaect  to  apontaneoos  di>aomposition.  Inoaite  is  slightly  soluble  in  cold' 
aaneona  afawM^  mora  soluble  at  the  boiling  heat ;  insoluble  in  atnolnte  alcohol  and  in 

Inosite  do«a  not  combine  with  cMoridi  e/tadium  or  eUoriit  of  potaltium,  thess- 
aaha  ^staHising  oat  unaltered  from  its  aqueoDS  solution.  The  squeoos  solution  fcnns, 
with  boMe  aMatt  ofUad,  a  predpitate  which  appears  to  contun  C'U"0*.2PbH}. 

I>tai^?o»Uion*.~l.  After  dehydrated  inodte  has  been  melted  above  210°,  it  swells 


d/and  then  bums  with  a  brightly  luminons  flame,  leaving  an  sadly 

eDmt><i4ibledndra(Baherer).  When  quickly  heated,  it  gives  offva^rawhichexcita 
teaisandproduceaasmellof  burnt  sugar  (Vohl). — %  Aqueous  inosite  ia  not  affected 
bf  asDiM(Goiap-BesaDeK,Anii.  Ch.Ph>rm.  ex.  103).— 3.  The  salntion  of  inosite  in 
dilate  HitrtB  MM  does  not  give  effnilnw*  add  till  moderately  concentrateid ;  after  eva- 
pontion  to  diyiieaB,  it  eontaiiks  oialie  add.  The  aqueous  solution  of  the  residue,  freed, 
fron  oBiie  wid  by  ewbt>Dat«  of  calckm,  depodts  on  standing  magaificent  pnr^rsd 
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floclu,  soluble  in  dilate  acids  &iid  predpitablewithont  alteration  liyaminonut  (Tohl^ 
WheQ  sqanma  inoeite  in  erspnnited  nean;  to  dryneea  with  mCrie  acid,  and  the  residue  m 
IDoistanod  with  ammoBia  and  a  siiiallqiiantity  of  BolatioD  of  chloride  of  calcium,  and  BEuin 
evaporated,  a  rose-ted anbntance  lemauu.  Thuire&ction  affinals  a  delicate  and chanet«iiBtia 
test  of  the  preaence  of  iaoaita  (Scherer,  Vohl).  Inosite  diseolrea  vttliout  evolation 
of  gas,  in  cold  or  bailing  aitnc  acid  of  specific  graTity  l'S2,  forming  a  solntioii  irhence 
o3  of  vitriol  precipitates  nitio-inoiite  (Vohl). — t.  Inosite  dissolves  wiClioiit  color- 
afioniniti^AMrwaa^,  eithercold  or  at  100°;  ia  not  blackened  till  more  ationfl^  boated, 
and  lliea  evolves  snlpharoiu  anhydride  (T  o  h  1).  It  ia  not  altered  by  boiling;  with 
dilute  aci^(3cherer,Vohl). — S.  Itma^  be  boiled  with  concentrated  pDfiuA-^,  or  with 
&iryea-wiifcr,withaataltetBtionoTCoIoration(Scberer,Vohl).— 6.  The aqoeona  solution 
mixed  with  etipric  tidphatt,  jields,  on  addition  of  potash-ley,  a  bloish  green  preeipitatA 
which  quickly  disappears  on  addition  of  eicees  of  potash.  No  cupmoa  oiide  separate  from 
the  solution  m  boQing,  but  a  light  b!ae  precipitate  £i11b  when  the  liquid  is  left  to  stand 
for  aeTeml  days  (Scherei).  jLqoeons  inosite  yields,  when  heated  with  pofouio-ouprto 
tartrate,  t,  green  solution,  whence  a  bulky  green  precipitate  separates,  tbe  Bupsmatant 
liquid  again  becoming  blue.  After  removing  the  precipitate,  the  filtmte  aiiowii  the 
■aine  change  rS  edloar  when  heated  (Cloetta).  Acconling  to  Tohl,  the  change  of 
colour  which  occurs  on  besting  the  deep  amre-bluo  mixture  of  inosite  and  potasaio- 
cojaic  tartrate,  is  not  very  atri^ng,  and  is  due,  aa  well  as  Uie  production  of  the  preci- 
[Atatrv  to  the  presence  of  tnuwa  of  fravign  snbatancea.— T.  Inosite  ia  not  capable  of 
nndagoing  vinouB  fermeatotion  (Scherer).  In  contact  with  cAwk,  jbiA,  or  decaying 
mitomraiu,  anl  chalk.  It  nadergoes  lactone  Ibrmentation,  carbonic,  lactic,  and  batyric 
adds  bnng  formed.     (Scherer,  TohL) 

mtra-lnaBlta.    CH*N'0"  =  C^'^NO'^O*.    Inotint  iexnitHjae.    (Vohl,  lie. 
ci<.)^Tbia  compound  ia  obtained  by  dusalTing  anhydrona  iuoeite  in  nitric  acid  of 


water  and  recryatallised  from  bailing  oIoohoL  It  forms  rhombobedroos,  often  some 
lines  in  length  ;  melte  to  on  oil  when  heated,  and  solidifies  to  an  amccphons  auas 
which  becomes  cryatolline  after  a  few  days.  It  ia  permanent  in  air,  eiUier  dry  or 
moist ;  insoluble  iu  tnattr,  easily  soluble  in  alcohol. 

Nitro-inosite  deflagrates  without  residue  when  quickly  Kealtd,  and  detonates  nnder 
the  hammer.  It  ia  dacomposod  when  warmed  wiui  concentrated  acids.  It  disgolTea, 
with  dark  brown  colour  and  evolutioo  of  ammonia,  in  cold  or  warm  potath^lty.  The 
alkaline  Bolation  precipitates  cnproue  oxide  &om  potatno-citpric  tartraii,  and  a  minor 
of  metallic  sQvBr  from  ammonio-mtral«  of  liiter.  Nitro-lnoeita  treated  with  nitrio  add, 
ammonia  mi  ciloride  tffealeiitm,  shows  the  colocstion  of  iooaite. 

nrsox.UnO  ACXD.    SeeTRBWmuJO  Acm. 

XXTBSTnrAXi  OOMOmsnomi,    Thru  coDcretions  are  of  race  oocairence 

especially  ia  horses.  They  exhibit  great  diversity  io  their  properties  and  composition, 
as  wall  Bi  in  their  origin.  Many  owe  their  origin  to  an  albuminous  exudate  or  blood- 
coagnlom,  which  is  retained  in  the  intestine,  and  gradually  aolidiflpd  by  reaorpCion  of 
the  soluble  portion.  These  stones  consist  munly  of  coogolatad  fibrin  mixed  with 
ealeinm-salla  and  remains  of  food,  and  sometimes  containing  a  foreign  body  as 
Dndens.  In  a  coneretion  of  thia  kind  from  the  intestine  of  a  ohild,  Davy  foond 
7*  pet  cent,  flbcin,  19  per  cent  of  otJior  orga«ie  nutter^  and  7  per  cent  inor^uie 
salts. 

A  second  kind  of  intestinal  concretion  «onaists  chiefly  of  earth;)'  salts,  calcic  phot- 
phate  und  corbotiate,  ammonio-magneaio  carbonate,  and  magneHie  CArbonate  mixed 
or  unmixed  with  remsins  of  fbod;  roch  stones  often  contain  a  fureign  nuclens.  They 
are  most  frequent  in  vegetable  feeder^  especially  in  horses,  and  olten  attain  a  weight 
of  seretaJ  pounds.  A  concretion  lh>m  the  ccomm  of  a  cart-horse,  analysed  by 
F.  Simon,  was  Bpheriool,  perfectly  smooth,  greyish-yellow,  weighed  12i  ox.,  and  con- 
sisted of  three  layers,  deposit^  round  a  fragment  of  granite.  All  three  layers  con- 
sisted of  ammonio-msgnesian  phosphate,  with  a  small  quantity  of  alkaline  phosphates, 
but  Be  phosphate  of  calcinm,  Tbe  middle  layer  axhibited  a  radiating  strncture  taim 
tlie  centre  outwards,  with  woody  fibres  interposed  in  like  manner  amongst  the  atony 
mass.    In  100  pta.,  Simon  found  Sl'll  ammonio-magneaian  phosphate,  and  IS  per 


(ke  to  the  predpitiition  of  earthy  salts  .originally. 
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dinolrsd  in  the  food,  and  their  mlaeqiiant  agglonMntion  bj  iotaatliul  nmciu;  (^ 
loand  s  fonigii  bod  j. 

A  (hinl  kind  of  uit««tiii«l  aoDdetion  eoniuts  chiefl;  of  tuidigntad  naidoM  ottaoA; 
socli  atomt  hsTS  DBoaUy  ■  Toody  coniiitaiicd,  and  Bre  formed  Kmnd  a  foreign  bodj. 
lAngier  czamiiked  a  coiuietion  of  thia  kind  tram  the  rectum  of  a  msii ;  it  eon- 
BiitS  of  a  nucleus  of  bone,  anirounded  b;  interiaced  Tegetahle  fibres,  from  irhich 
valet  dtniCtfld  11  per  cent,  of  animal  matter  having  a  fiscal  odour,  logether  with 
amaU  quaatitiee  of  sal  amiooniae  and  chloride  of  ealeiiun. 

AmUier  elaaa  of  intestinal  ooncrrliona  conaiata  of  bUj  nuttera  miird  with  auHll 
qoantitiea  of  flbriu  and  caltdDm-nlts.  I^SBaigne  snaljied  a  number  of  noall 
ODUcretiona  of  tU*  kind  Toided  b;  a  gik  nfirring  from  tubercnloaia.  The;  contained 
7l4nr  cent,  iattj  maUen  (for  the  moat  put  free  &tt]F  acida,  pertaqv  oleic  and 
■tsaric),  21  animal  matter,  4  phosphate  of  calciBm,  and  1  cUoride  of  aodinm. 

Beaur-atonea  (L  S81)  mnat  alao  be  claaied  amoogat  intcatinal  etmcretiona.  (Hand- 
VMtarbncli  d.  Cbem.  2tti  Amfl.  ii  [S]  374.) 

im  TMS'l^VAZi  J  mum.  The  mucona  McretioQ  of  the  poneh-like  glanda  of  the 
inteetinal  eana]  (the  Lieberkiihiiian  ^ndl  of  the  small  iateatine  and  the  follirlea  of 
Uie  colon).  When  viewed  by  the  rairroecopr,  It  exhibits  granulatfd  celli  and  Cell- 
nudcd,  ajid,  »  commonly  obtained,  likewise  small  quantities  of  &t  and  epithelinm. 
When  filtered  from  these  matters,  it  forms  a  tolerably  dear,  mooons,  itran^  alkaline 
liquid,  irhich  does  not  coagulate  h;  heat,  and  is  not  precipitated  by  acetic  add,  nor, 
when  mixed  with  that  acid,  by  chlondn  of  bariom.  When  mixed,  boverer,  with  eight 
or  ten  timea  its  Tolume  of  alcohol,  it  depoaits  white  flocks,  which  diasolve  easily  and 
completely  in  water ;  the  eolation  thus  obtained  is  not  precipitated  hy  hydroehlorie, 
lulpaaric,  or  acetic  acid,  or  by  mercuric  chloride,  but  gives  precipitatea  with  the  neutnd 
and  basic  acetatds  of  lead. 

The  eonatitaeute  of  pure  intestinal  juira  are  the  same  as  those  of  mncos.  In  1,000 
pis.  of  the  filtered  intestinal  juice  of  a  dog,  Schnudt  sad  Zander  found  BSS'S  water, 
31  T  solid  matter,  E>~6  pnoeentic  and  intestinal  ferments,  together  with  insoluble  salts, 
16'S  biliary  matters  (cholic,  tsorocbolic,  and  glycocholats  of  sodium),  6-3  taurine, 
0-7  iaf,  37  extractive  matter,  016  potassium,  1-4S  sodium,  S-11  chlorine,  003  phos- 
phoric anhydride,  006  earthy  phosphatea.  In  the  intestinal  juice  from  the  apper  put 
of  the  colon  of  a  man,  Bosch  found  from  3-8  to  7'i  per  cent ;  IVericbs,  from  2'2  to  6-S 
per  cent,  solid  matter. 

The  inteetinal  juice  converts  starch  very  quickly  into  sugar,  and  digests  albnmfauMU 
mhetonceB,  flesh,  &c,  though  much  more  alowly  than  the  gaalrie  jmee.  (HandwSr- 
trabnch  d.  Cbem.  3te  Aofl.  u.  [3]  373.) 

BhtuMn. — A  substance  isomerio  with,  and  similar  n  ila  properties  to^  staidi,  di>> 
Mvcsed  by  Valentin  Boss  in  1804.  It  appeals  to  ha  a  very  wi&lj  diatribnted  oonsti- 
tnent  of  [danta,  and  ia  found  s^iecially  in  the  roots  of  elecampana  (Inula  Helmitim), 
dandelim  (T^mmmmi  dau  Ucmit),  chicory  {Geioriinii  &itgbiu),  tejexfew  (Pj/retltmm 
Parliaiiian),  and  meadow  aafion  (^Colcktewm  avlumaalt);  in  the  tubers  of  the  potato, 
the  dahlia,  and  the  Jerusalem  artichoke  (Heliatiiktu  luberetta),  in  L^p-manna 
(from  EveiUi/plia  dumota),  and  probably  in  the  seeds  of  the  san-flower  {ScUartlltui 
wiiivHs),  and  in  certain  lidiena,  via.  LicKenfTaxaiau  and  lAcJttnfattigiatia. 

FrtparatUM. — a.  From  Bccampant-rooti. — The  roots  are  boiled  with  a  larga  qnani 
tity  of  water,  the  decoction  is  evnioiated,  the  extract  exhaaated  with  cold  water,  and 
the  iunlis  which  remains  undisscdved  is  washed  (Qauttier,  Stratingh). — Or  the 
roots  are  exhausted  with  hot  water  in  a  percolating  apparatua ;  tbe  concentrated  effa* 
•ion  is  evsponled  to  10°  or  13°'Bul  and  miiAd  with  3  pts.  okwho!  ;  and  the  innlin 
thereby  precipitated  is  purified  by  rsprecipitation  with  alcohol  from  its  concentrated 
•olntion,  and  decolorised  with  aninuiliMiBKoal(ThibaaH).— The  beleoio  mixed  with 
innlin  pnpared  from  eleeampan»'root«  is  exbaded  by  h^Uag  with  alodioL 
(Croociwit.) 

b,  Frrtn  Folatott  or  DaiUa-tuien. — 1.  The  pulverulent  deposit  which  separates  in 
the  cold  from  the  expressed  jaiea  of  polatoea  is  dissolved  in  hot  water,  and  the  solu- 
tion is  filtered,  evaporated,  and  left  to  cool,  whereupon  it  deposits  inuhn  (Br  aeon  not). 
— 2.  The  nearly  ttansparent  Jnice  exprtaaed  from  dahlia-tabeis  is  left  to  stand  fin 
some  hours,  whetvupon  it  soli^flee,  from  separatioa  of  inulin,  li>  b  stiff  paste,  which 
is  to  be  washed  and  dried  ^udwig,  N.  Br.  Arch-  83,  163).— 3.  DaUia-tuben  rubbed 
to  a  pulp  are  washed  on  a  hair-sieve  in  a  thin  sbvam  of  water,  as  long  as  the  liquid 
continues  to  ran  through'milky,  and  the  inulin  which  npsistes  from  it  on  atsjiding  is 
collected  ;  or  in  case  it  is  slow  in  settling  down,  the  turbid  liquid  is  healed  till  it  boils, 
the  coagulated  vegetable  albusun  is  skinuoed  off,  and  the  remaining  liquid  is  left  to 
co(di  it  then,  after  a  tew  days,  depoaits  a  thick  pvlp  easy  to  wash  (Liehig,  Ann. 
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'  Ffaarm.  2,  331).— 4.  Dahlut-tobcn  rnbbed  to  a  pnlp  are  washed  wUh  oold  nter  on  a 

lioen  or  irMllen  cIoOi  1  tha  roridue  is  boiled  fbrtuiU'-an-lunir  irith  2  Mi.  vater  and  a 
amall  qnantitj  of  chalk ;  Oui  liquid  15  expressed  i  the  eztntct.  after  being  decmlonsed 
irilh  auima]  ehaia»l  uid  clarified  Kith  albumin,  is  eraponted  till  a  fllm  nmns  on  it; 
and  (he  innlin  which  sepsntn  on  cooling  is  waahed  with  oold  wats,  and  purifled  bj 
solution  in  hot  vat«r  and  cooling.    (Pajen.) 

Famell  nsee  peeled  and  wadied  dahlia-tnbcm,  boil»  than  tar  an  honr  and  a  half 
with  6  pti.  of  water,  and  pariflea  the  innlin  vhidi  smaiatM  Cmn  the  en^ontad 
extract  oj  preeipitatiiw  ita  aqnecma  aolntion  with  akohoL  Ciooekwit  pnnllM  the 
innlin  thoa  Aitained  b;  Mtliu  it  with  aki^L 

0.  Fhtt»  I>ai«U>aH-r«0((.  OU^nad  in  the  Mme  waj  as  horn  dahlia-taban.  (Witt- 
atein,  Bepert  71,  862;  Herbergsr,  Bepert.  S2,  S9»>. 

d,   Fnn  Ckiatry-roott,     The  ar " ''—  -' 

of  lead;  the  flltiata  tbad  tuna  It -._, 

and  theinnUn  which  sepantra  from  it  is  pnafled  bjprt 
withalediol.    (Woskrescnakv.) 

«.  Ann  £«n-)Mt)HM.  The  saMtaiioe  is  ezhatuted with b<nling alcohol;  therendo^ 
conaisluig  ot  Katnh,  mIIqIom  and  innlin,  is  well  boiled  with  water,  and  the  innlin, 
which  irpantes  fraa  the  filterad  oxtiact  on  eotding,  is  collected  and  washed  till  the 
Waah-waterno  longer  exhibits  the  readiona  of  starch,    (Anderson.) 

iVopcrMsi. — Innlin  is  a  strfl^  white,  tasteleaa,  inodorons  powder,  reatmlding  itaKh. 
Vhan  dried  on  glass  or  porcelain,  it  fomu  a  traoslnceot,  brittle,  il^CTling  white  mass, 
which  swella  np  in  walar.  SpeciHe  parity  -  I'SfiS  (Pajen),  I'iS  (Dnbrun- 
fant).  It  aTWj  hygioKopic,  and  sticks  to  ui«  teeth  and  to  moist  paper.  It  ezhibita 
hsTO-rotatoTv  power  —  34°  42'.    (Dnbranfant,  Compt  rend.  xlii.  803.) 

Host  of  tlis  analyses  which  hare  been  made  of  innlin  agree  nearly  with  the  fbr- 
mnla  CH»0*.  Woskresenskj,  howerer  (J.  yr,  Chem.  xxxriL  309)  obtwned 
qnantitiea  of  carbon  and  hydrogen  mneh  too  luge  for  this  formnla :  he  accordingly 
lepresenta  innlin  by  the  fbrmnla  C^iCO"  (or  C"E"0"),  and  snppoMS  that  the  innlin 
aiulysed  by  other  chemists  most  hare  undergone  partial  oxidation ;  but  the  near 
aeecndanoeof  moat  of  these  analyses  renders  this  view  improbable. 
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\;  e,  frimi  dandelion-root ;  d,  from  alecampMWt-mot ;  *,  /,  g, 
ftom  dahlia-taben ;  k,  &«m  dueofj-roota ;  i,  from  il«»u1»Hnii-int»(j»i*i»llj<iyi^i— H); 

Innlin,  immersed  in  mU  water,  iveipaaedtomMit  air,alHarba  watdr,  andomnblea 
to  a  dnll-looking  powder,  coniisting  of  igdraled  innlin,  C"H"0".3H*0. 

Inolin  diaaolTM  ymj  sparingly  in  c^  voter,  freely  in  boiling  wat<r,  bnt  the 
Bolationdoea  not  form  a  jelly  lifceUiat  of  starch;  it  is  insolnble  in  aiealtol,  whidi  also 
predpilatet  it  btna  its  aqneoaa  solntioa.  It  diasolvea  with  brown  colour  in  strong  nil- 


oitJiJ^andkpMeiptatedthen^ranby  ammonia,  bnt  not  by  water  or  aloohoL  It 
u  inaolnble  in  ifdroeUorle  add,  aad  in  oud  gjadal  aettie  tuid,  but  diasohrea  in  the 
lattw  iriien  warmed.  The  aaneoni  adlnldon  is  not  pred^atated  by  chlorm»^tattr,  but 
forms  a  white  tmdpitat*  wilA  inflition  ofgdU. 

Innlin  abaortw  S  per  CMit  tammoiaa,  and  diasolns  in  otdd  aqneoos  ;wtMjl,  forming  a 
■cilntion  iriiieh  leaTcs  on  araporation  a  nearly  coloodess  gnm,  and  whm  mixed  with 
adds,  dspomts,  after  a  while,  nnalUied  innlin. 

Innlin  diosobes  in  aqueona  mpnimniMua  (an  ammomacal  solution  of  enpric  imde), 
without  previons  tnme&etion  (Cramer,  J.  pr.  Chem.  IxxiiL  16),  the  MlntioD  yielding 
after  a  few  hours,  a  copioni  blue  amorphoua  precipitate,  insoluMe  in  water  and  in  am- 
monia, soluble  in  tartaric  and  nitric  Bode  (Sehlossbarger,  J.  pr.  Chem.  Ixxiii.  373). 
It  dissolTee  gradaaJlyin  agneous  nickd-tmBumin.    (Scblossberger.) 

The  aqneone  eolation  of  inulin  forma  a  white  precipitate  with  b^'ytoi-'Mttr,  and  with. 
thlorida  of  barium  mixed  with  potash. 
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un^  »  ,       . ,_. 

taining  qiuiititlM  of  lawl-ozide  TUTing  luamoaDt  from  Sl-sa  to  62'13  p 

not  pReipitat«d  b;  ftmnu,  feme,  or  ciprw  ttdfLOt,  Mereurie  mtraU,  nitraU  qf  tihtr, 

DecmigKniitoM, — L  lanlin  he&ted  abore  100°  melti,  with  colDUriiig  and  loaa  of 
vcdght,  ud  ii  cooTBited  iaCo  a  piCehj,  nreetiah  labaUiice,  very  Bolnble  in  waUr 
(Braeonnot),  inaolable  in  mta  and  in  aleoliol  (Fayan).  B7  diy  diatillaCion  it 
jitjdi  acetic  uaA,  haTina;  a  brown  eotonr,  but  &M  fioni  oilj  nutter.  When  tfarovn  on 
^wing  coala,  it  emit*  the  odonr  of  bamt  Bngir. — 2.  Heated  with  toaltr  to  100",  H  ta 
dowlj  bnt  completelj-  eoiiTerted  into  non-d^atallisable,  lero-rataton,  fcnnaalable 
[Qgnr. — 3.  B}*  boiling  with  nilrie  aeid,  innlin  ia  conrert^d  into  matip, 


acetic  adds,  bat  not  into  mncie  add.  Its  loltltioQ  in  ftuniog  nitnc  add  ii  not  pre* 
dpttated  br  water.— 4.  When  h«l«d  with  strong  in^hnrie  ^id,  it  tonia  yellow,  then 
brown,  and  is  nltimatelT  caiboniBcd. — 5.  Bj  diliUt  atidt,  either  hot  or  cold,  inalln  {• 
conTorted  into  mgar,  without  erdution  or  abaoiption  of  gu. — 9.  Aqneow  artmte  atU 
dincdTn  innlin,  with  aid  of  heat ;  after  eoDbLDOM  action,  the  coded  aolntioD  no  longw 
depOfdCs  innlin,  hnt  teaies,  OB  etnporatjoa,  a  rote-colonred  maaa,  which  aflerwaida  ba- 
eomo!  darlcer,  and  finally  block,  gn^ie-niaar  being  flnt  fiomed,  afterwardi  Ibrrnio  and 
nlmic  adds.^7.  Oxide  of  lead  conTsrts  mntiD  wholly  or  partinllj  into  ^nda  add, 
which,  if  aftenraida  eipoeed  to  the  air,  ia  changed  into  apog^ode  add  A.  warm 
aqneoui  solntion  of  inolu  redneeti  other  salts  of  lead,  also  thoea  of  copper  a>d  ailver. 
When  an  ammoniacal  Boldtion  of  acetate  of  iMd  if  predpitaled  by  aqntsnu  innlin,  tba 
filttate  MparaCed  from  the  whits  predpitate  depodta  mai^lea  of  Irad  after  a  few  honia, 
uid  oontain*  fbrmio  add. — 8.  Innlin  la  not  firmentmU.  If  either  its  rotatoir  power 
.nor  any  of  its  other  ptopertiea  ia  altered  by  duuttue. — 9.  It  ii  digeated  in  the 
■tomach,  and  doea  not  paaa,  as  ionliii,  elthar  into  the  nrine  or  into  the  fiaieaH. 

InaliB  ia  diatingniabed  b^m  etaich  by  its  raactioa  with  iodine,  which  inqiaita  to  it 
only  s  fbgiliTe  brown  colonr  1  by  ita  solnbitity  in  aqnaoiu  cnpnunmonia,  by  ita  power 
of  redndng  certain  metala  from  their  Bolnttona ;  and  by  its  inalterabili^  nnder  the 

influence  of  fennent*.  

IB.  C?OTO»  -  '^'^'^lo.  (Perkin  and  Dnppa,  PhiL 
Haft  [tl  Xfiii  SI.) — This  add  is  obtained,  as  on  ethyl-coDiponnd,  by  the  aetioD  of 
iodule  of  potaaslDm  00  bromacRtnte  of  ethyl  diluted  with  three  measnies  of  alcohol, 
the  miztora  being  digested  at  iO°  in  the  dark  for  aboot  two  hoars,  and  the  iodacetio 
ethiT  than  diatOlad  1^.  To  obtain  the  &ea  add,  the  ether  is  conyerted  into  a  baiinm- 
Mlt  by  digeation  with  hydista  of  barium ;  this  lalt  ia  decomposed  by  eantious  addition 
of  Nlphnncadd;  uid  theffitiste  ia  oyBtalliaed  in  a  vacnnm. 

lodacetio  add  fbnua  thin,  tongh,  coloorlesa,  rhombohedral  platea,  haTing  a  Terr  aonz 
taste,  and  not  ddiqneeeent  It  melts  at  83°,  with  slight  decomposition,  and  aolidilLea 
again  at  i6°.  It  is  decomposed,  like  bromacetio  aod,  by  mtu«t  oxide  of  Dim,  with 
IbrnMtion  of  glyooQic  add : 

COTO«  +   AgHO     -     Agl  +   C^'O'. 

ledaatate  of  Anammiiim  ia  rerr  aolable,  OTStalliaa,  and  non^^qnescent.  Tha 
^otasHNM-aalt  exhibits  nmilu  properties.  The  ioriun-sslt,  CH'lltaO',  ia  ajw 
talHne,  moderately  aolable  in  water,  Mid  [oedpitated  by  alcohol  The  Uad-eaU 
emtalUwa  in  prisms,  bnt  easily  splits  up  in  ablution  into  iodide  of  lead  and  g^yeoUie 
■ad: 

PHTPbO*  +   HK)     -    Pbl  +   (?H'0'. 

Ii>daettab  of  £Mff  is  an  oily  liquid,  hearier  tlian  water,  and  baring  a  toy  irritating 
odoor.  J(MjaMfiifeo/.^n^isoily,heaTiarthau  watw,hastheadoDzof  peBiB,aodgiTaa 
off  an  irritatii^  TBponr. 

Ttt  minnirHfl  art*  CE*PO>.  (FerkinaadDn^pa,  Chem.  SocQu.  J.xiiLl.) 
— The  ethyl-compound  of  this  add,  obtained  hy  acting  on  dibiomaeetstB  of  Mlrf 
with  iodide  of  potassium,  is  converted  into  a  caldnm-salt  b^  means  of  milk  of  lime ; 
.  the  nldum-salt  is  decomposed  by  bydiDchlorie  odd.  aToidlng  an  excess ;  and  tiM 
solution  is  left  to  crystsUiae.  The  add  is  thus  obtained  as  a  beaatifnlly  crystallina 
sulfdnn-yellow  compound,  volatile  at  ordinary  tprnperatores,  and  slightly  sduble  in 
watn.    It  haa  a  fainHy  a<ad  taste,  with  metolUc  after-taste.    It  does  not  blister  the 

Ths  di-iodaetlata  an  sKghtlr  yellow,  cryBlalline,  and  permanent,  «M^ng  'h* 
poUMium  and  sodinm-nUa,  wUch  ire  delkneeceut.  The  barium-ult,  CBI^O', 
toBot  rhombohedral  drstala,  which  ^ve  off  iodine  when  heated.  The  caMttm-salt 
fonna  yellow  dlky  nee^M^  also  deoompoMd  by  heat     The  kad-iMlt,  CfHtFbO*,  ia 
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^sllov  crybtalliBd  poTder,  vhieti,  when  gcnUf  healed,  deccoDpoBM  wiUi  slight  axploakm 

and  eTolotion  of  ioiliiiB.  

Di-iodacrtaU  of  Ethyl,  (?H(C^*)PO*,  ii  ■  veUowiah  liqnid,  h&Ting  >  pungent, 
huniiiig  tjists,  and  eitremelT  imtntiag  odour.  It  is  inaotuble.  or  Dwrlv  K>,  in  wstei. 
AmmoiuB  npidlj  oonvertB  it  into  di-iodaoetamide,  N.H'.C^I'O,  which  ii  k  pals 
ToUoir  Bubstuic?,  s^iarii^l;  salable  in  mtcr. 

XOnAOVFTK.    CTHTO.— The  ladide  of  iodacelic  add. 

XOllAIb.  C^I*0  -  C*IH).H.  m/dride  nf  7Vt-vm2aocfyI  (L  34).— This  com- 
pound is  said  to  be  obtained  by  adding  iodine  to  ■  iniitnre  of  alcohol  and  nitric  add. 
The  iodine  rapidly  diaappean,  and  an  oil  separates  which  maj  be  pnrifled  by  agitatioD 
with  water  u^  distillation  orer  chloride  of  calcium.  It  begins  to  boil  at  2t°|bat  the 
'  '"  IS  point  gradoally  rises  to  11£°.  Potash  conrarts  it  into  iodoform  (Aimi,  Asb. 
fhys.  [3]  IxiT.  21T).  Johnston  (Fba  Mag.  [3]  a  216)  obtained,  by  a  nmilar 
{Huoas,  an  oily  liquid  which  boiled  at  110°,  bnt  decomposed  and  tamed  brown  at 
the  same  time.  Johnston  Tegnrded  the  pcodoct  a*  iodata  of  ethyl  (see  Omelia'a 
Handbook,  iz.  ISS).  Sehaonbroodt.  (Bull.  Soc  Chim.  de  Faria,  1861,  p.  109),  by 
adding  hypochlorite  of  potuBinm  to  an  ahraholic  solution  of  iodine  till  the  latter  was 
decidorwd,  obtained  a  copiona  preciiritate  consisting  of  small  shining  needles,  easily 
Bolnble  in  water,  sparingly  in  alcohot  and  resolved  \sj  poUah-ley  into  fonnic  acid  and 
iodofonn:  hence  it  was  probably  iodaL 

XOSAKmBB  and  XOSAXKIUIMIIIMM.  Undtr  tlieae  terms  may  be  indnded 
«  nnmber  of  eomponnds,  mostly  of  an  enknrB  character,  produced  by  the  acdon  of 
iodine  on  ammonia.  The  compontioD  ana  p»p«rtiM  of  these  products  Taiy  according 
to  the  mode  of  prepantion  adopted. 

I.  SwdamUMS.  By  diges^ng  iodine  in  excess  of  aqneoaa  ammonia)  by  adding 
a  laige  excess  of  aqueous  or  alcoholic  ammonia  to  a  saturated  solution  of  iodine  in 
alcohol,  and  then  dilating  with  water ;  by  adding  ammonia  to  a  sedation  of  iodine  ia 
nitro-murjatio  add  (which  contains  protochloride  of  iodine,  ICl) ;  er  by  deoompoaing 
the  exploeiTe  componnd  called  chloride  of  uitn^en,  with  iodide  of  potassium — a 
black  powder  is  precipitated  which  when  dry  is  violently  explosire.  It  must  be 
collectM  on  a  filter,  and  washed  with  water ;  and  to  guard  against  acddenta  in  diying, 
it  ia  adrisabla  to  divide  the  filter,  with  the  moist  predpitats  upon  it,  into  small  p»oeai 
and  expose  them  to  wann  dry  air  at  oonsidanble  distances  firam  each  other.  Or  the 
precipitate  mar  be  dried  under  a  receivei  filled  with  ammonia  gts,  in  whidi  oat, 
accoraing  to  Sullon,  there  ia  no  fear  of  explosion. 

The  prodnct  obtained  by  either  of  these  processes,  oemmonly  called  iodide  tf 
nitrogen,  ie  a  brownish-black  soft  powder,  which  when  dry  azplodea  bom  the 
slightest  cause,  producing  a  loud  report  and  destroying  any  solid  bodies  that  m^  be 
near  it.  The  explosion  is  altendnd  with  a  fiiint  fiaih  of  Tiolet  hght^  nitngen  being 
set  &ee  as  gas,  and  iodine  in  the  finm  of  very  fine  powder.  It  m^  be  ei^oded  I7 
frictioTi,  even  under  wata,  and  in  the  dry  state  can  acansely  be  touched  without 
exploding,  tiie  slightest  elcTation  of  temperature,  and  even  the  friction  prodoced  by 
sliding  over  the  em&ce  of  amooth '  paper,  being  nufildent  to  explode  it.  When 
moist,  it  decomposes  elowly  in  contact  with  the  air,  yielding  nitrogen,  iodic  add, 
and  hydiiodie  add.  A  simitar  decomposition  is  produced  more  rapidly  by  boiling 
fsoter,  or  by  alltaiHU  tolutimu,  Sulvkydrie  acid  decompoacA  it,  producing  hydriodie 
add,  ammonia,  and  a  deposit  of  sulphnr.  With  ttilphurouM  acid,  it  yields  iodide  of 
ammoninm,  hydriodie  acid,  and  sulphoric  acjd.  Bmmme-valer  decomposes  it  instao- 
taneously,  ciioritu  more  slowly:  strong  flitrw  odif  attacks  itvicdenUy.  (Ota  d  9  tone.) 
This  description  apfilies  to  all  the  products  obtained  by  the  processes  above- 
mentioned  :  DereitheUss,  tlM««  [codnda  are  not  abaolately  identical  in  eompoaitian ; 
bat  they  sU  appetr  to  be  iodamide*— that  is  to  aay,  Mnmonia-moUealea  harii^  the 
hydrogen  more  or  leas  replaced  by  iodine — combined  in  tome  inalaneea  with  ammonia 
itatdf.  Oay-LassacKgardedtheprodoctrf  the  actionof  iodine  on  ammwiia  as  a  com- 
pound of  iodine  and  nitnsen  alone,  in  fact,  aa  tri-iodamide,  HI*,  and,  according 
to  recent  analyses  by  Stahl Schmidt  (see  p.  281),  this  compound  does  appear  to  be 
formed  nnder  certain  conditions  1  but  repeated  ezperimsnta  by  serend  chemisla  have 
shown  that  the  explosive  compound  thus  prodncea  frequently  also  oontains  hydrogen : 
for  when  small  portions  of  it  in  a  state  of  perfect  dryness  are  repeatedly  exploded 
under  a  bell-Jar,  iodide  of  ammonium  is  deposited  on  the  sides  of  the  veaseL 

Accotding  to  Hillon  (Ann.  Ch.  Fbys.  [2]  Ixix.  78),  the  oompoond  il  mono- 
ioda  mide,  NH'I,aiid  the  decomposition  just  mentioned  takes  place  as  reprwented  bj 


asm    =    NH'i  +  I  +  N. 
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BIoeaD  {ibid.  [3]  it.  71),  I7  del«niiitiing  tliB  qnsntitin  of  h^driodie  aai, 
'■nd  Ditnigen  {auduenl  in  ita  dMompoaitioB  bj  lolphjdni:  aeul,  TW  lad  to  adopt  the 
Ibnnuli.NHI'.irhuliutliatofdi-iodamidsi 

NHP  +   2H«     -    NH'I   +   HI   +  S». 

Oladstone  (Chem.  3oc.  Qu.  J.  ir.  34)  takrs  tht  ume  neir  of  its  coiutitntton.    B7 

decompoeiiig  with  Bulphjdric  acid,  the  compoiuid  produced  by  the  action  of  lumaiNiia 

on  an  alcohMu:  Kolatioa  of  iodine,  he  Suda  that  it  contsiuB  2  at.  iodine  to  I  at  eitrogjen, 

whils  ita  deoompositioii  bj  aqneona  anlphnroaa  acid  a  represented  1^  the  eqnation : 

NHI»  +   Z3H"0"  +   2SKt     -     NH'I  +   HI   +  aSHKV. 

He  atoo  flndi  that  the  fbnnnU  NHI*  ii  in  accordance  with  the  (bnoation  of  the  00m- 


2aCaO   +   aNH'I     -     HHI>  +   SCaQ  +   2IP0   +  MH*. 

Bnnaea  (Ann.  Ch.  I%arm,  Imir.  1)  hai  also  namioed  the  c 

iodide  of  nitroBon,  and  urived  at  differeat  eonclDaiona.   He  obaarrca  that  the  mode  of 

fbmiatiDD  of  the  czpIoaiTe  compound  tiom  iodine  and  anunonia,  with   bTdtiodie 

acidaa  the  oulj  Meondairproduct.  ahowe  that  it  muiit  be  a  mbstitDlJon-pfodaet  ofarn* 
moniH,  of  the  form  VI',  BHT  or  NH%  associated  at  moet  with  ammoDia  and  hydriodia 
add :  2,  Tbot  it  cannot  eoDtain  hvdriodic  acid,  becaiue  it  diaaolTOi  in  hydroehlom 
acid  without  erolntion  of  gaa,  and  foima  a  aolution  containina;  ammonia  and  pntochlo- 
ride  of  iodine,  but  no  hydnodic  acid ;  S.  That,  to  determine  ita  eompooition,  it  i>  mffl- 
eient  to  aee^rtaiD  how  much  ICl  and  how  mnch  NH*  it  jieidi  with  hydrochloric  add, 
and  to  Bee  whidi  of  the  tbllowing  equations  agrees  with  the  raolla : 


NI-  +   SHCl  -  SICl   +  NH'    ....    (a) 

HHI'  +   2HC1  -  2ICI  +  NH"  '" 

Hm  +     HCt  -  la  +   NH' 

+   NH'  +     Ha  -  la  +2NH'    , 


::1 


FicparationB  obtuned  by  mixing  cold  and  more  or  less  satorated  anhydnma  alcoholia 
■cdntjona  of  iodine  and  aDUDonia,  which  were  not  decompowd  by  washing  with  absolute 
alcohol,  gave,  when  disaolved  in  hydrochloric  acid,  qnantilica  i^  ammonia,  iodine,  and 
dilorine,  in  the  atomic  proportioa  of  2 :  3  :  3,  ahowing  that  the  conititntion  of  the 
eomponad  tfaua  formed  was  NI'.NH*.  A  prepantion  obtjuncd  by  adding  ammonia  to  a 
aolution  of  iodine  in  nitro-mnriatic  acid  dilnted  with  w&ter,  and  washed  as  quickly  as 
poaaible  with  cold  water,  garc,  with  hydrochloric  odd,  qnantities  of  ammonia  and  pro- 
tochloride  of  iodine  in  the  atomic  proportion  of  fi  :  12,  showing  that  its  formula  was 
iNP-NH*.  YTheD  washed  with  water  for  an/  length  of  time,  even  till  the  greater  [art 
of  the  compound  was  decomposed,  with  separation  of  iodine  and  nitrogen,  the  unde- 
compoeed  portion  still  yielded  more  than  1  at  ammonia  to  3  at  chloride  of  iodine,  a 
iproof  that  ammonia  entered  essentially  into  its  constitution.  Bunsra  is  of  opinion  that 
there  exist  two  distinct  compounds,  NPJNH'  and  4NI'.NH*,  fbrmed  in  tae  manner 
■hown  by  the  equations, 

aNH"  +  81  -  NP.NH*  +  SHI 
8(NP.NH')  +  !H'0  -  2(iNP.NH')  +  8(NH')HJ. 
The  formation  of  the  ao-called  iodide  of  nitrogen  by  the  action  of  ammonia  on  a  sola- 
tion  of  iodine  in  nitro-mnriatic  add,  would  be  inoouaiitent  with  this  view,  if  that 
eolation  contained,  not  ICl,  bnl^  as  is  sometimes  sappoaed,  ICl*,  because  NI*  eould  not 
be  formed  from  the  latter.  Booseu  tus,  howerer,  shown  that  the  solution  of  iodine  in 
nitto-inariBtlc  add  contains  only  ICL  The  fitrmation  of  the  exploMTe  compound  ftoni 
ICl  is  explained  by  the  equation, 

2NH"  +   SICl     -     (NI'.NH")   +   SHCL 
The  immediate  products  of  its  exploRkm  are  nitrogen  and  hydriodic  add : 

NirNH"  -  N"  +   SHI. 
which  latter  is,  fbr  the  moet  part,  resolved  by  the  high  temperature  into  iodine  and 
hydrogen,  while  another  portion  unites  with  the  ammonia  lA  the  compound,  fbnning 
iodide  of  ammonium,  thereby  setting  free  quantities  of  iodine  and  nitrogen  eqniTaleot 

The  compnmd  obtained  by  Bineao  and  hf  Oladstone,  vir.  di-iodamidB  NBI*,  U 
intermediate  between  the  two  compounds  obtained  by  Bunsen : 

asTH"  +  vn"m   .    9NHI' 
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Ban*en'i  flrst  etHnpound  NP.NH',  maj  be  rapnuDtad  aa  tri-iodammoiuuDininuaQi, 
NjJun  ^oi  O^  ncond  coupoQud  4in'J9H',  might  be  fbnniilatod  in  »  nmilv 

Laatly,  it  appears  from  th«  ezperimenti  of  Stahlicbmidt  (Fogg.  Ann.  ciii. 
431 ;  BuIL  Boo.  CUm.  da  Puis  1861,  p.  149),  that  di-  oi  tri-iodamide  maj  b« 
prodoeed  aa»rdliig  an  alcoholic  or  aqaeooi  ammoDia  ii  added  to  an  alooholic  aolntira 
of  iodine.  B;  mixing  aloohollc  solationa  of  ammonia  aod  iodine,  he  obtained  a 
compoand  Tielding  bj  analjna  quantitiea  of  iodins  and  nitngen  in  the  proportion  of 
3  at.  I  to  1  at  N,  therefbro  NHI*. 

Ob  the  otlieT  hand,  a  prodact  obtained  bj  adding  aqneooi  anunonia  to  an  aleoholio 
.tinetnn  of  iodine,  jieldfd  bj  deeompoaition  with  tufyij/dne  add,  pnxUietl  oontainitig 
S  at.  I  to  1  at.  N,  aeMidiug  tc  tbe  aqnation, 

SP  +   SH>8    -     NR1   +  2HI  -4-  SI. 

^e  iBlne  aabstance  treated  with  iodide  efmetJi^l,  yielded  in  24  honii,  two  Ujei*  of 
liquid,  the  npper  eoniiBtiDg  of  aqneons  hydnodii:  add  and  iodide  of  ammoninm,  wlule 
tu  loinr  eoBtatned  iodoform  ana  pento-iodide  of  tetntnethrl-ammonimn : 


a  pento-iodide  of  tetmneth;!- 
k  3CIPI    -    2NH'  +  3CHP, 


and2NP  -t-  SCH^ 


On  tMatina  the  lower  ligaidiritJi  bailing  abaolat?  alcohol,  a  aolatioo  was  oUained  which 
dsponted  Uie  penta-io^de  in  aliitiing  giveo  cryataU,  while  iodoform  remained  in  tbe 
mothei^liqaor ;  and  this  nother-liqnor  being  treated  with  potaah,  gars  off  ammonia 
and  yielded  iodoform,  together  with  yellow  cryitala  having  the  compoaition  of  di- 
iodomethyUmide  IT  \  f,-^  The  aalina  leaidne  cootained  bntynte  of  poloniain  and 
other  rallB. 

If  the  tri-iodsmid»  nied  in  tiie  preceding  reaction  ttill  i«taina  ammonia,  the  [«o- 
dncta  obtained  are  penta-iodide  of  tetnmethjdammoninm,  and  a  componDd  of  S  aL  iodo- 
form with  mono-iodide  of  tetramBtbylammoniam,  C*H"Nr  —  (CH')*NI  +  2CHI*. 

By  acting  with  ammonia  on  penta-iodide  of  tettuuethylammoniom  (which  contain! 
4  at.  iodine  in  aatet«of  lew  intimate  combination  than  theSfth,  and  read;  to  act  like 
free  iodine),  Stahlachmidt  has  obtained  a  compound  containing  C'H''IT'I',  which  mtj 
be  r^iarded  aa  a  compound  of  di-iodamides  NHP,  with  tri-iodide  of  tetiameihyt' 
ammonium.  The  aame  compound  is  formed  on  mudng  alcoholic  tinetnie  of  iodine  with 
an  ""■"""""'  aolation  of  mono-iodide  of  tetrBm^jl-imraoniam.  It  in  a  black 
powder,  which  explodes  Rt  100°,  or  in  contact  with  Bulphoric  add,  giring  off  nitj^igi>n, 
and  leaving  the  penta-iodtde.  The  same  decomposition  takta  place  on  heating  its 
alcoholic  aolntion.  Sulph^drie  acid  redneeait  to  mono-iodide  of  tetramethjlammomum. 


NH"!;    or    lodidt   of  Ammonia,    HH*.!  — Diy  iodine 


ahflorbfl  diy  ammonia-gas,  100  part*  of  iodine  taking  up  8'3  pts.  of  amm 
e  ptg.  It  0°,  and  9-i  Ma.  at— 18°.  The  product  u  a  bladiah-brown 
Ijqizid,  baring  a  metallic  aspect^  imelling  of  ammonia  and  icxtioB.  an 


_^      ,  .        ^  aspect^  imellingof  am  .  ...^ ^  _ 

brown  stain  to  tbe  ikic  and  to  p^P"-  "^KX  heated,  it  giree  off  a  portion  of  the 
ammonia  and  mblitnea  in  Tiolet*  Tapoon.  It*  lustra  and  tenadtjy  are  dnboyed  hj 
ezceea  of  ammonia.  It  diuolTca  leadily  in  tJc^ol,  and  is  reaolTed  b;  watw  into 
iodide  of  ammoninm  and  di-iodamide : 

2Nm     -     NH'I   +   TSWl. 
In  a  entnmt  of  bydrochloiic  Kid  gas,  it  ia  eompletelr  decomposed,  yielding  nibogan 
gas,  sal-ammoniac,  iodide  01  ammoninm,  and  free  iodine.    (Mitlon,  Ann.  Cfa.  "SSji. 
&iz.7B.) 


iedi-itTiimtm-mamiM-aimniniiv^ 


\"^^'\^y 


a  ammonium-molecnta  ■T^«^'"g  in  the  fr«e 
Jli  I«dU«  »f  loOMBBOBtan.  NffP  ■•  (MB^IU.— Tlua  compound  diMortced 
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lODAMMONIUM  — lODHTDEINS. 

byOnthrie  (tSiem.  Soc.  J.  scri.  239),  is  obtained:  1.  By  wUing  fimlj-pOTdeml 
iodine  to  ■  RBtorated  Holutaon  of  nitrate  or  catboute  of  uniDODia  Bizcd  with  tboat 


idfl  of  icdaDunoninia  is  separated  bj  ■  pipetto  from  tha  lalisa 
itw,  and  pmbablv  identical  liquid  la  obtained  by  adding  to  the 
r  ■mmonU,  mixed  with  potash,  a  ntnrated  aolntioB  of  iodine  in 


one-third  of  an  e^uiralant  qoantJCy  of  potash.    The  iodine  inmediatdj  liqatflel,  with- 
out percepdble  rue  of  temperatora,  and  nnica  with  the  elenenta  alun  v 
fcniing  a  Ten  mobile  brawnieh-black  liqnid,  while  the  n 
cokwIeBB.    The  iodide  of  ii '  -   ■  - 

■olatioB.^ — Z  A  omikr,  a 

■ohltitNi  of  nitnte  of  ammonia,  miznf  with  potash,  a 
aqneoBi  iodide  of  potassinm. 

Iodide  of  iodammonium  diaaolrea  in  ether,  aloohol,  chloroftirin,  aolphida  of  oaibon, 
and  aqneona  iodide  of  potaniom.  When  hnted,  it  is  partlj  reaotved  into  iodilia,  and 
an  iodifeiDiu  liquid,  which  may  be  distilled  without  doeompotitjon,  and  is  pmbablf 
Uillon's  01  Binean's  "  iodide  of  ammonia." 

NHTP    -    I    +    NH^. 
BNHT*    -    :•   +     3NH'.I', 
Exposed  in  the  dij  state  to  the  air,  it  deoompoeea  spontanranaly  into  ammonia 
and  iodine,  no  permanent  gas  bein^  evolved.     On  agitating  it  in  a  endiometar-tnba 
with  mercury,  iodide  of  mercury  u  formed,  and  the  mercnry  ii  depressed  by  tha 
liberated  ammonia,  which  latter  u  completelr  absorbed  by  water : 
HHT  +  2Hg  -  NH'  +  2HgI. 
It  is  di>eompoaed  by  water,  coloaring  the  water  rddish-brown,  from  wpuation  <£ 
iodiaa,  eroinng  nitrogen  gai^  and  yielding  a  reaidae  of  di-iodanude^  which  ax^Jodea 
^KUitaBeMul;  under  water : 

4irapP  +  H»0  -  3NHP  +  2NH1  +  SHI  +HH)  -  rP  +  4HI+P+2NH1>HH) 
The  ftmiation  itf  the  di-iodamide  it  more  rapid  than  its  decomposition,  so  that  atme 
itf  it  is  left  after  the  orinnal  compound  is  brolten  np. 

The  caustic  aUcaiu  effect  the  same  decomposition  aa  water,  but  mora  qiucklj,  on 
aemnnt  of  the  greater  afSnitj  of  their  metals  fbr  iodine. 
Acidt  datermiue  the  formation  of  ammonia,  s.  g.  ; 

NHI*   +  Ha         -     NH'Cl         +   P. 
NHT   +   H-SO'     -     (NH')^0*  +  P. 
A  portion  of  the  componnd  prepared  by  the  flret  method  (p.  283)  and  decomposed 
in  tbu  way  by  dilute  BatphDrio  acid,  yielded  in  one  experiment  S'B!  per  cent:  KIP  and 
93-47I,inanother,  S'A9NH>to(t3-MI,  the  fbrmola ruuirii^; 6-27  NH*toe3-78L  On 
■abmitting  the  componnd  to  fractional  solution  with  cblorobrm,  tile  residue  waa  found 
to  hare  exactly  the  same  compodtioa  as  the  original  substance,  showing  that  the  inb- 
stance  operated  on  was  a  definite  compound,  and  not  a  mixture  of  two  or  moRk 
(Seep.  282.) 
.    Syj>.  with  loDorammAKnn.    See  FsEtrrLAxnim. 
a  JUJm.    CH^O*.    Produced,  together  with  hydriodate  of  coani- 
sMnic  add,  by  the  action  of  hydriodio  add  on  diasoanis-oxanisamie  add : 

OHTTO-.CHIIO*  +   2HI     -     C^HT'fO'.HI  +   CTmO*  +  S* 
DUnult-ouDlamle  HrtriodiMet  leJwilite 

•eid.  Bualiutc  »M. 

•cM. 
It  forms  white  needles,  insoluble  in  water,  eanlv  soluble  in  alcohol  and  in  ether. 
The it^etr-so/l  is  a  white  amorphona  predpitate.   (P.  Griess,  Fn>a.  Boy.  Soc.  x.  309; 
JahrvBber.  1869,  p.  46S.) 
*"**'*'""■" """  Atm.    See  Axaainc  Oxtiodin  or  (i.  386). 
See  loDDTB,  OxTomt-uoDB  of; 

See  QoiJ>,  locmss  or  (iL  929). 
See  ErXTLAKcn  (ii.  OSS), 
See  Ethtuh^  Ljdatvd  (S.  679). 
3  AOnh    See  lomni  or  ETimoaHM  (p.  284). 
■ODHTSKm.    Compounds  denTsd  from  gt^eerin  or  from  glycide  (il  896),  by 
assumption  of  the  elements  of  hjdriodic  acid  and  ebmination  of  water.    On^  two  han 
hitherto  been  obtained ;  both  of  which  are  ^yddie  etheif,  via. : — 

lodhydroglycide  or  Epi-iodhydrin  .  .  (^Jq  -  CBW  +  HI  -  SHO. 
lodhjdrodiglyad*  (Borthelot'a  lodhydriD)  C<^)'t  ^  _  2CHH)'  +  HI  -  tBfO, 
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TheSnthubeeDi]TMd]rdMmb«d(ii.  S99).  Tlie  KOOnd  u  obUinod  by  mtniatiog 
pjeena  with  hydriodio  tad,  kevpins  tha  liquid  in  s  doM  Teasel  M  100°  far  loitj 
bonn,  and  theo  treating  it  vith  potaui  and  elber.  It  is  a  nrap;  Uq^nid  of  a  goldea 
jdltnr  colaar,  and  apecifle  giaTit^  l'7lt3.  It  bu  a  aacehanne  taato,  diaaolTsa  about 
ai  -lliiidof  itabnlkof  watar,  bnt  u  not  itadf  nlable  is  mter.  It  is  aoluble  in  aloohal, 
and  Btill  more  in  ether.  It  ii  not  mlslile  withont  deeom^ositiini.  It  bama  without 
reaidu^  giTiagoffrapoon  of  iodine.  Potaah  decompoiea  it  alowljat  100°,  producing 
iodide  oT  potuooni,  a  lignid  irhicfa  wpean  to  be  idantkal  with  glyoerin,  and  a  Tolatile 
Jiijiud,  probablj  oxide  of  ^yce^l  (<?H')W,  The  iodine  in  eod-IiTer  oil  ia  p«rfaapa 
in  the  form  of  tbia,  or  a  ainular  eompoond.  (Berthslot  and  De  Lnoa,  CompL 
nod.  zzzii.  748.) 

XOSim  OV  AOam.  See  Acvm  (i.  3fi). — Th«  iodides  of  other  orgiaiue 
radicles  are  alio  described  under  the  eerenil  radicles. 

XOnZDa  or  A&VWnrmK.  See  AiMtanmt  (L  1C7).— Tbe  iodides  of  other 
metala  are  also  described  under  the  serrral  metals. 

XOSXBS  or  AHKOWZA.     See  loDunfomnt  (p.  182). 

XOmsa  me  AMJCOSXVIE.    See  AmomtrM-Su.'rs. 
See  BoBOX  (i.  637). 

tonzsa  or  HTBaoaav.  sossraBso  <»■  bybsiosio  juhd.  m. 

.lodiiw  doe*  not  combine  with  hjdrogoi  at  ordinuj  tompeiktaree,  even  nndw  the 
inflnence  of  stuuhiDe ;  bnt  when  h^dr^en  gaa  and  iodine  TBponr  are  passed  together 
throng  a  red-hot  tabs,  combination  takes  ^aoe.  Aeccodii^  to  Bluedell  (Fogg. 
Ann.  u.  216),  Rtongy  plstiniun  brines  about  the  eomlnnatian  at  ordinaij  tempeia- 
tnree.  The  affinity  of  iodine  for  hjdroeen  is  inferior  onlj  to  that  of  oxygen,  flooring 
chlorine,  ud  bromine :  consequently  iodins  eepantea  hyiln^eD  from  moat  of  its  oom- 
binationa,  irir.  from  phoephoretted  hydrogen,  eulphydric  acid,  ammonia,  and  many 
organic  compoondo,  ij/.  alcohol,  ether,  and  rolatile  oils,  the  result  being  in  all  oueii 
the  fbrnution  of  hydriodic  acid  fQaultier;  Colin).  Iodine  does  not  decompose 
toatiT,  even  at  a  red  heat,  or  at  all  erants,  producea  mere  traces  of  iodic  and  hydnodie 
adds  (Oay-Lussac).  If,  hovsTer,  there  u  likavise  present  an;  aubatance  that  can 
take  np  the  oxygen  of  the  water,  hydriodic  acid  is  produced  in  abondance.  Hence 
water  and  iodue,  in  otmtoct  vith  ph/itpionu,  form  hydriodic  add  and  pboiphorons 
kcid  (Qay-Lussac):  with  luipaurotti  add,  oolr  noweTer  when  a  eoonderabla 
quantity  of  water  is  present,  they  yield  hjdriodie  and  Bolphnric  acids.  With  ttitpJdta, 
if  largely  diluted,  the  products  are  by^iodic  add  and  a  sulphate;  similady  with 
Kmotidphitei ;  with  aneniom  add,  hydriodic  acid  and  arsenic  acid ;  with  tUu>7iini$ 
mitt,  hydriodic  acid  and  a  stannic  ult;  and  with  certain  nteiait,  hydriodic  add  sjid  a 
metallic  oxide. 

Prtparalion. — I.  In  the  g<utout  ttatc.—a.  1  pt.  of  phoaphona  and  9  pU.  of  iodine 
are  moistened  with  a  small  qoanlity  of  water,  or  ooTered  with  moistened  gUuw-poirder, 
and  heated  in  a  retort  connected  with  a  mercurial  trough.  Towards  the  end  of  the 
«peiation,faydriodateofphoaphamine  (p.  201)  may  sublime.  Pers<]Qne(Compt  rend, 
lii.  468)  recommends  the  nse  of  amondtons  pbasF^ionia  for  this  pnrpose.  The  phoaphcaiw 
la  to  be  introdnead  into  a  tabulated  retort,  covered  with  a  layci  of  water,  and  iodine 
added  hjf  auccsaslTe  porUone,  while  the  whole  is  gently  heMM.  A  r^;alar  stream  of 
hydriodic  aoid.^aa  is  then  given  off  quite  tm  &t»a  iodine-T^jout.— i.  1  pi.  of  phoa- 
pbonu  .is  Kcntly  heated  with  14  pta.  of  iodide  of  potasdum,  20  of  iodine,  sod  a  small 
quantity  of  water.    If  the  evolution  of  gas  becomes  too  violent,  the  vessel  most  be 

Stuoged  into  cold  water;  if  it  becomes  too  slow,  heat  mtist  be  again  applied  (Hi lion, 
.  E^rm.  zzviu.  2»9) : 

*KI   +   1"  +  P«   +   7HK)     -    'K.'SKy   +   14HL 

2.  In  tht  liquid  slate. — Iodine  and  pemulphide  of  hydrogen,  whidi,  when  they  AaUM 
in  contact,  unite,  and  form  a  yellowira-btown  liquid,  are  placed  tflgether  at  the  dosed 

'  '  '  '  tube :  and  at  a  short  distance  ftom  them,  in  a  bend  of  the  tnbe,  is 
,  unti^  of  water.  If  the  tube  be  then  seded,  and  the  flrst-mentioned 
uqnid  broogbt  in  contact  with  the  water,  decomposition  takea  place,  reenlting  in  the 
separation  of  sulphur  and  hydriodic  acid,  a  considerable  portion  of  the  latter  eondens- 
ing  in  the  liquid  state.    (Kemp,  FhiL  Mag.  [3]  vii.  444.) 

3.  In  ojuMiiis  toluiion. — The  aqueous  add  may  be  prepared  by  passing  the  gas 
obtained  by  either  of  the  preceding  methods  into  water,  which  absorbs  it  veiy  rapidly 
---"  --1  large  quantity^  or  directly:   1.  Bv  distilling  iodine  with  phosphorus  and   a 


large  quantity  of  water. — 2.  By  paasing  eu^hydric  acid  gss  ii: 

is  dittused,  tbo  liooid  beingwell  agitated  aU  the  while,  till  thi  , , 

and  the  liqaid,  which  was  brown  at  first,  bse  become  colaurless ;  the  liquid  is  then 


dittiised,  the  liquid  beingwdl  agitated 

__1  the  liquid,  which  was  brown  at  firs., , ,  , _, 

filtered  and  heated  to  commendngebuilition,  in  order  to  expel  the  excess  of  solphydric 
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•e!d(Ga7-LDfl«ae).  Since  tha nil^ar, u  it  pradpitatca,  enrtlopM  the  iodtna  irliieh 
■till  lenuini  nndiaolnd,  Le  B/ojvr  «iid  DnnuB  noominand  the  proau  of  Mtnndng 
vaMr  wiUi  iodine — decuitins  the  liqnid  from  tb«  nndinolTed  pcKion— coQTirtu^  tba 
diMolved  iodine  into  hydriodie  acid,  b^  meuit  at  aolphjdiic  idd — digesting  in  Qua 
liquid  a  fresh  pcrtion  <^  iodine,  vhich  duKil*««  mnch  more  abvndantlj  in  the  h^driodis 
•ad  tlrvadf  pniduerd — d«c«Dtitlg  again — onoe  mora  aatniating  with  inlphjdrle  acid — 
again  digoituig  vitli  iodinr,  Ac,  &c.  Another  method  is  that  of  Stistin^  vbich 
eonaiita  in  pusins  >iilpfa7dnc  acid  gas  through  a  lolntion  of  iodine  in  16  pta.  of 
alcohol,  filtBiing.  dllnting  iriTli  3S  pts.  of  wat«r,  and  freeing  the  prodact  bj  di^uatlon 
from  aliohol  and  eiMias  of  >nlph;djic  acid.  The  add  prepared  in  thii  manner  ia  liable^ 
liowem'.  to  be  miied  with  a  product  of  disagreeable  odour,  arising  from  the  actiim  of 
the  mlphTdric  add  on  the  aleoboL — 3.  Iodide  of  barinm  dissolved  in  water  is  rxactly 
deeompoaed  by  the  eqaivaletit  qnantit;  of  snlpharie  add.  and  the  product  is  sejurated 
by  filtration  from  sulphate  of  barinm(&!oter,PhiL  Mag.  [3]  ni.  92). — 1.  Onumlsled 
lead  is  a^tated  with  iodine  and  water  till  the  liquid  becomes  colourltee  ;  lulphjiMa 
acidgaa  la  then  puasd  through,  and  the  liquid  decanted  (Josa,  J.  pr.  Chem.  1  ISS). 
The  aqneooa  stdation  ot  the  acid  obtaiood  hj  either  of  these  method*  nuf  be  ooneen- 
tiBted  b;  beati^  it  in  a  retort. 

Avpcriu*.— HTdriodic  acid  ia  a  colourieaa  ga^  which  reddens  litmni  sbongly,  and 
pn>dni:aa  dense  white  fames  in  moist  air.  It  haa  a  Teiy  sour  snffbcatins  odour,  eitinguiabea 
flame,  and  is  not  itself  eombuatibie.  Its  specific  gravitj,  according  to  Qay^Dssac's 
drtnmination,  is  4'442S,  which  shows  that  the  gas  is  composed  of  equal  Tolnmes  of 
hjdrogen  snd  iodins-Tspour  nnited  witlioat  condcnsatioii ;  for  the  density  thence  deduced 
li^,  and  64  X  0-0695  -  iSM2  referred 


Hjdriodie  acid  gas  may  be  liquefied  hf  pressure  (p.  384).  The  liquid  add  haa  a 
▼allow  colanr,  and  Bolidifica  at  —fil°  forming  a  transparent  eolooilEas  maaa  inteiaect«d 
by  fissures,  tU:e  ice. 

The  aipeoua  add  smells  like  the  gas;  its  taste  is  pungent  at  first,  afterwards 
astringent  and  som.  When  eoneentz^ed,  it  fiimet  stiangly  in  the  air.  Its  q)edfie 
graTi^  and  boiling-point  vary  with  its  sbvngth.  An  add  containing  fiT'O  per  cent. 
HI  bcols  oonetantly  at  127°  under  aprnmre  of  774  mm.  A  weaker  ur  a  atrongHT  add 
may  be  rsdueed  to  this  streogth  by  distillation  under  the  otdinar;  preMore  (in  an 
Btmomhen  id  hydrogen,  to  avoid  decomposition).  When  diy  hydn^en  gas  is  passed 
through  weaker  er  stronger  add,  till  the  remaining  odd  aUains  a  constant  strength, 
this  add  is  fbund  to  eoatain  trom  60-S  to  607  per  cent.  HI,  if  the  experiment  is  made 
at  a  tonpentnre  between  16°  and  19°,  and  from  fiS'S  to  SB'S  per  cent.  HI,  if  it  haa 
been  peiibrmed  at  160°.     (Roscoe,  Chem.  Sac  J.  ziii.  160.) 

Dam^otitiom.—l,  A  mixture  of  hydriodic  add  and  oxygen  gases  pasted  through  a 
red-hot  porcelain  tube  isreaolred  into  water  and  Iodine  (Qaj-IiUsaac).  Theaqueoiia 
solution  undergoes  a  similar  decomnwition  when  exposed  to  the  air,  becoming  hrown 
tram  separated  iodine. — 2.  The  following  compounda  give  up  their  oi^gen  to  the 
ijdiogea  of  the  bydriodtc  acid,  fonuing  water  and  sepsnitiDg  iodine.  Hydrated 
ptrotidt  of  iadngen  ia  conrarted  by  it  into  water  (Thenard).  Stilphunmt  anl^- 
dridt  aadhy^riodic  add  gases  yield  water,  sulphur,  and  iodine : 
SC  +  4HI  -  2HK)  +  S  +  I'. 
I  acids  have  no 
e  add  gas,  or  its  oonceni 
atid,  yielung  water,  snlphi 

H'SO*  +   2HI     -    H^   +  W&y  +  P. 
On  the  addition  of  water,  snlphurie  add  and  h^driodic  adda  ara  raprodnoed,  A^neoua 
iadie  acid  and  hydriodic  add  yield  water  and  iodine : 

mo*  +  fiHI  -  SH^O  +  I". 
jfapmrJUnnms  aeid  decomposes  bydriodic  add,  both  in  the  gaseous  form  and  iu  the  stats 
a  aqueous  aotntion  (Balard).  Sitrie  aeid  yinlds  iodine,  water,  and  nitric  oxide 
(Qaj-Lussac).  Firrie  latt*  areconveTt«d  by  hydriodicadd  into  ferrous  salts,  iodine 
bdi^  at  the  mme  time  predpitated  (Oay-Lussac). — 3.  Cihrint  gat,  in  »mall 
Qiuuitity,  oonverts  bydriodic  add  gas  into  hydrochloric  add  and  iodine ; 

a   +   HI     -     HQ  +  I; 
in  laigar  quantity,  into  hydrochloiio  add  and  trichloride  of  iodine ;  »,  g. 

4a  -f  HI   -   na  +  ici*. 

(Oay-Lnsaac).    In  a  similar  manner,  bromine  and  hydriodic  acid  gaa  yield  hjdr^ 


ooncenb«ted  aqneona  aolntian,  is  decomposed  by  strong  tu^httria 


ubjGoogIc 
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bromicmrid^aDdiodiDe,  tlie  action  being  attended  with  emlatioo  of  heat  (Balard). 
HsDce  hjdnodio  acid  imparta  a  blue  colour  to  glorcl]  on  tha  addition  of  chlorine  oi 
tHomine  (not  in  ezceas),  or  of  laJpharic,  iiitric,  or  iodic  add,  or  a  mixture  of  bjdro- 
eUoiio  acid  and  chlorate  of  potasnom.— -4.  Pijduntim,  tine,  iron,  nurrun',  and  other 
Bittali,  imnMned  in  this  gaa,  ue  converted  into  iodidn,  t  volume  of  hydrogen  being 
at  tbeaante  time  liberated  from  2  TolunieB  of  h^iiriodia  add  gas  (Qaj-Lnaaae). — ■ 
6.  With  mott  batie  netaUic  oxida,  hydriodic  acid  forma  water  and  a  metallic  icxUde. 
Some  of  these  iodides  eeparate  immediotelj.  to  that,  vith  the  salts  of  certain  metallio 
_  j>  brdriodiQ  aidd  foimi  predpitates  connsting  of  metallic  iodides,  and 

^ 1   bj  the  following  colooia :   Chtido  of  biamot^  brown;  oxide  of  lead, 

«ni^e-feIlowi  mercnions  oiii^  greeoieh-jellow ;  mercnric  oxide,  BcarUt;  oxide  of 
dlnr,  jellowieh- white.  Other  metallic  iodidea  remain  dinoWed  in  the  liqidd,  and  in 
that  itate  maj  be  regarded  aa  hf  driodatea  of  metallic  oxidea.  With  metoBio  vtrosida, 
t.g.  the  peroxide  of  manganese  or  of  lead,  hTdriodio  add  ibrma  a  maUlUe  iodide  (cc 
llTdiiodate),  water,  and  free  iodine ;  e.  g. 

PbK)  +  am  -  2PbI  +  HK)  +  L 
With  man;  org<am  mmpmmdt,  hydriodio  add  reactj  in  the  same  manner  ai  with 
inorganic  compounds,  loiiietiineB  deoxidising  them,  with  tbrmatioc  of  wat«r  and  elimi^ 
nation  of  iodine,  sometimes  simplj  exchanging  it«  hydrogen  (or  a  radicle  of  the  organic 
eompaund.  Examples  of  the  first  mods  of  action  are  affbrded  bj  mannitt,  with  which 
hfdriodie  add  yields  iodide  of  hexyl,  water,  and  iodine  (p.  154),  and  by  trytkronum- 
nitt,  with  which  it  yields  in  like  manner  iodide  of  tetnl  (ii.  605).  An  inatanoe  of  the 
aeoond  mode  of  action  is  exhibited  by  t^iegtata  of  melij/l  (vintargreen  oil),  with  which 
hnlriodic  add  forms  iodide  of  methyl  and  salicylic  add.  (LaDtemann,  /uti,  Ch. 
fWrn.  exxT.  13.) 

CH*(CH")0>  +  HI    -    CH^  +  CHW, 
It  U  l^  reactions  of  this  kind  that  Matthiesaen  and  Foatar  (Chem.  Soc  7.  svt.  SS8) 
have  ahown  that  cotarnino  and   ita  deriTatJTee  are  methylised  compouDda.     (See 
CoTiaitim,  iL  90  ;  HaKiriHic  Acn>,  iii.  142 ;  Onuno  Acm,  and  NiBcorm.) 

Hydriodic   add   niiitea  directly  with   ammonia,  phosphamine,  and   other   oresDic 
amines,  phosphiaee,  Hniaes,  atibinee,  &c,  forming  salts,  vhich  mar  be  remided  either 
aa  hydriodateB  of  theae  ammonia-derivatiTes,  or  as  iodides  of  the 
tivea  of  ammonium,  e.o.  hydriodate  of  triethjiamine,  N(CH')*.l 
ammonium,  [N(CH')^]L    Similarly  with  other  organic  baara. 

It  likewise  imites  ditvctly  with  many  hydiocarbona  containing  eren  nnmbers  of 
hydrogen-atomi ;  the  oleflnea  and  camphenes,  for  example.  Oreville  WiUiama,  br 
diatillim;  thebydrocarbons  obtained  tram  Boghead  naphtha  with  fiuning  hydriodic  ad4 
obtained  compounda  which  might  be  regarded  as  hvdriodates  of  oleflUN,  C'H^.HI,  oraa 
iodides  of  tiie  coireapondiog  mooatomie  alcohol-cadicleo,  OH***'I,  as  when  treated 
with  alcoholic  ammonia,  they  yielded  the  hydriodates  of  the  corresponding  aminea, 
OH'><^1f.HL  The  hydriodstea  ofthe  olefinee  are  not,  however,  in  all  casee  identical 
with  tha  correaponding  monatomic  alcoholic  iodides ;  hydriodate  of  amytene,  for  ex- 
ample, ia  merely  isomeric  with  iodide  of  amyl ;  ibr  when  treated  with  rooist  oxide  of 
silrer,  it  yields  a  hydrate  of  amyleae,  not  exhibiting  the  properties  of  common  amjlie 
alcohoL    Similariy  with  hydriodald  of  haxylene  (p.  188). 

X«9n>a   OF   MTTMOaTM,     See  lonaxiDas  (p.  280). 

101>Tn»l,  mWAXUM.  Theae  oompoonda  are  obtained  by  the  same  proceasea 
that  yield  the  chloridee  and  bromides. 

1.  By  the  directaction  of  iodine  on  a  metal,  fivqueutly  even  at  ordinary  temperatnrea, 
as  in  the  case  of  merenry.  The  combination  is  attended  with  development  of  beat, 
sometimes  with  flams,  wEuch  is  coloured  violet  by  the  iodine  vapour  (t.g.  potassium 
■odium). 

2.  By  the  action  of  iodine  on  certun  metallic  oxides,  hydistes,  or  earbonates. 
Iodine  diaplacee  the  oxides  of  potasaiam,  sodium,  barium,  and  caldom  at  a  red  heat, 
and  that  of  oxide  of  silvsr  at  ordinary  temperatores.  When  eolations  of  caustic  or 
carbonated  alkali  are  l3«etad  with  iodine,  mixtures  of  iodide  and  iodate  are  produced, 
which  last  salt  is  decomposed  by  heat  into  iodide  and  oxygen.  Iodine  and  peroxide 
of  barium,  when  mixed  with  water,  dee<mipc«e  into  iodide  c^  barium  and  o^Tgen,  thus; 

P  +   Ba>0*     -     2BaI   +   O*. 

).  By  the  addon  of  certain  metala,  such  as  potasaium,  line,  and  iron,  on  hydriodio  add, 
the  nu^  then  replacing  the  bydn^n. — 4.  By  saturating  hydriodic  add  with  oxides, 
hydralaa,  or  earbonatea.  With  a  peroxide  and  hydriodic  acid,  iodine  ia  liberated. — 
6.  The  inioltible  iodidea  are  prepared  by  adding  hydriodic  add  or  the  solution  of  a 
n^tallic  iodide  to  solutions  ofthe  heav^  metals. 

AU  iodides  are  destitute  of  metalLe  lustre;   some  of  them  are  VP17  beautifully 


bjGooglc 


IODIDES,  METALLIC.  287 

eolonred.  'Rteir  Bpcdfie  gntritj  ia  oftoB  lower  than 
constitaeats :  auch  ii  the  case  vith  the  iodides  of  pi 
(BobIUtO 

Bnt  few  metallic  todidaa  are  decompoaad  I7  h««t  alona ;  the  iodidi*  at  gold,  lilTer, 
platiDnm,  and  palladium,  howcmr,  pi»  op  t^eir  iodina  wban  heated.  Host  metallie. 
lodid«8  when  ignited  in  opui  veaaeliy  so  that  the  aii  lua  excess  to  them,  giva  np  their 
iodiiM,  aikd  ara  aonrected  into  oxides ;  sneh,  howerer,  is  Dot  the  case  with  the  iodides 
of  potSMinm,  sodinm,  bismnth,  and  lead.  OUorint,  at  red  heat,  dMompoen  the  me- 
talUe  iodidsa,  «nmrting  them  into  diloride^  and  either  setting  tiie  iodioe  free  or  fbini' 
ingehkrideof iodiiM.  Jtrem^iuaeta  in  ■  nmilar  masner.  Chlorinn-wster  likewise 
Kbersta  the  iodine^  .^dnwUMB  aM  gas  drcomposes  metallio  iodidss  at  a  rsd  heal^ 
temii^  hrdriodis  a<nd  pa  and  a  ustallic  cUoridsk  Codoenlzated  jwEpiiina  and  niiri^ 
atid  aol  likewise  add  tn^Aali  at^atiuthm  iWompaas  all  mstallie  iodides  on  the 
applieatiiia  id  heat,  th*  pmlneta  beuig  iodine,  wdieh  mmpta  in  violet  nponn  (wUch 
gm  a  blue  eolonr  to  pww  noistooM  with  stareh),  and  a  snlph^  or  nibate  of  the 
iiiiiimiiiiiiiliiHj  metaL  When  this  efaanse  is  prodncied  bj  nitric  sod,  pemitrie  oxids  ia 
farmed  at  tbe  maa  time :  sohthiric  add  ana  acid  snlplute  of  potaannm  evDlrvialpbii- 
o  snlphjdrie  add.  Snlphnrie  add  or  add  snlphale  of 
langaneae,  p«rozide  of  lead,  or  dinnnata  of  potassiam, 
HodDcta  IJm  same  deoampositioo,  bat  withont  eTnlntion  of  solphnroos  anhjdrids.  A 
t>ead  of  micTocosmiii  salt  saturated  with  oxide  of  copper  eommuDical«s  a  beanliAd 
green  ci4oar  to  tbe  bloW'pipe  flame  on  the  addition  of  a  metallic  iodide  (Bertelina). 
ibtaOic  iodides  agitated  with  mlphnric  acid  and  nUpiidt  of  eaiion,  oonunnnieat* 
an  amethjst-red  tint  to  the  latter. 

Vtrj  faw  metallic  iodides  remain  nnaltered  in  cootact  witb  wafer.'  such,  howerer,  it 
'*'  —  M  wilh  the  iodidca  of  bismuth,  lead,  copp<>r,  and  sereral  of  the  noble  n   ~  '~ 


of  iodide  and  oxide  of  the  metal,  and  a  solntion  of  the  iodide  in  aqueous  hTdriodio  add 

Sie  iodidea  of  antimony  and  tellurium).  Host  metallic  iodides  are  •ptrteetly  soluble 
water ",  and  the  salotion  ma;  be  regarded  as  oontaining  either  the  unalCared  iodide 
or  a  hfdnodate  of  the  oxide  fumed  by  doable  decoropoEilion  (c^.  the  iodidea  of  the 
alkali-Dietals,  iron,  nickel,  cobalt,  Stc). 

The  loluble  iodidM  are  extremely  poiscmous.  When  evapnrated  oat  of  contact  of  air, 
th^  generallj  leave  anhydrooa  metallie  iodidea,  which  partly  s<-parate  in  the 
erTitwlina  (wm  before  lbs  wnler  is  wholly  dnTen  oC  The  earthy  hjdriodatea, 
however,  are  resolred,  on  evaporation,  into  the  earthy  oxidca  and  hjdnodic  add, 
which  esespes.  A.  very  small  quantity  of  Mothk  colonia  the  aolution  yellow  or 
brown,  1^  partial  decwnpoaition ;  and  a  someiAat  larger  qnantity  takes  up  ths 
lAola  of  tlw  metal,  fbrmitu  a  ohloride  (or  l^drDchlarateX  and  aeparates  the  iodine, 
whieh  thengivrs  a  bine  coloQr  witb  stareh;  aatiU  lar^  qnanli^of  cUorine  gtvea 
the  liqnid  a  paler  ccdonr,  and  oonverta  tbe  separated  iodine  into  trichloride  of  iodine, 
whieh  doea  not  eive  a  blue  colour  with  starch,  and  &eaneatly  enten  into  combination 
with  the  chloride  produced.  Strong  wlphuric  add  aod  ■omavbat  concentrated  nitru 
add  colour  the  solution  yellow  or  brown ;  and  if  the  quantity  of  tbe  iodide  is  large, 
and  the  solution  much  concentrated  or  heated,  Ihey  liberate  iodine,  which  partly 
escapes  in  violet  v^xion.  Starch  mixed  with  the  solution,  even  if  it  be  very  dilnt^ 
is  tuned  blue— pernianentty,  when  tbe  deeompoaition  is  effected  by  snlphiuic  add; 
for  a  time  only  when  it  is  effected  by  nilrio  aad,  espedally  if  that  add  be  added  in 


nay  d  . 

•alphnrous  add,  it  will  not  produce  the  bine  colour  irith  Btarch  and  snlph 
nnless  it  be  diluted  with  water  (Dupasquier,  J.  Pharm.  2S,  218).  If  tbe  solntiDD 
likewise  coDtaina  a  salt  of  iodic  add.  moat  adds  produce  a  brown  colour  and  separate 
iodine ;  bemue,  by  virtue  of  their  affinity  for  the  base  of  the  iodate,  they  fadlitate  the 
mutual  decomposition  of  the  bydiiodic  and  iodic  acid :  mO>  +  6HI  -  SWO  +  3F. 
Tbe  scparstion  of  iodine,  and  the  blueing  of  tbe  starch  likewise  takes  plaae  on  adding 
hydroehloric  acid  to  the  solution,  togeUier  with  a  staiuii^  ferric,  or  cnprio  ealt,  or  a 
■alt  of  chromic  add.  Also,  if  the  soTotion  of  the  iodide  be  covered  witb  gelatinous 
stareh,  tiie  iwgatiTe  pole  of  a  amall  voltaic  batter;  immersed  in  tbe  fbrmer,  and  the 
positive  pots  in  the  laCt«r,  the  starch  is  torned  blue  in  the  neighbourhood  of  Ibe  poaitivs 
wire,  evoi  if  tlie  solution  contains  a  much  larger  quantity  of  bromide  or  chloride  than 
of  iodide  (Steinberg  J.  pr.  Chem,  nv.  288).  If  Qk  aqueous  eolation  of  a  metallic 
iodide  containa  tmly  tcjAri  P"^  '^  iodine,  it  gives  a  strong  blue  colour  with  dilata 
geladnoiM  stareb,  on  ^e  adiStion  of  aqna-regia :  vritb  ^gj,^  part  of  iodine,  the 
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pVM^tate  !•  Twlet ;  with  i^isja.  n»'4olatu«d ;  and  with  t^laa,  >  ps^a  io»e'ixihm  i* 
pndiued  after  Hie  lapw  of  a  W  houn  (Hacting.  J.  pr.  Chcin.  ziiL.  46).  If  lb« 
■olntioii  likawiae  coutAim  a,  large  quantity  of  metallic  obloride,  ths  blueing  of  the  atiirch 
i>  not  nttdil<r  prodne^  bj  ths  addition  c^  nitiic  acid,  in  coDseqoeDCB  of  the  fonnstioD 
of  chloiide  M  iodine :  in  thin  case,  a  solntion  of  itareh  in  boiling  dilnt«  mtlphuric  acid 
maj  be  addrd  to  tbe  golntios  of  the  iodide,  and  then  a  very  noail  qnactity  of 
ehkainB  water,  the  liquid  being  stirred  at  the  nme  time.    (Berieline.) 

The  aqoeoni  aolatuni  of  an  iodide  Kivca  a  brown  precipitate  with  ealta  of  bii- 
muti  i  orange~yelIow  with  Ited-MiUtt ;  cur^-irtiile  with  euproui  calts.  and  also  with 
eufrie  aalta,  e^edallj  m  the  addition  of  nilpharoui  acid ;  greaiUBh-Tellow  with  mer- 
curtnu  mlta ;  acarlet  with  meratrie  nlta ;  yeUowiih-wbite  with  njerr-salta ;  lemon-yellow 
witii  gold-tiitM;  brown  with  piaiinie  BaltH,firat  howerer  torniug  the  liquid  dark  btown- 
red ;  and  black  with  salts  of  ^aUaiiwoi,  ereu  when  extremely  dUnte.  All  these  preci- 
pitatea  coniist  of  metallic  lodidea,  many  of  them  scJnble  in  excess  of  the  salable 
iodide :  the  lilTer  precipitate  is  insoluble  in  nitzio  acid  and  very  little  sglnble  ia 

When  iodine  is  added  t«  an  aqneooa  solntioa  of  &  salt  of  hydriodic  acid,  the  liquid 
takes  up  an  additional  qiumti^  of  iodiDe,  rqnal,  acootdicg  to  B  a  up  (J.  Fbturo. 
ix.  46)  to  that  whidi  it  already  contains.  It  thereW  aeqnirei  a  dark-brown  colour, 
and  ie  snjniosed  by  some  chemists  to  conlaia  a  melaSu  poluiodidt  or  a  salt  of  hj/dri- 
odmu  add;  bat  tJie  affinity  by  which  the  iodine  is  retained  is  Teiy  feeble. 

Usjiy  metallic  iodidee  absorb  ostfltoRfa  in  definite  proportions,  forming  cmnpoaods 
which  VMj  be  regarded  M  iodides  lA  emmoninm-inoIeculeB,  having  put  of  uie  hy- 
drogen replaced  b;  a  metal. 

Some  of  these  compounds  unite  with  the  o«>ifu  of  the  cMTrapondingmetali^  forming 
oiy iodides,  t^.  antimony  and  teUnrinm. 

HetaUio  iodiibs  also  unite  wit^  one  another,  forming  double  iodidesor  iodine- 
salts. 


tcid, — The  iodidra  of  add  orgaaic  mdicles  have  not 
been  much  studied.  Iodide  of  aeety],  CH'OI,  i*  obtained  by  the  nntion  of  iodide  of 
phosphomaon  acetate  of  potsstium  or  acetic  anhydride  ;  and  iodide  of  benzoyl,  (?H*OI, 
by  the  action  of  iodide  of  potassioni  on  fhloride  of  benjKiyl,  These  acid  iodides  re- 
semble the  corresponding  cttlorides.  bat  are  much  more  easily  decompoeible. 

2.  Aleokolie  lodtdet,  lodhydria  or  Hydriodic  flArra.— The  monatomie  alDoholio 
iodidta  are  prodaeed  by  the  action  of  hydnodic  acid,  or  iodide  of  phosphonu,  On  th» 
OOiTCsponding  alcohols,  and  by  that  of  hydriodic  sdd  on  the  correapondino;  diatomic 
hydrocarbons,  s^.  iodide  of  amy!,  CH"!,  from  amylene,  CH",  and  hydnodtc  acid. 
It  ia  danbtfdl,  however,  whether  the  iodides  obtained  by  thia  last  process  are  really 
identiesl,  or  only  iaomario  with  those  obtained  from  tbe  alcohols  (p.  386). 

The  monaiximie  ■leohoUo  iodides  are  iess  stable  than  corresponi^ng  ehloridea,  some- 
tame  decomponng  under  the  inflnence  of  Ught,  into  the  alcohiu-ndicTe  and  free  iodine, 
e.g.  iodide  in  ethyl. 

Heated  in  sealed  tubes  with  certain  metals,  via.  rinc,  polauium,  or  loilitcni,  they 
yidd  a  metallic  iodide  and  the  alcohol-radicle ;  t.  g.  sine  with  iodide  of  ethyl ;  potssainnt 
or  sodium  with  iodide  of  tetiyl.  With  mtratry,  tin,  Itad,  arieni/;,  antimony,  and  H  hw 
other  metals,  under  the  inflnence  of  heat,  or  of  the  mn's  rays,  they  yield  the  iodides  of 
orgauo-metalltc  bo^es ;  thus,  iodide  of  etiiyl,  enclosed  in  a  sealed  tobe  with  atripe  of 
tiiifbil,  and  heated  in  a  seated  tube  to  1S0°,  or  exposed  to  the  sun's  raya  concentrated 
by  a  lens  or  mirror,  yields  iodide  of  stannethyl,  {C*H*)'SnI'  (ii.  S38).  SometiinM 
the  oTgano~metsllic  compound  thus  formed  acts  farther  on  the  iodide,  giving  rise  to 
new  i^odocts  (ii.  GS3.  S3G),  Similar  reactions  lake  place  when  the  alcoholic  iodides 
are  heated  with  the  arsenides,  aniimonides,  atonnidea,  &c.  of  potassium  or  sodinm,  Ihv 
organo-tnetallic  radicles  being  then  formed  with  greuter  facility,  because  the  alkali- 
metal  unites  with  the  iodine. 
'  The  alcoholic  iodides,  heated  in  sealed  tubes  with  emmonia,  yield  a  mixture  of  ths 
iodides  of  vartona  ammoninm-bsses,  in  which  the  hydrogen  of  Hie  ammoninm  is  more 
M  less  replaced  by  the  alcohol-radicle  ;  thus,  iodide  of  methyl  with  ammonia  yields  a 
mixture  u  the  iodides  of  ammonium,  and  of  methyl-,  dimethyl-,  trimethyl-,  and  tetrame- 
thyl-ammonium.  Wiih  primary  and  leeondary  mi»uiBiin'S,  they  react  in  a  similar 
manner,  the  reaction  becoming  less  complex  as  the  amine  itself  is  of  a  highra  order. 
Vith  Urtiary  monamiTia  they  unite  directly,  yielding  the  iodides  of  ammonium-base* 
lit  which  the  hydrogen  is  wholly  replaced  by  the  alcohol- radicle,  c.y. 
{Cn'fS  +  (?H'I  -  (CTH')'2n 
TriMhjl-  lodMeor  lodMr  of  IMtttlij)- 
imiaa.  aUvl.  snuiMliin. 

ft'inilarly  with  tertiaiyjiAiwpjItnff  arnnrs,  itihinn,  ftc 

r,,,:cc.;,C00g[c 
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AloobaUe  iodiiUt  tiatttcd  wilh  jutemin-  or  toUiim-iilaokaU  jielil  the  oxide*  of 
■leobol-nduJea,  tlnu : 

(?H'I     +     CH'NsO         -        KJ     +     (CB'l'O 

Ildlda  aC  EiIiiIhU  gt  BthTllB 

«k}L  Hlluia.  oxldg. 

CK1  +     CH'SiO  -        K»I     +     CH*.(?H'.0 

lodldior  RUirlMtoaf  MKhjl-Mk^ 

'With  «((Sfr-iit{(«  ^  orpaMK  Bcub,  th«7  jiald  eompoDDd  atlun,  ■.;. ; 

ImlUa  of  ««UIa  of  AotM*  of 

Tbe  bcQitj  with  which  the  alcoholic  iodidei  u«  deeompoaed  by  these  aererBlMaMBti 
MDdm  tfaem  pmiliarij  well  ad^ited  to  the  pretention  of  oCher  componnde  M  the 
■loohol-radidee. 

DuOmue  Aleatelie  Ibdida.— Tim  iodides  of  the  oleflnee,  OH^*1*,  which  an  the 
•nlj  known  eomponndi  of  this  groop^  ere  piodnced  by  direct  combiiietion ;  eleo  by  peaeing 
the  npoim  of  the  ootieeponding  monotomia  elcobolio  iodidee   through  ft  led-bot 

aCH^  -  (^HT  +  CH*  +  H"; 
mod  hj  the  action  of  hydriodio  add  on  the  diatomic  iJcohola  (■!.  S7S).  TIm  few 
which  have  been  prepend  are  eijatalline  •olide,  eaeilj  resolTed  into  iodine  and  the 
diatomic  aleohol-rsdiele,  the  decompoaitioil  taking  place  elowlj,  eren  et  ordipunr  tmn- 
penitiireB.  They  ere  completely  deeompoeed  by  aieoholie  polath,  yiolding  iodated 
bydniearboae:  e^,  iodide  of  ethylene,  CH'I*,  ie  rpeaWed  into  hydriodic  acid,  HI,  and 
iodethjiene,  C^L  Their  reaction*  with  mmvnia  have  not  been  mach  examined,  bat 
they  appear  to  be  limilar  to  thoee  of  the  comaponding  bromidea.  (See  'Eirwnssm- 
BUB^  li.  666.) 

3.  The  organo-mitaliic  iodidet  neenibla  the  eoneipotidiDg  bromidee  and 
ehloridai;  they  ere  obtained  in  the  manner  abort  deecribed  by  the  action  of  mstala  and 
aJIoyi  on  the  slcoholic  iodides  nnder  the  influence  of  brat  oi  light. 

zoikisxa  or  mmoamai.  See  lon^MiDia  (p.  20S). 
■  ow  rmomMmomm,  1 

MIUM.     See  tbeee  wvoal  elenunts. 

XOB^ra.  Atomie  vtigit,  IS7.  SipiAot,  T. — Thie  element  was  diecoreied  io  ISIS, 
by  M.  Courtoie,  of  Farie,  in  the  mothet^liquor  of  kelp  from  which  carbonete  c^  eodk 
had  been  pmared.  Its  chemical  properties  were  examined  by  Clement  and 
Deiorme*  (inn.  Chim  Ixxivlii.  804),  and  aftenmrda  more  oompletriy  by  Dav^ 
(Phil  Tntos.  ISU.  L  74)  and  Qay-Lueeac  (Ann.  Chim.  Inxriii.  311,  aiS;  xcL  6). 
l\»  name  ie  derived  from  the  Qnek  word  Uf  (Tiolet),  on  account  of  the  ocdoui  of  its 

Iodine  eiiite  in  mKaj  aalt-epringa  and  other  minsnl  waters ;  also  in  eea-water, 
whidi  is  the  great  source  of  it.  The  proportion  of  iodine  in  see-wster  ia,  however,  eo 
minate,  that  it  can  only  be  detected  bj  operating  npon  very  large  quantitiM;  but  it 
becomes  stored  up  in  the  bodiea  of  marine  planta  and  animals,  npeciilly  in  certain 
•IgB,  the  FucKt  palmata*,  far  eiampln.  These  plants  are  collecUd  on  the  coast  of 
Scotland,  Jersey,  and  other  placee.  end  burnt  to  ashee  in  a  gbatlow  pit  to  form  kelp  or 
Tarec.  a  snlnt&nce  which  was  formeriy  rained  chiefly  for  the  cnrbonate  of  sodium  that 
it  yielded;  but  now  that  this  salt  is  more  economically  manu&ctured  ftvm  chloride  of 
aodium,  kelp  ii  chitifly  Tslaed  ibr  the  chloride  of  potaninia  and  t^e  iodine  obtained 
trom  it,  especially  the  latter.  Iodine  exjete  in  kelp  in  the  form  of  iodide  of  potaasinni 
and  iodide  of  sodium,  which,  being  mnch  more  soluble  than  the  other  conatitnent^ 
nmsin  in  the  mothsi^liquor  liter  the  carbonates  and  chlorides  hare  crystallised  ont. 

Iodine  has  also  been  found  in  certain  land-plants  ;  e.g.,  in  tobacco,  and  in  a  species 
of  Saitola,  growing  in  the  floating  gardens  on  the  fre^-wat^r  lakM  nrai  the  titj  itf 

Vtrioii*  marine  animals  also  contain  iodine,  tie.,  the  romman  epongs,  the  horse- 
sponge;  various  species  of  Seriularia,  Tiibuiaria,  Bkitottoma,  G/ana,  Doris,  Fenut,  and 
O^Btera.  It  is  elio  contained  in  ood-liver  oil,  the  pale  oil  containing  aecco^ling  to  Da 
Jongh,  0-0374  percent,  iodine,  thepale  brown  oil  00406,  uid  the  brown  oQ  0'029C  percent* 

Iodine  is  Ukewiss  ibnnd  in  seversl  minenls,  vie.,  u  iodide  of  menmiy  and  iodide  of 
■ilTCT ;  as  iodide  of  potminm,  sodinm,  or  mifpesimn,  in  Chili  saltpetre ;  as  iodide  of 
ealcjamor  nwgneeinm  in  certain  dolomites ;  in  the  rock-salt  of  Hslte  in  the-I^rd; 
probablj  in  the  form  of  iodide  of  sodium ;  and  *nbliini>s  as  iodide  of  ammoiaBM, 
together  with  sal-anunoniae,  is  the  burning  coal-mine  of  Commcntiy. 
Tot.  III.  ^  ,      - 


,:cc.;,C00gIC 


Io4id«  ot  unmoDinm  has  been  found  ia  gB«-«rater,  in  tlte  coke  left  in  the  Tetoits, 
■nd  in  the  uhn  of  coal  and  peat  &om  Tsricnu  locnlitiM. 

Ghfttin(ConwLi«nd.izi.  3S2  ;  xxxL  SSO  ;  ixiii.  S69;  xzxiiL  filS,  S29,  £81)bu 
found  iodine  in  the  Taten  of  TuiooB  vtracuns  and  nTers,  is  quanti^  inereasing  with 
the  propartion  of  icon  piesect,  and  more  KbondantJj  in  the  woten  of  Tolcuue  dia- 
tricts  than  in  thote  fivm  the  oolilie  and  limestone  fonnationa ;  alto  in  the  nin-watei 
of  Fuii,  Fiaa,  Fkmnee,  and  other  localities ;  bnt  uoDe  in  the  rain-vatnr  of  moiua- 
tainona  diibricta.  He  aleo  itatn  that  it  ia  (omstinua  pieeent  in  the  air  in  eeitain 
loealitisa;  bat  Lohmeync  <Phit.  Mag.  [*\  n.  287),  Macadam  (Chem.  Sue.  Qo.  J. 
vi.  Itin  and  othen  haye  failed  to  det«(i  ita  pnsence  in  the  aii.  Macadam  has  Ibnnd 
iodine  m  eommsreiB]  potaah,  in  raiioua  stunplet  of  alkaline  eaibonatia  (used  ■■  reagenta) 
in  the  ash«  of  wood'Charcoal,  in  eoala,  and  in  nnmenmi  pLinla. 

Awaratton.— I.  From  carte  or  ttip.  The  material  ia  exhanstad  with  hot  wtSttt 
the  aotntion  ii  fbeed  as  mnoh  as  possible^  hj  vrapaiatjon  and  cooling  fnm  t&e  CTya- 
tallised  stJta  contained  in  it  (chloride  of  pMaasiom,  ehloride  of  aodinm,  ewbonaCe  of 
Bodinm,  ■olphate  of  aodiani,  tec.);  and  the  mother-liqaor — vhidi,  beridea  iodide  of 
■odiom,  atill  contains  mlphide  and  hTpomlptiite  of  aodinm,  and  a  portion  of  the  aalta 
almd^  mentioned" — is  sutgected  to  one  of  the  loUoving  proocaaoa  :  1.  It  is  heated  id 
■  nbhrning  apparatna  with  oil  of  Titriol : 

JNal  +   2H«0*     -     Na'SO*  +   2H^   +   SO"  +  P. 


Thianatbod 

the  iodine  ai 

and  Bulphniie 

3.  The 


id  is  not  Teij  adTantageono,  becanae  ibe  nilpbnron*  acid  erolred  acta  npon 
and  the  water  which  u  present,  in  anch  a  manner  as  to  prodnce  hjdiiodif 
lieacida.    (Sonbeiran.^ 

mother-liqnor  ia  heated  in  s  inbliming  apparatus  with  peroxide  of  man 
ganeie  and  snlphnne  acid  CWolIaaton): 

2HaI   +   2H'SO'  +   KaK)'  -  HaiSO'  +   Mn'SO*  +   2WO  +  F. 

Mr.  Whjtalaw,  of  Glasgow,  adds  one  meaanre  of  oil  of  Tibciol,  carefdllj  and  in  amalt 
portiona  at  a  time,  to  eight  meaioree  of  the  mother-liqnar  contwncd  in  a  Iraiden  boiler 
— wbereapon,  carbonio  Knhjdtide  and  anlpb^diic  acid  (from  thesulphido  of  aodinm)  are 
flrat  CTolTedj  and,  after  expoaoM  to  the  air  for  a  day  or  two,  sulpborous  anhjdride 
(from  the  bTpoanlphita  of  sodinm)  eaewea,  and  aalphar  is  precipitated.  He  then 
ponia  off  the  liquid  &om  the  cryitalliaed  anlphate  of  lodiiun  into  a  leaden  cylinder 
fUoad  horiamtally  in  a  aaod-b^  and  fitted  witb'a  head,  the  beak  of  which  peases 
mto  the  flnt  of  three  tabulated  reeeiverB  luted  one  into  the  other;  beats  the  mistara 
to  05°  C.  (119°  F.);  and,  after  adding  the  peroxide  of  manganese  and  potting  on  the 
lead,  sTadaall;  taiaea  the  temperature  to  100°,  but  not  higher,  because  at  11S°  C. 
(241°  F.)  ehloride  of  iodine  begins  to  distil  over.  Sometimes  also  i-yanide  of  iodine 
eollects  in  the  last  naditx  in  white,  needle-shaped  drystals.  The  liqaid  which  remains 
in  the  retort  still  contains  iodine,  and  on  cooling  deposits  oystals  of  iodide  of  lead  and 
doable  iodide  of  lead  and  sodinm. 

S.  The  mother-liqnor  ia  erapotated  to  drTnew,  the  rrsidne  hratcd  with  peroxide  of 
manganeas,  and  the  iodine  pndpitated  ftoio  the  filtered  solution  by  chlorine.  This  is 
Sarrael's  method,  which  u  caiiied  out  as  follows  : — The  residue  obtained  by  erapo- 
Mting  the  moliMr-liqaor  to  dijness  is  mixed  with  ^  ol  ila  weight  of  peroiide  of 
manganesi^and  tlte  mixture  heated  iusu  itonTene]  to  commencing  redness  (slicnng 
•n  tM  wbue),  bat  not  hi^  enoagh  to  cause  the  erolution  of  Tspoure  of  iodine ;  (he 
Iic*t  if  cobtinnad  till  a  aample  of  the  miito«  treated  with  solphuric  acid  no  longer 
•folrsa  enlphrdrio  acid  or  oeposits  solphnr;  that  is  to  aay,  till  the  whole  of  Uie 
■alpliide  and  hypaaolpbite  of  sodium  are  eouTerted  into  snlphale.  The  mass  i>  then 
disaolTad  in  sub  a  quantity  of  water  tJiat  the  solotion  nuy  hare  a  density  oom- 
■pondigg  to  StP  of  Baumj's  hydrometer;  chlorine  gas  is  pamed  thraugh  the  filtered 
liquid,  which  is  constantly  stin«d,  till  a  samfJe  treated  with  moi«  chlorine  no  lon^ 
^ves  a  prsdpitats  of  iodine  (excess  of  chlorine  wonld  conTeit  the  iodine  into  chloride 
•nd  rsdusi^Te  it),  and  the  pnlTerulent  precipitate  of  iodine  is  collected  on  a  fUtw, 
«nd  porifM  by  sublimation,  Mohr  is  of  opinioa  that  a  loss  of  iodine  may  occur  in 
*"-  M  during  the  heating  of  the  erapoiated  residue  with  m 


4.  The  mother-liqnor  is  predpitalad  by  a  oOf^er-salt  and  metallic  iron,  and  the 
eujnons  iodide  heated  with  peroxide  of  manganese  (Soubsiran).  The  molher-liquoc 
is  diluted  with  wata,  and  mixed  with  a  solution  of  sulphtile  of  copper,  as  long  as  any 
pedpitate  ia  pndaced : 

SKal  +   Cn'SO*     -     Na'BO'  +   Cnl   +  I; 
the  liquid  contuning  the  free  iodine  is  separated  by  deeantalion  and  washing  bom 

•  '  A  im)tlMiM^a«  IVon  Mf«bnianliwl  tn  B(iab((nB,toiitiiliM(lii«eulKinst*<)r  MlphaltitlKpriS' 
rips)  ulu  coDiBlMl  In  U,  In  ^ibUaa  to  Iha  iodUH,  wers  Itas  BUntai  of  cilriiiis  sod  v^aafssi. 


^AlOglc 


the  pncipitat«d  caprou  iodide^  ud  mixed  inlli  nlphate  of  eo[q)er  and  inm  fllinn  till 
it  no  longer  imells  of  iodina: 

I  +  On'80*  +  Fe"  -  CuT  +  Fe'SO'j 
■nd  tlH  eaptwxt  iodide  thu  piodnMd  ii  qnieklj  MpmtMl  b;  elnlriidm  from  the 
taaett  of  iroD-lUiiip  and  from  (^  liquid,  befoce  the  femnu  salphkte  hu  time  to 
oddate  in  the  air.  The  two  pottioos  of  iodide,  abuined  u  shore,  an  next  dried  at 
a  gentla  beat  (A  ibongBr  heat  would  decomecee  the  cnpcoua  iodide,  nuee  it  ig  mixed 
with  bano  feme  mlphalA,  »>d  evDlve  iodine) ;  the  whole  ia  mixed  with  twice  or  three 
tinea  ita  wngbt  cd  peroxide  of  manganeac^  and  a  sufflcieat  qooati^  o'  '  '' 
to  toot  it  into  a  paala ;  and  the  mixtore  ia  sttonglj  he^ed  in  a  niblin 
Ca*I  +  UnK)*  +  2SHK)*  -  CnfiO*  +  Kd*80<  + 
«t  the  an^hniic  add  ia  diapenaed  witli,  and  a  ibongar  heat  applied : 

2CuT   +   SMn'O'     -     CuKt   +   SMnK)*  +  P. 

In  both  eaaea,  the  iodine  which  paaaee  OTer  ia  aceompanied  bj  water  derired  bom 
the  hydnted  oiprona  iodide,  from  the  solphate  of  ealeinm  precipitated  with  it,  and 
bom  the  anlphane  add  when  it  is  wed  in  the  |ineeaa.  Thie  watrr  hdda  in  aotalion  a 
potion  of  the  iodine,  iriuch  msj  be  again  precipitated  hj  mlphate  of  oqiper.  3j  thia 
pnaem,  100  pta.  d  On  mothai^KgnM  jield  1  pt  of  iodine. 

"    "  "     "     r  <i/  tit  CaUdlt  of  An.— Thia  mother-liqaor  oraitain^ 
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do  of  magnedom,  which  ia  decompoaed,  dnring  th«  evaporation,  into 
■a  and  hjdriodie  odd,  thereby  occadoning  Iom  of  iodine ;  thia  however  maj  be 
prevented  bj  the  addition  of  canatie  aoda.  The  fiqaor  la  then  treated  with  iron  flUnga 
and  anl[diate  «t  eo^wr  (aa  in  Sonbeiian'a  method)  till  the  whole  of  the  iodine  la 
predpitated  M  fhiTona  and  copiona  iodide : 

WtlO'  +  Co'SO'  +  Fe"   -   Co*!  +  F<^  +  Fe'SO<.+  6Fe»0   (■  KaK); 
loiMat 

•ud-the  pKd[atat^  whidi  also  oontaina  o^chloride  of  copper,  iadistiUedwitlipenixIdB 
of  mangMMM  and  anlphniio  add.  The  reedvar  eootaina  dyitala  of  iodincand  chloride 
ofiodiiMh  Tfbib  latter  i«  bmted  witli  oarbonate  of  potaaahim,  whidi  aeparatM  all  the 
iodiiu^  with  fbnnatiDn  «f  <Uoride  and  dilorate  »f  potaadum. 

Jaoqnalin  and  Favia  aitnet  the  iodine  from  the  mother-liqnon  of  caliche  and  eoni- 
■neidal  nitrate  at  BodiDIl^  b;  the  liillawing  piocesi^  foondrd  on  the  action  of  lulphnioai 

SHglO*  ■¥   jH«0*     -    HgtSC   +   iW&V   +   H*0   +   P. 
^la  Bohitiait  of  the  nitre  having  been  coneentiBted  to  8S°  or  S7°  Bm.,  a  aample  ofit  ii 
mixed  with  aqaemia  anlphnrona  add,  eantionaly  and  with  oooitant  atirring  nntil  aH  the 
iodine  ia  precipitated ;  the  quantity  of  nilpbiiroDB  acid  need  ia  then  noted ;  and  from 
the  data  thua  obtained,  the  mamifilctnrin^  opecstiona  are  mannged. 

The  aolnlion  of  the  nitoe  ia  nn  into  a  eialern  boilt  of  atona  or  flre-bricka,  and  doaed 
with  a  eovrr  coated  od  the  under  aide  with  glass  platea.  The  ditem  ii  flttsd  with  an 
--' >---■--  -^ -I.......     ...._.  ^i ...  .1.. r,  while  the  aolu- 


Miitator,  Iming  atonewsre  arma  woAed  from  above  throush  the  FoTor,  while 
tun  of  BoliJioronB  add  ia  being  mixed  with  the  liquid.  The  iodine  which  pi 
{■  n!dliv4«ri.  wiuIimI.  HTid  Hublimed  aa  above. 

n  the  fbrm  of  iodide  and  iodats  together,  both  chlorine  and 


•nlphnrooa  add  mnat  be  empltned,  the  necesMvy  quaotitiee  having  been  previonalj' 
aaentained  bj  teat^aamideB.  If  the  iodata  ia  pnaeDt  in  the  lainet  pniporCioD,  the 
dtlorine-watet  ii  flnt  need,  and  then  the  aqoeona  aolphiiKoa  add;  bnt  irium  the  iodata 


ia  the  diief  ingredient,  the  Mder  of  treatment  ia  icvened. 
m.  Ftvm  JHiMMJ  41 

watea  and  in  tamA  artil , -.  ,- 

vbieh  oomplotely  pedpitatea  free  iodine  on  tae  inribce  of  ita  particlee,  whoe  it 


..  .tj  vnUert. — nie  qnantitj  of  iodine  exiating  in  certain  mineral 
it  artifldsl^  iodised  b«th*  maj  be  ezbaded  by  meuta  of  charcoal. 
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ranuiiu  Bsad  lik«  •  dye  upon  doth,  and  cannot  be  nmoml  by  beat,  by  elilorinai 
or  by  wnt«r  or  iloobol  eitbtr  hot  or  cdd.  JLcimal  charcoftl  aett  moat  pmrn'hUy,  but 
lunp-bUck  is  neonuneDd«d  for  the  pnipoBS  od  uconnt  of  its  cbespnesa  snd  its 
state  of  fine  division.  The  water  eontaining  the  iodiae-componnd  haTing  been  treated 
vith  a  Buxtnre  of  I  pt.  solphnric  to  3  pts.  nitric  acid,  to  set  the  iodine  fiee,  is 
ran  on  to  a  filter  flUed  with  charmal,  and  the  charcoal  thus  iodised  is  pland  upon 
anoUwr  filter,  where  it  is  mixed  with  hydiated  protoxide  of  iron,  wherebr  the  iodine  is 
conTarted  into  solable  iodide  of  iron,  vhicb  mi^  be  obtained  in  the  solid  state  by  aTa- 
porating  in  a  current  of  hydrogen,  or  distilled  with  peroxide  of  manganeae  and  solphniio 
add  in  ths  nsoal  way,  to  obtain  iodine. 

Purifieatien. — The  iodine  iriitained  hj  either  of  the  praeeding  procMses  may  be 
piuified  by  vashiiig  with  a  Muall  qnanti^  of  water,  pPMnns-  between  paper,  di^ii^ 
and  sablinung  a  aseond  tlmsi  Aiscordins  to  Semllst^  llie  iocUne  of  commeroe  may  bq 
completely  pniifled  by  solution  in  aleohot  filtration,  and  precipitation  with  water. 

For  farther  detaila  relating  to  the  mannfketnre  of  iodine,  see  Biciardioii  and  WaMi 
demieal  TKkm^ogy,  toL  i.  part  i,  pp.  6i,2-616. 

FrtiperlitM. — Iodine  is  at  ordiiuu7  temperatures  a  crystalline  solid,  having  a  greyish- 
black  colour  and  metallio  lustre,  like  plumbago  or  specular  in>n.ore.  It  ii  tnnspennt 
only  in  veij  thin  slices,  and  then  appears  red  by  tzamauiltod  li^t.  It  is  Ten  soft, 
aad  easily  polnnsBd.  It  enstalliaea  by  suUimation  in  laige  brilliant,  rlimntKndal 
f  latea,  or  in  elongated  octthenrcns.  Fixer  etjrstals  ars  obtained  from  solatioii,  as  by 
eipoMng  to  the  air  an  aqnemu  Mintion  of  hydnodic  aeid,  or  a  aolntiou  of  iodine  in  ether. 
The  o^lals  belong  to  the  trimetric  rrstam,  havii^  their  aiFs  in  the  ratio  of  4  :  1 :  3. 

Iodine  melts  at  107°  C.  (224-6  F.),  and  Mlidiflni  in  a  lamellated  mass  on  cooling. 
It  boila  (when  immersed  in  atrooK  ■olphnric  acid)  between  17S°  and  1S0°  C,  (317°- 
3BB°  F. ).  In  the  open  air  it  Tolatilises  at  ordinary  tpmpemturea,  especially  when 
moist,  diflHuiug  an  odonf  having  considerable  reeembtance  to  that  of  chlorine,  bat 
easily  diatioguished  from  it.  Ita  vapour  has  a  splendid  violet  colour  (hence  the  name 
of  the  subntaDce).  The  saturated  vapour  ii  no  derp-colonred,  that  a  stntam  four  inches 
thick  is  impervious  to  daylieht  or  cuidlelighL  The  colour  is  seen  to  great  advantage 
whMi  a  quantity  of  iodine  is  throws  upon  a  hot  brick.  Xodiue-vapour  is  ooe  of  the 
heaviest  of  gsaeous  bodies,  itn  specific  giavilv  referred  to  air  as  nuity  being  8'716 
according  to  the  experiments  of  Dumas,  and  127  x  0'0693  —  8*801  by  --'-  <-'^"- 
trom  the  atomic  weight. 

Iodine  dissolves  but  uparingly  in  uaUr,  1  pL  of  iodine  icquuing  7,000  pts.  of  water 
to  dissolve  it  at  ordinary  temperaturee.  Jleahol  and  ttier  disst^ve  it  more  readily, 
forming  dark  brown  liquids.  The  alcoholic  solution  juJds  crystals  of  iodine  bj  eva- 
poration, and  is  decomposed  bj  water,  which  thinwi  down  the  iodine  as  a  brown 
powder.  Iodine  also  dissolvea  with  fiidlity  in  water  containing  ■olohle  iodidet,  or 
tiitTatt  or  ehUtride  of  ammemnni,  Mm  •olutious  having  a  deep  red  colour.  A  liquid 
containing  20  grains  of  iodine,  and  SO  grains  of  iodide  of  potssaam  in  an  onnoe  of 
water,  is  known  oa  Lugora  solution,  and  is  prefrrred  in  medicine  to  the  alcoholic 
tincture,  because  it  is  not  drcomposad  by  dilution  with  water.  Iodine  is  solubls  in 
Mtdfhide  of  carbon,  a  very  small  quantity  of  it  being  mfftcient  to  impart  to  theltqnid  a 
very  rich  violet  tint. 

Iodine  in  its  chemical  reactions  rescmbln  chlorine  and  bromine,  but  is  lees  eneigetla; 
and  if  displaced  from  moat  of  ita  combinations  by  either  of  those  bodies.  It  destroys 
'  ccdonring  matters  but  slowly,  and  does  not  decompose  water  under  the  influence  of  the 
aun's  rays.  It  exerts  a  destructive  action  on  organic  tissues,  producing  a  deep  ysllow 
brown  stain  on  the  skin,  paper,  &e.  This  colour  diaappeam  aftsr  a  wlule  nndsr  tha 
^nSnenoe  of  tieat,  if  the  contact  has  not  been  too  much  prolonged. 

Iodine  tbrms  with  ilareh  a  compound  of  a  deep  blue  coloor,  solnbla  in  pnre  water, 
'but  insoluble  in  acid  and  alkaline  golntjooa.  Ita  production  affin<ds  an  exceedingly 
delioate  test  of  the  presence  of  iodine.  If  the  iodine  is  in  the  tcea  state,  the  bhte 
Colour  la  at  once  produced,  but  if  it  is  in  combination  as  a  soluble  iodide,  no  coloration 
takes  [dace  till  the  iodine  is  liberated  hv  chlorine  or  nitrous  acid  (see  locmas,  MhtAUJO, 
p.  287^.  The  blue  compound  is  decoCorised  at  a  tamperatare  of  70°  or  80°  C  (Ifi8°- 
'170''  r,),  but  reroTcrs  its  colour  as  the  liquid  cools. 

.  Iodine  is  employed  in  the  labontocy  for  msnv  cbemical  preparations,  and  as  a  teat  for 
^tai^L  It  WAS  first  introduced  into  medicine  by  Coindet  of  Genera,  ^o  employed  it 
with  Eucoass  for  the  treatment  of  goitre,  either  dissolved  in  alcohol,  or  in  solution  of 
io^de  of  potsssinm,  or  as  iodide  of  sodium ;  and  since  that  application,  most  mineral 
waters  to  wlucb  the  virtue  of  curing  goitie  was  ascribed,  have  been  found  to  contain 
iodine  (Boussiugault.  Ann.  Ch.  Fbys.  liv.  163).  On  the  other  hand,  Lohmeyer 
(FbiL  Mag,  [i]  vT  237)  faQed  to  detect  iodine  in  the  air  and  water  of  certain  moun- 
tainous distncts  which  are  peculiarly  tne  from  goitre.  Iodine  appears  to  have  a  specific 
action  in  causing  the  absorption  of  glandular  swdlinge,  and  ia  also  administfred  as  a 
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tonic;    lodinr  iwillowsd  In  tha  Kdid  itate  eaiuM  nloantioD  of  the  BioMi 
the  itaiutdi,  tiki  (U«ttL 

Iodine  ii  ezteosiTely  need  in  pbotognph  j.  The  Mnaitire  film  of  the.  dL, 
pUta  eoiMHts  itf  iodide  of  silver,  [rodaced  by  exponng  &  pidiahed  plate  of  ue  metal  to 
the  MtioD  of  iodine-vapoiu- ;  and  iDrbcea  of  inper,  colkdioD,  (tlbuiin,  &e.  ue  madered 
enable  of  taking  [^togrnphic  pictorea  bj  dipping  them  flnt  in  a  •olotiQn  of  nitiaCe  of 
■ilTer  and  tben  in  iodide  (or  ■omctimn  bronidp)  of  potuainm. 

ZOBZVXa  BBOJKXBU  OV.  Iodine  tbrmi  with  bromiiiB  a  aolid,  *d4til«t 
OTitalliae  compound,  probably  a  protuhromide,  IBr  (Balaid),  and  with  tMtm  of 
bromiob,  adui broira  liquid,  eoluble  in  water,  probably  a  pentabromide,  IBr*  iLowig). 
Onexpoaiiig  thepeut^imiliide  to^ethervitha  smallqiianti^of  watertoataapentnre 
below  0°,  a  e^rtalline  hydnle  la  formed  which  at  +  1°  la  naciTed  into  watar  aad 
bnmudeof  iodufc    (Lowig.) 

VtnSMM,  cnC&dSntU  OT.  iodine  unitM  dinctlj  with  dilonne,  forming  a 
pntodiloride  and  a  trichloride,  and  perhapa  alio  ■  penlachloiida.  Thar*  ia  alao  a 
MracUoridc  produced  br  dreompoaitioTi  of  the  protochloRds. 

VrvtoeUoride.  ICL~Of  thia  cooipoand  there  are  aaid  to  be  two  modiflcstioni, 
one  liqiud  at  common  tsmperatarea,  the  other  aolid ;  bat  the  differences  obaerred  ara 
parhapa  dne  to  the  pneene«  of  Bmall  qnantitira  (^  tonnga  aubatanen,  ot  to  ilidit 
variationa  in  the  [ooportioDa  of  the  chlorine  and  iodine.  It  ia  obtained : — i7bj 
paaabg  drjr  eUoiina  gaa  over  dry  iodine  till  the  whole  is  liquefied,  bat  no  longer. — 
2.  B^  diitulin^  iodine  with  chlorate  of  potaaainm,  oxygen  b^ng  then  evolrcd,  the  proto- 
thlonde  i<i«KlTing  oTer,  and  a  miitiira  of  chloiide,  iodate,  and  perdilorata  of  potMaium 
remaining  behind  (B  enelini) : 

P  +   8KC10»     -     KaO*  +  KIO'  +   KCl  +   0»  +   la. 

The  [ntodiloTide  of  iodine  obtained  bj  either  of  then  proeeaBea  ia  deacribed  aa  a 
nddidi-biown  oily  liquid,  and  nothing  ia  aaid  abont  ita  solidification  (ffn«^'( 
Ba»dboek,  iL  3«6).  Accordins  to  J.  Tiapp  alao  (J.  pr.  Chem.  ln'ii.  108),  the 
ligaid  tsotoebloTide  obtained  aa  Ato^e  doea  not  aolidify.  But  P.  Schatienberger 
{ZeitBclir.  Cb»n.  Harm.  18SZ,  p  1)  by  pusiiiK  dry  chlorine  in  the  c^d  over  dry 
iodine  (100  gnnr)  till  it  waa  liqaeflMl,  then  adding  mare  iodine  (fiO  grms.),  distilling 
between  100°  and  102°,  and  nctiMng  between  t^e  >ame  limila,  obtained  a  liquid 
'rilidl  cmtaHiaed  in  long  Beedles  whan  cooled  to  10°  in  an  open  teeael,  but  if  sealed 
<^>  in  a  flatk  bafare  it  luu  time  to  solidify.  retainHl  ita  fluidity  for  24  hour*  eren  when 
cooled  to  benrMn  2°  and  1°,  and  when  tbe  flaak  vsa  opened,  solidified  aaddenly,  with 
ijao  of  temperatnit,  like  a  supersaturated  solution  of  QUuber's  salt.  iThe  eryslala 
when  ezpoaed  to  the  air,  melted  at  30°  and  solidifled  again  at  25°.  A  similar  result 
*••  obtained  by  introdndn^  31  grms.  of  iodine  into  a  Saalc  containing  8'7  grma.  of 
chlorine  (quantities  proportioniil  to  tbe  i.tomic  weights).  The  whole  of  the  chloiine 
waa  npidly  abaorbed,  and  a  liquid  waa  formed  which  remained  nnalt«rpd  for  manv 
bonn  at  6°  or  fl°,  but  nltimately  aolidifi«d  completely. — By  diitillinK  iodine  wita 
dilorate  of  potaaainm,  Schatienbeiger  likrvise  obtained  a  dark-coloured  liqnid  which 
quickly  arstalliBed. 

Tiwp  {lot.  eif.)  has  also  obtuned  fte  protochloride  of  iodine  in  the  solid  itale  by 
■bondy  heating  iodine  in  a  retort  till  it  melted,  and  passinK  a  stream  of  diy  chlorine 
into  ue  iodine-T«>aiir  till  all  die  iodine  had  dia^)peai«d ;  the  upper  part  of  the  retort 
then  became  filled  with  a  thick  red-brown  vapour,  and  the  solid  protocfalortde  of  iodine 
nollected  in  the  receiver  in  large,  hyacinth-red,  ttanaparent  prisma  and  lablae,  which 
■ndted  at  lf°  to  a  red-brown  oily  liquid. 

ProtoGhlorids  of  iodine  is  very  volatile  ;  has  a  pnngsnt  odour  of  cbtortne  and  iodine^ 
attacks  the  eyes  strongly;  taat«a  slightJy  acid,  stroiwly  astringent  and  biting;  stains 
the  skin  de^ynllov,  and  [mdnces  amarting.  It  decoloriBes  iiidiga  and  litnaa,  but 
docs  not  give  a  blue  colour  with  itarth.  It  deliqnaKca  in  the  air,  and  aecording  to 
Qay-LoaMC,  diaaolTee  eaaily  in  viater  without  dneomposition ;  accocdiag  to  SchnCaan- 
boKCT,  on  tiie  other  hand,  if  is  decomposed  by  water,  yielding  iodic  and  hydrochloric 
taaa,  with  senration  of  iodine,  and  formation  of  an  iodised  compound,  which  remains 
disaolved  in  uie  water,  but  may  be  extracted  therefrom  by  ether.  The  piotDchlorids 
diaaolrea  in  atcoJul  and  in  flfier,  forming  yellow  solntions. 

PnitodilcnidB  of  iodine  sometimes  dnompoaei  spontaneously  into  the  tetrachloride 
and  free  iodine :  4ICi  -  ICl'  +  I'  (KiLmmerar,  J.  pr.  Chcm.  Imiii.  BB).— Whan 
heated,  itgiTes  off  the  trichloride,  leaving  a  residoe  of  pure  iodine  :  SICl  ^  ICt*  *  P 
(Kan^  ^il.  Hag.  [SIil.  130).  Sulphanna  and  ttdfhydrie  aeidt  decompOM  it  wiUl 
B^iaratian  of  iodine.  With  aqueons  solutions  of  the  flied  alialii  it  yields  a  chIorid« 
ana  iodata  and  free  iodiot : 

6KH0  -^   filCl     -     6KC1   +   KIO'   +   3H'0  +   I', 
tte  iodine  hawevsr  diasolring  in  ezcees  of  the  alkali  in  the  form  of  iodide  and  iodale. 
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— With  aqaraai  or  slcobobo  ampmnia,  it  jieldi  TaBow  iodtunidM  (tbo  w-calUd  iodide* 
of  nitrt^n  (p.  28(IX  sccording  to  ths  pniportioiia  used  and  the  muuMr  in  wbidi  th* 
lewtiofl  take*  pliuM,  e.g. : 

SIC]  +    HIP     -     tSa  +  RI*.    (Mitieharlteli.) 
SICl  +    HH*     -     2Sa  +  NHP. 
ICl  +    KH"     -       Ha  +   NH1. 
3ia   +  2HH*     -     IHCl   +  in*JfE*.    (Banaen.) 
Xereurie  eilendt  added  to  a  coacenlfated  agoeooi  aalotian  of  pnitodilaride  of  iodioa 
tJuowidown  mercuric  iodide,  lesring  tridilimde  of  iodine  in  aotntioii  (Kane): 

ICl  +   Hga     -    Hgl  -f  ICl'. 
Stamma  dHoridi  added  in  ■mall  quantitj  to  Oie  ocncentrated  aqoMw  lolation,  pre- 
dpitatM  iodint,  and  is  converted  into   atannifi  chloride ;  htrt  m  adding  a  ^ajga 
fuanti^of  the  etannona  clIlorid^  the  iodine  diaafpean,  and  atannona  iodide  a^aiatw 
m  biilhant  (aange-eolonred  needlea  (Kane) : 

SICl  +  BnCI*  -  P  +  8nCl'. 
UCl  +  SSnCl*  -  aaP  +  iSaCi*. 
Protodiloride  of  iodine  acta  ttrj  raadilv  on  uanf  oiganic  cManoandj,  the  dikrine 
takii^  op  an  atom  of  hjrdnean  t«  fonn  hjdToddorie  add,  and  ue  iodine  taking  ita 
place.  In  this  vaj,  maaT  iodiii»4Db«titntiQn-oi»iponM]*  nay  be  obtained  which  coald 
not  be  Cnncd  by  the  acdOD  of  iodine  alMie;A^H  Mclopnmnaeonic  acid,  OH'IO',  bom 
gmmtcmth  aeiil,  CHK)*  ( J.  Brovn,  Edinb.  PhlL  Uwu.  zzl  [1]  40) ;  moao-  and 
di-iodophuiic adda,  fioB  jMtenie  acid,  CH'O  (9engenw«ld,ComtX.iend.liT-  197). 
On  the  <Jeokolic  h/iridti,  hydride  U  hc^l  for  eumtdc^  protochloride  of  iodine  acta 
in  a  manner  oppoeite  to  that  jnit  mentioned,  Mmveitiiig  them  into  ehloridea,  vith 
elimiiutioD  of  njdriodic  acid  (Scborleiamer,  p.  It4).  In  aome  eaaea,  chloride  of 
iodine  luitM  ditectlj  Tith  an  organic  componnd,  with  etl^lent,  for  eumple,  forming 
chloriodide  of  fltfaylMic,  CHVU  ^Maxwell  Simpio^  Pnie.  Bo;.  Sue  xii.  my 
According  to  Oenther.  howererfAnn.  Ch.  Phana.  '•»«'"'  13S),  when  dij  coal-gaa  la 
oaued  orer  fbaed  protochloride  of  iodine,  the  cthjlane  contained  in  it  ii  conTOted  into 
didilwida  ti  ethylene : 

OB<  +  2IC1     -     (?H'C1'   +  V. 
From  iodiaed  oinnic  eompoonda  it  aometimeB  takea  away  one  at  mCE«  atomi  of  iodint^ 
iHJaciDg  thaM  I7  ohlonne  -,  thna  it  oonTeita  ioiUdt  of  tli^  into  ddcside  c(  ethyl 
(dent  her): 

OB*!  +  ICl     -     CHKa  +  Pj 
dMe&fo  li/'fMyfaw  into  ehbriodida  of  ethylene  (Maxwell  Simpson): 
CB'P  +   la     -    (ra*ICl  +  P( 
[•«feUiyleiie(Oenther): 

K?SV   +   2ia     -    (?H'CP  +  I*. 


ViluIdaaMa.  IQ*. — This  componnd  la  produoed: — 1.  By  mating  iodine  at  a 
■entle  heat  with  aiceaa  ti  chlorine  gaa.— 2.  "Sj  introdncing  final*  dinded  igdic  anhj' 
drideintodn  hydmchloric  addgae;  the  maaa  then  liqoeflea  and  boila,  and  <m  cooling 
depodta  bricnlotide  of  iodine  in  Imig  needln  (Sernllas) : 

PC   +   lOHCl     -     alCl'  +  6HK)  +   CI*. 
Alao  by  niiing  the  ciyirtallieed  iodic  add  at  anhydride  with  abong  hydrochhme  add, 
the  trichloride  then  ciyitalUring  out.    (Soabeiran.) 

Trichloride  of  iodine  is  orange-yellow,  lud  dyetalliiea  on  oooliog  alt«r  ftidon  in  long 
needles (Serallas).  Itactaoo other robetuiceain the aamemanneraithepcDtochlori^ 
(Kane);  dewlorieea  eolation  of  indigo  (Qay-Lossac);  does  not  tnm  starcli  bice,  except 
on  the  addition  of  an  aqneona  solution  ca  stannona  chloride,  <si  other  dechlnrinating 
mbetance,  which  eeta  the  iodine  free. 

It  melta  at  a  tempeiBtare  between  TXi"  and  2S°,  erolriiig  chlorine  gaa,  irtiidi  it  a^ain 
■baorba  on  coaling  (Serallasi  In  contact  with  a  Teiy  Bnall  quantity  of  vattr,  it  is 
paitly  reaoWed  into  an  inaolnbla  jdlowish  portion  (probably  a  miitore  of  tridiloride 
of  iodine  and  iodic  anhydride),  and  a  lolation  of  protochloride  of  iodine  and  hydro- 
chloric add  (Sernllas): 

*IC1'  +  6HK)    -     lOHCl  +  I'D*  +  2ia 

trichloride  of  iodine  ie  leea  readily  diMolved  by  iMbr  than  the  jaotoehloridei  tha 
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eoDUiiiiiig  &ee  iodiite ;  or  M  ■  inixbiTB  of  hrdiochlarie  acid  and  a 
vhichtotiUiiu  Satomi  irfo^gMi(iodaaiwad]: 

Old'  +   SH<0     -     ICHCl   4-   SHIO>   +  P. 
or  ICI*  +  2HW    -      SHO  +     HIO*. 

A  rimllar  HdnlioD  ia  oUained  on  pusing  cUm^e  ni  to  aatnnlion,  ttii«a^  1  pt.  of 
iodine  didWd  in  4  pta.  of  ynta,  tb«  miztar«  btuig  kept  cool,  uid  the  exeew  of 
ehlonne  aftanmdi  remoTcd  I^-  ■  coirent  of  Umoi^beno  tir.  The  eolntioii,  when 
Mtoreled  with  diltnine  u  oompletel;  u  possible,  bu  ■  brisbt  tcIIov  colour  and 
BHituoe  lalher  more  than  I  atoma  of  dilwme  to  1  atom  of  iodin^  beeansa  the  vaUf 
the  Snrnatjon  of  a  nnall  qnantitj  of  hjdiochloric  acid  and  iodic  add 


(Sonbeiran).  Solution  of  trichloride  of  iodine  majalso  be  prepared  hy 
an  iqaeons  solntion  of  the  prolochloride  vith  mercniic  chlorii  ~  '  -' 
liquid  ittei  decanting  it  fFom  the  precipitated  iodide  of  metcniy. 


rpreeiptating 


When  la  aqueous  nolntioii  of  tnchlonde  of  iodine  is  gradnallj  mixed  vith  snlphnric' 
acid,  and  the  thhI  k«pt  cool,  the  trichloride  Beparatm  in  the  tono  of  a  white  enrdy 
mass,  which  afterwards  aasumee  an  onuige-f  ellow  colonr  ;  on  heating  the  auxtnre,  it 
diaaotres,  but  separatee  again  as  the  liquid  cools ;  on  distillitiB  the  miztnre,  the  fri- 
chkiride  paasrs  ov«t  (SernllaB).  Ether  doea  not  sepante  trichloride  of  io^e  from' 
an  aqneons  aolation  (Dumal)!  but  if  protochloride  of  iodine  is  also  ^iMtnt,  the  ether 
takes  up  the  trichloride  in  compaDj  with  it,  protided  Ae  solntjon  is  Dot  too  dilate 
(Sernllaa).  An  a^eoua  solution  of  tzichlonde  of  iodine  neuttalised  witli  a  llxed 
MaU,  jields  a  chionde,  an  iodate,  and  a  precipitite  of  iodine,  whidi  i^dissolTCt  in  an' 
dOM*  of  alkali  in  the  form  of  iodide  and  iodate  (Liebig): 

elCP  +   ISEHO     -     ISEa  +   3KI0'  *  P  1    iBK>. 
On  mixing  the  aqueous  aolntion  with  an  sqneoai  solution  rf  neatral  Joint*  a/poteMt'ttM' 
and  thm  adding  alcohd,  acid  iodate  of  potassinm  is  predpital«d  (Sernllas).    An 

Sneoni  solntjon  of  trichloride  of  iodiiw  ifitsted  with  a  small  qnanttly  of  oiiifa  q^ 
eer,  Tieldaijiloride  of  ulrar  and  iodic  acid;  when  alarver  qoantitjof  oiideof  silTW 
is  nse^  the  diloride  of  silver  is  mixed  with  iodate  (Sernllaa),  and  Iodide  of  ailTriis 
probably  formed  at  the  same  time  : 

Sia*   +  5Ag%   +  H>0     -     9AgCI   +   Ag[   +   2HI0*. 
SSvtr-ItafiB  conrerted  by  aqueona  trichloride  of  iodine  into  chloride  and  iodide  of 
nlnr  (SernllaB)^      Whan  aqneons   trichloride  of  iodine  is  mised  with  a  small 
qnanlit;  of  a  aolotion  <A  tttantetu  eUoridt,  a  piedpitata  of  iodine  is  obtained,  aoIvUe  in 
excess  of  tbe  tin-salt.     (Kane.) 
Trichloride  of  iodine  unites  wit^  meftiaiiT  i»U»piiI«.    (Filbol.) 
TBte^oUarlda.    ICl*. — Produced  by  ipontsneons  decomposition  of  the  lianid' 
piotochloTide,   4IC1  -  ICl'  +  P.    CnstalUsM  in  red  oetahedrons,  the  ftee  iodina 
Mpantcd  at  Clie  same  time  temuaing  dUsolied  in  the  nujtbet^IiqDor.    (Eimmerer, 
J.  pc.  Chem.  lixiiL  83.) 

Mai  ICl*. — Not  known  in  the  free  state.  Dry  iodtnecannotbemadeto 


combine  with  S  atoms  of  dilorine  (Liebig).  Iodine  diflbsad  in  4  pts.  of  wato'  doM 
ttot  absorb  mneh  nii»e  than  3  attmia  of  ehlonne,  and  the  yellow  solution  obtained  yields  a' 
precipitate  cf  iodine  when  ntnrated  with  alkalis  (SonDsiran).  The  samaresnlls  ale 
obtained  when  (he  quanHir  ^  wal«r  is  8  wr  10  times  u  great  as  that  of  the  iodine. 
If,  howerer,  the  iodine  he  diflhsed  tlirou^  a  still  larger  qnantily  of  water,  20  pta.  fbr 
instance  (Soubeiran),  the  iodine  combines  with  6  atoma  of  chlorine  ;  the  aolutlon  in 


and  iodic  aeida  (Liebig  Sonbeirsn,  L.  That 

P  +   CI"  +   SH-O     -     lOHCl  +   2HI0'. 
A  solution  of  the  same  kind  is  obtained  on  mixing  dilate  hydrochlorio  and  iodic  acids. 


SttMlgSIl 

reoabet 


(SOS 

zoBZwa,  naraoTTinr  Ajm  mrnmtA.'nOM  or.  Iodine  in  tlie  free 
state  is  easily  recognised  W  thi>  Tiolet  raponr  which  it  girea  aS  when  heated,  and  br 
its  reartiDn  with  starch.     The  starch  for  this  purpose  should  b«  perfectly  ooloodesi ;  n 


praguatio 
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vuv  bs  pnpand  br  boiling  potato-atarch  or  ■rrov-root  with  watar  and  learfng  it  to 
DOoL  To  oMain  m  ^eliette  mgnDt,  BAehamp  (Zdtsehr.  Analrt.  Cb«m.  i.  166),  leoom- 
toendi  the  foUowing  mode  of  prrpantion.  OeUHDinu  ituvh  u  boiled  nth  ■  qnantitj 
of  eouecntratad  pot&ah-W  uhbI  to  ^  of  ths  vaight  of  the  dry  itarch  contained  in  it, 
till  it  haa  become  peifeetlj  flnid ;  the  liqnid  ia  then  diluted  with  wtit«r,  BQpenatnrated 
irith  Metic  aidd,  and  precipitated  with  alcohol ;  and  the  bulky  predpitate  i«  boiled  flrat 
with  ijcobol  of  SO  vol.  p^  eent.  then  waahed,  firat  with  alcobol  acidnlated  with  anl- 
phnrie  add,  than  with  pore  alcohol  of  the  aame  aDength,  and  dried.    Foi  nae^  the  dried 

*""""  ia  to  be  snapended  in  hot  water, 

ine  exista  in  aolntioa  in  the  farm  of  hjdriodic  acid  or  a  metallic  iodide,  it 
maj  be  aeparat«d  by  the  addition  of  chlorine-water,  anlphnric  acid,  ot  nitric  add,  and 
trili  then  gire  the  blue  colonr  with  ataidL  When  (jilonne-watei  ia  naed,  cue  muat  be 
ta^en  not  to  add  sn  esMM,  aa  a  chloride  of  iodine  will  then  be  fbmed  which  will  not 
exhibit  the  ataidi  readjon.    <See  lonmu^  p.  287.J 

The  methoda  ot  detecting  iodine  in  in«alnble  lodidea,  and  in  pnaence  of  oiTgen. 
mlphur,  phoaphoms,  Sce^  are  the  aame  aa  those  emidojed  when  it  ia  to  be  eatiinated 
^UBntitatiTely. 

Quaniilalivt  Eilimation, — Iodine  in  the  &m  atate  ia  beat  detemiined  bymeana 
of  a  atandud  aolution  of  aolphuiona  acid  (aee  Am AXTBia,  VoLnoTKK^  L  26S).  Whan  it 
oocuTB  in  tba  aolution  in  the  &irm  of  hydriodic  acid  oi  a  metaUic  iodida,  it  may  either 

beaetfteebycAio  " ' '  --^-_-.-j— i ^-__ii_-_  .i ..  ■- 

be  precipitated  b< 

9Q3).     100  pts.  of  iodide  of  ailTer  correepond  to  M'128  pta.  of  iodine. 

It  may  auo  be  precipitated  aa  iodide  of  palladium,  bj  tniiing  the  adution  irith 
chloride  or  nitrate  qf  paliadiam.  A  black  predpitate  then  fidla,  which  eettlea  down 
dowly  but  completely,  and  when  ienited,  luTea  metallic  palladium,  iOO  pta.  of  which 
are  cquiTnlent  to  239'62  pta.  of  io£ne. 

Thia  last  method  of  precipitation  aerrea  alao  to  aepai^ta  iodine  &inn  bromine  and 
chlorine.  If  the  chlorine  ia  alao  to  be  estimated,  the  preci[ntation  muat  of  course  be 
made  with  nibate  al  palladium,  not  with  diloride.  If  l»mnine  ia  pteaent  without 
chlorine,  the  iodine  muat  be  pracimtated  with  chloride  of  palladinm,  bei^nae  tbenitrato 
wonld  pred[atale  bromine  aa  well  aa  iodine ;  the  predpitation  of  the  bromine  may 
ttowerer  be  prerented  by  the  addition  of  »  aolnble  cUonda.  To  fatimate  the  chlorine 
•nd  bromine  in  the  flltned  liquid,  the  eiceea  of  palladinm  it  removed  by  lulphydrio 
add  and  the  exeeta  of  the  latter  by  meana  of  nitnc  add  or  a  ferric  aalt.  The  bromine 
and  chlorine  may  then  be  precipiUled  by  nitr&te  of  silver,  and  the  predpitate  treated 
in  the  msnnei, already  described  (i,  BOSV  Iodine  may  also  be  eatimaUd  in  preaence 
of  chlorine  brthe  method  already  deacribed  (i.  67S)forthe  eatimation  of  bromine,  viz., 
by  predpitating  the  two  elementa  with  nitrate  of  aurer  and  heating  the  ailrer  precipi- 
tate in  a  atieam  of  chlorine.    The  qnantilj  of  iodine  ia  equal  to  the  loM  of  weight 

id  nay  be  applied  tc 
of  iodide  *aa  bromi 

T^onr,  md  die  loia  of  weight  mnltipUed  hj  -t^= —  —  270. 

For  other  methoda  of  estimating  iodine  in  preaence  of  chlorine  and  bromine,  aee 

I  m. 

The  method  of  decomporing  intnluiU  iodida,  to  aa  to  obtain  the  iodine  in  solution, 
un  similar  to  thoaa  adored  for  insoluble  bromides  <i  678). 

lodatct  »xAptriodata  an  reduced  to  iodidea  by  the  action  of  sulphnrona  or  aolphjdric 
aidd.  To  decompoae  them  by  ignition  would  not  give  aceorkte  reonlta,  as  a  portion  of 
the  iodine  would  be  driven  oS 

T)m  Mmpounda  of  iodine  with  photphorm,  anenie  and  antimony  m»  be  deeompoeed 
and  analyrcd  by  treating  them  with  water  or  aqueous  alkalis,  wbereby  the  iodine  is 
oonTerted  into  hydriodic  add,  and  raaj  then  be  precipitated  with  nitrate  of  silver  &om 
a  eolation  addiUat«d  with  nitrie  acid.  The  iodioea  of  tvipkar  are  most  readily 
analysed  by  besting  them  in  a  combostion-tube  with  nitnte  of  potaaainm  and  carbonate 
of  aodium.  whereby  the  iodine  and  sulphor  are  converted  into  metallie  iodide  and  sol- 
ute.   (Outhrie,  Chem-Soc  J.  zir.  S9.) 

Iodine  in  organic  eompowndt  may  be  estimated  in  the  same  manner  as  chlorina 
Q,  Wl).  In  the  more  oosily  decompoaible  compounda,  anch  as  the  iodated  organio 
■dda,  the  iodine  may  also  be  determined  bjdecompoeingtbe  compound  with  water  and 
aodinm-amolgam,  then  ocidnlflting  the  solntion  witb  nitric  add,  and  predpitating  with 
nitrute  of  ailvcr.  The  bhtoc  method  may  be  applied  to  the  corre^iponaing  bromine-  and 
dilorine-compounda.     (Kekal^,  Ann.  Ch.  Fhurm.  Suppl.  i.  338.J 
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Iodine  :  oxides  and  oxygen-acids.        29? 

Atomie  WeialU  if  lodint. — The  eadteF  Bttampt<  to  determine  thn  atomic  weight  of 
Uiia  element,  trr  Pronat^  "Ovr^,  Ok^-LoMM  aoa  Beneltns,  me  ntolta  Turing  from 
8t  h>  126,  thitii  toBS^,consderabtjbdow  those  obtAint^  by  more  recent  detemiDa- 
tions.  MilloD,  hj  inidng  iodate  of  poturinm  Kid  iodate  of  lilTer,  and  ireigbing  the 
remaining  iodides,  obtained  the  nnmb«r  130-17 ;  but  the  reanlt  is  not  qoitt  exact,  be- 
tesitse  the  iodides  themKlTes  *i«  PUtl?  deoompond  \j  i^pttion. 

The  most  exact  detenninaUonsbaTe  been  made  bjMsrignic(Bib1.liiiIv.  dcOantn^ 
xItl  S87)  tad  Dumas  (Ann.  Ch.  Iliarm.  <rr.  93).  Marignac  detennined  tbs  quantity: 
of  iodide  of  pOtMsiom  reqnired  for  predpitaling  a  "kno-n  qntmtitj  of  siireT  from  the 
mbate,  andKraad,  as  the  mean  of  flre  closalj  agniaiiig  experimmta,  that  100  pts.  silnr 
an  jwecipilstsd  from  tlie  aolalion  of  the  nitrate  b;  lC3'74pts.  iodids  of  potaaiiam  ; 
Tbenoe  the  proportion  100  :  \63-H  —  lOS  :  f  gives  166-04  tsi  Uie  atomic  weight  of 
iodideof  pataasiiim;and  thia  diminished  b;  39-2,  the  atomic  weight  of  potassium,  gire* 
fiir  that  of  iodine  the  ntunberlSS'Sl. 

Id  another  set  of  experimpnts,  Haiignac  determined  the  qnantitf  of  iodide  of  silver 
precipitated  bj  iodide  of  potassimn  from  a  known  WMght  of  ailTer  dissolved  in  c ''  ' 


— 134-91,   which,  diminished  bj  108,  gives  for  iodine  the  nnmber 


ai7-aii  -  108 

TOO 
lM-91. 

Dnmas  deeompoeed  pun  iodide  of  nher  bj  ignitian  in  a  stmrn  of  chlorine,  and 
weighted  the  chloride  of  silver  thqs  {HOdnccd.  In  one  experiment  3-620  gnna.  loi^de 
of  nlver  gave  2-140  chloride  ;  in  Bnother7-011  iodide  gave  4-281  chloride.  Boththes« 
Hsnlls  give  for  iodins  the  atomic  weig^  127,  ^lieh  ia  the  nnmber  now  adopted. 

IOsnra,OK^iBB  AXll  OXTOKM-Afnaaor.  The  aeries  of  oxidised  CDU- 
poiinds  of  iodine  ia  not  atyetao  complete  as  that  of  chlorine.  The  following  have  been 


described  and  uulTsed  with  more  or  less  accniB^  ; 

Addt. 
HTpo-iodons  add 


Iodic  add 
Period  add 


Oxidft  or  Anhj/dridei' 


Intermediate  Iodic  o^dde  .  ,  I'D" 
Iodic  aahjdride  ....  I'O* 
Periodic  anhydride  .  .  ,  I'O', 
Of  these,  the  only  oomponnds  whose  compomtion  has  been  eatabtiahed  with  certainty 
an  iodic  and  periodic  ocida,  with  their  corresponding  anhydrides  and  salts.  The  ex- 
istence  of  b  jpo-iodoos  add  and  of  periodic  oxide  has  been  rendered  [otibableW  eiperi- 
mante  which  will  be  preeenUy  described.  The  remaim'ng  raddes,  I"0"  and  I"0",  aro 
of  Teiy  dcnbtful  conatitation :  the  sabst&nces  UMlysed  wen  perhaps  impnre  periodia 
oxidt^  or  the  lost  may  hSTe  been  iodic  anhydiide  containing  exeea  ot  iodine. 
Hjipo-iodout  aeid.  ElOr 
An  ozygeo-acid  of  iodine  corresponding  to  hy^ochloions  add  appear*  to  exist,  bat 
neither  Uie  add  nor  its  salla  hare  yet  bean  obtained  in  definite  form.  According  to 
HacnnB  and  Ammermiillrr,  disodic  pervodate  gives  off  part  of  its  oxygen  when  ignited, 
■ad  yields  a  nsidne,  the  solntion  of  which  in  cold  water  possesses  bleaching  properties 
(p.  310).  Uitacherlich  (Pc^  Ann.  zi.  162;  xvii,  4S1),  hy  dittolring  iodine  in 
moderately  strong  aoda-ley,  till  ^a  liquid  began  to  show  colanr,  and  evaporating  at  ■ 
low  tsmperature,  obtained  a  aslt  consiBting  of  NaTO".  lOHH),  which  however  might 
have  been  a  mixtun  composed  of  iodide  and  iodate  of  sodium  ;  Nal.NalO'  lOH'O  ;  in 
bet  the  salt  wbeo  treated  with  alcohol  is  resolved  into  aolable  iodide  and  insolnblo' 
iodate.  Wobler  (P(^.  Ann.  viii.  OS),  hy  diatillins  iodine  with  anhydnHis  peroxide 
at  *""""■",  obtained  a  yellow  liqnid  wbich  he  legaided  as  hypo-iodons  add,  or  rather, 
•nhydiide.     (Vid.  Qm.  iL  2fi2.) 

According  to  Schonbein  (J.  pr.  Chem.  IxjxJt.  385),  when  1  at,  iodine  is  diaaolved 
in  an  aqneooa  eolation  of  1  at.  potash,  the  formation  of  iodate  of  potssdnm  does  not 
take  place  immediately,  bat  is  preceded  by  that  of  hypo-iodite  of  potassium,  just  as  in 
the  case  of  chlorine ;  the  solution,  which  has  the  odonr  of  saffii^n,  ana  exhibits 
nin>erties  similar  to  those  of  the  hypocblontee,  is  however  v«y  nnst&ble,  the  hypo- 
lodite  being  resolved,  gradoidly  at  orainaiy  temperatures,  sod  ioatantly  at  the  boihng 
heart,  into  iodide  and  iodate:  3E10  -  2KI  -t-  KIO^.  Schonbein  also  Coda  that 
hypo-iodite  of  ammonium  is  formed  by  the  action  of  iodine  on  excess  of  ammonis. 

Aecording  to  Lenaseo  and  Lowentbal  (J.  pr.  Chem.  lixxvi.  216),  hypo-iodons 
add  is  Mntoined  in  die  aolutioB  formed  by  the  action  of  carbonate  of  aodiuU  (or  other 
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SSS  IODINE;   OXIDES   AND   OXTGEN-ACIDS. 

■lluIiDS  liquid)  on  triehloridp  of  ioiliiie,  which  ia  TeUow,  nddeni  benieDit  colonn  ttard 
blue,  Bnd  coat«iiu  &  salt  hnviDg  the  oompoaitioD  NalH)  or  NftlO.I',  tb&t  ii,  h.jpo' 
iodito  afMdium  with  2  stoDi*  of  ^iodine,  on  the  remonl  of  which,  either  b;ei  * 
alkali,  luIphuiDua  acid,  beniene,  oi  other  nuenli^  the  hTpo-iodite  of  pot 
ja  immedialel;  reaolred  into  iodide  and  iodate.  Xhe  ^kaline  aoIntioD  of  hypo-iodona 
add  ie  deeompoeed  b;  iodide  of  potasnum,  yielding  &ee  alkali  and  &ee  iodine,  aocoid- 
ing  to  (hft  aqnatioa : 

KI   +   KalO   +   H«0     -    KHO   +  NaHO  +  P. 
The  aatject  leqoina  farther  axsmiiutJoi). 

Periadie  atidt,  10',  and  Oxidti  ntarlg  aBiti  te  itin  eompotithn. 
Pari 

KKmmerer  aa  nitroao-iodic  anhydridp,  I*0<(KO)'. 

When  iodic  anhydride  ia  heated  with  6  pta.  of  etrong  ralphnric  acid,  till  a  few 
babble*  of  DiygeD  are  siTea  ofE  a  BCalj  anlphur-Tellow  aubatanee  ia  fbnned,  wbicb 
appean  to  COnaiat  of  iI%>.3I0'.SO<IP.  If  the  boitins  be  continued,  the  erolDtion  of 
o^gen  goea  on.  and  cryit^  are  formed,  haTing  b  maeE  deeper  jellow  eolonr  than  the 
fseodiog,  aqd  apparently  consiating  of  2I*0*.IO'.SO'H.  Water  deconpoaea  both 
thaae  oompatmde  lato  BBlphoric  acid,  iodic  acid,  and  iodine.  By  continning  the  action 
of  the  tulphDria  acid  till  indiae  bittina  to  eacape  aa  well  aa  ongen,  two  other 
compOnndB  are  fbriDcd,  to  whicb  Hillou  aaainia  the  fonnaln  2IO'.280'.HH)  and 
I'-OtMOSCHK).  Theae  anhatancoa;  anbjectedto  the  action  of  moiat  air,  appear  to 
yield  the  compoonda  10*  and  1*0"  in  the  &ea  atste.  To  the  Utter,  Millon  giraa  the 
Dame  n^htrpo-iodie  acid  fanl^ridt]. 

When  anipharaaa  anhydride  ia  allowed  to  act  upon  iodia  anhydride  long«r  than  ia 
taqnired  to  finm  the  compound  SI'O'.SO'  (p.  309),  a  laifn  quantity  of  iodine  ia 
a^iarated,  and  a  lumpy  adheaiTe  maai  ia  formed,  whidi,  if  Mt  tia  ■  day  atanding  OTcr 
water  in  a  bell^jar,  then  waahed  with  alcohol  and  with  water,  karea  an  oxide  of  iodine 
containing  1*0",  contaminated  with  a  email  quantity  of  anlphoiic  add.  It  ia  abrown- 
yellov  powder  which  doea  not  decompoae  in  the  air,  hnt  abaorha  a  amall  quantih  of 
water  &om  it.  Dilute  nitrie  acid  diasotvea  it^  with  aeunUan  dt  iodine;  fmning  nitiio 
acid  conVerta  it  into  iodic  acid.  When  heated  to  100°,  it  aplila  up  into  iodine  and  iodie 
anhydride:  £1*0"  m  131*0*  +  IV  Water  deeompoeea  it  ilowly  at  ordinaij  tem> 
peiMiirea,  qnicklr  at  100°,  into  iodine  and  iodic  acid. 

AqnAma  dUulia  act  in  the  aame  manner;  but  alcoholia  alkalia  do  not  act  npon 
it  at  oidina^  temperatuns.  Thie  cirmunataoee  diatin^aiahaa  it  from  the  oiidea 
lO*  and  I"0'*  above-mentioned,  which,  according  to  Hillou,  form  with  alcoholic 
potaab,  brid-red  eaaily  decompoaible  salta.  Ahaalnte  alcohol,  ether,  acetic  ether,  and 
(niphide  of  carbon  are  likewise  without  action  on  the  oxide  I^",  even  at  the  boiling 
heat.    (Kammerer,  I.  pr.  Chem.  liniil  7S-} 

Iodia  acid,  Ankydridt  and  Salt*. 

todloAaM*  filO*.  [Qm.ii.  2S3.>~This  add  iaprodoced  by  tha  action  of  ad< 
diaiiig  aAenta  upon  iodine  in  nreaence  of  watar  or  alkalia.  According  to  Pettenkofer 
(Jabn«Mr.  1817,  ^  Ml),  it  la  aotnetimas  fbnnd  in  oommerejal  mtanc  add  (the  iodioa 
Wng  donbtleaa  denied  from  the  Chili  aaltpebe  need  In  the  pr^sration).  Aoctodingto 


LB  aimply  oxidiaed  to  HIO* 
by  oxygen  eToIred  by  the  deeompontion  of  the  water ;  in  the  latter  the  iodine  ia  bat 
conreited  into  hydriodic  add,  which  ia  then  oxidiaed  in  the  manner  inat  mentJonad. 
It  ia  alao  produced  by  the  action  of  iodine  on  ctdoria  or  btomic  add.  (Kammerer,  J. 
pr.  Chem.  Ixur.  *62,) 

Prrparation.—i.  Small  quantitiea  of  iodic  add  are  couTcniently  prepared  by  heating 
iodine  with  the  atrongoat  nitric  add  free  from  nilroni  acid  in  a  wide  ^aaa  tube,  and 
leaving  the  liquid  to  cooL  Iodic  add  ia  then  depodted  in  eryatala  (Connel). 
Jacqnalain  (Ann.  Ch.  Phya.  [3]  nx.  332)  recommenda  thia  aa  the  beat  mode  of 
preparing  iodic  add  in  all  casea.  He  heata  B  grma.  of  dry  iodine  in  a  flaak  with 
300  grms.  nitric  add  of  apedflc  gravity  I'S  to  flO"  for  an  hour;  decanta  the  aaperoatant 
liquids  (the  upper  condstiiig  of  nitric  add  contaitung  pemitrie  oxide,  the  lower  of  a 
red-brown  aolntion  of  iodine  in  nitric  add)  from  the  aeparated  iodie  add ;  diatila  theae 
liqnida  down  to  one-aixth ;  and  gently  heala  the  reeidoe,  t<^tfaer  with  the  dyatallined 
iodic  add,  in  a  Teaael  in  which  it  is  protected  from  duat ;  iodic  anhydride  then  aepaiatea 
fn  nacreous  ciyatala.— 2.  Forprepariog  larger  quantities,  Liebtg'a  method  ia,  however, 
generally  preferred.  It  conaLats  m  auspending  an  onnce  or  two  of  pnlveriaed  iodine  in 
a  ponnd  of  water,  and  passing  a  atream  of  culorina  through  the  bqnid,  till  the  todina 
is  completelr  diaaolved : 

oHv  +  Bci'  *  p   -    lOHa  +  amot 
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wheret^  »  etaiEidenble  qoaotity  of  iodine  ii  raaeipilstoil,  vhich  nuj  b«  colkcted  oa 
K  Bker,  then  BmiwDded  in  wBt«r,  and  trtstod  with  ehlonofl  m  bdbnt  Tbt  filtered 
Bolnttoa  eontaini  iodate  uid  chloride  of  aodiom,  with  a  tnet  of  eiAaatte,  vhicfa  buj 
bo  DmrtMliwd  bj  hydrochloric  acid.  Od  aA«rwuda  Adding  ehlorida  of  barinm  to  111* 
filtarad  liqiiid  ■>  liwg  u  >  precipitate  ta  formed,  tbe  whole  erf  the  iodic  add  if  Itirmnl 
down  aa  iodale  of  barinm,  which  maj  be  collected  on  a  filter,  dried,  and  thso  decom* 
posed  b;  boiliDg  it  fbr  half  an  hour  with  2  pts.  of  oil  irf  vilfiol  diluted  with  10  or  13 
pta.  of  water.  The  iodic  add  Oxmi  hberated  diMoli-ea  in  the  water,  and  Uie  loInKon 
fllteced  bom  the  aobhate  of  barinm  and  evaporated  at  a  geatie  heat,  yield*  the  add  in 
&e  fbrm  of  a  djat^ne  mass.  KSmnerer  (J.  pr.  Chem.  Ixxii.  91)  diaaolrea  iodine 
in  hot  aatorated  baryta-water ;  Altera  the  nolutioa  of  iodide  of  barinm  from  tbe  aen- 
nted  iodate;  paasn  chlorine  thronsh  the  filtrate  (which  at  fint  precipitatee  iodine,  bnt 
in  a  state  of  Tory  fine  diviaion,  bo  tiat  it  is  »raj  goicklj  oridiaed),  and  thereby  conTarta 
the  whole  of  the  iodide  of  barinm  into  iodate,  from  which  the  iodic  acid  may  then  ba 
•epaiated  by  snlphorie  acid.—!.  Another  very  good  mediod  of  jnepaiing  the  acid  ia  to 
d^Mt  4  pto.  of  iodine  with  T'fi  pta.  of  chlorate  of  potaauam  in  40  pta.  of  water  acidn- 
latad  with  10  pta.  of  nitric  acid,  and  heat  tbe  Uqnid  tofflcieiitlT  to  cauw  rapid  nolntion 
of  chlorine.  In  a  abort  time  the  iodine  ia  eompletdy  osridiatd,  and  Oie  iodic  aeid  thna 
formed  may  be  precipitated  by  beiyta,  and  MpatMed  anin  by  anlphnrie  acid  The 
laisest  rayatala  are  obtained  when  tbe  solution  contains  a  idight  exceaa  tf  solphnrie  add. 

The  crystallised  add,  HIO*  or  PO'.H*0,  when  exposed  to  a  heat  of  130°,  or  digntad 
in  abadute  alcohol,  is  partlv  resolved  ipto  water  uid  iodic  anhydride^  whiiji  remains 
combined  with  the  iodie  add,  fomiiiig  the  compound  PO'.HIO'  or  SPCHK) : 

SHIO*  -  PO'.HIO'  +  WO, 
which  at  170°  snffbra  farther  decompomtion,  yielding  water  and  iodie  anhydride. 
Iodic  anhydride,  I*0*,  oyatalfiaea  in  forma  belonging  to  the  trimetrie  syft«m, 
and  often  redoced  to  the  tabular  form  hj  the  predoqununce  of  two  parallel  fiusea  vF, 
For  F  the  ratio  of  the  principal  to  the  secondary  axes  is  1 :  O-TfiSO  :  0-713S.  Anglo 
P :  P  in  the  terminal  edges  -  99°  23',  and  105°  12' ;  in  the  lateral  edges  -  12S°  7' ; 
osP  :  aiF  -  93°  37'.  Iflie  pyramidal  &Cea  occnr  spheDoido-bemihedtally.  Cleavsae 
^ifeet  parallel  to  I*ao;  imperfect  paratlel  to  F<s  (Scbabu^  BalimnaiHff  £r 
SrytlalU/ettatlai  in  cheiaueiai  Labor<Uorie»  emeugier  ProduJctt^iKO,  ISfiG ;  Jahreaber. 
ISM,  p.  SIO).  fipedfle  gravi^  at  tbe  cnslala  ~  l'2fi0  (Filhol,  Ann.  Ch.  Phya. 
[3]  zi.  t\6\  At  the  temperature  of  boiling  oliTe-oil.  the  anhydride  is  completely 
Msolved  into  iodine  aod  oxygen.     It  diaaolrea  In  water,  forming  iodie  acid. 

Pnlferised  iodic  anhydride  is  reduced  at  ordinary  temperatores  by  a  small  quantity 
of  ndflmrtitu  an^fdride,  yielding  sulphuric  anhydride  and  tree  iodme ;  by  continued 
action  t^  lalpbaront  anhydride  at  100°,  it  is  conTert«d  into  a  li^t  yellow  granulo- 
^stalline  mass,  coasiMiiiK  of  aa  iodoanlphurie  anhydride,  fiPO'.SO'.  This 
compound  is  qniiUy  decompoaed  by  contact  with  air  and  water,  with  scparatioti  of 
iodiM.    By  abaolide  alcohol  or  ether,  it  ia  reeolved  into  I'O*  and  SO* ;  and  hj  akoholic 


;  npon  it  at  common  temperatures;  hydrocbloric  arid  dusohea  it,  with 
evolntioD  of  chlorine  and  formatian  of  chloride  of  iodine.    By  still  longer  ezposors  Ic 


potash  it  is  couTeited  into  iodate  and  mlphate  of  potasnnm.    Strong  snlphnric  aeid 

evolnti  .   .  ,  y        . 

the  action  of  sulphnrons  anhydride,  the  iodic  anhydride  is  completely  decomposed, 
yielding  a  Urge  qnajititf  of  uidin^  and  an  adhesive  mass  containing  aa  lolde  of 
iodine,  I'O"  (p.  208). 

Nitro-iodie  ani^ridi,  PO\NO)*  f— Millon  (Ann.  Ch.  Phys.  [8]  lii.  830),  hj  tri- 
tnrating  iodine  with  strong  nitric  acid,  obtained  a  yellow  powder  which  he  regarded 
~«  a  componnd  of  citric  acid  with  periodic  oxide,  10';  it  was  reaolved  W  water  into 
itric  acid,  iodic  add,  and  iodine,  and  when  treated  with  dilute  alcohol  yidded  a  smalt 

'i   hypo-iodie  aeid).     KSmmerer  (J.   pr, 

10  substance  by  Millon|a  method,  alao  by 
treating  iodine  with  a  miitnre  of  fuming  nitric  and  atroog  suiphuric  adds,  and  aesigu 
to  it  Uie  compoeition  above  given.  He  luda  that  it  is  decomposed  by  diying  over  lime^ 
with  evolution  of  nitric  oxide,  and  that,  when  dried  In  an  atmoaphere  of  carbonio 
anhydride,  it  aplita  up  into  nitric  oxide  and  periodic  oxide.  It  is  decomposed  by 
water  and  by  aqueona  acida  and  alkalis ;  hydrochloric  acid  dissolves  it,  with  evolution 
of  chloripe  and  fbnnation  of  chloride  of  iodine.  Alcohol,  ether,  and  acetic  etber  are 
violently  attacked,  often  with  incandescence,  even  by  small  qnsatities  of  the  eompouod. 
By  expoenre  to  moist  air  at  common  tcmperaturfs,  it  is  decompoaed  into  iodine,  iodic 
acid,  and  nitric  add ;  in  dry  and  very  Mdil  air  it  remains  unaltered  for  a  long  time. 
Itdiasolvee  slowly,  and  witbont  decompoaition,  in  strong  sulphuric  arid,  and  sametimrs 
•eparates  from  the  solution  spontaneously,  but  ia  easily^  [nvripitated  on  acntehing  Ih? 
ndes  of  the  vessel  with  a  i^ase  rod,  or  adding  fuming  nitric  acid  to  the  solution,  l^a 
•uipboric  add  solution,  when  boileil,  gives  off  a  large  quantity  of  nitric  oxide. 
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Iodic  acid,  HIO*  cT7stjJlU«&«m>8traiieaqneaiufolati(m!litTUuipu«atBiz-iid(d 
W>1m  vithont  vatsr  of  ciystallivition  (Serallsia,  Harignsic).  Aaxriing  to  Ram< 
mall  berg  (Pogg.  Ann.  ic  12)  the  ayBtali  an  Irimetiic,  liie  ratio  of  the  brachTdia- 
BOBal,  maerodlagoniiJ,  uid  principal  bzIb  being  ~  0'8890Si  1 :  1-1903.  Th«  azhibittlia 
hem  «P,  foD,  oP,  with  JP<d  and  iPa  mbordiinte.  In  the  bradwdiagonal  prin- 
cipal imtioB  a>P  :  (bF  -  11S°  0';  Paa  :  Pb  -S0°  i'.  Ths  nTstalB  an  tnnapa> 
jentrUid  hare  a  litnians  loitre;  th^y  are  generally  either  tabular  by  pcedominancr  of 
oP,  or  elongated  in  the  direction  of  the  bradijdiagoD&l ;  cteaTBge  disunet  paiallal  to  oP, 
lMadiatinetp^™^et'°»P'^'^™''W^^'^'iS'"'^(J^''»''>^-l^^P- 396.1867,  [k  134) 
iodia  acid  cryitAlliae*  frani  aqueous  Bolntion  at  S0° — 60°  for  the  tnott  part  in  the  fcoin 
determined  br  Scbaboa  for  tbe  anhytlride,*  leaa  sbnndAnUj  in  tiie  tbim  just  dcaenbed 
u  determined  by  Bammelabe^.  Marignac  finds,  hoverer,  diffeient  valnee  fw  eome  of 
the  angle*,  tii.,  cdP:  goP  in  the  brachydiagonal  principal  aection  — 114°  44';  Pes  :  Pt» 
inthenilie-79°  38'.  Ksmmerer  (J.pr.  Chemlmv.  4fi2)hBaobtaineda  hydrate 
of  iodic  acid,  IHIO'.SH'O,  irbich  cryetallues  at  17°  in  beantiful  hexagonal  tablea. 

Iodic  acid  ia  very  aolnble  in  vattr,  alightly  soluble  in  aieoM.  The  aqneooa  acid 
bleachea  litmua  paper  aEter  first  reddening  it.  It  is  easily  decomponed  by  44taiduiTig 
agenti,  yialdiog  in  tbe  first  instaace  hydriodic  acid,  which  then,  with  tbe  remsining 
iodic  acid,  forms  wat«r  and  &ee  iodine: 

HIO-  +  5H1  -  smo  +  P. 
Hence  aqoeona  iodic  add,  though  it  does  not  of  itself  im^irt  a  bine  coloar  to  starch, 
produces  this  colour  immediately  □□  tbe  ailditionof  hydriodic,  solphjdric  or  salpharmu 
acid,  atapnoni  chloride,  T^etaUe  adds,  or  other  deoxidising  agente.  In  some  cases 
however  an  excess  of  the  reducing  agent  converts  the  free  iodine  into  hydriodio  add 
■nd  destroys  the  blue  colom* :  thns  with  solphnrons  add ; 

H^o*  +  p  +  ffo   -   am  +  H>so". 

SulphuToul  Sulphuric 

ilitrie  otide  gat  redncai  aqneoos  iodic  add  at  ordinary  temperatures  (KSmmereif; 
The  add  heU«d  in  sealed  tubee  wilb  tuiphide  of  earbon  is  r«duced  to  hydriodic  add ; 
inlikenuuinertodateofpatss8iumtoiodide(Schlagd>Lhaafiren,  J.  Phum  [3]  iiiiT. 
17S)-  Ferrout  lulphatt  does  not  of  itself  appear  to  reduce  iodic  add,  bnt  on  addition 
of  caustic  soda  and  sabseijuent  supeiutaratioa  with  sulphuric  add,  iodine  is  set  tm. 
Id  this  .ease,  it  may  be  supposed  mat  tbe  ferrous  sulphate  first  separates  iodine,  which 
is  taken  up  by  the  soda-ley,  forming  iodide  and  iodat«  of  sodium,  find  that,  on  addition  of 
sulphoric  acid,  iodie  and  hydriodio  adds  are  set  free,  which  aijtnpon  each  other  in  the 
way  sboTe  mentioned,  yielding  free  iodine  (Hempel,  Aon.  H^  Pharm.  crii.  97^ 
Aqneoui  iodic  add  yields  by  tUettvlyiii,  oxygen  at  the  positive,  and  iodine  at  the  n^a<. 
tive  pole,  the  separation  uf  the  latter  being  due  to  the  action  of  nascent  hydrogen  re* 
snlting.  fiom  the  decomposition  of  the  water.  According  to  Buff  (Ann.  Ch.  niann, 
CI.  287),  the  iodic  add  is  resolved  hi  the  cnrront  into  H  and  10*,  which  latter  ia 
decomposed  by  the  water,  yielding  HIO'  and  free  oxygen. 

Xi»dstaB.  Iodic  add  is  monobasic,  like  chloric  and  bromic  adds,  ths  general  fbimulft 
of  its  normal  salts  being 

MIO"     -     ^^'j  0  or  JPCPO*. 

But  tliera  are  likewise  add  iodates,  or  more  properly  anhydn>-iodat«a,  which  may  be 
rnarded  as  eompoonds  of  the  normal  iodstes  with  one  or  more  molecules  of  iodic  anhy- 
dride :  thos  there  are  three  iodatea  of  potassium,  having  the  following  formnln : 
Normal  iodate  of  potasshim  ....     SKIO'  or  KKi.rO*. 
"■■'■•■  .        .     aKIC.I'O'  or  K-O-aPO". 

.   2KIO'.2I'0' or  K-CSIO". 

The  normal  iodates  ere  obtained:  1.  By  brinpng  iodine  in  contactirithan  alkali  and 
water,  and  remoring  ths  metallic  iodide  fonned  at  the  same  time,  by  digestion  in 
alcohol— 2.  By  direct  mixture  of  iodic  add  with  a  salifiable  base. — 3.  Bj  brukging  the 
aqueous  acid  in  ooutaet  with  metalo. 

Most  iodntes  are  insoluble  or  sparingly  soluble  in  water,  the  only  easily  soluble 
iodatff  being  the  ammoninm-,  polsssium-,  and  sodiam-salts.  The  solutions  of  these  salts 
give  with  Bomewhat  conoentrated  solntions  of  atrontiam-  and  caldum-salts,  and  with 
dilute  mlutiong  of  barium-,  lead-,  and  silvei^«alta,  white  erystslline,  granular  pcecipitatM. 
The  silver-predpitats  is  easily  soluble  in  ammonia,  very  slighSy  MlntM  in  nitria 

The  ncomsl  iodstes,  when  heated,  either  nve  up  8  atoms  of  o^gen,  bnt  no  iodine^  snd 

■n  converted  into  metallic  iodides  (e.  g.  KIO'  —  0>  ~  Kl),  or  they  part  with  theit 

•  Ttaect]'iUli»ui1iiedlt;Bc1iibuiproti*b1:rc«ulHnlor  thasdd.uMefUMubrdrUc. 
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Iodine  and  6  atona  of  o^en,  and  an  reduced  to  metallie  oxides  {e.  a.  B&*0.PO*  -■ 
O*  —  P  —  Bii'OX  Bcoortingly  u  the  metal  haa  greater  afflnilT  for  iodine  or  for  ray 
gen.  Soma  bdftes  detonate  -when  Leatwd  vitb  eombudble  bodi^  i.  g.  on  nd-hot 
coaU, — eonutimes  eren  vhen  mptel;  Btroi^k ;  bnt  tbe  detonation  is  much  vnka  than 
that  ptodoced  b;  chloratea  or  nitisli^.  The  aqueoiu  solntion  of  an  iodate  miuil  wiUl 
anlphnionB  acid  jielda  iodine  and  anlphnnc  add,  part  of  which  combinea  irith  the  basa 
(Oay-Lnaaac)  With aulphjilric  acid,  the  aolntion  of  aniodata  yields  hjdriodic  acid, 
water,  anlphor,  and  »  enlpliate  (H.  Boae);  with  hjdriodic  acid,  ot  with  a  diawilTed 
iodide  mixed  with  an  add  to  liberate  the  hy driodic  acid,  ila  yielda  ■  metallic  iodi^ 
iodine,  and  water: 

EO*  +   6HI     -     KI  +  I»  +   SHMD. 
lodidee  and  iodatea  eoDtftining  weak  bases  maj  alio  decompose  ona  another  in  solution 
inthoat  tlie  inCarrentian  of  an  acid,  yielding  an  oxide  and  &ee  iodine :  thus  with  tha 

ZnlO"  +   6ZnI     -     SZuK)   +   I'. 

With  hydrochloric  acid,  the  iodatea  fonn  water,  a  metallio  chloride,  trichloride  <rt 
iodine,  and  free  dilorine ;  and  the  metallic  chlcmde  thua  prodQced  ottaa  eotan  into 
combination  with  the  tndiloride  of  iodine  (Filhol): 

KIO"  +   8HC3     -     SES)   +   KCl   +  ICl'   +   Cl». 

Areemons  acid,  with  the  aid  of  heat,  and  likewiae  dicbloiide  of  tin,  separate  iodina 
from  aqneona  solutions  of  ths  iodates  (Simon).  Dilute  sulphorie  add  at  a  boiting  heat 
separates  the  iodic  acid  from  then  ulti  (Oay-Lusaac).  When  an  aqneons  aoTntion 
of  an  iodate  is  luMad  witb  nitric  acid,  that  acid  at  flrat  takes  hold  of  Uie  base,  either 
whdl;  <x  in  part ;  but  when  the  solution  is  er^iorated  to  drynen  and  mora  strongly 
heated,  the  less  volatile  iodic  acid  drina  ont  the  nitric  acid.  (Penny,  Ann.  Pharm. 
xxxrii.  208.) 

Iodates  heated  with  strong bydioclilorie  amd  and  mercuiy,  or  with  strong  Bulphoric 
add  and  ferroeo-JeiTic  oxide,  impart  a  blue  colour  to  itarcb,  in  coneequance  of  ths 


ledalt  of  Aluminium.  A,  sdntirai  of  moist  hydiBta  of  alumina  in  iodic  add. 
•T^wnted  to  a  symp  and  tlien  left  orer  sulphuric  acid,  yielda  deliquraeent  ciystala. 

loiatt  of  Ammonium,  (NH')IO',  is  ^odocod  by  SBtarating  cauitic  ammonia  oi 
carbonate  of  ammoninm  with  iodie  acid  or  chloride  of  iodine,  and  scptinites  aa  a  crya- 
talline  powder  if  the  solotwna  are  moderately  concentrated.  By  epantanoanB  erapoT»-' 
tiun  it  IS  genenllT  said  to  be  abluined  in  small  shining  cnbee.  According  to  Marignai^ 
howarer  (Ann.  Min,  [fi]  iz.  1),  the  cr^tals  ara  dimetric,  exhibiting  the  combinalion 
oF.  bPb,  often  with  P,  2P,  aP,  F»  and  2P«  subordinate.  Angle  oF  :  F  - 
la*"  it ;  oP  ;  a?  -  lOS"  li';  oP  :  F«  -  13*"  87;  P  :  P  in  the  termmj  ed^  - 
lCI9-7^,  That  the  ciystals  are  not  monometric,  i*  also  ahown  by  the  obeerration  of 
Harbaeh  (JahreabOT.  1856,  p.  US),  that  they  act  npon  polarised  light.  It  deeomposea 
with  a  hienng  noise  at  lfiO°.  giving  off  equal  volumes  of  oxygen  and  niftngsn  together 
with  iodine  and  water.  It  detonates  on  ^owin^  coals,  and  is  decompoaed  by  hydio- 
chlotis  acid,  yirldiog  a  compound  of  sal-ammoniac  and  trichloride  of  iodine,  together 
vith  water  ami  free  chlorine  (Filhol).  It  dissolTes  in  38-6  pts.  of  cold  water  at  1S°, 
•Od  in  6'9pta.  of  boiling  water.     (Bammelaberg.) 

lodatt  of  Barium,  2BaI0'.H*O.~TliiB  salt  Is  pedmtated  whan  iodine  ia 
dissolTed  in  baiyta-waler,  iodide  of  barium  remainio^  m  eolnljon.  It  may  also  be 
prepared  by  saturating  an  aqueous  solntion  of  trichloride  of  iodine  with  earbooate  of 
bamim  or  barytA-water,  or  by  precipitating  a  concentrated  solution  of  chloride  of 
berinm  with  kids.te  of  sodimn.  The  hydrated  salt  forms  a  granular  powder.  From  a 
■jolution  in  hot  nitrie  acid,  howerer,  it  is  deposited  on  cooling  or  on  addition  of 
ammonia,  in  small  c^stala  (Rammelsberg),  which,  according  to  Harignac  {lac.  at.) 
are  monodinie  and  isomorphons  with  bromate  and  chlorate  of  barium,  exhibiting 
the  combination  <bP  .  (P«  )  .  —  Poo .  Angle  isP  :  ceP  in  the  clinodiagonal  prin- 
d^l  section  -  82"  0' ;  (PsD  ):  CP»  ),  in  tbe  same  -  TS"  *2'; -P«  :  b.P-119"*'. 
The  water  of  cmtallisatiou  escapee  at  a  temperature  below  200°.  On  heating  the 
■alt  nic>e  strongly  in  a  poraelain  ratort,  vapour  of  iodine  and  oxygen  gas  are  evolTed, 
•adanndne  i*  obtuned,  consisting  of  basic  periodate  of  barium  (Bammetsberg): 
SBalO*     -     BalO'.aBa'O   +  *I   +   O". 

a  exhibits  phoaphoi 
Bven  in  the  cold,  thi 
_  a  dnrk-yellow  colour  (probably  arising  from  the  formation  of  a  double  chloride 
of  iodine  and  barium)  and  evolving  chlorine.  It  dissolves  with  difficulty  in  warm 
nitric  acid  (Rammelsberg).    It  is  soluble  in  3,333  pts.  of  water  at  18°,  in  631  pts; 
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ef  UaEng  water  (Gay-Lniiic),  ia  1,716  pU.  of  wmter  al  lfi°,  »nd  in  600  pta.  of 
boiling  -witcT  {HiameUbeTg);  the  ashydrotu  mlt  diwolTca  in  3,018  pts.  wstw  tt 
ia-S°,  ind  in  661  pta.  boiliiig  nter.    (KremerB,  Fogg.  Ann.  zdv.  2A5.) 

lodatt  af  Siamuti,  i^iPO'.R'O^-lait.te  of  Mdiom  added  in  axoem  to  n 
Bolation  of  biBmatli  nHdi  ia  no  lon^  pradpilatsd  bj  vaUr,  tluowl  down  the  vbole 
of  the  binnuQi  u  iodste.  The  pteapitate  ii  nearly  insohible  in  nitado  add.  "When 
ignited  it  leavea  Incadda  of  1»smatb  mixed  vith  iodide. 

lodate  of  Caleiuni,  SCalO'.fiH'O.  —  CiTBtalliaMi  b1o«1j  from  the  mixed  aola- 
tiou  of  iodi^  of  potaaidum  and  chloride  of  Mldnm  in  vater  (Pleiacbl),  a  large 
proportion  of  theaalt,  hpiraTer,  remainine  dia»olTed  jRamm  claberg).  The  dystals  are 
rendered  anhydiooa  b/beat.  The  drj  salt  gentlj  ignitfd  in  a  pon»Uin  retort  evolves 
14'7SS  pre  ceaL  of  o^gra  and  M'07!  of  iodine,  leaving  a  reaidne  amonnting  to  31  143 
pel  cent.,  and  consiating  ehieflv  of  pentabane  periodale  of  caleium  ;  bnt  irhen  bratsd 
more  ationgl J,  it  avolvea  a  still  laiger  amoimt  of  orrgen(in  tbevhole  17'176  per  cent.) 
and  of  iodine  (in  the  wbole  6S'47B  per  oent.),  and  leavea  20*346  per  cent,  of  a  mixture 
of  pentabasie  periodate  and  much  free  lime,  vbich  ma;  be  aepaisted  bj  water 
(Bammelabeig,  ^°ai-  Ann.  xliv.  676).  lodate  of  calcinm  <ktonatea  violeDUy 
on  ignited  charcoal  (Gay-LnBiac).  When  treated  with  coucentiBted  b;drocbloric 
add,  bf  which  it  ia  readilj  dianolved,  it  ;ielda  an  oisnga-coloared  liquid,  smelling  of 
trieliloride  of  iodine,  and  cimilar  to  that  yielded  by  jodate  of  potasainm ;  it  does  cot-, 
however,  give  c^itala  of  the  donble  chloride  of  iodine  and  caldam  (Filhol).  -The 
^rdrated  talt  finia  fbor^ided  prisnu,  which  effloresce  in  the  air,  wiui  partial  low  of 
water,  and  become  anhydrona  at  a  tempcmtuM  below  200°  (Rammelaberg).  ^tfm  a 
wJntioB  addnlated  w^  nitric  add,  it  leparatea  in  trimebio  raratala,  ceP  .  ooPsi. 
IP  .  P  .  dP  ,  Stoo  .  ita> .  Ratio  of  axes,  a:b:e-  0'4fiS7  :  1  :  OSSSl.  bP  :  »P 
inthebr»c!iydiagoBal-lsao66';oPrP-127''22';oP;8P-104°i7'(8enarinont, 
Harignac,  Jahreeber.  18fi7,  p.  126).  TheoTiUlsdiosolve  in  4M  pta.of  water  at!8°, 
and  in  102  pta.  of  boiling  water  (Qay-Lnsaac);  in  !fiS  pts.  at  16°,  in  75  pla.  of 
boiling  watrr,  and  modi  umn  eoptonalj  in  nibric  acid.  From  the  lattar  golotion  the 
■alt  ia  prodpitoted  hj  annumia  in  [oitms  (Rammelaberg).  Alcohol  sepuatos  the 
aalt&iim  an  aqneona  aolntion.    (O.  Senrj.) 

loiatt  of  C'riitta,  30eIO*.EW,  ia  awhitepredpitatewhidipveB  off  its  water  at 
300°,  and  leavee  pnre  ccrio  oxide  when  ignited. 

ladait  »f  Cobalt,2C6lfy,'S}0.  is  obtained  by  diawlving reoenUy  predpitated  car- 
bonate at  cobalt  in  hot  aqneons  iodie  add,  and  KpaiBtce  partly  oa  cooling  partly  by 
evaporation,  in  violet-red  crystalliDe  cnurts.  Dissolves  in  148  pta.  of  cold  and  90  pts.  at 
hot  water.  Gives  off  its  water  of  crjratalliaation  at  200°.  At  a  red  beat,  it  gives  ctf 
iodine  andioxygen  and  Uavea  cobaltoeo-eoboltie  oxide,  Co^*.  Alcohol  added  to  a 
solution  of  this  s^  in  sal-ammoiiiae,  throws  down  a  pale-r«d  double  salt. 

ladati  of  Ccpplr. — lodate  of  sodinm  Asms  with  sulphute  of  copper  (afto'  some 
time  only  if  the  stdntions  are  dilute)  a  greenisb-blne  precipitate,  conaisting  of 
4CaIO'.3EV,  which  gives  off  its  water  at  300°  (Rammelsberg).  According  to 
Willon,  iodic  addtbrma,  seen  in  very  dilute  solntions  of  copper-ialta,  a  bine  etrsta&ina 
predpitate  composed  of  2CiiI0*.H*0.  and  the  same  compound  ia  obtained  bj  digesting 
recently  precipitated  hydrate  or  carbonate  of  copper  with  iodic  add  at  OTiunaiy  tent' 
peratures.  When  hydratod  cnpric  oxide  is  mahed  with  boiling  water  and  covered 
with  a  anffldent  quantity  of  aotutiou  of  iodic  add,  an  olive-coloured  powder  is  obtained 
which  haa  the  same  com^oaition  as  the  blue  crystals,  bnt  requitee  a  tempoatnre  about 
40°  hif^er  to  dehydrate  it  completely.  Ignited  tmyna  oxide  shaken  up  with  aqneooi 
iodic  add,  forms  a  basic  salt,  3(2CaIO'.Cn*0).H*0,  which  however  is  convert^  into 
the  olive-coloured  salt  when  the  mixture  is  boiled. 

lodatfi  of  Iri>n.~Fsrrb!  lodalt,  Fe*0'.2PO'.8H^  or  4f,10^f>KiXHH},  ia  a 
yellowish-wbita  predpitate  obtained  by  adding  iodate  of  sodium  to  ammcmio-ftoric 
aolphate.  The  predpitate  when  dry  becomes  heavier  and  assamea  a  reddish  tint.  It 
is  soluble  in  nitric  add,  and  leaves  pure  fertie  omde  when  ignited. 

Femnu  ladaU  is  produced  on  mixuu  ferrous  solphBte  with  iodate  of  potsaainm,  as  a 
irtiite  precipitate,  wnich  dissolTee  readily  in  excess  of  the  fenous  sulphate,  bnt  qniddy 
turns  brown  and  decomposes,  with  evolution  of  iodine,  especially  when  heated.  The 
brown  predpitate  diseolvee  in  hydBKhtoric  add,  with  evolution  of  dilorine,  and 
ammonia  throwa  down  from  the  eolnlion  a  nuxture  of  ferric  hydrate  and  iodide  of 
nitrogen. 

lodatt  of  Lanthanvvt,  SLalO'.H'O.— Pred|iitated  as  a  crystalline  powder  on 
adding  sulphate  of  lantbanum  to  aqneous  iodic  acid.  From  solution  in  hot  wattr,  it 
separatee  on  evsporationin  white  oystalline  scales.  Giveeoff  its  water  at  a  temperature 
above  110°.    (Holzmann,  J.  pr.  Cbem.  Ixxv.  321 ;  Hermann,  ihid.  buxii.  386.) 

lodalt  of  Lead,  PblO*. — White  prwipitatei  ver?  sparingly  soluble  in  wntet  and 
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In  Dibie  acid.  Qirrt  off  iodine  and  m^gen  when  faMted,  ind  lemn  a  miztnre  of  oxLd* 
•od  iodide  of  lead,  bom  which  tlis  oxide  it  eseilj  dinolTed  onC  t^  acetic  add. 
lodatt  of  LitkiuM,  LilO*.— Cr;xtaUin0  cn»U,  wlnbls  in  S  pt&  of  water. 
iBdatt  of  Magntiium,  H^0'.2HK).— Shining  ra^stale  aolnble  in  1  pta.  ot 
iMiling  and  ll'43  pti.  of  coldnter.  The;  are  monodinie,  exhibiting  die  combination, 
aP  .  obPob  .  +P  .  — P  .  oP  .  — }Pb.  In  the  clinodiagocal  principal  lection, 
(bP:  a>P  -  78°  20";  +P:  +P  -  91"  68';  -P :  -P  •■  ISOo  SO';  hitler,  oP  : 
aiPao  -  lOO"  40";  oP  :  -IPoo  -  lift"  82'.  The  crjetals  de«TO  Teij  dirtinrtly 
carellel  to  op's  fKarignac,  JahrHWr.  18£7,  p.  126).  When  hoted  thc^  quickly 
becoma  opique  and  siTe  off  water,  becoming  completely  anhjdroun  at  240°  (Millon). 
At  a  red  heat,  the  aut  laBeta  decomposition  end  leavea  pure  magneaia. 

loiati  of  Mangantit,  MoIO*,  is  best  obtained  by  precipitating  a  concentratAd 
•olntion  of  acetate  <^  man^aneae  with  iodate  of  aodiom.  It  ia  pale  red,  aolnble  in 
200  pta.  of  water,  and  when  ignited  lenm  pom  manganoao-manganie  oxide.  Aixoidiiis 
lo  Beraalini,  it  eontaina  i  at.  wat«r  (SMnlO'^H'O). 


tntbeftntl 
Jtecarieio 


■antral  aa  nanUe,  vidda  with  iodate  of  aodinm  a  white  pred 

1^  hjdiodilorie  aod,  with  srolntioii  of  chlorine,  and  jieldi  a  ...._... 

mooM  thiowa  down  iodide  of  nJUiDgen,  It  diaaolvea  with  difficulty  in  nitric  acid,  and 
■a  oomplstelT  ToUtillsed  hj  twM^  beu^  at  the  uae  tina  KMlred  into  meiciiric  iodide, 
lamcazj  and  oxygen. 

lodait  of  meitl,  2NiIO'.H*0.— Obtuixd  br  diaaolTiiu  reeentJy  precipitated 
hydrate  of  nickel  in  iodia  add,  ot  t>y  eraporatinc  to  diyneas  a  tMnlioo  of  1  pt.  iwphat« 
ta  nickel  and  l^  pL  iodatf>  of  aodinm,  and  diasolTing  ont  the  aul^iate  of  aodinm  from, 
the  leaidoe  with  water.  Fron  ■  hot-Mtvnted  aolntioU,  it  aepaiatn  aa  a  light-green 
oyatalline  povder.  It  disaolTca  in  TTi  pta.  of  boiling  and  120^  pta.  of  eoid  water. 
Inien  ignited,  it  leaTea  pore  oxide  <tf  ni^eL  Ammonia  diaaidna  it  n>sdily,  tbrming  ■ 
Uii«  liquid,  ftian  which  alcohol  throw*  down  bhteciystal^  oraanrBtBllinepoinler,a>a- 
matiDg  atiodatt  of  mctel-di>tmmmiiim,SdO:2VB'  -  IO'.ti\^^^\ 

IadaletafPolatMium.—l.  Moito-iodaU  or  Somal  Lidate.  Thitaaltia 


1.  By  adding  iodine  toaolotion  irfpotaah  till  a  brown  oolonria  produced,  eraporating  to 
dryneaa,  and  diaaalnng  out  the  iodide  of  potaasiun  formed  at  the  aame  time  with 
alocihol  of  apedflc  grarU^  0'81 : 

SEHO   4-  I*    -     KIO*   +  0B:I   +   SEK). 
Sbonld  the  iodate  thai  obtained  contain  carbonate  of  potaaainn;,  the  latter  mnat  be 
decompoaad  I7  Metae  acid,  the  whole  erapoisted,  and  the  acetate  of  potauiomremoTed 
Ijaleobid. 

2.  'Bj  diawdnn^  tiicUnida  of  iodine  in  potaah,  the  prodncta  being  iodat^  iodide  aikd 
ililiiiidn  nf  iiiiliiwiiiiii 

laEHO   *  Sia'     -     2KI0-  +   SEd  +   EI   +   6HK). 
The  iodide  and  dikrids  are  dinolTed  out  by  alcohd,  aa  in  the  former  prooeoa,  bnt  the 
Utter,  being  lea  aolnbl^  ia  more  difficult  to  maave. 

S.  By  meltiiw  iodide  of  potaaainm  in  a  crucible,  leaving  it  to  cool  till  it  become* 
MmiBnid,  and  £en  gtadaally  adding  1^  pt*.  chlorate  of  potassium.  The  nuus  becomes 
~  fluid,  iwells  np,  and  aolidiflea  to  a  apongy  mam  of  iodate  and  chloride  of  potasaiam. 
It  ia  diaaolTed  in  hot  water,  the  iodate  left  lo  crystallise,  the  crystals  ledisEolred  in  hot 
water  and  the  iodate  precipitated  by  aloobol. 

Hono-iodnte  of  potasatum  fomu  small  white  cubic  ciystals  (Oay-Lnssac); 
nOeo  .  vO  (Karignac),  bat  it  ia  not  easy  to  obtain  distinct  crystals.  Speeiflo- 
granty  S-97B  (water  at  17-6°  -  1)  (Kremets).    It  dissolves  in  18  pts. 


■Losaac);  ia  lS-02  pts,  water  at  O'fia  in    14-B5  pla  it  B"*",  id   10-77  pts. 


(Gbt-Lb         ...  ,  . 

S2-2°,  in  e-BG  pta.  at  4S'S°,  and  in  S'O?  pta.  at  eS-S".  An  aqueous  solution  of  speclflc 
graTity  10T4I  at  Ifl-fi"  oontains  9-08  pfe.  KIO",  for  every  100  pta.  water.  The 
aatDrat«d  aqneona  solution  boil*  at  102°  (Ere  mere,  Pogg.  Ann.  xciv.  271 1  zcr.  131; 
scviL  S\  Uore  solable  in  tqneooc  iodide  of  potassium  thnn  in  water.  lueoluble  in 
alcohol  of  speeiflc  grarity  081.  Solable  in  warm  sulphuric  add  without  decompositiOD 
ef  the  iodic  add.  (Berxelius.) 
'   At  a  low  red  hietil,  the  salt  melts  and  froths  up,  and  is  conTcrted,  with  kaa  ot 
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23-S9  per  oent  o^gen  info  iodida  of  potawiom  (Qaj-La'siAe).  If  only  part  of  tU 
(uiT(^  ia  Bxpelled,  tlie  naidne  oonnstB  of  iodide  and  iodat*^  without  bqj  periodata 
(Bammalabarg).    It  daflagntaa  with  a  pomle  li^t  on  glowing  chaicoaL 

The  aqneana  aolatioa  ffichioiCa  with  aalpbjdne  acid  and  other  redocinz  agauta,  tha 
reaetiaiu  almd;  deacribed  for  iodatoa  in  g^enl  (p.  SOI).  From  a  action  of  tha 
salt  mixed  with  iodide  of  pataaniiim,  the  Itronger^  acids  precipitate  iodine.  With 
atrong  hTdiochloric  acid,  it  jielda  water,  free  cMorin?,  aod  chloride  of  iodine  and 
potaaaium:  ^lO*  +  flHCl     -     8HK)   +   CI"  +   KICI*. 


A  flohition  irf  lodate  of  pot^am  in  excaaa  of  boiling  nitric  add  jielda  eiTatab  of 
iodic  acid  on  cooling,  iriiile  nitia  ramaina  in  aolntioii ;  it  howeveF  it  ia  CTaporated  to 
dryneea,  one  half  the  nitre  formed  ia  decomposed,  and  there  remaiiu  a  miztora 
of  I  atom  of  nitrate  and  1  atom  of  di-iodate  of  potaaaium.  When  greater  heat  ia 
applied,  all  the  nitric  acid  ia  decompoaed  into  pamitrie  oxide  and  oxygen,  and  driren 
ofC  ao  that  the  residqe  oooaiata  nMrelj>  of  iodate  of  potasaiimi.  (Pennj,  Ann.  Ch. 
I^iaim.  xixTii.  Z03.) 

Louilt-talt  of  lodale  and  Add  Sulphate  of  PotoMiuM,  EIO'.KESO'.—Thia  aalt 
aeparates  after  the  tit-iodala  (p.  SOS)  &om  a  aolation  of  the  nwno-iodate  mixed  vitlr 
anlphitrie acid.  Itwasfint  obtained  bj  SeruUaa  (Ann.  Ch.  Phjs.  [2]  xliii  ng). 
who  regHrded  it  aa  ■  compound  of  tbe  di-iodate  with  aohjdiouB  di-anlphate  of 
potassilitn.  Mil  la  n  (Ann.  Ch.  Fh;a.  [3]  ii.  197)  aapposed  it  to  be  a  componnd  of  mono- 
iodata  and  monosnlpbate  of  potaasinm,  2KIO*.EiSO*.  Tbe  formtila  abore  given  was 
dateimined  by  Marignac  (Ann.  Min.  [fi]  ix.  1),  who  obtAiiied  it  of  the  same  oom- 
poailioD,  eren  when  the  proportioni  between  the  aalpboric  acid,  iodio  acid  and 
potash  in  tlie  solution  were  Taried.  The  erjatals  are  monoclinio,  exhibiting  the 
combiDation  aP .  osFS  .  a>F3  .  «Fib  .oF.  — P.  -F2.  — Pes  .  +Pcs  (pradominatiiw 
attheenda)  +  SF«  .(?«).(}?»).  An^  nP  :  aP  in  tbedinodiigoaal  priadp^ 
section  -  IS1°  fiS';  a>P3 :  i>>P2  in  the  same  -  92°  10';  oP :  »P  -  01°  3B';  oF  : 
»F«-03oil';  wPa  :  +Pie  .  11fi°  60';  »P<o  :  -Pn  -  l2a°42'(U:aFigoac). 
When  heated  to  redneae,  the;  give  off  ozj'gen  and  iodine  and  leave  at^jdiate  and  iotUde 
td  potassium. 

IX-iodate,  3KI0*.in}*  or  IIX).2P0*.— Obtained— 1.  B;  mixing  the  aqueoos  nlu- 
tion  of  the  mono-iodate  with  hydrochloric  acid,  and  precipitating  with  alcohoL — 3.  Bj- 
paitiaU;  aaturaticg  an  aqoeooa  solution  of  trichloride  of  iodine  with  caostlo  potaali  or 
carbonate  of  potassium,  whereapon  the  mixture  becomes  heated,  and  on  cooting- 
depoeita  a  conipoand  of  the  di-iodate  with  chloride  of  potassium  (the  mother.liqDor 
aaturated  with  potash  still  yields  the  mono-iodate).  The  solution  of  this  compoond, 
largely  diluted  with  water,  and  evaporated  in  the  air  at  36°,  yields  the  di-iodats  in 
beautiful  transparent  ridit  rhombic  priims,  with  dihedral  somniits,  hating  a  tour, 
astringent  taste,  and  add  Teaction. 

AecordingloHarignacrJahresb.  lS56,p.  297),  theciystalsoontainE^.SlK>'.HK), 
and  sxhibit  three  eaaentislly  different  fbrma.  one  trtmetric,  the  other  two  monoclinic, 
the  occurrence  of  which  is  independent  of  the  temperature  of  crystaUiaatiDn.  The 
trimetric  crystaU,  which  separate  only  from  solutions  coat^ning  a  small  qnanti^ 
of  the  mono-iodate,  exhibit  chiefly  tbe  combi-  ation  oeP .  osPn  .  ooPm .  oP .  jF  .  JP . 
iPb.|P9b.  Angle »?:»?-  82°  10';  F  :  Fin  the  maciodiagonal  principal  section  ~ 
87°  10';  in  the  brachydiagonal  -  101"  40";  oP:  P  -  108*4';  oP:  [Pec  » 
127°  23';  oP :  iP»  -  146°  48'.  No  deavage.  According  to  Schabns  (jJimaber, 
1861,  p.  810),.  the  combination  is  oP  (predominant)  .  F  .  fP .  P<d  .  jPa .  »F  .  «F« . 
ufis,  ForP,  the  ratio  of  prindpal  and  secondoiy  axes  ia  I  :  U'8978  :  0-7810.  Anslea 
P  :  P  in  the  the  terminal  eJgos  -  111°  13'  and  121°  2';  in  tbe  lateral  edgea  -  07*^2'; 
bF  :  »P  —  Ba°  *'.  Cleavage  imperfect  parallel  to  oF.— The  second  tOnn,  which  is 
monoclinic,  separates,  according  to  Marignac,  chiefly  troni  solutions  conlaining  a  alight 
excess  of  iidd.  According  to  Schaboa,  the  ptedominaut  combination  is  nP2  .  sFco . 
oF  .  4  P .  —P.  The  principal  aiia,  dino-  and  orlhoHiiagonals,  are  in  tha  proportion 
1  :  1-7807  :  0-8827.  Angle  of  the  inclined  axes  -  87°  18'.  <bP2  :  ii>F2  in  the  dino- 
diagonal  prindpsl  section  _  78°  IS' ;  oF:-F-  129°  22',-  oF  :  4-P '^  128°  9'.  The 
er^tala  are  often  joined  as  twins,  the  face  of  combination  being  apparmtly  psnlld 
to  +  ^P» .  Marignac  has  aUo  meaaurad  these  crystala,  viewing  them  in  a  different 
direction,  so  that  the  flic«s  oP,  odPb,  ibF2,  &c.  in  the  preceding  determination,  become 
respectively  vFb  ,  oP,  (^Fa  ),  &c  in  that  of  Marignac  Begarded  thus,  tlie  OTStala 
exhibit  the  faces  oP .  »Fs  .  IBF2  . —P  .  (Fn  )  .(^Fn  ),  with  several  suboidinatadino- 
diagonal  domes  and  hemipymmida.  C11F2  :  iiiF2  in  the  dinodiagonal  principal  section 
-120°  17';  -F: -Fin  the  same  =  87°  48';  oP  :  (Pa>  )  -  110°  63';  oF  :  ( jF«  )  - 
127°  20';  oP:  ooPai  -91=  66'.  The  oyatals  are  almost  always  intersecting  twiaa, 
with  thofaceof  combination— Poo;  raielj  contact-twins  joined  by  the  face  oP.  CleAva^ 
pMnll^l  to  oF. — The  thitd  fbnn,  which  accompanies  the  other  two,  ia  alw  monodiiu^ 
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gated,  and  ezhibitiiig  the  eombination  oP .  «P .  +  F<d  . ' 
.  —P.    Angle  aP  :  ccP  in  the  diaodiagoiul  principal 
-'99°  ao";  ^: -P-  122°;  oP;»P  -  88"  itf;  oP:  -P«  -  129=  28"; 
-  117°  16'  (Marigaac).   RammalslieE^irliofbraierijregacdedtlieciTBtata' 
la,  found,  by  a  Iat«r  determination  (Jahieab.  1857,  p.  12S),  that  thej  contain. 
S(KW.2IK)*).3H'0  [?  in  which  form]. 

Di-iodate  of  polaaaium  ia  aoluble  in  Tfi  pta.  water  at  1S°,  inadable  in  alcohol 
(Sernllaa).  When  heated,  it  gives  off  oxygen  and  vapour  of  Iodine^  and  is  coaverted, 
first  into  tlie  mano-iodate,  then  into  iodide.  It  deflagrateB  on  gloving  charcoaL 
.  A._dcinble  wit,  oonaisting  of  di-iodale  onrf  ciioride  of  poloMtium,  2KC1.3K10".PO",  is 
obtained  when  an  aqneoug  solution  of  trichloride  of  iodine  ia  not  quite  aatoraled  with. 
potaah,  and  the  aolntion  ia  left  to  evaporate : 

ffiHO  +  8IC1'  +   7HK)     -     (aKCL2KI0'.I'0'l   +   «C1  +   IBHa; 
<r  hj  heatiBg  DODO-iodate  of  potasainin  with  dilute  hydrochloric  add ; 

4K10*  +  ana    -   {2KCL2KI0'.I'0')  +  hk). 

It  forms  sb'"'"g  tranaparent  prisms  and  elongated  four-sided  tablee  with  tmnrated 
terminal  edge*  [Sernllaa,  Ana.  Ch.  Phya.  [2]  xliii.  121).  According  to  Hillon 
(ibid.  [3]  ix.  *07)  and  Uarignae  (Jshreab.  IBM,  p.  298)  the  crystals  e-mtab  I  at. 
water.  According  to  Bammelgberg  (Pogg.  Ann,  icvii.  92),  who  also  finds  them  to 
be  anhjdiona,  tlic^  are  trimctric,  exhibiting  the  mmbiuation  vP  .  nl'zi .  aFio  ■  Pio  . 

g« .  oP  .  P3.  Angle  geP  :  mP  in  the  macrodiagonal  principal  acction  -  B2°  8' 
>:pB,  iiitlteaama-S7°0';  jPs  :  ^Pm ,  in  the  some  -  IBZ"  IS'.  i^oportiOD  oi 
bradiTdi^aal,  macTodiagonal,  and  principal  axia  ••  08713  :  1  :  0-77D9,  Thec^atala 
are  emoreacent,  solnble  in  19  pta,  water  at  16°  (Sernllaa).  Cold  alcohol  diasolm  out 
tJie  ehkiide  of  potaaafum.  leaving  the  di-iudate.    (Filbol,  J.  Phann.  izv.  S06.) 

Di-iedata  with  Di-ml^lvUt  of  l^tatHum,  K*8K)'.K*I'0"  f— This,  according  to 
Banillia,  ia  t^  eompoeition  of  the  double  salt  obtained,  after  the  aeparation  of  the 
tri-iodat^  when  a  aolntion  of  the  mDoo-iodate  ia  mixed  with  sulphuric  acid.  But, 
aeoordiiu  to  Milkm  and  Uarignae,  Uiia  salt  contaiiu,  not  the  di-iodat«,  but  the  mono- 
iodate  of  potasaiom  (pL  808). 

IHiodatt,  2KIO*.2I^  cc  E*0.3P0'.  — Thia  salt  ia  obtuned  bj  mixing  aqneous 
iodic  acid  with  a  mull  qnanlity  of  potaah,  or  by  adding  a  aolntion  of  the  mono-  or 
di-iodate  to  ftqneon*  •ol^harie^  ^oaphoric,  hydrochloric,  nitric,  or  silide  acid.  When 
a  eolution  of  the  mono-iodate  is  heated  with  a  iHrge  excess  of  dilute  eulphnric  add, 
and  left  to  evuponte  at  2S°,  the  tri-iodate  crygtallis^  out,  leaving  in  solution  a 
mmpound  of  iodate  and  acid  sulphate  of  potamium. 

TbrS  tri-iodat«  forms  large  tranapoient  crystals — tricUnic;  oecoiding  to  lUmmelaberg 
and  Marignac —which,  even  when  free  ^m  aulphuric  add,  oHume  a  reddish  colour 
anerawhile.  According  to  Serullaa  and  Bammelaberg,  th^are  anfardrous;  according' 
to  Uillon  and  Marignac.  they  contiiin  2  at.  water :  K'0.3l<0'.2H*0.  The  salt  when 
melted  gives  off  )  of  ita  iodine,  lesriog  iodide  of  potassium.  It  dissolves  in  25  pta. 
water  at  15°.    (Serullai,  Ann.  Ch.  Phys,  [2]  xliii  117.) 

Biaic  lodatt  .'—According  to  Oaj-Lussac,  a  solution  of  the  mono-iodate  mixed  with 
potash  deposits  a  salt  containiog  exceaa  of  potaahi  but,  according  to  Bammelsbei^ 
nothing  but  tbe  mono-iodate  cryitalliaea  out. 

Iodate  of  Siltsr,  AglO*,  ohtainsd  by  precipitating  nitrate  of  silverwith  iodio 
and  or  iodate  of  sodium,  u  white,  insoluble  m  water,  nearly  insoluble  in  dilute  nitric 
BCid,  eaaily  soluble  in  ammonia,  the  solution  yielding  by  spontaneous  evaporation,  pure' 
iodate  of  ■ilver'in  monodinic  crystala.  which,  according  to  Marignac  (Ann.  Min.  [fi] 
ix.  I),  exhibit  the  facea  sP  .  nFcs  ,  inclined  to  one  another  at  an  ang^e  of  127^°,  Hnd 
a  nomber  of  other  faces  at  the  anda  of  tbe  priani,  extending  in  a  direction  panllel  to 
the  {TthodlagonoL  Sulphuroua  acid  paaaed  into  tbe  aolntion  of  tbe  salt  in  ammonia, 
ia  convened  into  snlphoric  add,  and  throws  down  iodide  of  silver.  Hydrochloric  acid' 
deeompoKs  it  readily,  yielding  chloride  of  silver,  chloride  of  iodine,  and  JVce  chlorine. 

lodaiei  of  Sorfium.— The  mmo-iodaU,  NalO"  or  Na'O.PO',  is  obtained;  1.  By 
paasing  chlorine  gaa  to  satnntion  through  ID  ptB.  of  water  contnining  1  ^t.  of  iodiue ' 
diffiisM.  through  il;  neutralising  tbe  liquid  with  cartMoule  of  sodium ;  passing  chlorine' 
again  throngh  it,  in  order  to  diaaolve  the  iodine  thus  thrown  down  ;  again  neutralising 
with  the  cariunBte  ;  rediasolving  the  iodine  thus  separated  by  means  of  chlorine,  ana 
■o  on.  Tbe  liquid  is  then  evaporated  to  ^th  itn  bulk,  mixed,  while  atlll  warm,  with  i 
half  its  volame  of  alcohol,  and  the  compact  crrsLalline  maaa,  conaiating  of  dght-sided 
prisms,  produced  on  coolinf^  is  &eed  &Dm  adhering  ebloride  of  sodium  \ij  washing' 
'with  alcohol  (Liebig,  Pogg.  Ann.  xxiv,  362).  An  excess  <rf'  carbonate  of  somnm  mnat 
be  avoided;  otherwue,  basic  praiodste  of  aodinin  will  be  formed  fHagnna  and 
Animerm&ller>  According  to  Duflos  (Scbw.  J.  Iiii.  390),  the  addition  of  alcohol 
ii  annetossaiTi  m  the  lea*  soluble  iodat?  can  be  separntEd  from  the  chloride  of  sodinu 
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bj  OTBtoUiBatioii. — 2.  B7  psrtun.r  mtantiiig  aqoetnia  trichloride  of  iodine  with  caiube 
soda  or  carbonate  uf  sudium,  predpEtAtiDB;  mth  aloiltal,  mslmig  die  precijRtatF  with 
the  ume  liquid,  ind  recrjiiUlluiuig  from  hot  water.    (SeralliiB.) 

]UoBO-iodjit«  of  aodinin  Beparatea  bum  an  squeooa  aolutian  left  to  (Titporate  in  mode- 
ntelf  warm  air  (Bkmmelebcrg).  or  from  a  hot  coocentrated  Klntion  on  cooling 
(FeDDj),  in  czysUls  containing  1  b(.  water:  NalCH.H'O.    This  bydrute  fbnn*  tnftx? 
flne  sLIkv  needles,  which,  if  th«  tempentnre  falls  Wow  S",  while  the;  an  atill  innnersed 
'"  '■""       -'',«w  converted  into  Uio  pentahydnUed  cijitala.    Thej  gire  off  all  their 
"  (Bammelsberg,  Fniiny).     The  pentabjdnited  idt,  VaIO*,SHK>, 
.    pont*nnoa»  -■      .   .  -  .      .  ....... 

aystem,  wi^  pjramidal  m 
■ubordinate.  Axes  a  :  i:  c  ^  0*9631 : 
miiial*dgM-l!9°66'iiidl23<'30';  in  the  lateral  edesa  - 
and  87°  16'.  The  cnstals  are  pnematicalij^eloDgated  in  the  direction  of  the  prindp^ 
1X1%  the  fitoea  ibP  being  almost  alwn^i  uceijually  daTBlopsd.  When  exposed  to  tbeair^ 
tIugtgiTeaff4at-Waterandareconi«tedinlo  themonohydratedealt  (Bamlaelsberg 
Tn^  Ann.  xtir.  6tB  ;  xc  li).  According  to  Hillon  (Ann.  Ch.  Phva.  [3]  iz.  400), 
tjrjwtala  containing  S,  3,  S,  and  S  at.  water  are  alao  obtnined,  under  ■peciu  drcnmitaneee. 
Penn;(Ajm.Ch.Fbann.xixTii  303),  by  cooling  a  aomewhat  dilntv  eolntion,  obtained 
etyitaU  containing  NaI0".3H'0. 

'  Hie  anhydroua  n^t,  obtained  by  drying  tht  oyitala  at  ltiO°,  diesolves  in  13-8  pta.  of 
water  at  U-i",  Int  is  insoluble  in  alcohol  (Oay-Lussac).  According  to  Kremera 
(Fogg.  Ann.  icrii.  G,  8\  it  diaaoWes  in  38-76  pts.  water  at  0»,  in  11-03  ptt.  at  20",  in 
e'9fi  pts.  at  M°,  in  «-7a  pta.  at  60°,  in  3-01  pta.  at  80°,  and  in  3-96  pte.  at  100^  The 
saturated  BohitioD  boils  at  103°.  A  solution  of  ipecifle gravity  1-0698  at  lO-i'  contains 
8-18  pts.  of  the  anhydrous  salt  for  STSty  100  pts.  of  water.    (Kiemeri,  Pogg.  Ann. 


er).  It  detonates  on  ^wiui  char- 
uek  (Qay-Lussac).  It  is  decom- 
posed by  concentrated  hydrochloric  add  into  water,  chlorine,  and  a  yellow  Uquid, 
*hich  probably  contains  trichloride  of  iodine  and  sodium,  NaCLICl*,  but  does  not 
jjetd  this  compound  in  a  ctystaUine  form  (Filhol,  J.  Phann.zxT.  140).  Heated  wiUi 
»  Kttla  niliicacid,  it  yields  di-iodatfli  and  with  a  latcer  ^portion,  (ri-iodate  of  sodium 
in  tlis  anhydrous  slate  (Fanny).  When  dissolved  not  in  a  mixture  of  equal  quaatiliea 
ti  m^hnnc  add  and  water,  it  gtvet^  by  enpoistioD,  oystala  irtiich,  when  plactd  on 
bibnloa*  paper  and  nea^  d^,  beoome  ul  at  once  fluid  and  tenacious.  (Lisbig.) 
J)imile8aa*<!fUom>-4oiatt^&>dium.--hymiironidei>/todiu7H,2Vt.Br.Ti*10'.» 
-^btuned  by  diaaolnng  the  iodate  in  a  hot  strong  solutifMi  of  bromide  of  aodinm.  It 
cnstaUiBeB,  ^  oooUng  or  sirantaneoua  evaporation,  in  sggregalionB  of  extremely  flnc,' 
colourlesa,  traBSpsrent,  aix-sided  lamime,  apparenUy  rhonibonedral  combination!.  It 
is  easily  soluble  in  water.  When  heated,  it  givps  on  a  large  quantity  of  water,  melts, 
giveaojr  oxygen  mixed  with  iodine,  and  leaves  a  mixture  of  bromide  and  iodide  of 
sodium.  Two-thirds  of  the  water  is  given  ofl*over  salphnric  add.  (Bammelsberg, 
J.  nr.  Chem.  It"*,  430;  lUp.  Chim.  pore,  1863,  p.  251.) 

3.  Wia  CIdorid*  of  Sodium,  BNaCLZNaI0'.9H^.^l.)  When  chlorine  is  passed 
throng^  a  solution  of  iodale  of  sodiom  mixed  with  a  rathsr  hlige  quantity  of  canstic  soda 


as  long  as  basio  periodate  of  sodium  (p.  310)  mntinoee  to  SFparste,  the  decanted  liqoid, 
when  left  at  rest,  deposits  dyitals  of  chloride  of  sodium,  flrst  combined  with  iodate  of 
■odium,  then  In  itaelC  and  afterwards  mixed  with  chlorate  of  sodium. — (2.)  The  mother- 
liquor  obtuntd  in  the  ssomd  mode  of  prepwing  mono-iodate  of  sodium  (see  above) 
deposits,  at  a  higher  temperatnre  and  greater  dwrse  of  ooncentratian,  cmtali  of  the 
eompound  of  iodate  ana  chloride.  lie  c^itab,  whidi  are  la^e,  oabttrlca;  and 
often  banqiarsiit,  belong  to  the  biclimc  qratem,  and  are  sometimes  tridinio  pyn- 
tnide  having  all  their  edges  and  aummits  tnmcsted,  frequently,  also,  modified  br 
various  pyramidal  &ces.  They  also  fonn  twins  joined  by  the  basal  end-lkcea,  snd 
^ving  the  crystal  a  tabular  character.  The  axes  a,  A,  e  of  the  pyramid  (0  being  the 
{sinapal  axis)  are  to  one  another  as  1-1309  :  1  ;  1-10436.  The  incIinationB  cJ  the 
prindpal  seetums  ar«  by  direct  measurement,  osPanoDl"*-  97°  16';  oP:<bP«  — 
104°  0*;  oP :  nFoo  —  100°  SS*.  Inclinations  of  the  axes,  by  calculation,  A  :  e  — 
103°  67';  a  T  0  —  8B°  9';  o :  4  —  94°  66'.  The  erystals  are  not  elBorescmt,  bnt  when 
heated,  tlitf  give  off  their  water,  and  melt  to  a  dear  liquid  which  gives  off  nothing  but 

a  gen  gas.  and  when  very  strongly  heated,  leaves  a  mixture  of  i^Sids  and  chloride  of 
ium.    Water  extracts  the  chloride  of  sodium,  leaving  the  iodate  with  1  at.  wslcr.- 
(Sammelsberg,  Fogg.  Ann.  xlir.  eifl;  ttv.  681.) 

.ooqIc 


PERIODIC  ACm.  307' 

S.  ma  Iodide  of  Sodium,  KaI.ITmIO*.10H<O  (HUBtfaerlioh):  3NftL!N»I0'. 
UH>O(PeDi]T);3NtLZ}!UIO'.30H<O(]IarigD>c} — Tliit  oomnnmd,  ducovaed  br 
Hiticherlich  (Pogg.  Ann.  xL  1S3;  zrii.  181),  iiobbuDcd  bj  diMolTiiig  iodine  in  a 
e»U  and  not  tsij  oonoeitfiatod  aqneoni  •otatiou  of  canstio  aoda  (oi  liia  oaibinuitis 
•ecofding  to  Pennj)  till  it  bwna  U>  tnni  brown,  tium  IsaTiag  it  in  &  cold  pbM  till  it' 
cnitalliHa.  Priana  of  pure  U)dat«  of  codiam  then  GiHt  appmr,  but  ifterrud*  mli«- , 
boItb,  and  are  Tsfdaced  by  Uii<  compoond  (Hitscherlich).  Tbs  same  eryttaiM  aM- 
piDdnced'iii  a  few  days  by  immerging  cc^stali  of  iodsM  of  sodium  in  a  strong  solntini' 
of  the  iodide,  uid  leaTing  the  liquid  to  itself  at  a  tempeiatnre  not  abora  16°  (Penn  j. 
Aim,  Cb.  Fharm.  zzzru.  20!).  The  OTatala  ace  hexagonal  tablea,  oB .  (bK,  vith 
+  S,  -^B  and  other  fiicai.  Angle  oB  :  B  -  llSTjoE;  -  JB  -  138°  10  , 
(Karigna^  Jahmb.  ISfT,  p.  124).  When  heated  tbxj  lint  ^ve  off  water,  then 
cgygen,  witk  a  trace  of  iodine.  Cold  water  dissolTM  them  without  deoompcotaiin,  bnt ' 
awMi^  iliiililii  the  iodide  of  sodium,  leaTing  the  iodate, 

Md  Jodatttt^Sa^uiH.—^Whtata  aqneoaaaolDtknioftricUorids  of  iodine  is  mixed, 
ftnt  l^tli  uoDO-todate  of  lodiani,  then  with  alcohol,  the  di-iodate  lepaiatM  out,  bat 
this  sal^  if  dissolnd  in  wider  end  emporated,  vields  crystals  of  the  moDa>iadat«,  and 


and  then  the  Iodic  acid  (Bammelsberg).     Penny  obtained  a  di-acid  and  bi-aeid 
aalt,  by  (nating  the  mwio-iodate  witJi  nitrie  add. 

lodatt  of  Tin Iodate  of  sodiam  forms,  with  dicbloiide  of  lui,  *  precipitate  wUch 

M  iriute  at  lint,  but  soon  tarns  yellow,  blown  and  grey,  yielding  tetrachlorids  and  di' 
ludda  of  tin  and  free  iodine. 
■  Zedalti  of  O'raainm.-The  uranie  talt,  tT'C.l^'.SBPO  "or  a(TPO)10'.6HK>. 
U  obtained,  by  double  decomposition,  as  a  yellow  precipitate  which  dissolTcs  with  diffl- 
enll^  in  nitric  sod,  leaves  nronaeo-nranic  oxide  when  ignited,  and  ie  decomposed  by, 
potash.  Untnoat  iodatt  is  obtained  by  precipiUtion  bom  oraDoas  chloride,  bb  a 
groyish-gnan  subataaoc^  which  soon  decomposes^  being  partially  converted  into  the 
nranicsalt 

/a^stflo/ PtfrtKflL— PredpitaUefinm  ooneentiatedsolutionB;  remains**  acrys- 
talline  cnist  on  evaporation.  It  is  anhydrous,  dissolves  in  ISO  p^  water,  and  when 
■addenlj  heatad,  decomposes  with  explonon  and  deflsgratioa, 

It>dat»  of  Zinc.  ZnIO*.aV.— To  fntrpsre  this  salt,  a  aobtion  of  talphate  of 
■inr  and  iodate  of  sodium  in  equivalent  proportioas  >s  evaponted  to  diynn^  and  the 
tnmltine  sulphate  of  sodium  is  dissolved  oat  by  water.  Ii^te  of  linc  then  moainar 
as  a  white  powder,  soluble  in  76i>  pts,  (>f  hot,  and  I13-S  pta.  of  cold  water,  soluble  also 
in  nitric  aod  and  in  ammoDis.  The  ainmoniacal  solution  yields  by  epc^taneous  era- 
pOTation,  or  on  addition  of  alcohol,  »  ciystallins  nit  consisting  of  aZnlCH-lNH*  Of 
3(If^Zn)I0*.NH'.    It  is  dscran^osed  by  water,  with  •epuation  of  oxide  of  duo. 

Iodate  of  one  leaves  oxide  of  imc  when  ignited.  . 

Ptriodit  Aoid,  AnkgdrUt  and  Battt. 

Wmittit  or  XTMHodle  Mid.  HIO<  m-  HVJ.PO',  or  according  to  I^nglns, ' 
HlO'or  GE<O.IK)'.  (Magnus  and  AmmermuUer,  Few.  Ann.  uviiL  GH.— 
Benekiier,  Ann-Ch.  FtuBn.xrii.  254.— Langlois,  Ann.  CK.  Phys.  [3] nxiT.  SST  ;' 
Jafaresh.  1813,  p.  Si6.)— This  add,  whidi  was  ^sroTared  by  Magnus  and  Aninier-, 
muller  (Pogg.  Ann.  xxriiL  614V  is  produced,  in  the  £>rm  of  a  diaodio  salt,  by  the- 
action  of  ehlonne  on  a  sohition  of  iodate  of  aodinm  mixed  with  carbonate  <^  sodium  or : 

NalO*  +   fStSO  +  CI'     -     HaiHIO*  +   21faCa. 
Sosig  DlHdfa: 

A  good  meAod  of  pmparing  it  is  to  add  1  pt.  of  iodine  to  a  aololion  of  7  pta.  eaitxmata 
cf  Mdiam  in  100  pu.  water,  and  [«aBehli^ine  into  the  h<«ted  liquid  as  long  aa  a^irea-' 
tdtate  CMttinnea  to  form.  This  precipitate,  which  consists  of  disodic  pniodat^  »  dis- 
■olved  b  nftric  acid  perfectly  bee  fnym  nitnms  add ;  mbate  of  silver  is  then  added; ' 
thercnldiwydlowiaedpitateof  diaigentioperiodateia  dissolved  in  hot  dilute  mbrio 
add;  and  Oie  sidntion  is  concentrated  at  a  moderat*  heat,  till  the  moDargende  peru 
iodatt^  AfHO',  oyatalUtM  ont ;  this  salt,  separated  bom  the  nwther-liqnDr,  is  tioatad 
vith  oold  wata-,  which  axbact*  half  the  pmodie  add,  leprotoiing  the  diaigentic  »»■' 
iodate ;  and  the  llltend  •^tJOD  is  evapOTated :  pOM  poiodic  ami  then  crystslliswt 
out  (Magnnsand  Ammormtller).  Anotiiar  method  is  to  ^acdpitate  the  eolation: 
of  toediMdiaMltinBitrica^wilhilitretsof  lead,  decompose  the  [vecipitate  cf  par- 
x2 
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indkte  of  trad  with  BOmswhat  lea  Uma  an  eqniTalent  qnaiititj  of  dilate  salphiiTtc  add, 
and  conouitnte  the  filtrate  b;  eTapotstiou  (BenckiBci).  Aecordin|[  to  Idnglou;' 
bowner,  the  add  thiu  obtninMi  u  aJWBTs  contaminated  vitb  iodic  acid. 

^M  add  ma;  likevi»  bs  ohtainad  by  igoitine  iodate  of  bariam,  which  then  givca 
off  iodine  and  oitrgd,  and  is  conTcrted  into  pentooasic  periodate  of  barium — and  decom- 
poring  that  nit  with  mlphiiTic  add.  Bat  this  method  ia  not  ndraiitageDui,  beeaua 
a  eooiidnable  partion  of  the  iodic  acid  it  completelj  nedred  bj  the  heat  into  iodine 
wkd  <ngeiL 

I3m  uldatei  of  the  alkaU-metdB  glre  off  the  whole  of  their  oxygen  when  heated, 
•Dd«M  wnrerted  into  iodidee;  conaeqnentlj  periodic  acid  cannot  be  prepared  in  the. 
■une  maimeT  a>  peidiloric  acid  (L  610). 

Periodic  acid  leparatea  from  its  aqneona  aaliitioD  bj  enporution,  at  a  nntli)  hea^ 
IB  colonrieai  oyatals.  ajtparenCly  having  the  form  of  oblique  rhombic  piums,  which 
deliqneaoe  quickly  in  moist  air,  melt  at  130°,  and  at  160°  gite  off  their  water,  leaving. 
■  wUte  maM  of  periodic  anhydride,  1*0',  irtiieh,  at  180°  or  190°,  girea  off  oxygen 
with  peat i^dity,  leaving  iodic  anhydride  (Bene kit er).  Tha  cnatali  aie  rhombia 
prinuii  having  the  eampoaition  H'lO'  -  HI0<.2HH)  or  SH'O.I'O'.  Thay  melt  at 
1S0°,  and  be^reea  200°  and  210°,  EiTe  off  6  at.  water  and  i  at.  oxygen,  and  am 
ledaced  to  iodic  anhydride,  I'D",  which  at  a  hi^er  temperataue  ia  completely  leaolred 
into  iodine  ud  oivgeo.     (Langleia.) 

Fenodic  acid  diasokee  Tei^  eunly  in  water,  aparin^y  in  ttlaoiol  and  in  etier,  in 
which  tolntiont  it  ia  alowli  rednced  lo  iodia  acid.  It  ia  likewise  reduced  h;  mac* 
oth«r  organic  nib€tafKa,  and  inttuntly  by  kj/dmcUonc,  ttiiphiiriHu,  or  tuiphydrK  ocitf. 
With  hydroehlorie  acid  it  forms  water,  ddoride  of  iodine,  and  free  chlorine.  Sulphur 
ia  not  oxidised  by  it ;  hot  j/ionhonu  is  partly  coaTerted  into  pboaphoric  acid — fbr 
the  moat  part,  howeTSr,  into  anie  of  phoapDoma.  Metals  am  oxidiapdby  thaaolution, . 
Ibmung  basic  pdiodatae.  It  fbnna  a  precipitute  with  tannie  acid,  a  reactioo  which 
distingoiihea  it  from  iodic  add.  The  precipitate  disaolree  in  potash  and  in  ammonia, 
with  dark  icd  colour,  aridng  from  the  oxidation  of  Che  tannic  add,  the  iodins  at 
the  same  lime  onitini  with  the  alkali-metal.    (Langloia) 

Till  liin»l>w — Fenodio  acid  is  generally  reraided  as  monobsnc,  like  perchlorfo 
teid,the  fbrmnla  of  its  normal  salta  bring  UIO*  or  APO.IK)'.  Only  four  of  theee 
•nhjdrant  monometallie  periodates  are  howerar  known,  nsmely  those  of  ammonium, 
potasmom,  Bodinm,  and  silver.  AH  other  periodates  eontain  a  larger  proportion  of 
bwe,  and  nay  be  draived  from  the  erystaUised  add  E'lO*,  regarded  ae  HI0\3HH), 
}m  tha  replacemeBt  ot  the  water  of  erjitalliMtMn  faj  a  metallio  oxide  or  bydiate, 

HIO*    ,    WO    .    H*0    .    ,    Feiiodlcadd. 
flTH*)IO<    .    WO    ,    H*0    .    .    Mono-ammonio  periodatA. 

NalO*    .    NaHO.    WO    .    .    Disodic  periodate. 

PblO*    .     Fb*0  .     WO     .     .     Triptumbie  periodate. 

CuIO*    .    CaH)  ,    CnHO.    .    Tetiacnpric  poriodata, 

BaIO<  ,  BaH)  .  Ba*0  .  .  Fentabuytic  periodate. 
Tim  existawe  cf  Uia  laonohjdrie  add  HIO'  moat  however  for  the  pmaeot  be  regarded 
M  hypothetietl,  the  only  hydrate  whose  conititution  has  been  eatabliafaed  by  ana- 
lysttbongtlMpeBtBhjdnc  mad,  HIO*,  ana^jrsed  by  I^nglois;  and  from  this,  regarded 
M  » pentatomk molecule '^j  |o*,  tha  greater  number  of  the  periodata  may  be 
dtrived  hj  the  partial  or  ti^  replsaatnant  of  the  hydrogen  t^-  metals.  The 
anhydnraa  Mriodate*  of  potaadmn.  eiiTsr,  and  aodium,  (MIO<)  mif  then  be  tmrded 
•a  met^Miiodatea,  bcwing  to  the  ortboperiodatea,  hPIO*,  a  n^on  aimilar  to  that  of 
nebmbonhnde  to  orthopbospboric  add.  Then  am  a  fewperiodatee  which  cannot  he. 
inehMedUMtheroftheprecedlngformnla,  vis.  absriom-e^containingSBa'O.SI'O' or 
aBa*0.4BaI0',  a  potasaitim-salt containing  SE'OJ'O'  or  E'O.SKIO*,  and  a  dlveitalt 
eontdning  3AiK).HM).I'0'  at  AgK).HIO'. 

.  Tba  uonanetallic  periodates  are  resolved  by  heat  into  ox^en  and  tnetallie  icdide ;', 
the  polymetallio  salts  into  a  mixtare  of  iodids  and  oiids  or  reduced  metal  JSaal , 
ptOHdatea  are  sparing  salable  or  iiwoluUe  in  water,  but  they  all  dissolve  easily  in 
dilute  nibria  add.  The  solntioEi  of  the  monosodio  sall^  added  to  a  solution  of  » . 
baiinm-,  oildaa-,  lead-,  or  iJlToranlt.  pradpitatea  the  polymetallic  or  bade  praiodatea 
of  tbesa  basMi  Ibe  lipoid  acquiring  an  add  reaction. 

PtrioJatt  afAnmonium,  (KH*)IO'.SH*0,  sspantea  on  mixing  the  solutiona  of 

■lanMBia  and  periodic  add.  It  diawlvea  in  a  laige  quantity  of  water,  and  the  solntion, 

fvapciBted  at  a  gentle  heat,  yields  ayatalii  aptMMnt^  tuning  the  form  of  rhombie 

fnmtt.    It  hat  an  add  leMtkni,  and  axphidea  irtiBn  heated  in  a  tube.    (Langlois.) 

J>fiiJMt«<«j(a/SaHiiw.— The  QtonobsTjtieHOt  is  not  known.    A  ftnlabarstie  ot  j 
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ptnbAtuie  salt,  Bk'IO'  or  SBe/O.PO',  Is  obtamra  hj  igniUiu  iodate  of  bariom  or  ■ 
Inixtom  of  iodida  and  peioiide  of  barinm,  and  diasatving  ont  ua  iodida  of  barinni  ftoin 
the  naidiie  *ith  wntar.  lU  aolntion  in  nitric  add  yielda  vitli  nitnteof  ailTera  jallow- 
browD  precipitate  of  baaic  periodate  of  ■ilver.  (Bammclaberg.  Fogg.  Aim.  xliT.37S.) 
-  A  aalt  eoutaining  half  ai  much  bue  as  tha  Uit,  Tia.  ZlJa'IO*.!^)'  or  SBa'O.SPO',  i* 
precipitated  by  ammonia  ttom  the  aolation  of  tha  pentabaaic  aal^  at  baa  a  mistiira 
«f  a  B^oUe  tauioiQ-tBll  with  nuDobaaie  pariodata  cf  aodnita  dajMlTed  in  nitrio  add ; 
alao  DD  mixing  nitrate  of  barium  vith  diliMiep«nodat«  of  Mdtam.  IHw  Drecdiiitata 
la  6  at.  watar,  Thich  ars  gnan  off  at  100° ;  br  Itniger  aauuwiiB  to  thi 
L.  _...  . 1...1 ■  id  into  iodato  of  bariam.    (Bammelat 


A  ^aryHe  or  dearie  aalt,  Ba*H^O*  or  3Bb'0.8HH)JK)*,  ia  obtainad  hj  aiHaa 
uTia-wBtar  to  a  Kiliation  of  Uie  corresponding  aodinm-aalt  mixed  vith  a  few  dtopt  m 

nitric  add.    It  is  a  white  precipitate  which  decomposM  Bt  a  red  hea^  jielding  th* 
M^tic  salt  (Langloia): 


impletalj  eonyertad  into  iodate  of  bariam.    (Bammelabarg.) 
^.D  or  '■'-  '     -"  "  "•""-       ~-~  ."-"-""" 

InuTla-WBtar 

nitric  add. 

pantaba^tic  salt  (Langl< 

lOBa'OTO'     -     4Btt10'  +  P   +  O"   +   IbWO. 

Periodatii  of  Catciviiii.—k.iiealaetail,  Ca<H?0*or  20»>O.SH*OJ>0'(atlOO°), 

ta  obtained  b;  deoompMiiie  tha  aodiam-Mlt,  TfaH'TO*,  with  nitrate  of  i-linn™,  aa  • 
whiui  predlntate,  which  appears  dTslaUioe  nader  the  miercecope,  and  when  heated, 
gires  [^  wftter,  oxTgm,  and  iodine,  and  learrathe  pentaealcicsalt.Ca'IO' (Langloia). 
The  latt«r  ia  likswisa  obtuned,  bnt  mixed  with  lime,  \sj  igniting  iodate  of  '■n1"l"t  in  • 
eloae  reasd. 

FtHoiat*  of  Copptr,  Ca'HIO*  or  4Ca*0.H*0.P0',  i*  predptatad  bj  miiing  tlw 
■olntiona  of  sulphate  of  copper  and  the  monoeodic  aalt— a  oonaiderable  quantifj,  how- 
erer,  n>malning  in  aolation — or  by  the  action  of  aqnaoua  periodic  arid  in  ali^it  exoeia 
on  hjdnted  CHrboniile  of  oopppr,     (Langlois.) 

P<rioin(«jo/7roii.— Iron-s»lts(feiToiia  or  ferric)  form,  with  soltitionof  periodato 
of  Bodinm,  jfllowiah  white  precipitAtea,  essil;  sotable  in  nitric  acid  {Benekiasr). 
According  to  Langloia,  pmodic  acid,  in  contact  with  fenoos  oxide,  is  redneed  to  iodta 
acid,  sod  ferric  iodata  aeperatte  ont.    Similar  reaction  with  manganons  <mde, 

Pirioiatei  o/ i < a rf.— A (ripftwiWc or (riiorio  jait, Pb'HIO*  or 3PbK>.HK)J«0*, 

ia  ptedpitat«d  on  mixing  I  at.  of  the  dtsodic  aalt  with  3  ab  nitrate  (tf  lead,  in  mieii>< 

-  scopic  ciTBtali^  irtuch  do  not  infTer  any  losa  of  weight  between  120°  and  ISO",  hot,  at 

a  higher  temperatnrt^  girs  off  water,  oijgen,  fud  iodine,  and  Iobtb  an  oxTiodida  of 

lead  containing  2FbL5Pb*0  (Langloia): 

iPb'H'IO'     -     SPbLSPbH)   +   0»  +   P  +  4HK). 

Ptriodatt  of  LitkiuiA,  Li*IO*r— Bt  treating  carbonate  of  lithinm  will)  mriodie 
arid  and  erapoiating  the  aolation  at  a  gentle  heat,  a  ciTitalline  masi  ia  obtained,  which 
dinolrea  oomgdetel;  in  water,  and  when  dried  in  a  Taennm,  aad  then  heated  to  redness, 
giiee  off  soccesriTrlf  water,  oxfgen,  and  iodine,  but  withoat  undsigoing  eom^et« 
^Bcompositioix    (Langloii.) 

Ptriodatt  of  Magnesivm. — Hagnesium-Balts  ire  not  predpitAted  b^  sohtion  ti< 
periodate  of  aodinm.  Cubonste  of  nugneeiam,  immersed  in  aqoeons  periodic  acid,  is 
CODTBTted  into  insolnble  periodate  of  msgneBium,  whirii  dissoWes,  however,  in  exceaa 
t^  the  acid.  The  salt  consiits  of  small  prismatic  otbIbIb,  which,  when  dried  at  mean 
tempentnrea;  cootain  2Mg'H<I0'.eHK)  or  3MgH>.3HK>.IW  t  B  m.,  gin  off  9  at. 
water,  at  100°,  and  leave  pars  Diagneaia  when  ignited.    (Litngtois.) 

PtTxoiattt  af  Potaitium. — The  mmopoUufie  K^f,  KIO\  is  precipitated  in 
glaringly  soluble  crTstalline  grains  on  passing  chlorine  iido  a  solntion  of  the  iodat* 
mixed  with  potash  or  carbonate  of  potaasium.  Its  aqneons  solntion,  mixed  with 
canatie  potash,  jielda  the  faeroyotone  tall,  K'0.2KI0*  or  2K»0.1'0',  which  is  alw> 
sparingly  ei^nble  in  water,  and  is  converted  by  ignition  into  a  mixtnre  of  potaah  and 
iodide  of  potassium.    Tbe  neatnl  aalt  when  ignited  learcs  the  pate  iodide.    (M  agnn* 

Feriodatii  of  SiletK—Kitnlt  of  saver  added  to  »  sohition  of  disodio  parfodate, 
throws  down  a  greenish  yellow  precipitate  which  is  a  basic  periodate  of  silver.  By 
waehing  it  with  water  containing  nibic  add,  then  disaolring  it  nearly  to  saturation  in 
warm  nitric  acid,  and  evapomtuig  by  heat,  the  moiioar^entie  la'l,  AglO',  is  obtained 
in  anhydrous  orange-jellow  cryetds.  This  ealt  is  decomposed  by  warm  water,  which 
disBolves  out  half  the  add,  leavinc  a  blackith  bmira  residue  of  the  Ittrvrofntie  taU, 
_. . ...-i —      ....  j^    Cold  water 


2A^.I'0'.H'0  or  A^.aAglO'i'O.  which  turns  red  by 

deeonpoBM  the  salt  in  like  manner,  but  the  midaal  salt  is  a  yellow  powder, 

of  Ag^^O*  or  2Ag^.3H'O.I*0',  and  leparBteB  from  a  solution  in  dilute  sliriitly 

wazmsd  nitric  acid,  in  atcaw-yellow  ciystala,  which,  accotding  to  B^mmelsberg 

D.ci.i.zcc  ..Google 
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(JriiiMb.  lflS7,  p.  rSSX  aM  TbomtxAcdn],  esbibttine  the eombfnntioD  R.  — IB.  i 
For  B,  the  ratio  of  tba  Kantdarj  axea  ta  the  piindpat  oxia  ••  1 :  2'MfiS.    Angle  R 
in  the  tenniiul  edges  -  W  V;  oB :  R  -  Ui"  45'.    The  crTBtnb  become  dukei^ 
colonrod  b;  axporara  to  lighL     On  poming  boilinff  vktrr  on  these  OTBtali  or  on 
the  -rclloT  powder,  2  ttonu  ot  water  are  remored,  ud  the  ted  salt  abofe  mentioned  ia 


1  b;  axporara  to  lighL     On  pooling  boiling  watrr  on  these  cxjataiM  or  on 

the -fellow  powder,  2  atoms  of  water  are  remored,  ud  tbe  ted  salt  «l-— -■■—•'  -- 

pRxuoed.  (Mngani  and  Ammermnller.) 
.  PtrindaitM  of  8odium.-^Tb.t  moHotodie  nlt,]!IaIO',  isoUained  bjaatmtfig 
the  disodie  salt  with  periodie  add,  and  ernoiating.  It  ii  coloorleai,  Tery  Mlable  in 
water,  anhjdroiie,  crraUllise*  readily,  and  ii  penoaiient  in  the  air  (Magnus  and 
AmnLarmnllrr).  The  arMala  are  dimetrie,  P. Fee.  For  P,  die  ratio  of  Ibe 
•econdary  uaa  to  the  prinapal  aiu  ia  1 :  l-Sft.  Ande  F ;  P  In  the  tenninsl  edm 
'~  n°Sff;  in  the  lateral  edgea  —  1S3°4'.  Theojitali  are  oolonrieM.  (Rammel*- 
ber(  Ice,  eit.) 

The  diiodK  oi  diian»  salt,  IT*<H^O*  or  SNa<O.SH<OJV,  fa  obtained  tj  panng 
chloiina  gni  into  a  hot  solatkn  of  1  pt.  iodine  and  7  pta.  carbonate  of  ndimn  in  100  pEa. 
Tster,  01  into  a  solntion  of  1  pt  iodate  of  aodinm  mixed  with.  3  pta.  of  eanstio  aoda 

glagnna  and  Anmarmnller).  Langloi*  nan  aanal  weighta  of  eauatia  aoda  and 
e  iodate,  and  to  obtun  a  stdotion  as  oooeentnitea  ■*  poadbla,  ftnt  diaaolTea  th* 
soatio  aoda  in  water,  tban  adds  the  iodate,  and  aamrands  the  Bltered  vlatiaa  with 
hot  water  irtiile  the  chlorine  ia  r'«"'°g  into  it ;  the  aodic  periodale  then  aepantaa  !■ 
ccmaidanUe  qnantity,  a*  a  etTltalline  powder,  harii^  Uie  eoBipoa.^oa  juat  ntmUoaai. 
It  is  ipaiing^  salable  in  ot^d  water,  lomewhat  more  in  warm  water,  and  nay  ba 
QbtJiinad'in  the  ctyataUins  form  tmn  a  boiling  aolntion  of  the  neulnil  salt  nuzed 
with  canetie  tods.  At  a  white  heat,  it  gires  off  8  at.  water  and  8  ako^gen,  andUaTM 
■n  oifiodide  of  aodioro : 

aSaimO*  -  8HK>  -  C  -  NafPO. 
At  a  low  i«d  beat,  it  kaeaonljlat  a^gsn,  learingareeidoeof  fajxMoilibof  aodiam, 
Na'I'O'  —  2Ifa*0.IK)  (or  perhapa  a  compound  of  iodide  and  iodiit  ot  sodium, 
iStl  +  SKa'O.I'O'oryaLNi'O.NiJO*).  This oomnnind  is  BpaiiDglrsohible  in  water, 
has  an  alkaline  irsction,  and  bteachee  vegetable  colonTB,  bnt  loeea  this  property  iriian 
boiled  with  water,  iodate  of  aodinln  being  then  fbtnied,  and  the  salt  becoming  eaailjr 
Boloble.     On  exponire  to  the  air  it  tuns  moial^  and  gradaaUj  yield*  free  iodim 

Ptriodate  o/Zine. — Hydratad  carbonate  of  siac  ii  conveited  by  aqneona  pfdodie 
add  into  a  sniialar  powdo  of  pe^odate  of  linc  Zn'HIO'  or  4Zn*0.&'0 JK)',  which 
diseolTce  readily  in  exceaa  of  the  acid,  forming  a  solntion,  which,  when  erapoTBtad  at  a 
gentle  hea^  yieUs  t*""""""  er7>t^  of  another  salt  oontaining  S&t'0.TB*O.£I*0',  i.t. 

k  doable  per-iodie  moleenli^  Zn'H'lK)" 

lamn,  Bduvit^  and  Thlltoidh,  Iosidis  or. 

lOBiTB,  to-avwrmxrm,  xonxo  azz.Tiab  iratire  iodide  «f  tHita.  (9m 
SiLTnn,  lomnn  or.) 

XODOHBMXOZO  AOIP.^  (7H*I0*.— An  acid  prodnoed  I^  tb  action  Of  I^driodia 

C^ffllK)*  +   IHI     -     CfiTlCm   +   CTB-'ICF  +   K«. 
Dluaba»-  Hg^driodau  a(         lodabBaob 

oxjbtntiBki  oijbauumlc  a/tiA, 

It  eryBtallisee  in  neodlea,  i«  hearier  than  wator,  eaa^  solnble  in  alcohol;  mUime* 
without  decompoeition  |  forma  a  white  ailTer-sal^  CH'AdIO',  insolnhle  in  water  sod 
in  alcohol ;  ia  conveited  by  Aiming  nitria  acid  into  nitzo-iodobenioia  a^    (Gries% 
Ann.  Cb.  Pharm.  eziii.  201.) 
XODvaBVOXVa.    8yn.  with  Iodide  of  Bnicine.    (See  Baconi^  L  ess.) 
-      -  »(l787). 

_  .  __    Syu.  with  Di-iodlde  of  CUoro-nitro- 
(8ee  Hahkd™.  iii  12), 

See  CmcKOimn  (L  S7S). 

CfHnC?— Whffli  einnamie  add  ia  meltedwith 

exceea  of  iodioe.  and  the  dark  brown  mass  is  boiled  with  water  till  ail  the  free  iodine 
is  volatilised,  the  liquid  on  cooling  yields  small  eoloorlasa  stellata  eiTctali  of  iododn- 
oamie  add,  which  aaqnite  a  bint  yellov  eolanr  on  axpomre  to  the  air.  The  acid 
lissolvMMBtly  inbotwatetandin^bol.     (Herio^  N.  Br.  Arch         


cobol.     (Herioft  N.  Br.  Aroh.  zz.  I47.> 

■,:cc.;,C00gIC 
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I  QUO  now  ■'!■■.    9^11.  with  Iodide  of  Cod^ft    (Sae  Codi£k^  I  1068). 

ISSOnwiK.    CHI*.   Bt-iodaUdiodiiUo/naJigl.   (QnLTiLSaO;  Oerh.L«09.] 

—This  comnmnd,  which  wu  discovered  in  1824  b;  Sernll&i  (Ann.  Ch.  Phjs.  zxt. 

iWj,  i«  pnMQCed  W  tb«  KtioD  of  iodiit«  and  ilkalii  or  alkaliDe  carbonitca  on  wood- 

■pint,  akohol,  or  vOm ;  in  nmill  quanti^  ilao  bj  tha  •etion  of  th*  mat  inbaUuiCM  on 

\  ^ncow^  gum,  dexQiii,  and  sereral  dbaminona  nibBtuiccs.     It  bu  also 

1  by  heating  gljcarin  with  hydtiodie  acid. 

a  lolntjon  of  3  pU.  crTstaUiaxd  carbonsta 
heatrd  to  60  oi  SO^ ;  and  1  pL  of  iodina  is 


(Ertenmejer,  Jshnab.  1861,0.608.) 

PrtparatioH. — 1  pt  of  alcohol  is  added  to 
of  aodiiua  in  10  ptOi  watar;  the  liquid  is  hi 


.  nnkalotliebottomof  tha  hot  liquid,  which  mart  Ufittarcd  to  coSeet  this  first  poKaon 
of  the  product.  Th«  mothei>liquor  is  then  a^ain  hesttid  to  S0°  or  80° ;  anothir  poiticui 
of  carbonate  of  sudium,  eqoal  to  the  former,  is  dissoWed  In  it ;  a  fresh  portion  of  alcohol 
is  added;  andacnrrent  of  chlorine  ispused  into  thehqnid,  vhuili  miutbe  continnallj 

'  igilated,  ao  that  the  iodine  which  «ep«iatCB  ma;  inix  wall  with  it.  Whan  tha  pVDoaaa 
IB  ao  oondndad  that  a  slight  ^x«a8  dT  iodine  is  coDstsotly  present,  iodofbm  is  Kodoead 
in abimdaniM.  WhenacoBaidsrableqQantitThasbeeD  d^naitad,  thestreamof  ohlorine 
is  inlampted,  tha  liqnid  is  left  to  decolonse.  and~the  saeond  portum  of  iodoform  is 
added  to  the  first.  The  motbei~liqnor  mu;  then  be  treated  witL  ehiorine  and  a  third 
portion  of  iodofbmi  obtained.  The  procen,  when  proparlj  coadaeled,  jields  a  quantity 
of  iodofona  weighing  10  or  50  per  cent,  of  the  iodine  used.  Care  must  ba  taken, 
throDghoiit  the  operation,  to  avnid  a  great  excess  of  ioi£ne,  as  in  that  ease  the  iodofonn 

-  will  not  be  produced  at  alL  Borax  maT  ba  need  iustaad  of  carbonate  of  sodiiUBi  and 
will  jiM  a  product  of  equal  amcmat.  With  phoqihata  oC  SoditUD  thr  prodnct  is  not 
SO  Rood.    (Filhol,  J.  Pharm.  [3]  til  367.) 

Cornalma  and  Qille  (Hid.  xxii.  196)  prepare  iodoform  b;  adding  hypoddorita 
of  caldnm  to  an  alcoholic  scdntion  of  iodide  of  potassiam  heatad  to  10°,  eontjniiiiig  the 
addition  till  tha  liquid  b«camsa  eoIcnir1(«.    It  then  oa  cooling  yielda  a  arstalline  da- 

-  poait,  eoBMttuiK  of  iodoGxm  mixed  with  iodate  of  oalanin,  bom  which  the  iodofbns 
maj  ha  dinolTed  by  boiling  aloohoL  8  pts.  of  iodids  of  potaninm  yield,  by  this  jiiiiiiias. 
2  pta.  of  iodoform  and  2  pts.  of  iodate  of  calcium. 

-  iVwierftsi. — lodofbnnavstallisH  in naamna scales. friable,  soft tothatooeh,  haTini 
a  anlphoT-yellinr  colour  and  the  odour  of  saffioD.  Aecgrding  to  Bammelsbargand 
Sohsoharow  (Jahreeber.  18fiT,  p-  131),  the  aritaU  are  bsxagoiial  oombinalioos 
oF  .  P.  For  P  tha  ratio  of  the  secondary  axes  to  the  prineinl  aiis  is  (hMSS :  1, 
Angje  F  :  P  in  the  temiiDal  edges  —  133°  SO' ;  in  the  lateral  cdgea  ~  104°,  Spa^a 
grari^  about  S'O.  Melts  between  11S°  and  120°,  and  then  Taporises,  partly  with- 
out alteration,  partly  lesolTcd  into  iodine  and  hydnodic  aod,  with  a  landne  of  ehar- 
eotL  With  Tapour  of  water  it  distil*  undecompoaad.  It  is  not  pereeptiblr  soluble  in 
water,  onit,  or  aquaoos  ^ialu,  but  dissolrea  leadilj  m  alcohol,  ethtr,  ana  oOt,  both 

'fixed  and  volstila. 

DeeompanUoiu. — 1.  todofbrm  heated  in  a  eealed  tube  to  ISO*,  cstlier  aloneor  with 
iodint,  is  resolved  into  di-iodide  of  methylene  and  a  number  of  bnrwo  nbalaneaa  not 
vat  examined  (Hofmann,  Cham.  Soc  J.  xiiL  6J). — 1.  Iodoform  is  acted  npou  t^ 
Wmjfu,  peldiug  bromiodofonn,  CHBrl — 3.  With  moist  cMorint,  it  yields  chloro- 
earbonic  o^de^  hydrochloric  acid,  and  protochloride  of  iodine ; 

CHP  +  HK)  +  CI'  -  COCT'  +  !Ha  +  Bia 
—4.  Heated  with  pttitaeidarida  qf^nupkona,  it  yidds  an  ^ly  liquid,  ptihsps  ehlonv 
fbrm,  or  according  to  Bntlerow,  dl-iodidi'  of  methylene,  CH?.— B.  Distilled  with  eldorid* 
of  mtrairy,  ttt^  or  Ha,  it  yields  chloriodoform,  CHC11. — S.  Distilled  with  lulpkidi 
ofmtreury,  it  yields  a  small  quantity  of  an  oily  liquid,  which,  aeeoiding  t«  Bonehardat 
.(J.  Pharm.  zziiL  12}  is  snl[9iofonn,  CHff;  but  acoordina  to  Eggert  (Cham.  Centr, 
1857,  p.  813)  is  nothing  but  diaulphide  of  carbon. — 7.  With  cyanide  of  nureitry  or 
mfonidi  of  lUeer  it  jieliS  a  anbUmato  of  iodide  of  i^^nwen. — 8.  When  ctanoom  gai  is 
pasved  into  an  alcoholic  solution  of  iodof^jTTO,  (he  hquid  becomes  heated  and  lUsniDes 
B  Tiolet  tint ;  and  if  then  left  at  rest,  deposits  golden-yellow,  prismstie  dystals,  from 
which  alcohol  extracts  two  sabstances  having  a  strong  metallie  lustre ;  one  with  a 
greenish  giJd,  the  other  with  a  violit  ookmr ;  the  latter  appears  to\ieeyaiiiiiBfdi-iaio- 
inf(A,v/,cfu<.C^(St.-Erre,  Compt. rend.  Exvii.  033). — 9.  Beal«d  with alcoholK solotton 
iit  uiiplioeyaiiate  o/pDfaw'tmt  to  100°  in  sealed  tubes,  it  yield*  a  gas  aod  oily  compouid 
which  has  an  odour  of  horse-rodiah,  and  forms  a  ciTatalline  compuund  with  ammonia, 
though  not  BO  readily  as  oil  of  muatard  (Hlasiweti,  Ann.  Ch.  Fhnrm.  oil  184).— 
10.  Mtrc^rk  oxide  gently  heatod  with  iodofiMm  actB  energetically  upon  It,  pTodaaiDg 
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'water,  corbonle  utbjdridet  fonnie  acid,  and  marcarie  iodide. — 11.  Iodoform  boilfd 
witb  aqutoui  polaik  ia  nitlj  eonierMd  into  lonaate  and  iodida  of  potwmnm,  >  portion, 
howBTcr,  Tolatiliaing  with  the  iratery  Taponr. — 12.  With  ateohoHb  poifiik  it  fbim  > 
liquid  which  Briining,  who  first  obtained  it  (Ami.  Ch.  Pbann.  rJT.  187}  regarded  ta 
'  CBPO,  tut  wtieh,  aajording  to  Bntlerow,  ia  di-iodidr  of  methjlene.  —  IJ.  With 
fthylaie  af  todium,  iodoform  jieldg  iodide  of  msthylmie,  CHI',  together  with  bdide  of 
■odiom  and  aldebjde  (Bntlerow,  Ann.  Ch.  Phann.  evii.  110): 

C?H*HaO  +  «HI'    -    CHT  +  Hal  +  C^H-O, 
'  Aecoidinff  to  more  recent  eiperim«iit<  1^  BntUrow  (litd.  oiv.  S04 ;  cxriiL  32fi)  it 
appears  tbaX  aei^lic  add,  (?E'0',  and  athjl-lactic  add,  OH^TO*,  tie  likewiaa  formed 
in  thia  metion. 

11.  Iodoform  heated  with  potauiam  prodneea  a  violent  ezplorion. 

IS.  With  ft^%i^>l<upJUn«,iodofbniiimiteadireetl7,  without  the  aid  of  heat,  yielding 

the  tn-iodide  of  formjI'Donetbjl-liiphoephoniam  (Hofmanii,ProcBo7.  3oc.  z.  189)* 

CHP  +   3{(?H')^     -     C'"H"PT     -     [(CHJ'CC'H'/P'l'T. 

xex»OK^r&  A  metforio  mineral  mentioned  I^  C.  U.  Shepard  atnona  a  munbtr 

of  othen  which  havt  been  but  imperfeetlr  deaenbed.    (aill.  Am.  J.  [2]  u.  377 ;  ti 

402 ;  XT.  368.) 

tonoatmcowm.    (7H<IK}*.    (J.  Brown,  Ediab.  PhH.  Trtiu,  xiL  [I]  lO.V-A 
snbelance  formed  bj  treating  pTromeconio  *eid  with  ezeeaa  of  piotocluorida  e( 

CHK)"  +   8ICI   +  *H»0     -     CTBIK)*  +  200*   +  8HCL 

On  adding  potaah  to  the  yellow  liquid  tliua  obtained  (after  aeparition  of  a  amill  qoati- 


in  the  pare  etate^    It  may  be  obtained  in  the  a 


anhydride. 

lodomecone  forma  "tiining  yellow  hexagonal  platea,  baring  an  odour  whiah  recUlt 
that  of  saffion ;  it  haa  neither  an  acid  nor  an  alkaline  naetion,  aublimM  bdow  100°  ; 
i»  inaolable  in  water,  aoluble  in  alcohol  and  in  ether,  ineolable  in  hydrochloric  add, 
which  doee  not  decompose  it  eren  at  lbs  boiling  heat.  It  ie  decompiaed  bj  ttmng 
nitric  add,  and  witb  aid  of  best  by  strong  mlphuric  add.  Canatio  potaah,  aftw  loi% 
bdling,  abatiaeta  from  it  a  email  portion  oi  io£ne. 

X09«M>00Wnr.    SeeHKOinx. 

Sea  Hm^unum. 

Componnda  of  meicnrie  iodide  villi  tlie  moM  baeie 
iodidea.    (See  XaammT,  Iodidm  of.) 


lOSOIISKMnva.    SeeMoBPHnm. 

xmOM  ITlfcO W  ft»M  1 W  m     Byn.  with  Di-ioom  or  VmoBAMMun  (p.  11). 
1090IRTBOVHBKTO  AUU>.     See  FhxmIc  ACID,  Dbbitatttm  OF. 

See  PAP&TBBim. 

«  PHSHYLUIm,  DlBITATma  OF. 
IlilLi  uMt       See    O^saoORic    A'^ni.     A-mr^vH     r 
(L  — 

Byn.  with  X 
XOSO VK ATUi  ATBS,      Componnda    of  plalinic  iodide  with  tlis  i 
lodidee.    (See  Fi.*ntiDM,  lonmsa  of.) 

See  Ajlltx,  lofinna  of  (i.  143). 
Syn.  wiUi  Ioditb. 
XOVOmOKSCOMTC  ACn>.     See  FrBonooino  Acm, 
XOBO^mWIxm    See  QusnuB. 
IWMMAXSO¥XIO  Aom.    8«e  Sauciuc  Aran, 
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lOBOKTWTCMMOrm,    See  BiKvmKnn. 

lOSKfSJTBM'l'l'T  UTIOK  COKVOWBSi  Iodine,  thongli  genenllf  Bpeiliiig 
VBTj  Bimikr  in  its  action  to  clilorine  and  bromine,  acU  for  the  moat  part  test 
energeticailj,  and  ia  mnch  lesi  dispoead  to  form  gobEtitntian-eomponiida  %  direct 
action.  Some  componnda  containing  hjdragen,  indeed,  u«  acted  npon  hj  iodine  in  the 
ume  manner  u  by  biomiaa  or  chkidae,  part  of  the  bjdragen  being  ubatmcird  to  form 
hyilriodie  acid,  and  ita  place  heing  ropplied  bj  an  eqaiTBleut  qnaatity  of  iodine ;  nich 
ia  the  can  vitb  ammonia  (iii.  2B0),  Bthjiamine  (ii  C3S),  meChjlamine,  and  phenjlamime. 
Bat  iodated  oiganic  acida  cannot,  for  the  moat  por^  be  formed  in-  tbia  m.j ;  to  prodnca 
thrm  from  the  original  acida  it  ia  nscHnarr  to  nae  chloride  of  iodine  in«>j«i1  of  free 
iodine,  ao  that  the  aupeiior  uffinitr  of  the  chlonne  ibr  hydiogen  maj  remore  il^  and 
enable  the  iodine  to  take  it*  place  (p.  2EU)  e.  g.: 

CH-O"  +  Id  -  Ha  +  CH^o".  ■ 


the  orij^oal  add  leprodnced,  a. 

(?H'IO»  +  HI     -     O-HW  +  P, 
lodofinat-  Praplaile 

It  u  eridsnt  tliat  vhere  this  reaction  takea  place,  it  ia  imposaible  tiiat  an  lodiaed  oon- 
ponod  can  be  produced  by  the  direct  action  of  iodine  on  an  erganio  «etd.  [For  an 
exception,  perhapa  onl^  apparent,  to  thia  nile,  me  Suirmjc  Acm.] 

The  action  of  hjdriodu:  acid  on  iodated  organic  eomponnda  jnat  noticed  explaina 
tlie  redadng  action  which  it  exerts  on  certain  oiganic  acide  (p.  iSS).  Tha  naction 
tukea  ptace  in  two  Btueea,  an  iodo-aobiititatian  compound  being  fint  fomied,  and 
•alweqaentlj  decompoaed  in  the  manner  aboTe  eiplainad.  i.  g.: 

(TH'O*     +  HI     -     HK)   +   CmO'. 

ClycoUle  loluMle 


loaosifiMmwi  or  axtcmomt.    See  AimMoifT  (I  SSS). 
See  TxLLUBiDii,  Iodidb  aw. 
t9>    See  ToLtrruo  uaD. 
XOKIT&    Syn.  vith  Dichioitb  (iL  S20}. 

lOMVAP VTMJUi .    Thia  name  ia  giTen  by  Carey  Lea  (SilL  Am.  J.  [3]  i 

211)  to  a  eoloaring  matter  obtained  in  prepariug  naphthjlamine  from  nitrou^ilitbylen 
bj  tha  action  of  fetroaa  acetate  (Gtnetin't  Hand/ioolc,  liv.  96,  6).     If  the  miitnie  i 


bj  tha  action  tj  fetroaa  acetate  ((JmeAn'a  Handbook,  liv.  96,  9).  If  the  miitnie  ia 
heated  hefora  being  treated  with  canatic  potash,  a  ftjnt  red-colonred  liquid  diatila  o»er, 
which  tuma  violet  on  addition  of  mineral  acidn,  auA  if  aabaequeatly  heated,  sanunea  a 
dark  purple-blue  colour,  and  after  a  while  jieLda  a  block  cryitallina  pret^pitale,  the 
quantitf  of  which  ia  increased  by  farther  heatiog ;  thia  ia  ionnajihthin.    The  nyatala 


are  Uack,  with  green  metallic  niBex,  and  diiaolTe  in  alcohol  with  blood-red  colour, 
which,  on  addition  of  a  Tcry  email  qnantity  of  aulphmie  or  nitric  add,  ehasgea  t« 
acoriet,  and  flnally  to  porple-blue,  ia  uot  altered  by  heating  with  anlphuric  add,  bat  ia 
changed  to  atraw-yellow  by  hot  nitric  add.  From  the  brown  inother.liijnor,  ammonia 
thiowa  down  dark-«oloured  flocli^a,  which  are  inaoluble  in  water  and  la  alcohol,  are 
blackened  hv  dilute  autpburie  acid  and  bichnmutte  of  potaah,  and  tJien  form  a  Tiolet 
■olntion  with  dilute  nitric  add. 

XVBOAOTTAJTXAi  An  emetic  (nbatance,  tie  root  of  aerorel  planta  growing  in 
Soalh  America.  All  the  kinds  have  nearly  the  same  ingredients,  bat  diiler  in  tha 
amonnt  of  the  actira  prindple  (aiuiin)  which  they  contain.  The  beat  ia  the  annuUted, 
yielded  by  Cephatin  fpteacwmha,  a  aniall  ahmbby  plantof  the  rabiaceona  order,  natiTe 
.of  Bniail  and  New  Granada.  It  is  foond  in  commerce  in  pieces  fromB  to  8  indiea  long 
and  about  the  thiclineas  of  a  straw,  mnch  bent  or  twiatal,  and  sometimes  branched 
with  a  remarkably  knotty  character,  owing  to  numerous  drtular  depresaiona  or  defla, 
■  which  giTfi  the  whole  tha  appeanuico  of  a  number  of  rings.  It  consiaU  of  a  centra] 
aiia  called  medituUium,  and  an  external  portion  called  the  cortical  part.  Each  of 
theae  coDtnina  emetin,  but  by  &t  tlie  greater  portion  exiata  in  the  cortical  part. 
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Tliefolknriiigare«n«lj»aiof  differeiUkindaof  ipocaenanlia; 


Vtttjta 
Wiuc  . 
E«aui  . 


SUunh  . 
Woody  fibre . 
Gallic  kdd?. 


ate  of  lead. 


100-0  too  ItJa-OO  100 

a.  Qnj  ip«M«iuit]lM,  imaJTud  t>y  Bairnch  and  Eichard  (tlie  S'l  pra  oent.  gam 
indndea  saline  maltOTai  b.  BliKkiah-zrej,  analysed  by  Pelletier.  e.  Boddish-gray, 
dppriT«d  of  its  meditnilium;  annljaed  by  Priledur.  In  an  ash-gray  rariety,  PolletiaF 
found  e  pet  cent,  tatty  matter,  13  emelin,  and  TS  staivh,  gum,  and  woody  fibra. 

Aootlur.aott  of  ipecscnanha  is  obtained  from  Ibe  Pij/ckolria  emtlka.  This  kin^ 
contains  only  9  pec  cent,  emetia;  and  the  nndalated  or  amyUnKins  ipecaenanhs,  the 
prodnea  at  Rickardtom'a  icabra,  contains  only  9  per  cent,  emetii],  with  S2  per  cmt 
starch.  Besides  theses  (he  roots  of  DUmf  rooa  other  plants  an  used  in  tropical  conntria 
as  emetics,  and  often  termed  ipeeacnanhs.  (Fetoosn  et  Fr^my,  Thati,  tL  869^^ 
Pennj/  Cydnpadia,  liiL  17,— Hochledor,  P*y(ocSm^  s.  131.) 

XFaotT&xrzo  ACZX>.  Aiiaeideziating,acconlingto'Willigk(Ann.Ch.Fhaim. 
luvi,  342),  in  the  root  of  Ccpkalit  Ipacaauanha.  It  is  eitmcted  bora  the  root  by 
boiliite  vith  alcohol,  precipitating  with  basic  aeelM«  of  lead,  and  dacomposiDg  the  lead- 
■alt  with  sulphydric  acid.  It  la  a  reddish-bniwn,  T1117  bitter,  smorphoos  mass,  solobls 
in  ether,  more  solnble  in  sicohol  and  water.  It  oolonn  ferric  salts  green,  the  colour 
'  o  Tiolet  by  ammoaia.  It*  llilale  lohition  does  not  precipitate  neotnl 
When  mixed  with  an  alkali,  it  absorbs  o^Ken  ttma  the  air  and 
b(«onies  Goioiu«d.  It  pvea  by  analysis  CS-23  per  cent.  C,  and  0'2S  H,  irtisnas 
WiUi^  dednces  tlie  formula  C"H"0'.  Pelletier  (Ann.  Ch.  niys.  it.  173)  ngaided 
it  as  gallic  add. 

J  ACXS.    An  add  produced  by  tlie  aedon  ctfnitria  acid  on  ifaodeoretia 

'  '  '  'It  agrees  with  lebacie  add  in  all  its  properties 

4°,wherBi>s8ebacieacid  melts  at  127° — and  in 

9  (Mayer,  Ann.  Oh.  Pharm.  l-rrriH,  143).     Sea  Sanacia 

xmxnxmm.  b  -  99-13  mTir-  19S-2e.~Tbe  W»A  scales iriiich  remain  when 
natiTeplatinom  is  dissolved  in  nitramnriattc  add  were  found  by  Bmithson  Tennant 
(Phil.  Tiana.  1804)  to  consist  of  an  alloy  of  two  metals,  iridium  and  oaminin,  hsaes  called 
iridosmine.  The  same  alloy  ofcnrs  in  flat  while  metallic  gtsin*  in  DMiTS  platinmn. 
Iridium  has  also  been  obsfrvid  in  combination  with  about  20  per  cent  of  [datitrani, 
aystallised  in  octahedronB,  which  are  whiter  than  plalionm,  and  an  said  to  have  a 
gnttter  density,  munslj  22'6fi. 

The  eepiiration  of  the  osmium  and  iiidiom  is  effected  l^  the  following  methods : — 
I.  The  iridoemine  is  mixed  with  an  equal  weight  of  common  aal^  and  su^ected  to 
the  action  of  a  stream  of  chlorine  in  a  porcdain  tube  heated  to  redness.  Double 
chlorides  of  iridium  and  sodium,  and  of  osmium  and  sodium,  are  then  formed,  and  if 
the  chlorine  is  moia^  a  certain  qnantitf  of  osmic  acid,  which  volatilissB,  and  iii»  be 
condensed  in  aqueous  ammonia.  The  mixture  of  the  double  chlorides  is  detadied  bum 
the  tube  and  boiled  with  nitric  add.  Osmie  add  is  then  evolved,  and  may  be  cm- 
denged  in  on  alkaline  solution,  while  the  chloride  of  sodium  and  iridium  remain*  in  the 
■ointion,  and,  when  mixed  with  sal-ammoniaa,  yield*  a  pradpitats  Of  chloride  of 
iridium  and  ammoninm,  whidi,  on  ignition,  leaves  metallic  iridinm.  (Woh  ler,  Pogg. 
Ann.  xxxi.  161.) 

2.  A  mixtura  of  100  gnns.  of  iridoitmine  and  300  gnns.  of  nitre  is  plaoed  in  an 
earthen  crudhle,  and  heated  to  bright  reduces  for  an  hoar,  the  nsuldng  mixture  of 
csmate  and  iddiate  of  potaasium  pound  out  on  a  cold  metal  plate,  tJien  introduced  into 
ft  tabulated  retort,  and  distilled  with  » large  exoccs  of  nitric  add.    A  laig*  quaoti^  of 


acid,  aderivstivo  of  jalnp-resin  (f.  v,)  It  agrei 
excepting  its  melting  point — which  is  104°,  whi 
some  d  Its  ndations  to  bases  (Mayer,  Ann.  < 
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ptide  uid  then  vcdatiliMa  uid  GODdenwa  in  tin  neefver  in  brautiftil  irhito  erjtttla. 
ia  aoaa  aa  the  eTolndon  of  oiniiia  add  umwi,  vnter  ui  iddml,  and  tbs  reeida^ 
-Mtuisling;  of  oxide  of  indium,  with  a  eertun  qnuitity  of  oiide  of  oamiiin,  ia 
collKt^  oa  ft  Alter  and  boiled  irith  mtnmnriatip  arid,  which  diaeolvee  the  two  metab 
-ae  ehloddea.  The  Boltiliiui  ii  then  mixed  with  ■ftl-emmoDiac,  which  precipitates 
chlomnnata  aod  ehloriridiate  of  anunoiiiaDi ;  aad  the  mixed  praeipilate  ie  ■napended 
ia  water  and  exposed  to  a  enmmt  of  ■alphnrooi  add,  whereby  the  dtlotiridiste  of 
■Btooniain,  KH'liCa*,  ie  cmrated  into  ahkriridite,  {VB'n^Cl;  which  dinolres,  while 
the  ahhnanate  of  ammmiinm  nmaina  mialtned,  and  ooee  not  dinolfe;  thia  latter 
<Uorida  yield*  p«T«  BieteUie  oamiim  hy  calcination.  The  aohitioD  of  diloriridlala  ot 
'■mmraiimi  leaTen,  when  eTamntted,  beaatihl  brawn  crystslji,  irtiidi  hj  ealdnatioB 
yield  metallic  iridimn.    (Fiimj,  Cgmpt  rend,  iriii  144.) 

Iridoemine  generally,  however,  coDtaine  platinom  as  well  ai  other  metali  of  the  uma 
groap,  iriiidi  an  Dot  effMoally  separated  by  the  method*  jut  deecribed.  The  com- 
plete sepsiation  of  the  nTcnl  metali  of  the  platiinuii  gnap  hae  of  late  yean  formed  tha 
aulgeet  of  serctal  rlaboiBle  iimstiBatiaiu^  which  will  be  more  fliUy  eonaidBied  nndw 
pL&mnni ;  those  more  eepedalh  relatina  ti>  iiidinm  ara  the  fallowing : 

t.  The  snantion  of  iridiom  bom  ^tinnm  depends  npMi  the  ready  conrertibSilj  (^ 
the  dilOTirioiate  o<  ammoainm  or  potaaaiom  to  a  lower  oegiee  of  cUorisation  by  the 
aetioa  of  redodng  agmta,  and  the  esa;  aotabili^  of  the  leeoltinK  doable  dtloridei 
tfaekU  and  Wohler  (Ano.  Cfa.  Pbarm.  at.  MS)  tt«at  eUoriritfiateof  ammonium 
eoataiaing  platannm  with  solution  of  ejaoide  of  potasaiam,  addiiu  tbs  aohition 
cantioml;  and  avoiding  an  excess,  then  digeet  it  at  a  gentle  heat  till  £9  nndiesolTed 
portion  hae  acquired  a  h^t  yellow-tanvn  coIodf.  The  ehloiiridiate  of  ammoniiun  is 
thus  etaiTerted  into  ehlonridita  of  potaediun,  which  easily  disaolrcs,  whereai  the  dilwo- 
riatiiuta  reaista  the  action  of  the  ledndng  agent  math  ka^er,  azid  remains  nndiasolTed. 
The  oomptetioD  of  the  psoeesi  is  plainly  indieatad  by  the  change  of  eotonr  of  the  un- 
dissolTsd  «lU,  nncB  tha  preaenee  of  a  mall  qnanti^  of  the  inditun-ielt  givea  a  de^ 
red  eolonc  to  the  diloraplatuiata. 

1^  aeparation  may  also  be  eflMed  I7  solphocyanale  c^  pctaMinm,  the  action  r£ 
■mbktt  i*  similar  to  that  of  the  cyanide,  bnt  somamtst  nine  oomplex.  It  ia  bctt«r, 
bowever  toiedoeetheehloriridiataof  ammontom  1^  fnlidiydrioarad,orbyBn)phiinni* 
add,  as  in  Fi^n/s  method  (ae*  abonj^  heeanee  tnetallie  iridium  may  then  be  tmme^ 
£atdy  obtained  by  simply  erapotating  the  tlltered  sololioD  of  the  euorindite  of  am* 
Honinm,  and  igniting  the  ruidne.  (Clana,  Ann.  Ch.  Phann.  erii.  138;  JahreshL 
ISM,  p.  210.) 

4.  The  iiidoamiiie  which  remains  after  the  eotnplete  eihanation  of  platinum  ore 
Tith  nitromnriatic  add  ia  a  miztura  of  two  snbatancea,  one  of  which  is  scaly  and 
eotiaiatB  of  osmium,  iridinm,  aqd  mtheniuvi,  iriiile  the  other,  irtiich  is  orannlar,  eontaina 
bnt  mata  liaees  of  osmium  and  mlheninm,  bnt  ia  Tery  riiJi  in  iridtnm  and  rliodinm. 
How  i^en  this  residne  ia  heated  to  bndit  ledneas  in  a  poicdain  tabe  through  wfaitb 
a  current  of  air  (freed  fronearbonia  add  I7  passing  Ihto^  potash,  andftom  orguiio 
matter  br  passing  throng  oQ  of  Tiliiol)  is  drawn  k;  means  of  tn  aspirator,  osmlc  add 
and  ozicw  of  nUheninin  are  filmed,  uie  Utter  OTatalliaing  in  the  colder  part  of  the 
tubs,  while  the  more  Tolstils  oemic  add  i«  carried  Ibrwards  (see  OsmuN  and  B(ns>- 
vnnl),and  an  alloyof  iridinm  and  Aodium  remains  behind.  To  s^iaiato Iheae  metals, 
the  reeidue  thus  obtained  is  caldnsd  in  an  earthen  eracible  with  finir  times  its  wct^t 
of  nitre,  care  being  taken  not  to  cany  the  process  too  &r ;  and  the  product  is  exhausted 
with  boiling  water  and  flltered.  The  filtrate  cotttists  of  an  alkaline  solution  of  osmita 
of  potaeainm,  the  oaminn  Dcnrr  being  completely  removed  by  the  preTion*  roaatiiig; 
irhue  a  eopious  predpita(«  containing  the  iridimn  and  rfaodinm,  together  with  potash 
"remaina  on  the  filter.  On  treeting  this  preeiintate  with  nitromoriatie  acid  fbr  sereral 
hours,  the  iridinm  is  conTerted  into  ehloriridiate  of  potsaaiom,  which  may  be  dissolTed 
oat  by  boiling  water,  the  rhodium  still  remaining  nndiiaolTcd.  (Biimy,  Conpt.  rend. 
xxxTiii  1008.) 

i.  Iridoemine  in  fine  powder  (into  which  it 
1  crucible  with  four  or  flra  timea  Ha  weight  o 
any  trace  of  that  metal)  is  mixed  with  S  pts.  peroxida  and  1  pL  of  nitrate  of  barium, 
and  heated  b>  rednrea  for  an  hour.  The  black  ftiable  mbetance  remaining  in  the 
erndble,  and  consieting  of  oemo-iridiate  of  bariam  containing  mtheiiinm,  is  freed  (him 
'  oamic  add  by  pnlonged  boiling  with  nitromnriatic  add;  the  bantaie  then  predpitated 
hj  the  exact  quantity  of  ■olpbnric  add  required  (this  quantity  ning  known  from  the 
IHwrious  wei^iingl)  ;  the  dark  red  flltnte  mixed  with  eiccM  of  hydnx-hlorie  acid  is 
araponted  ortr  Ute  water-bath,  and  mixed,  towards  the  end  of  the  operation,  with  a 
large  excess  of  aotid  aal-ammoDUic ;  the  residac,  no  longer  smelling  of  aeid,  is  washed, 
lltM  with  a  coDoentrated  sotntion  of  sal-ammoniac  (which  di8eolTi>a  oat  the  rhodium, 
togMhar  with  metuls  not  belonging  to  the  platinum  group)  till  the  liquid  no  longw 
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rtiDB  away  eolonred,  thra  iritli  &  more  dilata  eolntioQ  of  ilia  nme  nit ;  the  rwidn^ 
chipSj  cgnBiatiiig  of  ehloriridute  ot  UDmaiiiuiii,  ii  dried,  heated  to  commenemg 
ledneM  (bo  u  to  decompose  the  •mmoainm-MltB  eompletflj,  the  ctdoridra  of  the 
platinum  met»1<  imperfeetlyX  t'l''''  i^  *  carrent  itf  hydrogen  to  complete  the  rednetioa; 
and  the  rreultiag  mptullic  eponfje.  in  which  the  mettila  ire  not  allojed,  bat  onlj 
mechanirallj  mixed,  ie  treated  with  nilzomiiriatic  acid,  which  oomplately  noDorea  anj 
platinuin  thAt  maj  stilt  be  prreent,  bnt  leavea  behind  a  ceitaiii  qnslititj  <rf  ocminm. 
The  remuning  palTernleat  metallic  man  i<  thea  Aieed  with  a  niitoie  of  nitnte  and 
hfdiate  of  potasaiam  ;  and  tbe  onatticked  portion  of  the  metal,  after  beilW  Canfolly 
-freed,  tram  nitheDitUe  of  potaniom  by  washing  with  water,  ia  heated  to  wmteneM  la 
a  crucible  lined  with  charcoal,  in  which  it  bakes  ti^tJier;  than  placed  in  a  tsbbcI  of 
lime  and  ignited  in  an  oi^-bTdrogen  flame  containing  exceaa  of  oxygen,  till  ereij 
trace  of  the  odonr  of  oamiam  has  diaappeared ;  and  lastly,  foaad  at  the  ationgeat 
beat  which  (he  oiy- hydrogen  flame  is  capable  of  pnidiidng.  (Derille  and  Debray, 
Ann.  Cb.  Ph^s.  [8]  Ivi  SSfi;  lUp.  Chim.  pore,  IBSa,  p.  HI ;  Jahresber.  IgSS,  p.  Ml.) 

6.  An  intimate  mixture  of  100  pts.  iridosmine  or  platinnm-naidnes,  IDO  pta. 
nitrate  of  barium  and  SOO  pts.  canatic  baiyta,  is  heated  in  a  red-hot  sarthen  cmcibls ; 
and  the  fritted  maas,  after  being  pnlTerised,  ii  thrawn  by  small  porfiona  into  cold 
wat«r,  than  mixed  with  nitric  acid,  and  heated  till  all  the  oemiam  is  driTCD  off  ai 
oamic  acid.  A  small  quantity  of  hydtochlortfl  aad  ia  than  added ;  the  liquid  is  heated 
and  Alt^rKl  through  gun-ootton ;  and  the  iridium  is  sepamled  &om  the  other  metala 
contained  in  i^  aa  in  the  pieceding  method.  (DsTille  and  Debraj,  CompL  rand, 
liv.  1138.) 

7.  Platiaqm-Feaidae,  finely  polTetiaed  and  freed  by  ler^ation  from  the  ooaner  graini 
of  osmide  of  iridiom,  ia  gsnUy  ignited  in  a  oovartid  cncible,  then  mixed  with  1  pt. 
finely  gTanalated  lead  and  1^  pt  lithargi^  and  heatfd,  with  itirring,  in  a  QaAr 
hottomed  beesiaa  crucible  till  the  niitiire  hecomea  perfectly  floid.  By  this  meana  all 
the  (dlicatea  and  earthy  miaeials  present  are  eoDTerted  into  a  slsg;  tixe  metals  rocaa 
oxidable  than  lead  are  oiidisra ;  and  the  spedflcally  heaner  platinnm-metala 
collect  in  the  laad-regnlus.  Tba  latter,  after  being  freed  from  sks,  is  dissoWed  at  a 
gentle  heat  in  nitric  add  dilated  with  1^  toL  water,  which  diasolrea  priocipallj 
copper  and  palladimn,  leaving  a  residue  which,  when  wsslud  by  decsntalion,  coosisti 
^  a  &ie  black  metallic  powder  of  iridium,  ihodiom,  and  rnthemnm,  together  with  fine 
grains  and  scales  of  iridosmine,  which  most  be  separated  In  lerigation.  The  black 
powder  ia  immediately  available  far  ftuther  beatment ;  the  iridosmine,  on  the  other  hand 
(togeUiac  with  tiie  coaner  grains  obtained  byleruating  the  emdephLtinDm-revdDe],  is 
i«<&wd  to  Mwdec  by  ftasing  it  in  a  charcoal  ernnl^  wiu  twice  its  weight  1^  gniiQlaied 
tinc^  and  then  raising  the  hast  to  wbitenasf  to  drive  off  the  cihe  (p.  SIS).  The  finefy 
divided  iridosmine,  a  then  heated  in  a  stream  c^  oxygen  to  expel  the  oaminm,  and  tlw 
reeidne,  together  with  the  blat^  powder  of  iridinm,  rhodinm,  and  mtheuinm  above- 
mentioned,  is  mixed  with  an  eqnu  weight  of  chloride  of  aodinm,  and  decomposed  bj 
'Wohiec's  method  with  chlorine  gas  (p.  311).  The  dark  lirown  solution  thus  obtained  is 
mixed  with  a  little  hydrochloric  acid  and  one-fbnrth  of  its  balk  of  ordinary  nitric  acid,  and 
distilled  to  one-thini,  the  oamic  acid  which  pasBte  over  being  coadensed  by  ammonia ; 
Xhe  remaining  liquid,  which  eontaios  the  doable  chlorides  of  iridinm,  ac.,  is  mixed, 
while  EtJll  warm,  with  an  eqaal  volume  of  a  aatarated  eoltUian  of  sal-ammoniac;  and  the 
red-brown  precipitate,  after  standing  fbr  some  days,  is  separated  from  the  liqnid,  and 
washed  with  sal-ammoniac  solution  till  the  liqaid  mns  off  coloarless.  The  waah- 
waWr  contains  the  whole  of  the  rhodiom-salt,  the  molber-liqaor  coneista  chiefly  irf 
chloride  of  iron  and  ammoninm,  with  tracer  of  iridinm,  rhodiam,  and  gold.  The  pre- 
cipitate, consisting  of  chloriridiaCe  of  ammoninm  contaminated  with  platinam  and 
ruthenium- sal  I,  is  mixed,  after  drpng,  with  1^  pt.  cyanide  of  potassiom.  and  melted  for 
10  or  1£  minutes  in  a  capacious  pori;elain  crucible ;  the  cooled  mass  is  dissolved  in  tti« 
smalleet  possible  qnantitj  of  water;  and  the  yellow  filtrate  (after  the  whole  of  the  free 
cyanide  of  potassium  has  been  decomposed  hy  dilute  hydrochloric  add)  is  predpitated 
l^  salpbal^  of  copper.  The  reeolting  precipitate,  consisting  chiefly  of  platino-  and 
iridio-cjanide  of  copper,  is  washed  with  boiling  water,  flrst  by  deointation,  then  on  a 
filter,  and  flnally  decomposed  with  boiling  ba^'ta-water,  iriiovby  oxide  of  copper  ia 
aeparated,  and  the  platinam  and  iridium  are  converted  into  platino-  and  iriduy«yaaides 
of  barium,  which  are  easy  to  separate,  the  plaljnam-aalt,  which  is  much  more  solable 
in  hot  Ihan  in  cold  water,  separating  out  completely  at  flnit,  and  the  white  iridium-salt 
jiryitallising  afterwards.  The  mothei^liqnor  of  the  iridium-aalt  contains  a  email  qtian 
tity  of  mthemo-cyanide  of  pocasaium  ;  any  rhodium-salt  that  may  be  present  may  b« 
precipitated  l)y  acetic  add.  (C.  A.  Martins,  Ann.  Ch.  Pharm.  oxviL  Sfi7;  Jahreaber. 
iaeo,ji.  202.) 

8.  the  following  process  is  given  by  DevilU  and  Debray  (Ann.  Ch.  Fhyt.  [3] 
1'',  S ;  Jahreab.  1861,  p.  889)  ibr  obtuining  iridium,  pure  or  alloyed,  from  the  nlataiiae 
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known  in  the  Ruaiin  mint  u  "  iridiiUD-(nid«  "—*  Dot  qnit«  nnifbrm  iniztiiM  con- 
taining iridimn  m  oxide,  and  having  the  fbUowiDg  Krtagn  Eompomtion; 
Volatile  ralatencM  (and  ozj'sen)  .        .        ,        .    SSX) 
Solnble  nlta  (Nad  and  Ca<^')    ....    120 

Platinnm ,      S-S 

Rbodiom 1-8 

Falladioni 0-4 

Copper D'6 

Inm 07 

Iridium  (and  loas)         ......    52*7 

The  inbalaniytiE  igaited  in  ■  cmeihlH  lined  with  dwreo^;  Midthensidaeiewaehr^ 
with  water,  heated  with  stnng  nlpfaaric  add  to  the  belling  point  of  that  liquid,  and 
again  ««died  with  water,  whtmb;  all  the  aolnble  aalta  an  ramored,  ti^thra  with  tha 
copper  and  iron.  If  the  amount  of  platinnm  ia  known,  aod  the  obJMt  ib  to  prepare  an 
alloj,  the  wiuhed  metid  is  heated  to  whiUinraa  (to  gi*e  it  a  mmpact  taxtnie),  and  then 
fiued  bafiue  the  oxr-hydrogen  -  blowpipe.  To  obtain  pure  iridiDm,  the  crude  metalUs 
pDwdM,  after  tnatment  with  snlphnne  add,  ia  digested  with  □itromnristic  acid,  the 
greater  part  of  the  iridiom  (with  tneea  at  ihodiam)  then  remaiiiiDg  behind. 

Mtialiie  truitum  ie  obtained  &om  the  chloride  bj  ledudt^g  that  salt  with  hjdn^n 
at  a  red  heat,  or  bj  expoaing  it  alone  to  a  reiy  high  temperatnte,  or  more  eaail^  bj 
igniting  the  chloriridiute  of  emmonimn  (p.  314),  in  the  form  of  a  grpj  metallic  powdw 
tonch  resembling  epongy  platinnm.  It  ia  the  moat  refractory  of  all  bodies  excepting 
rntheninm  and  osmium  ;  not  being  fOaibte  in  the  Same  of  the  ordinaiy  oxy-h;dr(^eii 
blowpipe.  ChildreD,  however,  by  the  dijchargo  of  a  very  large  voltaic  battery, 
mcceeded  in  meltiDK  it  into  a  globole  which  waa  white  and  veiy  Imlliant,  but  still  a 
little  poroQS,  and  hM  a  density  ot  18-68 ;  and  Bevills  and  OebMy,  by  means  of  their 
powartol  oxj-hTdrageii  blast  ^mace,  have  ftised  it  completely  into  a  pure  white  mam,' 
mumbling  pohabsd  steel,  brittle  in  the  cold,  somewhat  malleable  at  a  red  heat,  and 
haring  a  deniity  equal  to  that  <d  platinnm,  tie.  21-lS.  By  moistCDing  the  palverulent 
metal  with  •  small  qnautity  of  water,  pressing  it  tightly.  Brat  between  filtering  paper. 
tlien  Teiy  fiticibly  in  a  preaa,  and  caldning  it  at  a  white  heat  in  a  forge-flre,  it  may  be 
obtained  in  the  form  of  a  compact,  very  hard  masa,  capable  of  taking  a  good  polish,  bat 
Blill  very  poroos,  and  of  a  density  not  exceeding  lS-0.  Ailer  strong  ignition  it  ia  in. 
•olnble  in  all  adds,  but  when  reduced  by  hydn^n  at  low  tempereturea,  it  oxidises 
dowly  at  a  red  heU,  and  dissolTea  in  nitromoriatic  add  It  is  nanaJly  rendered 
Bcdnble  by  Ibsing  it  with  nitre  and  otustic  potash,  or  by  mixing  it  with  common  salt, 
cr  bettn  with  a  mixture  of  the  chioridea  of  potasainm  and  sodinm.  and  igniting  it  in  n 
cnrrent  of  chlorine,  thereby  it  is  conveited  into  the  solable  chloriridiate  of  potasainm  oi' 

ZKUtXVMf  AZltfTS  OF>  1  pt  of  iridium  combines  at  a  white  heat  with 
4  pta.  eteo-ppor,  forming  a dnctile,  pale  red  alloy,  which  is  maeh  harder  than  copper, 
and  givee  np  its  copper  to  nitrie  acid,  the  iiidinm  remaining  in  the  fi>rm  of  a  buck 

With  gold,  iridiom  tbrms  a  maUeabls  alloy,  haringa  coloor  veiy  mudi  like  that  of 
gold :  nitromnmttc  add  dissolTea  ont  the  Kold  and  leavea  the  iridinm. 

1  pt.  of  iridinm  and  8  pte.  lead  heated  together  to  an  intense  red  heat,  fbrm  an 
alloy  which  is  very  dnctile,  bnt  much  harder  and  whiter  than  lead,  and  behavea  with 
nitno  add  like  the  QOf^ier  alloy.     On  enpellatian,  the  indium  is  lelt  aa  a  aoit  black' 

Vith  merenry,  iridinm  fi>rms  a  visdd  amalgam,  which  is  obtained  by  immersing' 
■odinm-amalgam  m  an  aqneoos  solntion  of  chloriridiate  of  aodimn.  When  veiy  strongly 
ignitad,  it  laaTea  a  hlack  powder,  &om  which  boiling  nitric  acid  extracts  a  amall 
quantity  of  mermrr,  lenTing  a  reaidne  of  pure  iridium,  soluble  in  boiling  oitiomnriatic 
add.    (Bottger,  J.  pr.  Chem.iil  Sfi2.) 

The  eomponnd  of  iridium  and  osmium  ia  not,  property  speaking;  an  alloy,  inaismndl' 
as  ooniom  ia  rather  a  metalloiid  than  a  metah     (See  InmoaitiMB.) 

Platinnm  and  iridium  easily  melt  together,  and  fbrm  alloys  which,  sven  when  they' 
contain  30  per  cent  of  iridium,  ore  still  malleable  and  capable  of  being  worked,  bnt; 
Ve  leas  easily  attacked  by  chemical  reagents  than  pore  pl«Tmiiin,  (QeTilleand 
DebraT.) 

Equal  weighli  of  the  two  metal*  fonn  a  brittle  aU^  eapehle  of  welding  to  a  cpRsin 
extent.    Thealloy  of  [JatinDm  with  afewpaits  per eent.<rf iridinm  iadui^eai 
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fljme  of  the  ozjIiTdniBBD  blowpipes  i>  tbij  Eudle&ble,  raBceptible  of  hildrmng,  doetf 
not  tamiah,  and  when  uid  on  et^ipet  aerva  tar  mctallii:  muron,  (Oandin,  J.  j/r.' 
CiienL  xri  66.) 

A  natiTe  alloT  of  itidindi  and' plstibum  etUod  natire  {ridimn  ocean  id  the  TTral 
in  enbo-octfthedroDB  of  nleciflC  gravltf  TSrying  from  21  86  to  22'6S  snd  22'8,  aod  iu 
Bmil  In  white  Knmdgrtuu  of  lipedfla  gn'ntj  I6'B4.  (Staober^  Gmdm't  Sandt, 
■ri.  SB3.1  ,        ,         - 

PL  -Ir.  Bfa.      ■      M.         ■   Ol  F*.  Co. 

Vnl    .  1964        7B'85  -  0-80         .    .'  .    .         1-7S     -     9914 

Bndl .  U'U        3779         64S     •    0-40         tnce         4-14         S-tO     -     98-02 
1  pt.  of  iridhuDnmteabtit  imfjerfedly  with  2  [its.  of  silTor.    (Vaaqnelin.) 
I  pL  of  iridium  noitas  vitii  4  pta.  of  tin  at  an  iDtsoaa  red  heat,  fanning  a dnll  iriiite 


kept  for  a  long  tims  at  a  Ted  heat  in  tha  chamwl  aoable,  then  iloidf  cooled  and 
treated  with  hydrochloric  acid,  tin  paasea  into  solution,  together  with  trfuea  of  iridinm, . 
and  tbere  remains  a  iniitni-a  (a^'paralile  bj  a  floe  siere)  of  finely  mlTcrulent  ei;>tnllina 
oamiiun,  and  lAiga  wTiining  cubic  crjatiUa  of  an  alloy  of  tin  and  iridium,  wbich  ie  not 
attacked  by  nitromoriatii;  add,  but  when  stroogly  i^ited  in  an  atnuwpbere  of  mlp^j- 
dric  add,  gives  off  tLe  whole  of  llie  tin,  amounUne  to  66-B  per  cent^  as  sulphide, 
learing  43'4  per  cent.  iridium.^By  fOsing  tin  with  a  mass  containing  platinnm, 
iridium,  and  rhodium,  and  diseolcing  tbs  excess  of  tin  in  hydrocliloric  add,  a. 
crystalline  rpsidue  is  obtained,  whoso  compoallion  (if  Pt  denotes  the  pUtiuan  metala' 
in  gaaaral)  is  Pt'Sn'  or  PplSn'.    (DeTille  and  Debraj.) 

An  alio;  of  iridiutn  and  cine,  obtained  as  in  Beritle  and  Delmy's  fliat  method  of 
in  alloy  of  iridium  and  tin,  is  not  crystallisabla. 
JIK,  C&&BZSB  or.    Wlien  a  coherent  mass  of  iridinm  is  held  in  the. 

>  apirit-lampt  block  mninini  appear  on  its  aur&ee,  which  are  a  carbide 

ooQtaining  I9'S3  per  cent,  carbon,  or  IiC*.     The  carbon  buma  off  readily  in  tha  air. 

imih'"— I  OBWWZSBS  OVi  Iridinm  appears  to  farm  four  compoiinda  with 
cUorina;  hot  only  two  t^  them  have  been  obtained  in  dcfloite  form. 

The  praloekloridt,  IrCl,  ii  sud  by  Banelius  to  be  tormed  when  pnlTerised 
iridinm  m  hMt«d  to  low  ladneaa  in  dJorine  as.  It  is  described  as  a  dark  oliTo.greai 
powder,  insoluble  in  water,  slightly  solnble  m  hydrocbZoric  add,  and  fbrmina  double 
nits  with  the  chhiridea  of  the  alkali-metals.  According  to  Clans,  howersr  (Ann.  Ch. 
fharm.  lis.  315),  the  so-called  invtoclilorida  c^  itidiuin  is  mu^l;  a  mixture  of  the 
aesqnichlorids  with  metallic  iridium.  The  ptotoehloride  t^^ara,  boweTer,  to  exist  is 
certain  double  salts  (p.  SS2). 

The  teiquiehloride,  Ipci*  for  trichloride,  IiiCl'),  is  prepared  by  dissolrins  the 
•eaquiozide  in  hydrochloric  add,  and  eraporating ;  it  also  ntblimes  irtien  iridinm, 
fatber  alone  or  mixed  with  nitre,  is  ignited  in  chlorine  gas.  It  is  black,  deliqusecent, 
and  does  not  oTBtalliae.  It  naites  with  the  chlorides  of  thn  alkali-metals,  fomung 
doable  salts,  called  chloca-iriditea,  which  oro  prepared,  either  by  mixing  the  solu- 
tian*  of  the  component  chlorides  in  tbe  required  proporiiang,  and  eTaponUing, 
rednciug  Uie  aolntiona  of  the  corresponding  chloriridiatea  with  sulphurous 


sulpby&c  acid,  alcohol,  or  ferrocyanide  of  pMaaaium.  Clans  has  obtained  the  cc 
pounda  SSH'Cl.L^Cl'.BH'O,  SKCLIr-Cl'.SHH),  and  3NaCl.Ir'.Cl'.12H>0.  They  ; 
olire-Dven,  pnlTeruIent  salts,  soluble  in  water ;  the  sodinm-mlt  is  also  soluble 
alcohol ;  tlia  other  two  are  iaaoluble  in  ilcohd.    Beneliua  obtained  a  potssaium-ealt 


■hevar 
.uble  ii 

_„ , jre  iaaoluble  in  alcalud.     Beneliua  obtained  a  Dotaaai 

containing  2KCLIrKl'. 

CUoriridilt  a/  iSeer,  Aa^rK^'  -  3AgCLIrK31',  is  produced,  on  addina  nitiate  of 
■il*ar  to  aqueous  chloriiidiate  of  potassium,  as  a  deep  indigo-coloured  flooculent' 
precipitate  which,  howeTer,  becomes  paler  in  a  fSsw  seconds,  and  finally  loses  its  oolour 
alti^ethsr.    The  reaction,  which  is  attended  with  eTolntlon  of  oxjrgen,  is: 

6AgII0>   +  4KIrCi>  +  EH>     -     2A«*IrKn'  -<■    4EN0*  +   aHNC   +  O. 
With  a  boiling  aolntim  of  chloriridiate  of  potassium,  the  same  compound  is  Ibrmed 
immediately,  witbnit  tbe  intttmediate  production  ot  a  blue  substance.    The  silver- 
salt  is  ineoluble  in  watsimd  ia  adds,  and  bat  slightly  soluble  in  ammonia.    '"" — ' 


the  liquid  to  the  boiling  point     On  eTaporating  the  solution,  it  remoina  in 
D  of  a  black,  deliqaescent,  Amgrphou^  mass,  tow^aoeot-lrith  daA  ivd  (wl»u< 
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snataim  a  nther  iboiiK  best  withoat  decomptMitioii,  bnt  at  a  higher 
«diiced  to  the  mqni^orida  aod  nltimatel;  to  metallic  i^£iim 
IDerailini).  ItdioolTsa  in  water,  forming  a  mUiBh-jrilow  solution.  It  imitea  with 
the  -Ifc-lt—  chloridca,  Ibnniiig  dcfiaite  ci;>talliiia  double  lalta  called  chloriridiatCB, 
thegravBlfonnnUofThiehMMIrCl'-MCl.IrCl'rorM'IiTCl*'  2MCLIitC1<).  Tbs 
mu»a»imat^,  2(HH')liCl'.U>0  [m  (KH<)'IitC1'.^<0],  u  obtained,  on  nuxuig  the 
Kdntion^  of  the  component  chlondes,  aa  a  rerj  dark  bnnra  precipitate,  which  dinolTM 
in  boiliiig  water  and  ciTiitBlliBea  in  octahedrone  on  cooling.  It  diseolTeE  in  SO  pta. 
of  cold  water,  feimiiv  a  dork  red-hrown  liqnid,  and  impaita  distinct  etdoration  la 
4,000  pes.  of  water.    The  nd  coloor  often  eihiliiCed  by  chloroplatinate  of  bi 


le  eoloor. 

Hia  ehloriridiatea  are  eaiilj  onrerted  bj  the  action  of  inlplinrooi  add,  snlphydrio 
acid,  and  other  redndng  agenta  into  the  more  aolnble  chloririditei,  a  reaction  which 
afibrde  the  oMaoa  of  eepiuating  iiidinm  from  platinnm,  the  ehloroplsUnates  beiog. 
bat  TCTj  ilowlj-  redneed  onder  the  Mune  ciicnmstHncaa,  and  not  oonTcitsd  into  more 
adnble  aalta  (p.  Slfi). 

Tbe  votamtm-talt,  KbCl*  or  ItlrrCl*,  ii  pmdpitated  on  mixing  the  aqneooa  aola- 
tioD*  of  ila  component  mJIb.  It  ma;  also  be  prepared  b;  passing  chlorine  gss  over  u 
gently  ignited  and  intimate  mixture  (rf'  finelj  divided  izidinm  and  ctaloii  Je  of  polassinm ; 
flltermg  from  unaltered  iridinm ;  dissolnng  the  imftised  bUck-brown  mass  in  bot 
water ;  mixing  it  with  nitromnriatic  acid ;  and  eraporatdng  to  drjneas  ;  extracting  the 
exceaiof  chloride  of  pntaasiam  by  •mall  qaamtitiw  of  cold  wnt«;  diaiolriiigthsresidDs 
in  boiling  water ;  admng  a  small  qnanti^  of  nitlomnriatic  add,  and  empoistiDa  to  the 
ajatallising  point.  It  crrstalfiBce  in  Mack  oelahedrtau,  jieUing  a  rail  powder.  It 
diiBidTes  Tsrj  alowljin  cold  water,  bnt  qnickly  inboiliDg'wateT,  IbnniDgaliqDidwhich 
appaan  deep  red  in  the  nuwa,  bnt  yellow  in  thin  Uma.  It  is  inaohiUe  in  saline  aoln-- 
tiooaiMl  in  alcohol,  *{)idliiir«eintatMitfromBolntion  in  water.  The  nqaeons  solution,: 
nixed  vith  ocoeM  of  potash,  bthavw  in  the  same  manner  as  the  ammonium-salt  wilh 
fteeas  of  ammcmia.  At  a  Strang  heat,  it  is  converted  into  chloriridite  of  potaasium, 
and  at  a  stSl  hi^er  temperature^  leares  metallic  iridinm  mixed  with  chloride  of  po- 
taatdnm.  The  toihm^lt,  (JalrCl'.SHK)  (or  NalrrCl'.flHK))  is  obtained,  like  the 
pot«inm-*«It,  bypassing  chlorine  orec  a  gently  ignited  mixture  of  iridium  and  chloride' 
of  sodium.  It  ftrms  black  tables  and  fomvsided  prisma  with  dihedral  summits,  iso- 
moiphona  with  the  corespondiitg  platinmn-salt.  When  heated,  they  leave  the  anbydroua 
salt  in  the  form  of  a  bnnmiBh-grey  powder.  It  is  easily  soluble  in  water,  and  the 
aolution  mixed  wiUi  sal-ammoniac  yiidds  a  predpitate  of  chloritidiate  of  ammoDinm.    . 

A  tritilQrtdt  of  iridinm  was  obtained  byBerxehns,  in  combination  with  chloride  of 
potasrima,  by  Itanng  iridoemins  with  nitre,  distilling  the  prjdnct  with  nitininnriatia' 
acid,  and  treating  the  rendne  with  ■uccseaiTe  portion!  of  water.  A  dark  red  solution 
was  then  obtained,  which  yielded  a  salt  having  the  compoeitiDn  SKCLIrCl',  bnt 
■acording  to  CUna,  thesaltthusobtained  was  really  a  mthenium-componDd,  haTingbeen 
prepared  byBemlius  fiom  iridosmine  containing  mthenium.  Pure  iridinm  Aised  with 
nitn  and  matilled  with  nitromnriatie  add,  pelda  a  salt  containing  dichloride  of  iridinm. 

laZBiyiK,  nwrmOTMOm  AMV  HaTOKATIOV.  iridium  in  its  free  state 
{■  eanly  distingniahsd  from  all  other  metals,  excepting  riiodinm  and  mtheniom,  by  ita 
insolaUli^  in  adda,  not  being  at(*clted  in  the  compact  state  by  any  add  whatever, 
and  in  the  state  of  fltieditidoiv  only  very  slowly  by  mtromoiiatic  add.  Its  iof  usibility, 
•Ten  in  the  ordinary  o^-hydrogen  blowpipe  flame,  aerrea  alao  to  distinguish  it  from  all 
metala  exoepting  rhodium,  ratheninm,  and  osmium. 

.  It  may  be  distiagmahed  from  ritodiom  by  fusing  it  in  the  finely  dirided  state  with 
add  sniphate  of  potaadnm.  The  iridium  is  then  eouTerted  into  seaqoioiide,  bnt  doea 
not  dissolTe  in  the  add  sulphate  or  oolonr  it  red,  as  rhodium  does.  Another  method) 
of  distiiyiishing  iridium  from  rhodium,  and  likevise  from  ruthenium,  is  to  mix  it 
intimate^  with  chloride  of  potasaium  or  sodium,  heat  the  mixtore  in  a  stream  of 
ehlorioS)  and  dissolve  the  reanltina  doable  chloride  in  water :  iridinm  thus  treated 
yielda  a  blat^-loown  solution,  rhooinm  a  rose-red,  and  ruthenium  an  orange-yelloir 
•dnlion.    (See  RHODm  and  Boiaxunrii.) 

AlleompomdaofiridinmareeasilyredDcedtothemetallicBtate  by  ignition 
qihen  of  hTdmges;  IhoTeduced  metal  may  (hen  be  tested  in  the  manner  iui 


f  nTdroges; 


ntainina  the  dioxide  or  dichloride^  vhicb  are  thoee  of  n 
b  ot  »  dark  brown->«d  coloor ;  indous  solutions  (co 


.  Coiigic 


ibaeqoeDtly, 
lis  hot,  tl 
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Cuutic  poiaik  in  eiNsa  deooloriaes  the  ■olation  of  an  iridic  ult,  changiiig  the  darlc. 
nd  coloni  to  ■  very  feint  grecniih  tiDt,  &ad  after  same  time  throws  down  a  slight 
blark-browD  precipit«t«  of  chlorindinte  of  potaaaium.  If  the  dear  sotutiDa  bn  hettrd, 
■od  then  left  in  contact  vith  the  ai'',  it  Ant  aoqairM  a  faint  T«d  and  then  a  bias 
eolonr,  gradnally  incrfauDg  in  intensitT  from  the  inr&ce  dovswiudi,  and  altinut«l]r 
becoming  aa  deep  aa  that  o!  an  ammoniacal  aolution  of  copper.  The  aotution  evapo- 
nl«d  to  di'jutaa,  leam  a  white  mus,  wbich,  whon  treated  with  water,  TJalda  a  colour- 
IfM  aolottoa  and  an  inaoluble  blof  powder  consulting,  according  to  Claju,  of  iridie 
l^dnt*.  This  i*  the  moet  chuacteiistie  of  aU  the  reactions  of  iriunm.  The  preeencc 
ttpMuUimt  interferes,  howsTer,  with  the  prodoctioa  of  the  blue  coloor.  and  gives  riss 
to  the  predpitation  of  iridic  oxide.  A.  solution  of  iridium  coutainlog  platinum  ta  like- 
wias  not  eolanred  bine  b;  potaah,  bnt  ia  decoloriBed,  and  yields  a  red  precipitate  of 
dilMc^ilati)tat«  of  potaisiiun  craitainiag  iridium;  on  heMiiu;  the  liquid,  this  praeipilate 
ndisaolvea.  and  another  precipitate  is  formed  coniistina  of  platini&roa*  iridic  oxides. 
If  the  sedation  eontaina  riodium,  no  alteration  lakes  puoo  ii  flrst ;  but  sni 
a  light  yeUow  precipitate  of  rhodie  hydrate  is  produced ;  or  if  the  aolntion 
precipitate  is  <«  a  dirty  gnjish-green  colour,  and  the  solution  becomes  colouriess. 

.^MMonJa  in  eieeai  also  decolorises  iridic  solutions,  and  forms  a  slight  blackish  pre- 
eipitata.  On  boiling  the  solntion  for  some  time,  till  the  greater  pait  of  the  unmonia 
is  exniUed,  the  solutJon  acquires  a  bine  ooloor,  apecially  if  left  exposed  to  the  sir ; 
bnt  Uie  ookior  is  neither  so  pnre  nor  so  deep  as  that  produced  by  potash.  Hie  pre- 
Mmoa  of  palladinm,  platinnm,  or  ihodinm  modifles  the  reaction  with  ammonia  mudi  in 
the  same  nuuioer  m  with  potash.  Carioiiatt  of  poiatiiuia  forms  a  red-brown  preci- 
pitate, which  gndoally  dissolTes,  the  liquid  aftarwardi  taming  blue  when  e^osed  to 
the  air.  Cbr&iMiC(iiiraam«iniHnimpaita  a  bloa  coloor  to  the  liqnid  under  the  in- 
floenos  of  the  air.  Bulpkj/drie  aeii  decolorises  the  solntion  at  flnt,  and  afterwards 
forma  a  brown  precipitate.  CUoride  of  atniaimiam  forms  a  dark  cherry-ied,  pulTeru- 
lent  precipitate  of  chlorihdiate  of  ammonium.  Ferroeyanide  qfpotattium  and  prolO' 
mdptait  of  mm  decolorise  the  solution.  DteUoridt  of  ti»  forms  a  li^t  brawn 
precipitste.    Ztno  jneclpitatea  metallic  iridium  as  a  Mack  powder. 

Quanlilalivt  ittimation  and  itparalion.— Indium  is  completely  prcdpi- 
tat«l  from  the  solution  of  an  iridic  salt  bj  treating  the  solution  with  cUoride  of  am- 
numiam  wdiloridc  of  potsseiiun,  and  then  adding  alDofaol  containing  ether,  in  which  the 
chloriiidiate  of  ammoninm  or  potasrium  is  quite  insoluble.  The  precipitate  may  be 
collected  on  a  weighed  Alter,  washed  with  atiwhol  and  ether,  dried  in  the  watsr-lnilh, 
and  tlien  weighed.  Tlieammaniam-nndpitateMntBias  44-2IpeTcent,  thepotaswnm- 
predpitate  40'SS  percent,  iridium.  TbeammODlnm-precipitate  may  also,  after  washing 
with  ether.B]cohoI  (not  on  a  weuhed  filtw),  and  drying,  be  caiefdlly  ignited  in  a  tarrd 
platinum  eradblet  and  the  wekEt  of  the  remaining  iridium  directly  determined. 
'  l!f  the  iijdinm  exists  in  ■olution  aa  seaquichloride,  it  mosl^  before  precipitation,  be 
COnTerted  into  ^chloride  by  passing  cblonne  gas  into  il^  or  heating  it  with  aitro- 
nuiriatic  add. 

The  mode  of  precipitation  jost  described  serves  for  the  sepaiation  of  iridium  ftoni 
al  hnetals  excepting  platinum,  rhodium,  ruthenium,  and  osmium  ;  and  from  all  these, 
except  rhodinm,  it  may  be  separated  by  reducing  it  to  the  state  of  sesqnichloride,  and 
then  adding  to  the  liquid  an  excess  of  a  concentrated  solution  of  nal-ammoniac.  Cblori- 
ridite  of  ammoninni,  SNH'CLIr'CI',  is  then  formed,  which  is  sellable  in  nl-ammoniac,' 
whoreaa  ths  double  compounds  of  chloride  of  ammoninm  with  the  chlorides  of  Uie  other. 
Is  (except  seBi)uichIoridc  of  rhodium)  are  insolnble  in  excess  of  chloride. 


Tht  redaction  of  dichloride  of  iridium  in  solution  to  sesqnichloride  may  be  efficted 
byanyof  the  reducing  agents alreadymentioned  (pp.  SIS,  8It)),biitthemostcoiiTecient' 
far  analytical  pnrpoeas  u  tvlpiBdric  acid. 

When,  for  example,  iridium  is  to  be  s^nrated  ftvm  platinum,  both  being  in  the 
form  of  dichlorides,  the  mixture  of  these  compounds,  or  rather  their  double  salts  with 
chloride  of  ammoninm  or  potaasinm,  may  be  treats  with  •  small  quantity  of  water, 
and  BolntioD  of  snlphydric  add  added  by  small  portions.  The  reduction  of  the  iridic 
ebloride  then  takes  plaoe  immediately,  a  green  liquid  being  formed,  rendered  milky  by 
predpilated  sulphur,  and  coloured  brown  by  sulphide  of  platinnm,  if  that  metal  is 
present  in  lather  Utrs  proportian.  Iridium  is  not  predpitated  from  its  solu^ns  as 
snlphide  by  snlphydnc  add  at  ordinsjj  t«mperatares,  unless  the  reagent  is  added  in- 
y«J  lais"  excess,  and  eren  then  the  predpitation  takes  at  least  21  hoars.  The  reduc- 
tion of  Sie  iiidinm  to  sesquichloride  being  complete,  sal-ammoniac  is  added  in  excess,  - 
Mid  tlie  liqidd  filtered.  The  plstinnm  then  remains  nndissolTed,  while  the  iridium 
psssM  into  the  filtrate,  and  may  bs  recouTeited  into  dichloride  by  means  of  nilro- 
muiiatic  add,  and  precipitated  as  already  described. 

nie  same  method  may  anre  to  sepirsta  iridium  from  osmium,  but  the  s^aiation 
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of  that  BebJ  from  tb»  other  memlwn  of  the  group  is  gennsJlj  eSbrt^d  by  distillstion 
with  nitfOBUialiQ  acid,  or  hj  roaating  in  an  atmoephcre  of  oiygea.    (Sea  OamiiK.) 

FalUdinm  U  eaailj  aapamiai  bom  iridimn  h^  predpitnUon  with  crfaoide  of  mar- 
cm;,  «bich  doM  oat  tliroir  down  iridinm ;  also  b;  fiaion  with  acid  snlphata  of 
potaMJam,  which  diasolTM  tha  palladian,  bat  marflj  oiidiKfl  the  iridiTim. 

The  npaMtion  of  iridinm  from  rhodium  ma^lw  i^ected,  when  the  fbtmer  ie  in  tiM 
atata  of  dichloridr  and  the  latlar  in  Uie  state  of  aeaqoichloride,  by  treating  the  soliitlotl 
with  ezceas  of  chloride  of  Hnmoniom,  which  fbmu,  with  aeeqnichloride  at  rhodiom,  • 
doable  salt  soluUe  in  excees  of  chloride  of  ammoniam,  wbereaa  chloriridiate  of  unmo- 
niiua  ia  iusoloble  in  excese  of  that  nit.  Another  mode  of  aeparation  ia  fbonded  on  the 
&i«t  (bat  ehkwiridiate  of  aodiom  ie  aolnble,  and  eblororbodiata  of  sodium  insoluble,  in 
slcohoL  The  method  of  fBiion  with  acid  ai^>hate  of  potasMum,  whereby  rhodimn  ia 
diasolred  iriiile  iridinm  ia  meraly  osidiaed,  aanea  tor  the  qnalitatiTe  distinction  bdween 
the  two  metals  (p.  SIS),  bat  is  not  adapted  fbr  qoantiUtiTe  separalim,  because  tha 
solntioD  of  the  riiodiam  takes  place  but  slowly,  and  when  a  small  qnanti^  of  it  ia 
mixed  witli  a  considerable  quantity  of  iiidium,  not  a  trace  of  it  ia  taken  Qp  bj  tha 
fused  acid  sulphate.    (See  BnoDnrii.) 

Atatuie  WeigAl  oj  Iriditint. — The  only  known  determination  of  this  number  U 
thntmade  in  1838  bjr  BerEelius(Pogg.  Ann.  ziiL  135),aiidfoaiid«ion  theanaJysis  of 
diloriridista  of  potaaaiam,  ECl.IrCl*.  100  parts  of  this  salt  i^ited  in  a  slrmm  of 
bTdraoen  lost  20  pta.  of  chlorioa.  Kow,  as  only  2  at  efalormfl  are  given  oB,  the 
chloride  of  potaaaiam  not  being  decompoaed,  we  hare,  for  delennining  the  atomie 
weight  of  indium  (taking  K  —  392  and  CI  —  3S-£],  the  proportion 

IIS'7    +    Ir  :  71      -     100  :  29 
whence  Ir  —     S9-13. 

If  the  diloriridiate  of  potasainm  be  inpposed  to  contain  tetrachloride  of  iridium,  it*- 
finmnla  being  3ECLIrrCl',  then  Irt  —  1S8'26. 

IXUtXUMi  ZOSZBMB  OT.  (Oppler,  Ueber  die  Jodverbindungen  det  Iriditaat 
(Diasartation},  Gotttngen,  t8S7;  JahtWb.  IS67,  p.  2fi3.) — Iridium  appears  to  form 
three  oomponjida  with  iodine,  namely,  Irl,  Ir?,  and  Irl*. 

The  preto-iodidt,  Irl  (or  di-iDdide,IrTl<),or  i/ypa-iridiawj  iodide,  ^>pears 
to  be  formed,  as  a  brown  powder,  by  passing  sulphuroua  add  gas  into  water  in  which 
iridic  iodide  ia  suspended.  Br  dissamns  noely  pDlverised  chloriridiate  of  ammo- 
nium in  a  boiling  oonceatrated  solution  of  iodide  of  potassium,  aod  leaviDg  the  liqnid 
to  stand  Ibr  a  tew  horns,  hno'iodiridiU  of  aamumtuni,  NS'Irl*  or  KH'LIrl,  separates 
•a  a  Uack  crystalline  powdar  or  in  blackiah-ney  spangles. 

The  tttjui-iodidt,  VP(ai  tri-iodide,  Irtl'),  or  Iridieut  iadidt,  aepantes  aa 
a  black  oyatalline  ere^tate  on  addii^  ehloride  of  ammonium  to  aqueoni  lodiridiata 
of  potassimn,  KIrP  (iodiridiate  of  ammonium  being  probably  fbnned  in  the  first 
instance,  and  subsequently  raaolTod  Into  eeaqui-iodide  in  iridium,  iodide  of  ammoniam, 
and  free  iodine).  It  is  rery  spariuglj  soluble  in  cold  mUx,  somewhat  more  fteely  in  hot 
water,  insoluble  in  alcohoL  It  unites  witli  alkaline  iodidea,  forming  double  aaJta 
which  may  be  cslled  iodiriditea.  The  ammmiuia-ta/t,  2<NH']nr*I'.H*0  (or 
2(KHt)fIiTX*.H<0)  aepaist«  in  cryMallinB  needln  trom  the  mothpi^liqDar  of  hypo- 
iodiridite  of  ammonium  (see  abore)  on  repeated  conoentration,  first  together  with  the 
lalteri  afterwards  alone.  The  pDtaHiiini-ia/^,  Sir*!*,  aeparatra  on  adding  a  oonoen- 
traifld  solution  of  iodide  of  potassium  to  a  solution  of  sesqnichloride  of  iridium,  ss  a 
fine  cryitalline  powder,  having  a  green  lustre,  insoluble  in  water  and  in  alcohol,  Sia- 
BolTing  slowly  in  adds,  easily  in  alkalis  when  heated.  The  lilner-tcdt,  Ag'Ir^,  ia 
obtained  on  adding  nitrate  of  ailrer  to  a  solution  of  iod-iridiate  of  potaaainm,  aa  a 
"is  brown.  The  reactjon  by 
n  chloriridiate  of  potassium 
(p.  318). 

The  di-iodidt,  IrrP  for  tetn-iodid^  IrrJ'),  or  Iridie  iodide,  i>  obtained  as  a 
•oft  black  powder  by  adding  iodide  of  potaanum  to  a  atrong  solntioa  of  dichloride  of 
iridiom,  and  boiling  the  brown-red  liquid,  mixed  with  a  little  nydrochloric  add.  With 
alkaline  chlorides  it  forms  the  iodiridiatea.  The  atirmotiium-tatt,  KHIrCl*,  or 
(NH')'ln'I*  Bflparat«a  after  some  weeks  &om  a  solution  of  chloriridiate  of  ammonium 
in  oold  omcentrBted  aqueous  iodids  of  polasnum,  in  dark  biown  shining  e^stali  eaadlj 
deeompased  by  heat  The  a^oeous  solution,  when  gnntlr  heated,  beeomea  turbid  and 
black-brown,  depoaiting  bypo-iodiridite  of  ammonium,  NH^lrl',  and  iiidio  iodide.  The 
potattitim-talt,  Klrl',  or  K*IrTl*,  aeparatea  aftrr  the  iridic  iodide  itaet^  &om  a  eolution 
of  iridic  chloride  mixed  with  iodide  of  potasdnm.  It  ii  formed  also,  thonp^  in 
emul]  Quantity  only,  by  tha  action  of  iodine-Tupour  on  an  intimate  mixture  of  indium 
and  iodide  of  potassium  heated  to  S0°— 70°;  sjul  in  larger  quantity,  by  adding  iridic 
chlorida  to  a  wlntion  of  iodide  of  potasdiun,  the  latter  bdng  kept  in  ezeeee ;  or  by  di*- 
VoL.111.  Y 


aM  lElDinM:  OXIDES  — OXTQEN-SALTS. 

BolriiiaUwuidieiodidem  iodideof  mtaB■ilm^■Ildle■nIlgtlle■olationtocIy■t■11iw.  It 
fonsi  dsik,  metAllic-ihimu^  ciTEtuluie  Bponglei,  appeuiog  u  oeUhedroni  tiiidn'  th« 
iDiaoMOtM,anIjHoliiblemvateT,  maolublemakohol;  itU^HOlTttdbf  MJili,  Mid,  iri^ 
deoompcaitioo,  bj  >lk»liB.  The  todium-taif,  Salrl',  or  Kalnl',  ii  obtainsd  on  idding  > 
oaioeDtnted  solution  of  iodids  of  sodintn  to  iridic  eUorido,  m  s  dark  bnnmiali-gTMiii 
«^jEtaUiiie  powdei,  insoluble  in  ilcohol  tai  ia  oold  water,  qaiingl;  soloUe  in  hot 


laimoM,  fl 

wo,  Ji*0,  li^O",  and  IrW.    The  prolexidi,  <t 

InO,  is  bit  Utile  kaown.    It  ii  obtained  bj  piedpitMing  an  alksline  hTpoehlonridita 


Ji  BtmiMpham  of  <<arbonic  anbydride  (p.  32S) ;  bot  on  <i^>osai« 
onTerted  into  a  higher  oiidfl.     (Clans.) 
liasidi,  01  Iridioiii  exidi,lzK)'oiIrAp,wtaliameAjK 


it  has  a  greet  tendeacf  to  take  up  oijgen  and  pase  to  the  Hata  of  dioxide, 
praparea  by  geutl;  igniting  a  mixtnre  of  ohlonridite  of  potasaiiun  (SKCLIi'Cl')  with 
earbooate  of  sodinm  in  an  atmoaphere  of  carbonic  anhydride ;  on  tfeatiss  th?  [o^uat 
with  water,  the  Bcaquioiide  Tsmains  in  the  fonn  of  a  black  powder  insomble  in  addi 
(Claus,  An"  Ch.  Fharm.  lix.  2S1).  It  fonne  two  hjdiataa,  one  oontaining  3  at.,  tJie 
oUiat  S  at.  WBteF.  The  trihydrate,  Ir'O'.SH'O,  ia  obtained  by  treating  a  solatioD  of 
the  diTO-green  aeaquichloride,  or  one  of  its  double  salte,  with  potash  and  alcoholi  aa  a 
blade  pradpitat^  which,  when  treated  with  hjdrochloria  acid,  yields  a  email  qoaotiV 
of  oliTe-^eoi  aeaqoidiloride.  The  pantahy  drate,  Ir^'.SE'O,  ig  obtained  by  miiiiw 
the  BalUiOD  of  nther  of  the  double  salts  of  sesquichloride  of  iridium  with  a  smiJl 
qnantit;  of  aaiutie  potash,  and  leaving  the  liquid  for  some  time  to  itself  is  well-cloaed 
and  jw^^ctly  filled  bottles.  It  is  then  deposited  as  a  yellowish  pecipitate  with  a  tinge 
of  oUre  gresn ;  but  it  cannot  be  obtained  pure,  as  it  eanlj  takes  up  ongen,  turning 
blue,  and  being  partially  coiiTer(«d  into  dioxide.  It  diastdTsa  in  the  smubet  quantity 
of  potub. 

Sesqnidxide  of  iridium  unites  with  basea,  fbnningsalta  which  may  be  called  iridites. 
A  BolaCioti  of  a  chloriridite  in  excess  of  lime-water  depoaita,  after  staixUng  fbr  some 
tjmeootof  contact  of  air,  a  diily  yellow  precipitate  containing  Ca^IiO' or  SCVO.Ii'O'. 
(Clans,  i.  pr.  Chsm.  Izxz.  382;  Jahreab.  1860,  p.  207.) 

Tlu  dioxide,  or  Iridic  oxide,  Ii%'  or  IrzO',  is,  aceotdins  to  Claag,  th«  moat 
«MiIy  ravpafed  and  moat  stable  of  tU  the  oxides  of  iridiom,  ana  is  alw^  d^osited 
in  tlia  tbrm  [f  a  bollv,  indigo-coloiired  hydrate,  lii*0*.2H*0.  wh«n  a  iolution  of  aitha 
of  the  chlorides  (tfiridinni  or  their  double  salts  is  boCsd  with  an  alkali;  but  it  always 
istaiM8  oclpsr  ccnLof  dlealk^.  The  h^dnte  mn  also  be  obtained  by  dissobing 
the  bydiated  ssaqnioxide  in  potash  and  treating  the  sontion  with  an  acid.  A  greenish- 
bine  ptecipitate  is  then  formed,  which  gradmlly  abeorba  ctxygen  ftom  the  air  and 
•aanmes  an  mdigD^MiloiiT.  The  hydiate  parts  with  its  water  when  heated.  It  distolns 
in  acids,  foniung  solutions  which  are  iuA  Inown  when  concentrated,  reddish-yellow 
when  dilute. 

The  Irioxtdt,  or  Ptriridie  oxide,  l^V  or  InC  is  formed,  aeeon^  to  Clans, 
when  iridinm  is  Aised  for  some  time  with  nitre.    The  resulting  blackufa-greenm 


o  of  t  to  S.    (Clans,  Ann.  Ch.  i'Sazta.  lix.  !iO.) 

TTfll.  ItTTl  HI  IT  KlTiTM  Or.     Iridium,  like  the  other  jJatinom-metals, 

■bows  but  little  tendency  to  form  oxygen-salts.  The  oxides  dinoln  in  acids,  bnt  no  defi- 
idt«  salta  are  obtained  in  this  w^.  The  solution  of  iridic  oxide  in  snljAnric  add  has  a 
igA  brown  oolonr,  which  is  not  modified  by  potash  in  the  same  manner  «i  that  of  the 
dudiloride,  naitbra  does  it  yield  ain  blue  [oedpitate  on  boiling. 

liui  «oij  definite  oxygen-salta  la  iridium  lliat  ban  been  obtained  an  donble  salti^ 
containing  •Dlpbaioas  and  hyposn^nrie  acids. 

>.  ^a>',4ridom>i>otanic  Su^Mt.     B(K«OilOT.I«.JSO«  -  f^.l  0»ilO«.— Thia 
mU  is  obt^Dsd  as  a  irtiite  nnrder  when  the  molher-liqnor  obt  *     ''  '''~~' 

ridila  of  potasnnm  by  r*~-]T  sn^dmrons  anhydride  throngfa  .    ... 
diate  (p.  SI8V  ia  eraponted  to  a  small  bulk.    It  is  somewh^  crystal 
taateleaa,  {nsdnble  in  water,  bnt  disMlfes  emly  in  hydrodilorie  aeia,  fi^ 
[diQroDS  anlndride,  and  yiriding  a  yellow  prUBatie  aal^  in  «4iich  9 


lystallin^  nearij 

._  __ia,  oiTingoff  n 

__,  _  <riiich  5  »L  SO*  a 

icOatwairtiidili  dscomposed 
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l»y  htW^Tith  aapMation  of  Mae  iridic  hydwta.  TIi«  etTitali  eoataiu  6  at  mtor,  wUeh 
i»g^Taioffatl80°;  UnlugtiDtaiDpaTabiie,tliemUiaoonipleul7decompaBed.  (CUna, 
Ann.  Ch.  Fhana.  Iziii.  S£2.) 

«.  AM  Bfpo-lraiftu  SaipUU  mifl  Oibrylt  nf  BjAuniHn,  flKCL(Ir>0.180^— 
RodacedllTtnUiif  tike  b»U  ■  irith  hrdimjiloiic  meid.  Tbennltingyellovaolatioti 
jidds  bf  n^iontioB,  pale  yellow  priaau,  Terj  lolable  in  water,  and  haTing  an 
•atriiigent  ■omewhat  (weelish  taato.  At  a  led-heat  it  fdrta  off  ■olphannia  >oh;£idc^ 
and  leares  a  miztore  of  metallic  iridium  with  dilorida  and  mlMiate  of  potassiuiii. 
(Clajta,  lot.  cit.) 

y.  A  saltcoDtaininf  2(2ECLbCI).(2X<SO*.]ySO*.S0^12HK)ia»btunedb7lieat> 
ins  a  Mlntion  of  chlonridita  of  poCaariam  with  acid  snlphite  of  potaaaiani  till  the  green 
(XMonr  changes  to  rad,  and  caremiiy  evaporating.  It  Ibrnu  mioiam-red  dyBlals,  yielda 
pvtozida  of  iridium  when  tmoted  wit&  carbaoate  of  potauiom  in  an  atmo«phere  of 
eaibotiie  aalndrids,  and  ii  oonTsHed  by  proloDged  hrating  with  acid  aulphite  <»  potaa- 
•iam,  into  the  white  Halt,  a.  (Clani,  Ann.  Ch.  Fhaim.  em.  129).  Is  a  former 
nHODic  (Ann.  Ch.  Fharm.  kdiL  81i-S48)  Clam  ra[«esentad  thia  salt  by  the  fiumnla 
HX0.80').  2KCL  3Zr0.3'0*a,  in  which  the  protoxide  of  iridium  waa  eupfiosed  to  be 
comlnned  with  a  chloTo-hypciaulphaiic  anhydride  S'O'CS,  The  nue  add  may  be 
Biupaaed  to  exist  in  the  two  following  aalta : 

>.  4£(X  2/rO.  9*  0<C!.— Formed  by  treating  the  preceding  nit  with  bydrochloria 
add.  Deep  red  prismatic  crj'atala,  easily  aolnUe,  with  yellow  colour,  in  water, 
inaolable  in  ahraboL  The  air-dned  cmtals  contain  B  and  6  per  c«it.  water  ( •>  UtO), 
wfaidi  is  given  off  at  180°.  Alkabi  alowly  decompose  the  salt,  and  nitromoriatM 
add  conTerts  it,  after  some  time,  into  an  iridic  salt.  Its  compodtion  might  also  ha 
repwonted  by  the  farmoU  2K8O'.(2K0.b'CP) ;  but  it  appears  to  contain  a  |cotO- 


a  tzanalncent,  amber-coloured,  visdd  mass,  which  drica  up  U 
-  ':  mbeUnce,  yidding  a  yellow  powder.    It  is  deoompoeed  t^  water, 

te  alao  GmeUifi  Eand-baot,  vi.  338.) 

■  or.   Four  of  these  componnda  are  described,  analo- 
is  to  me  oxides,  and  obtained  by  ^^pitating  the  Bolutlons  of  tlie  chloridjes  with 

Sydric  acid.    The  prolotulphide.  It's,  obtained   also  by  heating  either  of  the 
IT  sulphides  in  a  dose  Tasael,  is  grey  or  blackish-blna.    According  to  Beizelius,  it 


dinsolves  in  nitric  add,  forming  hypo-icidiDos  or  iridiaos  sulphate ;  and  in  sulphide 
of  potasnum  more  easily  than  Bnl^^de  of  piatinam.  The  ittquuidphijf,  Ir*3*,  is  a 
brown-black  ptedpitate,  Hunngly  solnble  m  water  [?  when  partially  oxidised],  and 


behanng  like  tbe  piotosnlpliide  with  nitric  add  and  solphide  of  potassium  (Ber- 
■elina).  Ito  dind^kidt,  i^ff,  a  obteined  by  predpttation,  also  by  igniting  dilori- 
ridiste  of  ammoninm  with  an  equal  weight  of  aalphar  (Tauquelin) ;  by  igniting 
pnlvfEnlmt  i"wHit(m  irith  sulphur  and  an  alkaline  cBrbon^e,  and  exhausting  the  pro- 
duet  witb  water  (Fellenberg,  Fogg.  Ann.  lix.  S6];  and  by  mixing  a  Kilution  of 
didiloride  of  iridium  in  strong  aloc£ol  with  sulphide  of  esrban,  and  leaving  the 
mixture  in  a  dosed  vend  &r  a  waek.  It  is  then  converted  into  a  gdatinooa  maaa, 
whidk  is  to  be  broken  up,  oollected  on  a  filter,  washed  with  alcohol,  tiien  repeatedly 
boiled  with  water,  flltntad  and  dried.  The  prodoet  thus  obtained  is  disnlphide  of 
iridiam.  It  is  a  daric  yelkiv-brown  powder,  iriiich  is  decomposed  by  heat,  leavii^ 
Aa  paatosnlphide  or  laelallio  iridinu  aecoding  to  the  tompnatnre  to  which  it  is 
wised.  Tha  disalpliide  obtained  by  predjctalion  behavea  with  nitria  add  and  with 
nlfbUe  at  potuomn  like  tho  protoeu^diide.  Hia  trindpUdt,  1^9,  is  obtained  by 
1 ■—  .1.  ^_,.,_j:.^  ,^  solphydrio  add,  but  tr '*-  "-  -" '-=— 


,.      „    js  trichlcoide  wit£  ralphydric  add,  but  to  complete  the  daoampomtiiHi, 

tile  liquid  sttBtated  widi  inlphydrie  add  must  b«  left  for  a  couaidecable  tmw  in  ■ 
dosed  vessel  at  M".    It  is  a  dan  ydlow-browu  predpitMe,  which  behaves  like  the 


„„ ,  „_d  adding  hydradllMio  aoid  in   slight 

SMC  MS.  ine  oompoond  then  separates  in  the  fbrm  of  a  yellow  granular  pred- 
pitats^  iisolnUe  in  watcs.  The  oxide  cocMnonding  to  this  chloride  has  not 
been  obtained  in  the  free  state.  The  ad^iaU,  (NH^^.SO*,  is  obtained  by  heat- 
ing the  chloride  with  dilute  sulphuric  add.  It  crystallises  in  larae  oianga^ellow 
Lmins%  easily  soluble  in  water. — Diammonio-pTelociitiridt  <if  iri£um,   SSH'.IiOl, 

or  CUoride  qf  mMniridamMaaivn,  NB*(NH')Ir.Cl,  is  obtained  m  a  white  preci- 


byGoogIc 
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pitate,  bj  boiUng  the  eompoacd,  ItH<Ir.Cl,  vitli  excen  of  ammonia,     Tmted  irith 

madenteljitToiig  Bolphnrie  add,  ityicldi  Uie«orrMpandiiie>alphaU(NH*(NH*)Ir)'SO*, 
in  rhombio  prismi;  and,  bj  decompoiuig  tfais  salt  vilh  nibata  of  bkrium,  or  tbe 
cblorida  vith  niCrio  acid,  the  nitrate  ii  obtained  in  jalloir  needles,  wbich  diaaolTS 
leac^y  itt  iratar,  melt  tIibd  haated,  uid  then  soddenly  deoonpoae  vith  flajn«. — 
CUoTonitraU  (if  ammiridainnumivtit,  JXB^aB.')!!  j    rn,  oi  Nitraie  a/ aDunoeiloriri- 

iamitoniuvt,  II^HH<XIrCl).NO',  aoalogoiu  to  Qnja'  pUtiunm-nitrate,  i>  obtained 
as  arelloTish,  cTTBtaUiae,  grannlBT  maas,by  heating  the  chloride  of  iridammonium, 
KH'IrCl,  Tith  Btiong  nitric  acid  ;  when  recr^BtAlliBed  from  iral«r,  it  fontu  shining, 
jellow,  laminar  ciTstalB. — JXcktoridi  of  anMiridaninuniiam,  NH'(N'S')Ir.Cl',  or  CUo- 

ridt  of  aMmoeUorindammonitm,  NH^NH')It<3).C1,  is  obtained  b;  treating  the  Ust- 
mentioned  salt  with  hydrochloric  add,  in  the  form  of  a  riolet  precipitate,  which 
diaeolTes  readil;  in  hot  water,  and  separates  from  the  solution  in  Tiolet  eiysUli. 
Nitrate  of  silrer  added  to  tbe  solution  throw*  down  onlj  half  the  chlorioB.  The 
nitiBte,  Inated  with  dilute  snlphnrie  acid,  jields  the  chlorosnlphata  of  ammiridam- 
moniun,  in  delicate  greeniah,  needle-ehipcd  cijstals.  (SkoblikofC  Ann.  Ch.  Fhaim. 
IxzziT,  ¥16.)  ' 

HH'(NH'lIti 
■tte  wmpoond  iNH"JJ*Cl' or  ,—L^ — L.  I  CI',  is  obtained  by  mixing  a  cUlnte 

NH(NH')'Ir) 
■olnlimiof  chkririditeofanunODiiim,  <KH')1i'Cl',  with  excew  of  ammonia,  and  leaving 
1^  mixtoie  in  a  well-doaed  and  completely  filled  bottle  for  some  weeks  in  a  worm 
place ;  hrnting  tbe  liquid,  which  hiu  then  acquired  a  roee  colour,  to  expel  the  eiceaa  of 
^nmifinin ;  neutialising  with  hydrochloric  add,  STapontina  to  dryneaa,  and  treating 
the  grecoish-ydlow  rexidne  with  cold  wnter  to  extract  the  ^oride  of  ammoninm.  A. 
light  fleak-oo]oni«d,  finely  crystalline  powder  then  remains,  which,  when  diBsolved 
in  boiling  water  acidulated  with  hydrochloric  acid,  yields  on  cooling;  a  cryotalline 
predpitate  of  £NH'.Ir*Cl',  mixed  with  snaquiehloride  of  iridium,  l^ii  compound, 
when  diasolred  in  a  boiling  solution  of  ammonia,  is  partially  deeompoaed,  with  aepara- 
'"■*■■■■        ■  ',  o^^aof 


in  of  blue  hydrated  dioxide  of  iridium ;  whan  d  ... 

Eiher,  it  yields  a  roBsMXiloared  alkaline  solation  of  the  base  lONH'.Ir'O'.  This 
solatjon,  saturated  with  varioni  adds,  yields  crystalline  salts,  soluble  in  water,  namely, 
a  mrbonatt,  lONH'.Ir'O'.SHCO*,  as  a  light  fleah-coloum),  finely  crystalline,  alkaline 
powder;  a  mtratt,  1  DNUMrK)'.3IT  0*.  in  indistinct,  lisht  flesh-cofoaieil,  neutral  prums  i 
and  a  sulphate,  loNH'.Ir'O'.SSO',  also  neutral  and  cf  similar  colour.  {Cl%nii,Bntriige 
rUT  Getckieitt  da-  Platin-mtaUt,  Dorpat,  ISM ;  Jahmb.  ISSt,  p.  134.) 

ZBZIKiaMUiM.  Sative  iridtJiTn,  Otmidi  of  Tridiun,  Oamitan-iridiiam,  Iridotmiwn, 
Stn^otuldtt,  Siuerikitt. — This  compound  oeenni,  together  with  platinum,  in  tbe 
prarinoe  of  Choco  in  South  America,  in  California,  Oregon,  Australia,  and  in  tbe  Uml 
mfmni»in«  •  (Ibo  in  the  gold  washings  on  the  riTrie  dn  Loup  and  dee  Plates,  Canada. 
It  aomstimea  eonstitutea  the  prindpal  part  of  platinuiD  ora,  eapedolly  of  tJiat  from 
Katharinenbeig,  Slotontt,  and  Eiaentin  in  the  TJraL  It  occura  TSrely  in  hexagonal 
priama  with  repiaoedbaa^  edges,  commonly ia  irregular graino,  flat  or  ronnd,  sometime 
in  Terr  thin  Uminw.  It  has  ■  metallic  Initre,  tin-white  or  light  ateel-grey  colour,  and 
is alightlT malleable.    Barclneaa  —  d  to  7.    Specific grarity  ~  193  to  2113. 

The  foUowiu  are  aoalysnofepeciniena  from  different  lo^tjea: — 1.  By  Thomson 
(ffiMMi'afiaiuUeo^TitSfi).— 2.  ByClaus(.&AtK^#B.).— 3.  By  BerieliusfPogg. 
Ann.  xixiL  232).— 4-8.  DoTille  and  Debray  (Ann.  Oh.  Phys.  [3]  ItL  386]  J^irab. 
IMS,  p.  767). 

Of.         Ir.         Rh.         Ft.        Bo.        Cu.       F>. 
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bidosmine  has  nnally  been  regarded  aa  consiiting  of  definite  oamidefl  of  iridium 
(the  iridium  being  more  or  less  re^oced  by  rhodium,  ruthenium,  and  plstinnm) ;  No.  1 
agreeing  nearly  with  the  formula  Irfh ;  S,  with  IrOs ;  and  3,  with  IrOs*.  But 
according  to  Sorille  and  Debray,  it  is  not  a  homogeneous  aabstance,  and  cannot  ba 
rpgarded  as  a  distinct  mineral  species. 

Xridosmine,  when  heated  in  the  air,  girea  off  osmie  odd,  with  gre«t«  bdlity  as  it  U 
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richer  id  omunm,  and  becomes  dnlL  Whan  ignited  tor  some  time  irith  nitre  tlone,  or 
with  nitn  tnd  cwutic  potash,  it  givM  off  part  of  the  oeminm  u  oamic  add,  and  ibrm> 
omuate  of  poturiom,  t«geth«  with  iridiats  of  polaagiuin  (p.  314).  Acccirdiii^  to 
Fischer  (Pogg.  Ann.  iviii.  2(iS)  it  is  more  euilj  decompoBed  bj  mtrate  of  otlciom, 
ud  aeeor^na  to  Derille  and  Debra;  (p.  316)  hj  a  miitnra  of  pnoxids  and  nitrite 
of  barium,  ^tromiiriatic  acid  has  ecarcelj  any  adion  upon  it,  [For  the  metboda  of 
■lulTaitig  i^  aea  iBmmK,  pp. 316, 816,  820;  also Fi^iunrx-KMioctM.] 
irirt'""     See  CaHOLsn  (L  STl). 

UUTM.  TioM  name  waigiren  b;  Hermann,  J.  or.  Cbem.zxiii.  376)  to  ft  Mack 
mineral  from  the  Ural,  CTTStAllised  in  regalar  octuedrane  and  oooiiMiDg  of  the 
protoxidw  of  iridiam,  oeminm,  and  inm,  combined  iritb  the  WBqaioiidea  of  iron  and 
chrominm.  According  to  CI  una  (tiuLliii.!8G)itieaTei7nriabiemiztare,conBisting 
diieflj  of  iiidoemine  and  chronis-iroB  ore. 

XmoM,  STnoajrme:  Bum;  Ftr;  Fcrrmt;  Mart.  Synbdi  and  atomic  wei^ts ; 
Fe  -  28  ;  Ffe  -  66.      Emuralemta :  Fe  •■  28  (ferromm) ;  te  •-  ISf  (ftnicom). 

Hue  mel^nl,  althon^  tlie  most  Bbnitdaiit  at  the  hcBTj  metala,  and  moat  laiaely 
employed  in  tjie  uia,  u  bat  little  known  in  a  itate  of  abeolnte  clumieal  puritj.  The 
iron  met  irith  in  comnvrce  alnja  contains  carbon,  and  geoeraUj  aome  other  foreign 
■abataneee,  altogether  TsiTiiig  in  amonnt  fttaa  0'£  to  ncarlj  10  per  oenL  Probablj  all 
these  admiztnree  exercise  some  ioflaence  on  the  characters  of  the  metal  (  but  it 
appeaie  to  be  chiefly  the  amonnt  of  carbon  contained  in  iron,  vhich  determines  the  re. 
markable  diflTereneee  of  character  presented  bj  the  seTcral  Tsrietiea  ot  metaUie  iion 
knoim  as  msllesble  iron,  cast  iron,  and  sta^ 

Pure  iron  is  described  sa  resembling  silrer  in  wbitaneas,  capable  of  receiving  a  very 

hig^  poT 

scaly,  c 

7-8439,  in  aheet  or  wire  via  to  I0». 

Iron  obtained  by  electrolysie  was  fonnd  to  luTe  a  apeeiflc  grarity  of  8-ISS3.  Its 
malleability  was  not  afl!ect«d  by  beating  to  redness  and  rapid  cooling  nor  was  it  in  the 
Inst  dngne  hardened  by  this  treatment.  It  was  scarcely  acted  npon  by  acids  at  the 
ordinsiy  temperatnre;  but  dissolved  with  the  aid  of  heat,  evoMng  hydrogen  qiiite  fraa 
ftom  the  pecnliar  smell  obserrsbls  in  the  hydrogen  QToIved  daring  the  BoLntion  of  tndi- 
narf  iron.    (Percy,  Mtlalhtryy,  a.  2.) 

The  cryetalline  form  of  iron  ia  either  the  cnbe,  octahedron,  or  some  olhw  ftmn 
belon^png  to  the  regnlar  aystem. 

The  different  kinda  of  iron  employed  in  llie  arts  ms^  be  comprised  mider  three  head^ 
rix.  malleable  iron,  caet  iron,  and  steel,  the  latter  being  to  some  extent  inter- 
uedtale  in  ita  c^ianctaia  betweentlieotheitwo,  and  combining  Bomeofthepeciiliaritii>a 
of  both.    See  Sim. 

The  diflrrence  betwwm  diese  three  kinds  of  iron  is,  however,  by  no  mesne  absolnte, 
eren  as  regards  Hieir  characteia,  batmonadiflteenee  in  the  d^ree  in  which  paitienlsr 
chanetos  are  presented.  Iron  approadiina  nearest  to  a  state  of  pvrit;  roqairee  a  very 
high  tampemture  far  its  (bsion.  vrhils  csst  iTdd  melts  Sit  a  comparatively  low  heat,  but, 
not  bsiiigsafficientlymslleable.il  cannot  b«  wrought  into  sny  reqaired  shspe.  Malleable 
iron  fa«a  a  mnch  higher  degree  of  toughness  or  tenacity  than  cast  iron,  which  on  the 
other  hsnd  is  mnch  haTder,  while  ste^  may  be  melted  and  forged,  as  well  as  rendered 
bard  or  soft  at  will,  or  as  it  is  technically  t(7mcd  "  tempered,"  by  cooling  snddenljr  or 
gradually ;  en  acconnt  of  theee  varied  combinatjons  of  qualities,  the  diAuent  kinds 
ot  iron  have  s  wide  raiu^  of  applicability,  to  a  great  diversity  of  paipovea, 

LeaTiDg  out  of  consideration  for  the  present  sll  the  other  sabstances  Met  with  in 
iron  except  carbon,  it  appears  that  the  stealer  or  less  amroiimotian  to  Uw  charaeter 
of  pun  iron  is  so  nnifbrn^y  accompanied  by  vny  slight  difiennces  in  the  amount  ot 
carbon,  that  these  two  eireamstances  may  be  regarded  as  having  aveiy  intimate  causal 


sten's  obserrations  leacl  to  the  conclosion  that  iron  containing  D'6S  per  cent, 
carbon,  and  free  front  any  other  snbetance,  becomes  so  mnch  hardened  by  plunging 
it  into  water,  white  rcd-hOt,  that  it  may  be  regarded  as  steel.  When  the  amonnt  of 
carbon  is  as  much  ss  1-4  or  1-0  per  cent  the  metal  presents  tiiemaximam  combination 
of  tenacity  with  the  canibility  of  hardening  by  endden  cooling.  Increase  in  the  amount 
of  carbon  beyond  this  limit  is  accompanied  by  increaeed  hardness,  but  the  tonacitTand 
malleabili^  are  lees.  With  176  percent  carbon,  the  malleability  of  the  metal  is  very 
slight  and  with  1-9  per  cent,  it  scarcely  admits  of  beinK  wrought.  Iron  with  2'3  per 
cent,  caibon  presents,  when  melted  and  gradually  coole^  indicatjons  of  graphite  being 
•eparated  during  the  cooling,  and  the  other  charsctecs  of  east  iron,  whtc£  may  contain 
an  amoant  of  carbon  varying  from  this  minimum  limit  up  to  A'7S  per  cent. 

These  limits,  however,  are  somewhat  difierrat  when  iron  eontsins  other  gabstanccj 
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euabilitj  of  acqnirid^  br  Mddro  oooUiift.  tndt  a  dczne  of  hinliiwi  u  to  otn^arin 
^«n  tbuA  Tith  flint,  Uiii  ia  ntsnUr  faond  to  MtBin  witli  inn  — — *-"—g  0-t  {«• 
ewit  wIuBitBlaoeoBtaiu^iJlaiiBDtatiMof  ali«on,Kihduir,  phoipIionui&D. 

Takii^  M  the  aitaion  whioh  dutingoulMa  cwt  Imd  b«h  itsd,  tha  ■wwtiop  ef 
puJiit*  vbsn  the  ndtad  mttml  ii  Aawlj  tooltd,  BOd  tha  want  «f  Mmllaatnli^  in  the 
cold,  itufaaiMl,iiilik«iiiaiin4r,  flutthenUtioobatwnatheMdunotanaiidthcMDOnit 
of  carbon  u  not  ■brutlr  oonatant,  bnt  tliat  it  ia  to  ■ome  axtaot  modifled  ij  the  attton 
knd  amount  of  otfaar  Bdniixtarea,  not  onlj  by  thrir  nodering  the  met^  1«m  nmllMUa^ 
bat  bIbo  bj  their  promotiiig  the  tendency  to  tha  lepantion  of  eaihon. 

Mnllitnlilt  tntn  (iSbJWnwMwn ;  SUiteum  ;  Fer  done). — Ordinuj  BalleaUs  in* 

k  gray  eidonT,  iriiich  TBiiae  in  its  ahada  Bcooiding  to  tha  ■•T'""*"  of  tha  iron,  and 

ihtinge. 


The  (peaifle  gr  \tj  variea  between  7*1  and  7*9 ;  that  of  the  b«tt«r  UndaMM- 
lally  a^wwimaljng  to  (ha  mean  of  theae  two  Tahiea.  Tht  apeetflc  gnn^  i>  aJmlad 
to  eome  extent  by  the  altantion  of  intetnal  texture  prodnoed  mMhuieUl^.  Tfana  ■ 
hn  4  inchfe  wicb  and  1  inch  thick  with  a  ^eeifle  grari^  —  T'SOtO  aoqnired  a  m- 
ciflc  gnvi^  —  T-MSl  iriiai  rolled  oat  to  Teiy  thin  ihect,  and  inm  of  ipeciflc  gnnty 
77988    acquired  a   ^eeiflo  gravity  ■■   ISiiO  when  drawn  into  Tny  tbia  wire. 
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Tlie  apedflc  bnt  of  ordinary  malkaUe  iron  ia  0  1137S5,  and  is  loaievtLat  hi^iw 
irtien  the  amonnt  <^  catbon  in  tJie  mHal  ia  laig«    (Rcnanlt.) 

The  aonductiue  power  fur  heat  ia  374-S  compaird  wiu  gold  m  1000.   (Deapret^) 

The  linear  and  cubical  ei^snaion  t^  bnt  (aee  Hut,  ia.  68,  Tl)  ia  leaa  than  that 
of  moat  other  metala.  Tbe  Unear  expaneion  for  each  degree  between  100°  and  300°  C. 
-nV     (Dulong  and  Petit,) 

An  uon  bar  expands  Ax  when  raiaed  ftam  a  red  heat  to  a  white  hea^  and  J.  whan 
heated  from  20°  C.  to  wVtenees.     (Binman.) 

The  melting  point  of  malleaUa  iion  haa  not  been  determined  with  any  degree  of  cer- 
tainty. It  ia  between  the  melting  p(^  of  eaat  iron  and  that  of  platinum,  and  ia 
eatimatadat  16600  C.  by  Foaillet,and  at  2000°  O.  by  Scheerer,  and  there  ia  n» 
doubt  that  it  ia  hi^ier  in  proportion  aa  the  metal  oontaina  leaa  carbon. 

Pore  iron  ia  attracted  1^  the  munet  miae  powoMly  than  iron  containing  carhoi^ 
and  it  may  lie  rendered  magnetio;  bat  it  does  not  ratain  the  magnetic  oondition  ao  long 
aa  iron  oontainiiig  aome  carbon.  Ordiuuy  bw  iron  it  alao  attracted  man  atxoa^T 
than  Bt«^  and  is  mors  easily  rendered  magnetic,  but  Iowa  tbe  polar  conditioD  tmcn 
aooncr  than  at«Bl  doea.  It  appear*  therefore  tbat  the  presence  of  a  certain  amonnt  of 
carbon  is  in  aome  mj  necenaij  for  tha  retention  of  the  magnetic  condition  by  iroa. 
Bars  of  iron  pUced  Tcrticallj  oi  neaiij  ao  beconw^  in  conrae  of  time,  magnetic.  The 
condition  of  ii      '   ~  •     •    .        .  .  .,     .       .      .-    >         ._ 
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Tory  nearly  dcateoyed  by  a  red  heal,  and  entirely  ao  hj 
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ax^aore  to  a  white  heat. 
The  elsctrio  condnctiTil 
iO,thatofinmi>-20(Harria),ie-8(Beegnerel).  17-71  (] 
conaidera  that  the  eleelne  condoetiTi^  of  eleebo-depciaitad 
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The  hardnea  of  malleable  iron  variee  oonsiderably ;  it  ia  influenced  by  the  pieaence 
of  foreign  snbatanoea,  and  reduced  by  increase  of  tamparatnre.  It  is  howerer  bat  veij 
slightly  increoaed  by  aodden  cooling  of  the  red-hot  metal ;  the  leaa  ao  the  amaller  the 
amouut  of  cart>on  conttuned  in  it.  A  certain  amount  of  carbon  aeema  eaaendal  to  the 
hardness  of  malleable  iron.  Abaolntoly  pure  iron  ia  so  soft  that  it  offera  bnt  little 
mistance  to  friction. 

The  tenacity  of  iron  also  Tsriss  widely,  and  ia  inflnenoed  by  the  natoraand  amoantof 
fbT«ign  admixture  in  the  metal,  aa  well  aa  by  its  Internal  texture,  by  temperaturah  and 
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ElrUId7>i>d 

(8MKirkkldj,TiaM.Iiwtit.ofEiwiiiMnuSM>tl«kd,lB18--S;«nd7hiM>I<<nraua 
^  Wrot^kt  Atm  and  Bttd,  London.  1883.— Fairbsirn,  BriL  Amoe.  Btgort,  18U0 

^Hia  malleabilitf  of  iim  ii  Terj  Qouddenble,  thoagh  lea  tbtotlut  ofnlTworgold. 
It  ii  infltirNiecd  by  tlia  preMnw  <tf  fbra^  ■atataneei  whiefa  modify  the  hiTdiirni  and 
tenad^,  the  degree  of  malleability  bong  apparentlj  detendned  bj  the  leUtire  haid- 

nand  tenadtj,  and  t«  aome  extent  alao  oy  ita  mtecnal  tezton.  The  mallralMlity 
on  ia  inenued  in  proportion  aa  ita  tempentun  ia  nieed,  iaamiiich  ai  it  Uien 
bMomea  aofter  without  its  tenacity  being  proportionBlly  leHcned.  At  •  nd  heat  it  ia 
■nfflcietitly  aoft  to  be  brought  to  any  raqmred  shape  by  hammering  oi  loUtng,  and  at  « 
whit*  heat  it  become*  quite  peaty,  aa  that  aepemle  piceea  may  be,  aa  it  van,  knMded 
together  Into  one  maaa  ;  or,  as  it  Is  termed,  tedded.  TbiM  capability  of  being  fbigad 
and  welded,  >o  ii^mtaot  u  legirdi  the  methoda  by  irtiieh  iron  ia  wrought  for  Tajiona 
nsee,  ia  rrferable  to  the  wide  interviJ  between  th*  temperatDie  at  which  the  metal 
preaenta  ita  ocdinaiy  degrro  of  bardneea,  and  that  at  which  it  beoomea  liquid ;  aa  well 
aa  to  the  Act  that,  at  temperatnre*  br  below  the  melting  pmnt,  it  acquiiea  a  wA 
plaatie  condition,  which  ia  retained  in  a  greater  or  lee*  deg;tM  thcoiigfa  a  oonaideisble 
range  of  temperatur- 


tar  of  being  bnttla  white  hot,  of,  aa  it  ia  called,  "  red  abort "  in  forging.  Fho^toina 
rendeca  iroD  "eold  short,"  or  brittle  and  weak  at  the  ordinuy  temperatnre.  Silicon 
baa  a  nmilai  influenee  in  a  higher  denee.  Maoganeae  Memi  to  be  beneficial  talher 
than  otherwiee  ■•  regarda  the  maUeabilitj  of  iron.  The  maUeabilitr  of  iroa  ia  can- 
■iderably  rcdnced  by  immeninK  it  while  red-hot  in  eold  water,  aa  wall  aa  by  long  con- 
tinued hammering  and  by  romn^  but  it  ia  again  realoied  by  heating  tlie  metal  to 
redneaa,  and  allowing  it  to  cool  gradually. 

The  teztnrt,  or  molecular  ■tructore  of  iron  variaa  vary  conaiderably  according  to  tlia 
treatment  to  which  it  haa  been  aabjected.  After  bong  mett«d,  iron  ia  decidedly 
eryil«lline  or  granular,  and  ita  fraetnia  preaenta  i1i«H'w*  indication*  of  that  ronditioD. 
By  hammering  or  raUhs  wtdle  bat,  itacqniieaaflbranaor  ail^testaie,bM(nneamc«e 


_a  uBoAl  method  of   producing  malleable  iron,   i-   _   — . , „_, 

mechanicaUy  while  in  a  kind  <^  doughy  oondition,  and  the  uniferm  eloee  flbrona  taxtOM 
which  detenuinea  the  qnali^  of  the  metal  dependa  mncli  upon  the  nature  of  thia 
treatment  and  the  extent  to  which  it  i>  carried. 

By  hammering  while  cold,  flbrone  iron  ia  rendered  harder  and  brittle ;  when  aftor- 
wardi  broken,  it  preaenta  a  grannlar  or  ciratallinfl  fMcture,  bat  opinion*  differ  aa  to 
whether  thia  oyatalline  condition  be  mlly  a  reault  of  the  hammering.  Iliia  ie  also 
the  eaae  with  lenid  to  the  influence  of  long  eontinned  prenure,  Tibrstion,  or  eoneuoaira 
action,  in  afbetug  the  textnra  of  iron,  rame  maintaining  chat  these  oonditiona  slowly 
deatroy  the  SlHotia  tartnie,  rendering  the  iron  ciyetalllne  and  thereby  waaker. 
(Banking  Pioeeedinga  of  Inat  of  CiTil  EnginBHTB,  18*9;  Per<'j,3ftt<illwiy,u.B.-) 

Halleable  iron  undergoea  no  change  in  dry  air,  or  in  water  (M  from  air ;  but  in 
noist  air,  or  in  water  eoctaioing  air,  it  gradually  beeomaaoudiaed  or  mated,  ftom  the 
aurface  inward^  until  erpntoally  the  entire  maaa  may  be  eouTCtttd  into  oiidaL  Tha 
carbOTiic  add  {^eeent  in  atmoapneric  air  aroeara  to  contribute  lugdy  to  Ute  production 
ofthiachan^  The  presence  of  aoline  auMancca  in  wat«alaobcihtate*the  oxidation 
of  iron;  while  alkalia,  and  oily  or  reeinoua  lubatances,  retard  the  ozidBticai.  (Kalle^ 
Action  of  air  and  voter,  ^.,  upon  ecut  iron,  nrauaht  iron,  and  ttttl,  Bnt.  Aaaob 
Beporta,  1898,  p.  263;  1840,  p.  221.)  Contact  with  more  highly  electro-poaitin 
metala,  auch  aa  ainc,  aleo  hinders  the.  oxidation  of  iron  within  a  eratain  diatanoe 
•looDd  tlie  point  of  contact. 

At  a  temperatoie  about  3S0°  C,  iron  beeomea  eapalde  of  combining  directly  with 
■tmoipherie  omen,  and  tba  poliahed  aurfiue  at  fiiat  becomes  corned  with  an 
extremely  ttnn  film  of  magnetic  oxide,  of  a  yellow  colimr  which  eradually  peases  into 
rrd,  bine,  and  grey.  At  a  red  beat  thia  emit  of  raiAc—forgt  anii!— beeomea  thickcv, 
and  gradually  paaaea  at  ita  outer  autbce  into  tciric  oxide.   At  a  white  heat,  iron  buna 


.igic 


ID  the  air,  villi  production  of  magnetic  oxide,  and  thb  eomboation  m^  b«  m 
foriome  time  by  diiecting  •  blast  of  air  npon  tlie  metaL 

At  a  lempantDra  about  S60°  C.  ii!OD  aecoD^oaaa  vatel-Tapoar,  forming  mtgnetia 
odde  and  Ubanting  hydrasen. 

Pore  itOD  di«>alv«a  oompletelr  in  modwately  dilute  adda.  Ordinan  nuUMble  inn 
diwolTca  compIeCelj  in  atrong  nydrochloiic  acid :  but  vitb  ^nto  add  a  caibonaoeoiB 
midue  ismaiiu  ondiaaolTed.  In  both  eaaea  alao  the  h^dcogan  andTed  caniaa  witb  it 
carbonaceoui  Tapoor,  which  iwmmnnicatca  to  it  a  pacnliar  emdL 

Malleable  iron  ^nerally  eontuiia  from  0'2S  to  O'fi  per  cent,  caibon ;  aometinMa  the 
amonnt  ia  mniji  laaa.    The  tmaller  the  amonnt  of  carbon,  the  aofter  ta  the  iron,  and 
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th*  larger  Ibflsnioimt,  Ihc  neuer  doea  it  approxinute  tothschanetrrof  iteeL  Theonlr 
iion  tlut  ii  [sobiibl;  ijWM  free  from  cwIiod  ia  tliat  knavn  Cedmicallj  u  "  bnnit  iron, 
iriiidi  canint  be  scnmdlj  wddcd.  Hence  it  hai  b«eB  rapposcd  thst'the  eapabilitj  of 
being  vrAded  ia  detenniiied  by  the  preeenee  of  cubon  in  inm.  Them  irt,  homnr,  no 
Bood  reaaona  foi  ihia  opinioD ;  it  ia  more  [oobabla  that  the  peenliarit;  at "  burnt  iron  " 
U  only  indiceetlj  due  to  the  absanee  of  carbon,  and  ia  datermined  br  the  pregence,  in 
the  mataL  of  a  miunte  quantity  of  oxide,  which  eould  not  have  been  mtnidnc«d  *o  long 
W  it  (till  Mlaiiwd  anj  ntbon. 

Among  the  foreign  aabataneea,  other  than  carbon,  pmetnt  in  nuU«able  iron,  the 
■Mist  important  ars  anlphnr,  pboaphona,  and  ailicon,  giiaKng  ptobaibly  in  combination 
^lith  equTakmt  {aapMtiona  of  the  malal,  aa  anlphide,  phoepbide,  and  ohcids. 

AtfpW  is  gamrally  picaent  to  aome  exlrat  in  malleable  iron,  and,  eren  vhen 
anomitiiig  to  only  0434  p4r  cent.,  haa  the  ^M  of  rendering  it  "  red  abort,"  and 
liable  to  ciaA  at  me  edsea  in  fbrginc.  It  baa  been  conaiderea  that  O'Ol  par  cent  ia 
IbaludlMtamomiteonBatentwiUL^enaafiilneaBoftheiron.  (Karateo,  ZfMiUwi 
'  dw  XStmUUttyilncHdt,  423.) 

]%iipJumit  ia  also  fnqnentty  preaent,  and,  when  amounting  to  D'7C  per  cent,  rendera 
Ike  iron  Tery  weak  and  britlie  at  the  oi^nary  tempeiatare,  or,  aa  it  ia  called,  "cold 
■borl"  In  emaller  aaioDDt,  it  ia  considered  to  be  aerriceable  in  rendering  the  iron 
Dore  enable  of  being  welded.     (Karaten,  op.  ef(.) 

Bilian  renders  iron    harder    and  Inaens  ita  tniaci^,  making  it  what  ia  termed 
"  rotten"  in  working,  even  when  present  lij  the  extent  of  only  0'3T  per  cent. 
itangaimt  it  conaidered  to  lender  inai  harder,  but  not  to  make  it  ataely. 
Copper  ia  considered  to  render  iron  "red  abort,"  and  to  reduee  the  ea{«biUty  of 
being  welded,  without  howerer  aStetiug  the  tenacity  of  the  metaL 

It  vu^,  faowem,  be  safely  said  that  the  evidence  upon  which  the  abore  opinions,  aa 
to  the  inflnenee  of  these  silmixtoMa  upon  the  eharacter  of  malleaMe  iron,  are  founded, 
ia  moch  too  alender,  and  it  is  Tery  deaiiabla  that  this  anhject  ahonld  be  mora  thoroughly 
Unstigated. 

Xhe  eharactera  of  itetl,  and  the  methoda  of  manulhcturing  i^  will  be  treated  of  in  a 
Mpuate  artiele. 

Oast  traa,  Mc  Xrea  iBoieum;  Guaeiieii;  Fimte). — There  are  two  easentiallj 
diatinet  kinda  of  cast  iron,  via.  gray  and  white. 

Qrty  eaii  iron  (  Graua  BoieiMa  ;  FonUgrite)  Tanea  in  colour  from  pale  to  dark  grey. 
It  has  generally  some  elight  degree  of  malleal^^;  bnt  ia  harder  and  more  brittle  than 
msUeabla  iron.  Its  teitore  is  gnnnlar ;  aometimea  Ter^  Bne.anuned,  sometimee  ooarae- 
giained  at  the  &actllr^  with  minute  pwticlea  of  gTaphile  Tinole  throoghont  tb«  mass. 
watt  coal  iron  {tftiuu  BoAeitat,  fauU  tttmelia)  Tariaa  in  coloar  from  that  of  tin 
to  pale  gray.  It  ia  very  hard  and  brittle ;  of  csyatajlina  lamellar  texture,  and  aome- 
timce  Tcaicnlar.  The  fracturo  ia  shining  and  varies  &om  lamellar  to  compact  and 
condioSdal,  in  jnoportion  aa  the  colour  Tanea  ttam  tin-white  to  grey.  The  meat 
daiactentio  nrietj  ia  called  tpeeular  trm  {Bpiegthiieii ;  fonta  lathiUt»ta\ 

'J!\ia  apedfle  granty  of  grey  eaat  iron  ia,  on  the  aTerage,  7'1 ;  that  of  while  caat  iron  ' 
is,  on  toe  arenge,  li. 

Grey  cast  iron  melta  at  about  iaoO°  C^  and  more  easily  in  proportion  aa  the 
amount  of  carbon  it  contains  is  grestei.  White  rastiron  melts  at  a  lower  tempeiatnra ; 
bot  it  does  not  become  so  liquid  when  melted  as  the  grey  cast  iron,  which  paaaea  aud- 
denly  bom  the  aolid  to  the  liquid  itat«^  irtiile  the  white  cast  iron  remains  in  a  paaty 
atata  for  aome  time.  Uelted  caat  iron  diaaolTea  malleable  iron,  and  ia  thua  rendered 
loo^iar  and  ftiOQger  than  originally  (tou^iened  caat  iron).  White  iron,  when  cooled 
Torj  gradually  fionlbe  melted  atata,  ia  converted  into  grsr  caat  iron.  Grey  cast  iron, 
OD  the  eontr^,  wbeti  very  giadoally  cooled  tarn  a  melted  atat^  ia  not  altered  except 
in  becoming  softer  and  more  malleable;  bnt  lAen  nqndly  coded,  it  is  eonveitad  into 
white  cast  iron,  mora  or  less  completely  to  propoctioD  as  Ue  amount  of  carbon  it  con- 
taina  ia  greater  or  lesa.  On  thia  account  the  oater  aurbce  of  a  casting  has  a  hard  emat 
(c  "akin,"  aait  ia  called,  in  consequence  of  the  more  n^id  cooling  of  (hat  portion  of 
the  melted  metal  which  comea  in  contact  with  the  sidea  of  the  monid,  and  itacoDnrHioD 
into  white  east  iron.  Thia  effect  ia  often  augmented,  in  practice,  by  lining  the  mould 
with  inm  plates,  ao  as  to  £icilitBtB  the  rapid  cooling  of  the  outer  portions  of  the  casting 
and  produce  a  layer  of  white  cast  iron,  &om  ^  to  t  an  inch  thick,  while  the  interior 
lelains  the  condition  of  grey  east  iron,  thas  combining  the  particular  advantagea  of 
white  east  iron  as  regards  tuirdnws,  and  of  grey  caat  iron  as  regards  atrength. 

It  has  been  obaerred  that  in  la^  massea  of  cast  iron  ttieni  is  an  inequality  in  the 
amount  of  carbon  containtd  in  the  metal  at  the  exterior  and  interior  portions.  In 
naaaea  which  have  been  gradaally  cooled  from  a  melted  state,  the  centra  portion  con- 
taina  les  carbon  than  the  exterior  portions.  There  ia  alao  a  further  difference  as  to 
the  Mndition  in  which  the  earhon  exists.  At  the  centre,  the  relatire  proportion  of 
graphitic  carbon  aa  oomparcd  with  combined  carbon,  is  greater  than  it  ia  at  the  utciioi 


pntiom  ThulaUardiflbreiMewiUbemcinmii^adiD  ptnioctuau 
u  mora  tmpiily  wilidified  at  the  taAet,  In  ons  inituice  or  inm  cut 
nfaned  to  bjE&nten,  llie  fijUowing  rMolta  van  obtaiwd: — 


Cut  inm  befbie  mdting     . 
OiLtei  whits  portion  of  osting    . 
IimeT  gnj  portion  of  outing 
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in  ehamieil  diAroioB  batwun  uliita  lad  gn^r  M_     . 

in  wliieh  the  ouboa  thm  contain  exiata.  In  ■pacnlar  mm,  tba  vbol«  of  liui  earboo  in 
eombiiied  with  iron,  whifii  in  tlie  moat  chBracCenatic  fcind  of  gnj  out  iron,  whan  aoiid, 
at  lout,  the  grealer  put  of  the  carbon  ia  metvlj  mixed  with  the  iron,  in  Ilia  atata  of 
graphite,  and  onl;  a  portion  of  it  ia  in  a  ataCe  of  combination.  Between  thaae  two 
extremea  them  an  a  Taiie^  of  iiitenaediat«  *tat«a  in  which  white  and  gny  eaat  iton 
an  mixed  together  in  Tariona  proportiona,  oonatitnCing  irtiat  ia  known  u  molOtd  eatt 
ironiliaibiTta  Gwanaa*  ;  fotiU  truilie). 

Ttw  haMnian  and  atnngth  of  theie  nriatiu  of  east  iion  diSte  conaidanblf ;  u  a 
rnla,  the  gnj  i*  atnmgar  than  the  irtiite,  and  thia  again  ii  hardu  than  tb»  gnj. 
White  cast  iron  ia,howwrer,  too  brittle  to  be  oaed  tbr  atznctana,  eioept  far  the  tmlpoaa 
of  coating  tlie  ani&oe  of  eaatinga  with  «  hard  eniat  a  ikin,  by  caating  in  nwwkU  lined 
with  metal  (chill  caating).    (Bankint^  OitU  Erwiiuenng,  p.  199.) 

The  tenadtj  at  caat  iron  ia  Teij  mnch  lea  tW  that  of  mallet 
cqiabilil?  of  renating  oraahing  farce  la  Toy  mnoh  greats. 


Kind  oC  Inn. 

DlnrtTiaadlr. 

Raln»>e>» 

bm"''" 

Sut. 

I.po.»l.p.r«,«».lncli.                                              1 

Coldblaat      . 
Hot  blaat       . 

Toughened  caat  iron 

ftom  12,691 
to     18,SSS 

from  1S,431 
to     23,468 

ttatD  28,461 
to    2fi,764 

102,408                f'^^^g             17,088,000 
104,881              f-fj.            3^783,000 
ll»,4i7 

Tlie  ftrengthof  ea 
repeated  aaTeal  timn.    At  veiy  tow  temperatnna  it  becomea  mon  biitQe  and  wi 
(Fairbairn  and  Hodgkinaou,  Beport  on  Ou  Appiitaiiim  of  Inm  to  BaHmoj/ 
Slnictura,  p.  26fi.) 

The  apeciflp  heat  of  ipeenlar  inn  —  0-12983,  that  of  oidinaiy  white  eaat  iron 


unomiting  to  >!g  between  20°  and  S60°  C.  (red  heat),  and  j^  between  20°  and  a 
white  heat     (Binman.) 

Piece!  of  cold  eaat  iron  thrown  into  the  mdted  metal  aink  to  the  bottom ;  bat  triien 
th^  hare  a  temperatnn  near  the  melting  point,  thej  float  on  the  anrCtee  of  the  neMed 
metaL    Hmce  it  wonld  appear  that  aome  d«gt«e  of  eontractioB  takea  p~ 
paaaage  from  the  solid  to  ttie  liqnid  state.    Thia  ehaiaeter  of  eaat  ira 

regaida  Ita  applieation  to  caating:  fbr  the  increaent  of  balk  attend   „ 

•naoru  the  perfect  Siting  of  the  mrmlda  at  that  mompat,  and  the  prodnetioo  of  aharp, 
wtU-deflned  caetinBs.  Bat  the  greatest  ammnt  of  eipanaion  or  contraetMU  takea  [daM 
jnat  below  the  metting  point  On  acconnt  of  thia  contnetion  between  a  tampqatiire 
near  the  meltiiu{  point  and  the  ordinaiy  atmoephecic  temparatDre,  it  ia  aetuairy  to 
make  the  monlda  fbr  caatinga  proportionatelj  larger  than  the  eaatinga  are  reqnired  to 
be^  The  contraction  of  grej  cast  iron  amonnta  to  aboat  1  per  cent ;  that  of  wfaito  caat 
inn  ia  from  3  to  2'A  per  cent,  of  the  linear  dimenaioni.  The  ^owance  goianUIj 
made  for  this  "ahlinkage"  in  caating  ia  ^ <w  one  eighth  of  an  ineb  in  a  fbM.  Caat 
inn  alao  ondergoM  a  permanent  inereaae  a  balk  onder  the  long-oontinned  inflnenoe  of 
heat.    (Pere^,  MttaBmyf,  ii.  872.} 

White  caat  non  expoaed  to  oiidiaing  inflnencn  at  the  ordinal/  tempmttora,  mata 
mnch  more  alowl;  than  grn  caat  iron,  and  thia  again,  pnmded  it  doaa  not  eontail 
much  aolphor  or  Other  reamly  oxidiaable  anbatanoea,  mon  alowlj  than  malleable  iron. 
Specular  icon  ia  bat  rery  little  liable  to  oiidatioo. 

At  an  elerated  temperatnre,  gnj  eaat.  iron  becomea  ctdonred  bj  oxidation  aoonw 
than  malleable  iron ;  white  caat  iron  on  the  eontmj  bMonM  Mkmred  aran  aoone* 
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than  iteeL  Wlteo  cart  iron  ia  hB«ted  to  r<1mh  in  the  nir,  the  etrbco  It  oontaiiii  ia 
SiM  oxidised  snd  the  metal  renderad  man  or  Ins  malieftble ;  tken  a  onat  at  magnatin 
oiida  ia  finmad  at  the  atir&M  and  gradoall;  inereaw  in  thickiuea  aa  in  the  cm*  at 
malloibia  inm.  Qrey  caM  iron  ia  moat  alowW  ozidiard  in  thia  waj,  and  beeomee 
poToaa  and  friable  after  ^latiBctioD  of  ita  carbon.  'White  east  iron  ia  deeatbaniaed 
mora  rapidly,  and  oi^quiTea  a  malleable  iteeW  eharacter.  Upon  this  faft  ia  baaed 
the  mannfartnie  of  malleable  eaat  iron,  which  oonaiata  in  heating  to  ndnesi  the 
eaatiaga,  while  imbedded  in  powdered  chalk,  ehaieoa^  or  tnida  of  inn,  ao  aa  to  be  pa^ 
tiallj  pntected  from  the  "™'""e  inflneoee  <rf  the  air. 

"    '  iron  melted  in  eootact  with  air  beeomee  ooTered  wit^  a  cmat  of  oxid^  and  hf 
ig  thia  onat  from  time  to  tima^  it  rnqr  be  cntirelr  oa&TOrted  into  oxide.   If  tlw 


ia  allowed  to  remain  in  contact  with  the  mdted  metal,  thia  gndaally  becomea 
deearboniael  ta^J  awl  leaa  AuiblcL    While  cut  iion  heated  in  oontact  with  air  till 
miied  maeb  more  lapidlj  than  bv  men  heating 
nditi<D  to  that  of  pore  iron,  withont  ao  gieat  a 

.  „. . .  ._ ,_.  . . n  the  metal  ia  melted.     The  moat  important 

method  of  mann&chiiing  m^leable  iron  ia  baaed  upon  thia  fact  (paddling). 

Cast  inm  melted  nnder  aoda,  potaah,  lime,  or  magneein  caibonatea,  i^  gndluJl;  de- 
caibamiaed,  and  maj  be  wholly  converted  into  mnllaahln  iron,  if  the  he^  be  taiaed  m 
the  irao  beoomes  leaa  foaible. 


well  aa  part  (^  the  iron,  and  c( 

tore  prodnced  in  thia  wa;  ia  lufBoiantly  high  to  determine  the  fnaion  of  the  w 

deearfaoniaed  inn.    (See  Srm.) 

Whito  salt  inm  heated  with  eonoentiated  hjdroehloria  aeid  ia  entirely  diaHbad ; 
but  grey  eaet  iron,  treated  in  tho  same  way,  learea  a  reaidmun  of  graphite.  In  both 
caan  the  emnbined  carbon  entnn  into  combinatian  with  a  porbon  of  the  nascent 
bydrogBn  eliminated  bj  the  solntion  of  the  iron,  forming  Tolatilc  oily  hydrocarfaona, 
the  Taponr  of  which  commanicatea  a  prcoliar  amell  to  the  gae  erolTeo.  Thia  oilj 
aubatance,  which  ajmeurs  to  be  of  a  nature  analogoaa  to  petromm,  also  collects  as  a 
thin  film  on  the  raroce  of  the  acid  aolntion- 

The  action  of  dilntf  hydrochloric  acid  upon  cast  inm  ia  aomewhat  different;. 
Bpecnlar  icon  ia  acted  npon  Te^  riowlj  at  the  Ordinaij  temjpentnre,  bat  with  the  aid 
of  Itealt  both  it  and  grey  caat  iron  are  readily  dissolved.  Tiia  hydrogen  evolved  ha* 
the  diaracteiiatic  emell,  but  the  amonnt  of  the  bydrocarbona  fbrmed  appein  to  be 
amaller  than  when  coneentiBted  acid  ia  employed.  Whito  cast  iron  leaves  a  bolhr 
daA-bcown  earbonaeeoos  residae,  which  ia  soluble  in  potash,  and,  when  waahed  and 
dried  ia  veir  readily  combustible,  leaving  a  black  retidue  containing  ailica  (Daniell, 
Jonmal  of  odenee  and  the  Arte,  iL  2TS).  Qrej  cant  iron  leaves  a  residue  coniiatiitg 
partly  ol  graphitic  partly  of  a  carbonaceoaa  snbatancs  Bimilar  to  that  obtainable  fr 
white  eaat  iron,  and,  p  "'  "  ' '  ' 
Are  by  contact  with  U 

Cast  iron  ia  alowly  acted  upon  by  aea-water.  Cannon  balls  that  hod  been  Ificg  in 
the  aea  off  the  coast  of  Normandy  since  1692,  were  found  to  have  loel  two-thirds  of 
thmr  Diinnal  weight,  contused  no  metalUc  iron,  and  were  converted  into  a  snbetanc* 
thatconM  be  cnl  witti  a  knife  (Deslongchamp^  J.  Chim.  mid.  liii.  89).  Cannon 
balla  taken  from  veesela  aimk  fifty  yean  before,  near  Caiiscrona,  were  fonnd  to  ba 
partly  converted  into  a  grey  porons  graphito  substance,  which  after  expoeore  to  thn 
ail  foe  a  qaarter  of  an  hour,  became  so  heated  that  the  adherent  water  was  converted 
intoatewn  (Barselini,  Qmelin' MMmdboak,  v.  2\8).  The  substance  remaining  oftor  the 
action  of  aea-water,  a^iears  to  be  similar  to  that  remaining,  mixed  with  graphito  and 
the  bnllry  carbonaoeona  residue,  after  dissolving  grey  east  iron  by  dilato  hydrochlorio 
acid,  and  which  Kaziten  regards  as  a  oamponnd  of  Irni  with  three  equivalents  of  cMbon. 
Berielius  ctmsidered  this  solution  of  east  iron  by  Ha-watar  to  be  doe  to  the  conjoint 
action  of  carboaii!  add  and  onaen.  The  solntioii  of  east  iron  takes  place  at  placea 
where  it  ia  exposed  to  the  oombmed  influence  of  fresh  water  and  sea-water  by  tidea 
Bore  rapidly  than  in  sea-waler.    (HalUt,  op.  eit.) 

The  icdntion  of  east  inm  takea  place  at  placea  where  it  is  exposed  to  the  combined 
influence  of  f^esh  water  and  aea  water,  by  tides  more  r^>idlj  than  in  aea  water. 

The  maximum  amount  of  carbon  in  cast  iron  is  met  with  in  specular  inm,  raiying 
from  S'71  to  S-2i  per  oent  Bromeia  and  Percy  oonsider  that  the  maogsntae  piteent, 
10  fiw  as  ia  yet  luiown.  in  sll  specular  iron  containing  as  much  aa  Sper  cent,  carbon,  ia 
"■''"'''''  irtion  of  combined  carbon. 

>n  varies,  m  a  general  rale,  between  3  and  i-M 
percent.;  in  whito  cast  iron  it  ia  from  >-B  to  S'7S  per  cent ;  bnt  the  diflcroooe  between 
whito  and  grey  east  iron  ia  more  intimately  eonneeted  yiith  the  stato  in  which  tlM 
carbm  cxisl^  thu  with  the  nKNut  of  Una  snbitaiieek 
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Bcndea  irMi  uid  etthaa,  «aat  iran  alwajra  Dontiizii  Mux  nibituiaat,  m  indicated  by 
the  above  aualTrca,  wpacullj  silicon,  lalpbar,  phonihonia,  nun^BOne,  aneni^  eaonr. 
■^ aobal^r  exist,  is  «imbin«tioi)  witli  eqniWent  qnuititiee  of  inm,  aa  ailuid^ 


&c,  and  aome  of  than  appmu'  lo  exercise  eonsidenlile  inflmom 
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.  npcHi  the  qnalitj  and  eharacten  of  the  metal,  i 
ciaed  ia  bnt  very  paitiall;  nndenlood,  and  the 
caaes  dDbiona. 

BSieon  ia  almost  alwaTS  present  in  cast  iron  to  some  rztent,  coiginating  from  the 
deozidation  c^  silica  in  the  prooeas  of  smeltiiig.  The  amount  Tarits  veir  much.  In 
iriiite  caat  iion  it  is  generallj  from  O'l  to  0'6  p«r  eent  In  gre;  oast  iroB  the  Mnoant  is 
mneh  gnater,  and  is  seldom  less  than  O'S  per  cent,  sometimes  exceeding  eren  8  per  cent. 
Eaistaa  tbnnd  3'IS  pai  cent,  to  be  tJie  ""•"""""  amonnt.  The  grmiinc  amoant  of 
silicon  in  nej  oast  iron  ia  coniidered  to  be  due  to  the  highec  tempcntore  at  which  it 
is  piodncef  lion  prodneed  with  hot  blast  oontaina  nwre  siUoon  than  Uiat  TOodneed 
with  cold  blast. 

It  is  generally  conndeied  that,  within  Che  ordinal?  limits  as  to  the  amonnt  of  silicon 
in  east  iron,  this  anbslance  does  not  aieicise  anj  pnjodidal  infisoice  npon  the  quality 
of  the  metal ;  bnt,  in  the  conversioti  of  cast  iron  into  malleable  iron,  the  silicon  most 
be  as  much  as  possible  separated,  since  it  is  -my  debrimental  to  nulleablB  iEon  aa 


Sulpkurit  almoat  alwaja  preaent  in  east  iron,  bnt  sometiiues  tbe  ..  _ 

that  it  can  hardl;  be  eatimated.  1^  probably  never  reaohes  O'S  per  eent  in  good  cast 
iron.  Iron  smelted  with  mineral  fael  always  contains  more  sulphnr  than  that  aBslted 
with  diarcoal,  in  oonseqoence  of  the  snlphnr  contained  in  the  coal  or  coke  being  tzans- 
Canad  to  the  iron.  l%e  presence  of  snlphnr  in  cast  iron  renders  it  more  fudbla,  bnt 
also  more  liable  to  aolidi^  sooner  when  slightly  cooled  below  the  melting  pointy  w  aa 
U)  become  quite  Tiseid  irtme  still  red-hot. 

When  specular  iron  is  mslled  with  snlphnr,  eaibon  sepaiates  and  eoUeets  npon  the  snr- 
&«e  of  the  melted  mass  in  the  fbnn  of  graphite,  whiui  difitam  from  otdinki^  graphite 
tn  haTing  no  Iniitre.  Grey  cast  iron  melted  with  inlphnr  is  converted  into  white  cut 
iron,  eoDtaining  a  greater  amount  of  carbon  than  the  origiiitl  grer  iron,  as  shown  in 
the  folloving resnlta  obuined  bj  Earsten  (Bumlmlitnhmdt,  l  MZ)  : 

Hh  inT  cut  Iron  Tlie  iwiltfDi  wfalte  inu 

eeouiiiid Id  100 pu.  egDUlMdlD  lOOjiti. 

Combined  carbon  .        .                    0-S2eS  j-*ST8 
Onphite         ....            8-3119 

ad^nr 0-imS  0-llM 

Eenes  it  wonld  Kppear  that  snlphnr  displaces  carbon  existing  in  comUnation 
with  iron,  bat  that  np  to  a  certain  point,  the  carbon  so  displaced  bom  eombiiutioa 
with  one  portion  of  (he  iron,  enters  into  combination  with  anotJier  portion,  nntil  no 
more  can  be  tij^en  np.  The  preaence  of  snlphnr  in  east  inai  appears  tbenibre  to 
determine  the  existsnee  of  the  carbon  in  the  state  of  combination  with  the  iroi^  and 
tfans  to  be  coadiudfe  to  the  prodaction  of  white  east  iron.  (Janoy er,  Ann.  dea 
MinM,  ISSl,  It.  20  ;  Weaton,  Ffrc;/'!  Metaaurgy,  ii  13G.) 

Phot^onu  a  fcec^nentlj  present  in  cast  iron,  eometimes  to  the  extent  of  1  or  8  per 
cent  When  amounting  \o  more  than  O'S  per  cent,,  it  renders  the  iron  brittle  bnt  mrae 
fusible,  very  liquid  when  melted,  and  capable  of  remaining  longer  in  the  liqoid  state. 
Within  certain  limits,  therefore,  the  presence  of  pboqthomB  in  iron  intended  fbr  easting 
ia  ad-nntageoui  rather  than  otherwise. 

Xiirogat. — Itappean  that  cast  iron  sometimes  eowtains  a  minnte  amonnt  of  niliogen, 
and  that  it  hai  a  oonsiderable  influence  on  the  character  of  the  metaL  Hdiafhintl 
estimated  the  nitrogen  in  several  kinds  of  cast  iton  u  fiillows  [Prechtl,  Teeho. 
E1K7U0P.  1S47,  XT.  SSi ;  Phil  Hsg.  IBIO,  xri.  H) : 

'White  east  irtm  (KaeateK  South  Wales)  .    0764  par  cut. 

Grey  east  iron  (Cremot,  £Vance) 0730        „ 

Specular  iron 1-300        „ 


indHstions  of  nitngMt  obtained  ij  ana^s*  wbm  granaBy  ref^ble  to  afaMiiption  of 
abnospherie  nHngm  by  the  inoi,  and  Rinnation  of  efanognt  during  the  analysis. 

Bonis  (Oomptrmd.,  1861,  liillSS)  on  the  conlzai7,oonaiden  that  nibvgen  ii  often 
{maent  in  east  irMi,  and  has  eatimated  the  amonnt  in  a  auofle  of  Teiy  bard  white  cast 
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mt  0-lS  par  oant.      TMa  fDlgMt,  lunnru',  ii  £u 

.  to  the  inftnoKa  of  tnsnie  open  out 

faon,  and  ■■  to  tba  fraqnnu^  of  ita  jnaeaon,  but  than  an  Kniw  well-tatabliahed 
iDftaiMM  of  aaat  inm  iittjimiig  k  eanaide>*1>l«  tmoiuit  of  anMnia.  WShler  fannd  it 
in  Gnu' «wnplca  of  pigiion,  and  Sehifhintl  haa  lUtod  tiu/t  {Hg  iroo  madeat  AkU 
thnn  aiMOM*!  oi«  eontainad  fron  S'l  to  i  par  «nt.  of  onemc  Karaten  narer  de- 
taaUd  uMiia  in  m  iron.  Aeaording  to  BtrthUa't  uitijaia  of  some  iion  ahalla  and 
(hot  from  Algim^  t£«j  eoDtaised  ftom  9-8  to  27  par  east,  anonia,  ooiutitatiBg  in  Sm* 
'  ■— la  allojr,  asd  mon  neaDtl;  a  vioa^t  ihot  bom  Sinope  baa  b«an  Iband  to  ooataia 
-.anmielnDr.Hoad.  (^»iej,  Metallurys,  iL  79) 
ha  OMaaic*  of  anall  amonnta  of  anaiia  in  caat  iron,  ia  conndand  to  han  tha 
tBtet,  Uka  pboaphorlM,  of  Mudtring  thcBMtal  nunftinble,  brittla,  and  weakw. 

Zldmunt  upean  to  be  ftaqnentl;  jmaant  in  Bome  kinda  of  eaat  iion,  and  it  haa 
tweaaappoaed  to  improTstlis^iulitf  of  thsmrtaL  SeTeral  patanta  hare  basD obtained 
tor  introdndng  it  into  otst  uod  mtaudgd  Ibr  the  maanfactnre  of  Moal  (Hdi 
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FoNoJiKn  haa  also  bren  found  in  the  pig  inn  made  from  the  ores  of  Tabarg  in 
Sweden  (SefBttDni.S«s.Jahreab.  1832,  XL  97).  and  inpiginn  made&ontheSaNid 
omdWihahiia.    (Bilej,  Joun-Chrat.  8oe.  [2]  iL  21.) 

CAromiMt  haa  bean  foiind  in  eaat  irao,  but  these  ia  no  evidence  to  ahow  whether  it 
baa  anj  infloenoa  on  the  charaetar  of  the  metaL 

JKai^WKM  ia  rai^  freonentlr  preaant  in  oaat  iron,  and  it  tfpt^n  to  hata  aome  in- 
floenoa in  determining  a  high  degree  of  earboimtioa  of  the  iron,  aa  well  aa  the  eziatenca 
of  the  carbon  m  a  atata  of  combination  with  the  inn,  ao  that  ita  pnaance  is  the 
ni«tjn-»l«  (melted,  tenda  to  efiect  the  pndnction  of  white  cast  iron  (See  antt, 
p.  331).  Cast  iion  oontaining  manganeaa  appean  to  be  eqieeialiy  saited  fbr  the 
production  of  itoai  or  ateelj  iron.    (See  Sr^o.) 

Copptr  ia  not  tmfreqaentlj  prM«it  in  cart  inn.  When  oieeeduig  0'3  per  oent  it  ia 
(•id  to  lendm  tba  matel  harder,  toi^^,  and  alnnger. 

Zuta  ia  aoMetimiB  preaent  in  eaat  iron  (melted  from  one  Mntaining  (ioc ;  and  Earaten 
fband  OMt  iron  oontaining  tiaaea  of  aino  to  be  Teij  aoft,  but  lotten  and  brittle. 
{BtnMtlaikimdt,  i  619.) 

MumiMiam,  UagwttiiBit,  OaldmA  and  PeiamimK  an  aometimea  indieatMl  b;  anal;a«a 
aa  aiiftinc  in  minnte  propoitwn  in  aome  kinda  of  eaat  iron,  but  ecanel;  aD;Uiiug  ia 
knownef  UMrinflaMteeoB  theduMUteraof  the  metal 

»Biw™Bii  Altboa^itMiMMMttfthemoetabandMit and widelf  diRtiibBtedof 
the  beavj  metallic  it  ia  -nrj  aeldom  met  with  natmaUy  in  the  metallio  atate.  Then 
ue  two  neoiea  of  native  matallie  iron,  via.  tellarie  and  meteoric  iron. 

1.  TV&rie  inm  ia  Terj  ran  i  it  ocean  maniTe  in  |>lBtM  and  gnio".  >■  hmm 
malleable  and  dnetile  than  ordinary  iron ;  ita  apeoflo  gnfi^  ia  from  7'  to  7'8.  It  haa 
been  ftond  aaaoeialed  with  brown  hematite  and  qnarta  in  a  loda  near  Oranoble 
(Behreihec,  Jonn.  de  t^jn.  Jnlj  1792);  at  CanaaI^  ConnaetieDt,  aa  a  nin  kwo 
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incho  tnvad  in  tnieit  date  (ShspBrd).  Thie  ipeeiuMi  eontaltied  Sl-3  par  cent,  iron 
iioD  lud  T  per  cent,  carbon.  It  u  nid  to  be  mixed  with  the  gnonlar  plAtiauin  of 
SoDth  Ameries  (Jolia),  sad  direeminated  throash  aoioe  hualtie  rocks  (Andrews), 


Ijeadhilk,  and  is  Tolcanic  worin  at  GnveniiM  in  AuTragne. 

2.  Metioric  iron  is  met  vitli,  both  U  large  compact  inuMa,  «nd  »  i[nuiu  and 
adinten  diasHainated  throogh  enthj  meteoritaa.  Ita  eoloar  ia  aoinavhat  like  that  of 
jilatiniini.  Uld  it  is  chantct^ised  b;  alwBja  oontiuiiing  niek^,  •ametimM  alao  cobalt, 
copper,  ehtomiiim  ajid  tin.  Tbe  maasea  ot  mrteoiic  iron  fbund  in  Boath  America  and 
Sibaria,  and  eatim&ted  to  weigh  aereial  tons,  ua  among  the  moat  ramarkaUle  that  are 
known.  Heteoiia  iron  almost  always  containa  particles  of  iron  anlphide  mixed  with  it. 
appaiently  nsiUHVmaignationoroniinaiypThtea.  (KammeUbecft  Fogg.  Ann.  I840| 
hxir.  44Z) 

AtialjfKi  of  Wtltorie  him. 
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tnm  BJ— i  Compomids  of  iron  occoi  nstiTfl  in  great  numberB  as  minfrala,  and 
Teiy  widelj  disbribatod ;  there  are  indeed  fsw  natural  bodies  in  which  iton  is  not 
present  to  aome  extent ;  it  eiiata  in  the  ashea  of  most  plants  (see  L  417,  ii.  680),  aod 
appaara  to  be  an  essential  constitaeut  of  the  blood  of  ■hittiiJb  (ge«  ante,  p,  2).  Of  the 
naliTB  eomponnda  containing  iirni  in  large  proportion,  those  which  occur  in  greatest 
abundance  are  the  oxides,  disulpliide,  carbonate,  phosphate,  titaoate,  and  silicate.  But 
for  the  extraetion  (tfths  metal  the  onl;  minentls  that  are  suitable  are  thesevenil  oxides 
and  the  carbonate,  all  of  which  occur  as  large  moases,  of  a  grwter  or  leas  d^ree  of 
purity,  being  genetallj  mixed  with  varying  amounts  of  ailieeona  or  eartbj  anbstancco, 
and  smaller  quantities  of  nuious  other  mineisla.  The  most  impoitant  Taiieties  tl 
th«ee  area  of  iron  are  the  following : — 

StMv$  aagtutie  oridt,  Xoffitelie  iro»-on  ^  ilamuMtm;  Oiytb  magnOmu. — Thia 
ia  theriehnt  oftlieorgaof  inmaTailableftx'nncatuig;  in  ita  tmrest  state  it  containa 
72-41  per  eent^  iron.  ItiabUakandgeneraUrliaaa  metaHie  btstre,  and  Deeara  both 
ccTStaUiiM,  onun^ST  and  ccmpaet  or  eren  eaitby,  at  well  aa  in  the  state  of  nod.  It 
exists  abundant  in  many  localities  aa  beda  or  Tfina,  and  aometimea  fbnning  entire 
Bonnlain  maaaea,  aaaoeiatad  with  Tolcanio  or  schistose  mcks,  and  ehiefl*  in  VornKj, 
Sweden,  Siberia,  and  North  America.  It  is  sometimes  largely  mixed  with  pyritM  and 
other  aolphnrettad  minerala.  In  thia  country  magnetic  iron-ora  occitil  in  die  Wett  of 
El^and  and  at  Boaedale  in  Yoikahire. 

The  minenl  known  as  FrarJdiniti  qipears  to  be  a  varie^  of  magnetic  iron  ore  in 
which  fettmia  «xideia  replaced  by  ane  oxide. 
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Analftn  of  Magtutk:  Iron  Ort. 
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Sativt  ferrie  oxide  ;  Samaiite,  Bed  iron  ore ;  Bothtiterutem ;  Fer  lAigitte. — In  iU 
puTMl  itaM  this  oi«  coQuttj  intiielj  of  uhyclroiia  ferric  oxide  contuDiDg  70  pec  cent. 
iron.  It  occore  in  Tuioas  states,  crritaUins,  maraivc^  ukd  CArtli;,  tery  <HteD  u  liunp« 
witbaiadiatiiig  flbrom  >tnictiu«  and  tmttoik  vaiaee,  known  u  "kidiiajore."    Italw 
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forms  large  veins  ta  bede,  associated  with  qoarti,  cateapar,  and  hsav;  spar.    Some 
kinds  uebard,  others  soft  and  ftiable,  uid  it  genwalljr  contains  vaiTliig  amooDts  of 
earth;  admixtures.  The  principal  British  deposits  of  bsmatlCe  are  in  Cumberland  and 
Vol.  ni.  Z 


Laneuililr^  tlie  Ills  of  Man,  Dertiiuhire  uid  ComwaU.    On  the  CoDtiaent  it  ocean 
ehlafly  in  ttie  Hula,  Klesia,  the  Anstriim  provinces,  uid  in  Konrtif .   A  peculiat  oolitio 
hteiDBtite  occurs  in  tlis  o«ighbonrhood  of  Litge. 
Bed  ochie  a  ta  •txthj  tariet;  of  feiric  oxide  eontaining  t  Urge  14011x1010  <^ 

SpenJar  iron  ore ;  EuengloTU ;  Ftr  ipteulatrt. — Thu  also  eonmste  of  uihydroui 
dlieedfiiTin.    T'       '        '    ' 


feme  oxide  in  a 


Iti  colour  u 


n  gray  oi  almost  black.    Opecifie 


gTBritj  4'8  to  6-3.  The  ciTitala  of  this  minaial  belong  to  the  hexagonal  sjatent,  B.oR 
aiidw>metiniMB.{P*.  |B.  Iti>ceimchi«B7inschisb»8n>cki,inIIonraT,  tLeEngebirge, 
in  Russia,  and  ssTeral  parts  of  the  Sonth  of  Europe,  the  moot  HitenaiTe  arposit  bamg  t£it 
in  Elba,  whichhaa  been  iroifced  npwvds  of  3,000  yean. 

Specolai  iron  ore  often  oontains  titaniaiD,  either  in  Qxe  fbnn  of  mlili^  or  eomUnad 
with  the  fsrric  oxide  oonititnting  ilmenite.  This  was  fbrmerlj  conddeird  pnja- 
didnl  to  the  ore ;  bot  quite  rrcent^  it  has  been  stated  that  the  pmence  of  titaninm 
in  ii»n  one,  oontiibntee  in  pome  mj,  not  jtt  nndentood,  to  the  ptodndiDB  of  good 

SMviijfdrtUtd/&Tiaoridt;  Bratmironarr;BratiiiaMlur*;imiafittbrliii. — Thieore 
ODDaistB  nssntiallf  of  hjdrated  femo  oxide,  which  in  the  pore  state  contains  S9'89 
per  cent,  of  iron  and  11'44  per  cent  combined  wat«r.  It  is  sometimes  iadistinctlj 
(gnstaUina  or  flbrona ;  but  mora  generally  compact  or  earthy,  and  of  various  shades  ot 
eolow  (ran  bladdsh-brown  to  jellowish-bnnni.  This  on  frequently  oontains  a  con- 
nderaUe  amrant  of  aiaiiganew^  and  a  more  or  lea  eonsidflrabla  admixtm  of  fiireifp 
eoith;  sabstanees.    It  ocean  abandaat^iB  the  Fraeat  of  Dean  in  Gloaoeatershicr,  ir 


OM.    On  the  Continent  it  is  veiy  abandant,  and  is  one  of  the  prindpil  eras  amalted  in 
France  and  QermanT. 

A  vanetT  of  thui  mineial  occurs  in  many  plaoea  onder  the  nanM  of  bog  iran 
ore  {Sanpfcrr;  oufurai  d«  noriiu]^  which  lias  apparently  been  fOriaed  by  depoaitioil 
from  fermginons  water  under  the  influence  of  living  Organisms.  Some  kinds  of 
this  ore  tkrnish  rery  good  iron — for  instance,  the  lake  one  of  Sweden  and  Lower 
Canada ;  but  generally  it  contains  so  laige  an  amount  ti  phosphonis  as  to  be  oselsss 
for  smelting. 

Yellow  ochre  is  an  argillaeeons  Tarielj  of  hydiated  fertic  oxide  eontaining  more 
combined  wat«r  than  brown  iKin  oia,  and  basic  i   '  ' 
phosphate,  and  anenate. 


ic  salphate;  sometimes  also  basic  silicate. 
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IRON. 

Andlytf  of  Brmm  Iron  Oro— coutuned. 
UdwId-  Noitb. 
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Saitee  firroiM  earbonaie :  Spaikii!  iron  ort ;  SpaUieiieiultim  ;  far  tpathipu. — This 
nuneiilaanwrtscncntiilljof  feiToM  eBrboiud«,uidin  iliponat  state  eontaiiu  48-27 
per  cent,  of  iran.  It  i>  genraaSj  erTrtalUiie,  eometiinee  [avacntiiig  diatiDet  oTBtale 
(ue  L  786),  and  ■omatimex  in  the  fiirm  of  flbroiu  nodnloi  itmef  knsini  bj  tba  name  of 
sphcroaiderite.  It  Tarisa  in  eoloui  from  white  to  jelloiroi  brawn,  and  ia  reiy  ofUa 
found  to  hare  niidMgODe  tnore  or  leaa  complete  oonveision  into  hjdnt^d  feme  oxids 
nndai  the  inflaence  of  atmoaphsRO  trtjaea.  Si«thio  iran  on  oeeon  aa  Taina  and  beda 
in  the  older  rocka,  and  aiaoeiated  with  Bmaetoae  itrata.  Itiatworked  in  this  000007 
chiefly  in  Durham  and  Somenetahira ;  on  ths  ContJDent  it  is  of  moie  frmueut  oeeur- 
MDce,  the  chief  lo«aliti««  bcdng  Styna  and  Weal^dialia,  wbera  it  eonatitntea  entire 
nMnmtaina,  And  has  long  been  fiuiooa  under  the  name  of  "  steal  ^a  "  fin  jialding  toj 
fine  qualities  of  iron  and  steeL 
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Spatbie  iron  ore  gmcmllf  eontaina  ft  coniideniUe  imoaDt  of  manguieBe  and  Bmall 
qiuntitiei  of  lima  Bsd  m*gn«U,  and  is  Kimetiiiiea  uaocisted  witb  lead  and  copper  ores, 
quarts,  ftuor-ipar,  ealcapar,  beaiy  apoT,  &c,  but  is  fretjuently  quite  &M  frmu  mj  ad- 
miitnra  of  impuiitiM  that  would  be  pr^adicisl  to  the  iron  nude  bom  it. 
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FerrODB  carbonate  mixed  irith  cla^  oHea  ocean  vith  bedi  of  eosi,  in  aedimentarr 
nx^B,  and  is  knoim  nnder  the  name  of  argillacKnu,  sphmroaiderite,  or  day  iron  ore.  It 
is  compact  and  eaithj;  of  Taivnu  ahades  of  grey  and  brown,  or  aometimea  quite  black, 
owine  to  an  admixtura  of  cBrbonacMni  aabatance,  and  o«cara  iu  leudealor  manea  or 
nodiuM.  This  ore  ia  generally  ve^  abundant  in  the  coal  maaaorea ;  bnt  in  aome 
instances  it  ia  alnioet  irhoU]'  wanting  in  those  rocks,  as  for  inataooe  in  the  coal  fields 
of  IToTtlinmbeTlBlid,  Dnritam,  Ijuicaahire.  and  Belgium.  The  Mincifol  localitiea  iriiere 
it  ia  woAed  in  this  connti;  ai«  the  coal  flalda  of  ScotUnd,  Bcafibrdaliire,  ShnpaMre 
utd  Wales. 

It  ia  fonnd  to  aoms  extant  in  Fnnce  and  Gurmany,  and  abundantJjr  in  jUnerica, 
bnt  ia  not  wtnked  there. 
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1-00 

1-86 

1-87 

2-t3 

3-03 

1-50 

2-18 

7-70 

17-38 

100-37 

101-00 

100-37 

99-66 

100-37 

100*) 

100  00 

Pereeatf^tJiroa      . 

28-40 

30-00 

28-40     40-90 

34-00 

28-40 

41-60 

84-60 

bjGooalc 


A.  Tsriebr'of  this  oracoittuiiii 
ocean  u  thin  lB;fsn  in  the  coal 
Wales,  Mid  ia  kitawD  onder  the 


>  tol6orem)S0p«reent.i)feo^«DbetaiiM 
of  Scotland,  and  K>me  porta  of  England  and 
'  black  band." 


Source 

AlMljSt 

Yo-k^lr.. 

—  1 

BItck 

Whiti        Blvk 
Fukcua. 

a 

S 

Bad 

8|AU*r, 

.-.,    1 

Ferrio  oxide        .        . 

Its 

i-ie 

8'49 

1-42 

0-12 

Fbctoik  oiide     . 

S6-11 

Sfl-SS 

*l-77 

37-98 

3B-fili 

28-27 

61-07 

46-63 

1'38 

0-96 

1-13 
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1-W 
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28B 

2'64 

e-71 

e*2 

4-79 

fi-« 

6-4S 

2-il 
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1-33 

lime. 

2-70 

2-16 

2-65 
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8-38 

18-94 

1-74 

2-44 
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2-17 

S'sg 

3-8S 

3-37 

3-HS 

9-27 

1-10 

1-39 

0-66 

0-37 

0'<3 

O'fiB 

0-48 

018 

0-28 

30 

Klic».        .        .        . 

1737 

laie 

8-98 

lO-O* 

10-32 

8-M 

802 

1-88 

CaliKnuoadd     .        . 

26'67 

29-38 

81-38 

28-92 

28'S3 

87fll 

83-63 

30-77 

Pho^horic  ecid .        . 
SnlifwieMid    .        . 

0-8* 

Oi7 

0-7C 

0-80 

1-12 

0-74 

113 

0-69 

trsos 

tztce 

tnoa 

true 

trace 

0-04 

010 

0-OS 

0-0« 

0-04 

0-17 

0'S4 

^'^f^TT  : 

0-41 
1-16 

0-68 

1« 

0-iSfl 
1-lfi 

0-7t 

H7 

O'Sl 
1-24 

0-18 
0-78 

(«. 

i,« 

340 

OM 
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10-4S 

9878 

geeo 

100S4 

98-e2 

100-14 

100-lS 

98-97 

100-07 

Petceatageofiion 

2912 

81-83 

8*18 

80-80 

83-20 

23-88 

8B-8S 

se-ss 

Aitalyta  iff  C^ag  Iron  Ortfrom  thl  CotU  Itam/ra — Bontinaed, 


Soium     . 

-—             1 

Dudlv. 

Si 

DvlMMO. 

FlM.  |orrt«.|oulil>lii. 

"•■"^  1  Bind*. 

B.1II. 

ABdyrt    . 

Dkk. 

SpUl*. 

Did. 

064 

0-13 

O-40 

0-04 

116 

0-43 

8-17 

8-83 

Fonnu  oxide    . 

46-86 

46-30 

46-86 

48-88 

30-88 

63-04 

83-93 

49-40 

0-68 

1-44 

086 

1-29 

0-73 

0-92 

077 

0-86 

l)«n<in. 

6-70 

4-80 

6-R8 

3-64 

9-68 

4-98 

6-44 

8-06 

Lime 

3-60 

0-76 

1-37 

4-46 

1-84 

0-63 

3-66 

0  86 

1-36 

0-94 

1-H6 

0-80 

8-11 

1-18 

443 

0-62 

0-38 

0-11 

0-32 

Silica         .        .        . 

10-63 

10  28 

10-88 

26-60 

6-83 

18-23 

6-23 

80-21 

80-44 

3102 

82-18 

3313 

3281 

26-88 

32-06 

Phoephorie  Mid 
Solphtme  add  . 

0-46 

0-74 

0-21 

0-31 

0-36 

0-31 

Ince 

tnoe 

008 

trace 

tnoe 

.0-20 

0-07 

0-10 

0-16 

0-12 

0-13 

■"""i'^'sr  ■ 

(1-64 

1-88 

1-08 

0-32 
1-23 

0-66 
1-83 

0-48 

0-88 

0-39 

169 

1-J4 

.090 

.   0-28 

0-10 

0-61 

0-47 

0-64 

100-99 

98-43 

100-28 

98-69 

98-61 

100-26 

8961 

88-81 

86-7* 

86-14 

36-98 

87-46 

3488 

40-84 

28-87 

4106 
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•oBihVdM.                                              1 

EkHUM        . 

^: 

BUW- 

£S5. 

Ab«d>». 

^-|        U«llT. 

B.n. 

pln. 

''Sfir 

CiHibnM. 

■-„-v.-. 

aiu,. 

Sick. 

PrinftNklHiboci. 

>.UI«, 

Prt»,         1 

Penieosi 
FammiM 
MoDganou 

PotHh 

Clay 
SUilba 
Carbonioi 

SntpEnric 
Solphor 
IxoBpjrit. 

Organicn 

id«  .        . 
sodde      . 
oxide       . 

dd ; 

add 
■dd.        . 

='■; 

0-5(1 
44-fiO 
073 

'2-06 
3-26 
0-13 

'fi-B( 

io-81 

30-92 
0-23 

'oil 

[  0-78 
0-21 

0-46 
41-22 
1-07 

'a-s'fl 

808 

0-4B 
4'88 

1160 
30*7 

0-Tfl 

'o-i« 

'l-2"l 

D'82 

0-S4 
40-30 
1-08 

l-M 

2-04 

0-S2 
7-90 

14-4B 
2823 

baee 

VoB 
0-74 

029 

87-07 
0-23 

's-e'i 

7-40 

'2-70 

87-14 
0'23 

■9-8O 

42'M 
0-26 

'fi-24 
5-26 

86-89 
017 

0-22 

■8-87 

4-10 
43-37 

0'2S 
0-32 

e-s 

•80 
80'fO 

trace 

1-56 

0-27 
0-31 

8-2fi 

4380 

1-OB 

'l-26 
2-87 

7-20 
28  46 

0-67 

0-26 
Ifi-10 

80-00 

1  1-80 
210 
4*6 

10-61 
1-03 

Fementagi 

ofiion    . 

100-24 
M-9S 

S9-28 
32-44 

9S-43 
31-6! 

100-18 
28-88 

99-fi6 
83-17 

1O0-2B 
8S'4 

100-00 
33-88 

99-99 
M-00 

Cla;  iron  ore  >l*oocennBl>iuidaDtlf  in  steta  Wlonf^g  to  the  Liu,  oa  wpUiain^e 

district  in  YorkatuTe. 

Jnal/yxt  of  Ctt^  Inm  OnfroM  lie  LUu  and  Oolittt. 


Sonne 
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"SS* 

lST 

^ff 

°C" 

Belwn 

ant- 

BoSi. 

Hort*. 

T^. 

Cn»- 

''C- 

Cmr. 

PW.T- 

Pirejr. 

Pittln. 

Uck. 

Ferric  oiide       . 

2-86 

4-2B 

1-20 

6-80 

8-60 

2-60 

(•81 

Penona  oxide    . 
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1-30 

0-71 

1-11 

3-44 

9-88 

12-20 

7-46 
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fi'S2 

3-80 

0-S8 
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7-M 

4-08 

0'6D 

3-70 

fi-35 

2-40 

8-82 

6-34 

4-16 

11-77 
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8-80 

26-60 

82-SO 

22'9B 

I-Bl 

0-98 

8-B7 

0-60 

1-60 

006 

1-07 

0-32 

0-30 

tnoB 

IionRTritea       .        . 

1-60 

009 

tnce 

0-14 

0-18 

'"^&^s:T'  ; 

8-14 

(>.« 

j«, 

8-00 

(.« 

{  3-70 

(.■« 

Oiganie  iDbatuioe 

0-lS 

•    • 

0-08 

100-61 

100-06 

100-00 

100-00 

100-30 

99-10 

97-27 

100-32 

FeFceatageofiTDD 

36-46 

34 -7S 

31-64 

33-81 

32-78 

3171 

31*42 

28-28 
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r  vulae  for  raneitiiig:  pmposes  ;  but  genvnUj  they 
of  good  qnalitf.    Som«  kindi  of  t£e  an  kaown 

«mble  amonnt  of  f«iTOiis  cai^nate,  though  thej 


Both  dny  irao  ore 

tnnH  of  tnetBlliferons,  snlpbimtted,  aneuical,  ind  phoq>hatia  : 

■nch  amount  us  to  detract  from  their  vi ' 

tie  mfflcieiitl;  pore  to  fnmuh  ii 

aa  "  oottl  bnm  "  also  contain  ■  do: 

were  ditnguded  as  iron  ores,  until  attention  «M  directod  to  their  cc 

by  Meaora.  Price  and  NicholBOa. 

Nativt  HVK  Suiphida  occnr  fery  freqnenUy  and  in  great  ahnndane*  in  aome  placea. 
Of  late  yaan  these  minerala  hare  bpenmnch  need  as  aaonree  of  aolphar,  and  are  uigelj 
impoTted  6om  Spain  and  Norway  for  that  purpose.  The  priudpal  Tsriedea  are  : 

1.  Iron  pyrita  (EitenJciti ;  pi/rilt),  which  baa  a  yellow  colour  and  mrtallic  Inatre. 
Spedflc  graTitT  4-0  h>  6-1.  It  oocuri  oyetallin^  grannlar  and  oompad^  fraqvenlly 
iliiwi'iiiinalnl  Uuough  other  minerals.  Id  iti  punat  itate  it  oontaini  fiS'SS  pet  MUt. 
iron,  and  4S-S7  per  cent,  mlphur. 

Jjulgut  of  Lvn  Fyrittt. 
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2Sf 
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38-70 
44-60 
8-80 
0'6B 
0-SO 
tiaw 

0-14 
traos 

0-28 
0-23 

lii'o 

017 

41-41 

49-30 
6-Sl 
0-66 

tMce 

014 
mce 

0-81 

oas 
a-oii 

006 

3»-«8 
46-01 

b-37 
I'SO 

tnca 

0-26 

tmM 

0-42 

12-23 
0-26 

8S-33 
46-00 

0-64 
600 

tTMM 

0-ii 

trace 
0-87 

8-70 
0-36 

S9-a2 
4560 
1-80 

i-i'a 

210 
001 
1-66 

0-46 

9'08 

017 

40S3 

44-20 
0-flO 
1-60 
8'61 

0-24 

o-a's 

026 

S'BO 
0-90 

Sl-44 
3810 

496 

0-33 
611 

trace 
081 

14-46 
1-40 
0-90 

|497a 

11-01 

7-85 
(■74 
19-29 

6-10 

83-20 
84-34 
0'80 
0-40 
1-33 

0-91 
20-0 

99-88 

09-93 

99-9J 

lOO-SO 

100-18 

100-84 

100-30 

99-81 

08-98 

8.  WMUironpifnUt(8lraW^;  jiymw),  i«  a  Tarie^of  iron  pyrit«<  of  a  white 
colour;  it  ia  also  of  beqaeiit  occorrenea, 

8.  Magnetie  pyrita  {Magnetkitt;  m/rHf  no^nutijiH),  has  a  branie  colour  with 
metallic  Imb^  and  ia  iii|^Uy  magnetic  SpeciSc  gtari^  4-6  to  4-7.  It  ocenra  both 
erystaltine  or  gnnolar,  and  compact.  In  its  pnnat  state  it  eontain*  60-40  per  cent. 
iron,  and  3961  per  cent.  sDlpbur. 

4,  JrtniMl  pyrila  (Xitpictel ;  ArtenlctM  ;  fer  anenicari,  has  a  steel  grey  colour, 
and  metaUie lustre.  SpeoflcgraTityO  to6-2.  It  occurs  in  the  same  itateeaa  iron  pyiilea, 
frequently  asaociated  with  tin  ores,  and  contains  8436  per  cent,  iron,  IDSe  per  oeoi 
■dphar,  and  M-70  aisenic  This  minnal  ^rqaently  eontaius  a  conddenible  amountof 
silTer.  Both  it  and  the  other  larietiee  of  iron  i^tee  sometimea  contain  gold,  and 
Tarying  propetiioni  of  other  metallia  sulphides,  espeoally  eopper  pyrites,  with  which 
they  an  &«qiMnt]y  associated. 

Ths  residue  leibafter  separating  sulphur  from  iron  pyritea  by  roasting,  is  smelted  U 
eltnct  Uw  copper  it  contains;  and  at* 


Uw  copper  it  c 
Of  other  natire  compounds  o 


a  attempts  are  being  made  to  use  it  also  for  obtaining 
B,  them 


•a  that  occur  in  large  quantities,  the  most  important 

_  ^ . If  oKB,  L  930)  ;the  iitonajM  tsert'ns,  and  iJmenife  (boo 

Tiuiu.ns);  the  timgttalt  (see  Wolfbui)  :  ^le  lUicalei  (see  Qnami  sabts,  ii.  944, 
and  flnjiuTM) ;  tbe/emmi  alid/irricphotphatti.     (See  FaoSFK^.Tag.) 

»i<pM'M*B*i — I.  Pure  iron  may  be  obtained  by  healing  pure  ferric  oxide  in  a 
current  of  hydrogen  «a.  If  therednctionbeeActed^  thelowestpaeaible  tempeistDre, 
the  ii^  is  obtained  u  the  Kat«  of  a  gr^  powder  which  is  tTippt'O'i^  ■'"I  takes  fire 
on  contact  wiQi  atmospheric  air,  being  eonverted  into  teric  oxide.  At  a  strong  red 
b«*t  the  metal  is  obtamed  in  a  spongy  state  nnd  ia  Ism  leadily  oxidised. 


t.CoogIc 
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3.  A  mixtare  of  iron  win  or  irtm  fllingH,  with  one-fourtli  put  of  migoetio  oxids, 
pUeed  io  a  closel;  coTered  cradble,  nader  ■  injec  of  powdered  gitsa,  tree  from  heaij 
mettdlic  ozidGe,  and  exposed  to  a  wiiite  best  in  a  Bmith'g  forge,  jieldi  a  batton  of  inm 
contoiniiig  on!;  mere  traces  of  carbon  or  other  impurities. 

Manvjaclure  on  lie  iaive  tcaU, — Malleable  iton  may  be  olitained  directly  from  inn 
ores  by  besting  tbem  with  cfasiroal  under  tiie  influence  of  a  blast  of  air.  Formerly, 
malleable  tion  was  obtained  by  this  method  exclueiTely,  bntit  is  now  tH-actlBed  almost 
onlyinSaidinia,  thcFyreQees,  India,  some  parts  of  America,  Africa,  and  other  coiuitnes 
where  metalliugic  art  is  leas  advanced  than  in  the  great  in>n-^i>dneing  disbicts  of 
Europe. 

1.  Produclion  of  maHmWs  inm  direct  front  the  ore.— "Dan  is  chiefly  practised  ac- 
cording to  what  ie  tennnl  the  Catalan  method.  It  coDsists  in  bestmg  the  roasted 
ore  with  a  charcoal  Bre  nrgcd  by  a  blaxt,  and  in  a  manner  very  similar  in  its  genertl 
character,  to  that  adopted  in  working  s  smith's  fbige.  The  moat  important  of  ths 
'  '^M  for  thifl  operatioii,  comprised  collectirely  tinder  the  term  "  bloom- 

"■■'-■■"'■ ,  Uaneariy 

at  the  bai^ 
,      ^  T,  of  the 
in  fig.  S73.    The  ore  to  be  reduced  is  broken  to  [riena 
Ev     ,..  the  siie  of  a  nnt,  and  is  placed  ogainet  the 

'*'  "'•  front  of  the  hearth.  ., »,  wbde  the  reman- 

ing space  M,  between  it  and  the  back  t, 
%  t,  it  filled  with  charcoal,  and  when  the 
^  hearth  is  flUsd  in  this  way,  the  upper  part 
l  of  the  het^  of  ore  fbnns  a  ridge  at  d,f,  g, 
i  the  surface /,9,  b«ng  corered  with  a  layer 
f  of  closely  padied  charcoal  dnst  (hraiBUe). 
\    The  fire  is  then  nrged  by  the  blast  and  the 
□re  becomes  grsdnally  deoxidised,  while 
'  the  gsDgne  or  earthy  aubstance  contained 
^  in  the  ore,  combines  with  a  portion  of  i«^ 
I   rooBoxide,  forming  a  fluibis  ailieeoits  ebg 
7  which  eoneets  at  tie  bottom  cS  the  faeaith. 
^  Fresh  eharcoal,  andtbe  fisel;  divided  ore, 
S  ore  constantly  sniped  to  the  firs  mesn- 
s  wbil^    and     eventually  the    deoiidiaed 
i  minenJ  nnks  down,  in  the  state  of  maile- 
I  able  iron,  to  the  bottom  of  the  hmth, 
it  where   a  workman  kneads  together  the 
?  fragments  into  a  spongy  mass,  which  is 
taken  out  of  Uie  fin,  and  rendered  solid 
by  hammering  while  still  red-bot,  so  as  to 
unite  the  metallic  particles,  and  it  is  then 
drawn  ont  into  bars  imder  a  forge  hammer. 
Only  the  richer  kinds  of  ore  mn  be  treated  in  this  way,  and  it  always  involves 
(hx  wasle  of  a  large  portion   of  the  iron,  which  escapes  reduction,  and  by  entering 
into  combination  with  the  siliceons   and  earthy   portions  of  the   ore,  forms  a  slag 
consisting  chiefly  of  ferrous  silicate.    In  the  extraction  of  iron  by  this  method,  the  redoo- 
tion  is  effected,  perhaps  entirely,  by  carbonic  oxide,  and  the  carbnration  of  the  iron  ta 
such  an  extent  as  to  determine  thfi  production  of  cast  iion,  is  prevented  by  the  Wont  of 
an  adequately  high  temperature. 

3.  Indirect  proceee. — The  production  of  malleable  iron  is  now  fbr  the  most  part 
effected  by  operating  upon  cast  iron  so  as  to  deprive  it  of  (he  greater  part  of  theearbon 
and  silicon  it  contains,  and  at  the  same  time  to  separate  other  admixtures  that  would 
be  prejudicial  to  the  quality  of  malleable  iron.  This  operation  is  conducted  in  two 
ways,  the  one  termed  the  charcoal  finery,  the  other  puddling.  Both  consist  in  a 
partial  oxidisation  of  the  cost  iron,  and  production  of  s  fusible  fbrroos  silicate,  which 
reacts  upon  the  oarburet  of  iron  and  determines  the  oxidation  of  the  greater  part  of 
the  carbon  and  other  substances  contained  in  the  east  iron. 

The  tnniti  distinction  between  these  two  modes  of  operating  is  that^  in  the  one  case 
charcoal  is  employed  in  contact  with  the  cast  iron  ;  while,  in  the  other,  coal  is  used  in 
a  reverberBtoiy  fiiroace,  so  that  the  iron  is  acted  upon  in  a  separate  chamber  without 
actual  contact  with  the  fuel,  but  only  by  the  flame  and  heated  gases  prodoeed  by  its 
combustion. 

White  cast  iron  containing  a  small  amount  of  carbon  is  most  suitable  for  conversion 
into  malleable  iron,  because  it  does  not  melt  so  readily  at  a  modeiate  hent  and  is  not 
so  liquid  when  melted  as  grey  cast  iron,  but  softens  before  melting  and  remains  tor 
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Boms  leDgtb  of  time  in  a  visooiu  coaditioa,  vhich  admits  of  its  pnaenting  a  greater 
Buiftce  to  the  action  of  oiidisiiig  ngents  vhen  Mirred  aboat.  Its  carbon  ia  alao  mote 
eaaily  oxidised  than  the  graphite  of  gnj  cast  iron.    When  therefore  grty  cast  iron 

has  to  be  converted,  into  malleable  inK    -    .  ■     .  .    .  -  . 

iron  by  a  preliminary  melting  in  the  i 

The  prodnctioD  of  malleablo  iron 
b;  the  chucoal-finery,  is  practised  Fiff.  67i. 

in  different  places   with  a  great 
nnmbpr  of  nunnte  Toristioni^  de- 
ti^rmined  partly  by  the  nature  of 
the  pig  iron  operated  upon,  partly 
b;  fees  important  circumstances. 
•  The    chaKoal-finery   employed 
in  Wales,  and  some  other  parte  of 
tiie  coontiy,  tor  manufactoring  the 
aheet  iron  need  for  tin  platen,  miich 
requires  to  beotTeijgoodnuality, 
is  represented  in  section  by  Jy. 
674.    ItconsisteufaquadroDgular 
hearth  lined  Tith  cast  iron  platee 
encloeed  within  brick  walls    and 
furnished  with  B  blast  apparatus. 
About  2  cwt.  of  pig  iron,  melted 
with  coke  in  a  similar  kind  of 
hearth,  called    a  meliinff  fintrp, 
is  run  into  the   henrtfi,    coTerod 
with  charcoal  and  stirred  about, 
irtiile  the  fire  is  urged  by  a  blast 
of  air  until  the  iron  becomes  soffi- 
cieotly  decarburised  to  be  malle- 
able.   Then  it  is  collected  in  a  lump  (Luppe;  loupt)  at  the  end  of  an  iion  bar,  and 
lemored  tmra  the  hearth  for  the  purpose  of  being  hammered  into  a  prismatic  atab 
about  2  inchea  thick.    This  is  broken  into  pieces  of  about  26  lbs.  each,  called  ttampt 
(aeUrM,-  Jopins).    About  three  of  thrae  stunpsare  piled  upon  the  flatteaed  end  of  an 
inm  bar  UsnarA  the  itoif  or  portal,  and   raised  to  a  welding  heat  in  ■  kind  of 
mrerberatoiy  iiimace  termed  flia  lujitmfiri,  and  again  hammered  into  a  alab  about 
3  inches  thick,  which  ia  passed  between  rollers  onlil  it  forms  a  sheet  of  the  requisite 
thickneea. 

Id  Sweden  the  greater  part  of  the  best  iron  ia  made  in  aveiy  similar  inaiinm-,  except 
that  there,  as  well  as  is  Oermanjandother  parts  of  the  Continent,  the  pig  iron  is  melted 
in  the  some  hearth  in  which  it  IS  coQTerted  into  mal-  syg  57* 

leabla  iron.    An  ordinary  form  of  the  hearth  em-  "' 

ployed  is  represented  hjfig.  STG- 

The  pig  iron  ie  melted  above  the  layers,  so  that  it 
may  not  be  exposed  to  the  blast  until  it  has  become 
liquid,  and  the  blast  is  regulated  so  as  to  retain  the 
metal  on  the  hearth  in  a  proper  stale  of  fOsion ;  the 
blast  is  then  stopped,  the  slae  run  oS,  the  iron  raised 
off  the  hearty  and  placed  on  tto  top  of  a  fresh  supply 
of  charcoal,  after  which  it  is  again  melted.  When  the 
decarbnration  has  adranced&r  enough,  which  may  be 
judged  of  by  the  consistence  of  the  metal,  it  ia  again 
raised  up,  covered  with  charcoal,  subjected  to  a 
Strong  welding  heat  to  melt  away  the  slag,  and  then 
hammered  oat  to  a  short  bar,  which  is  cut  into  pieces 
thst  are  again  welded  together,  and  drawn  o  '  '  ' 
bars  under  a  hammer. 

In  order  to  appreciate  the  chemical  nature  of  the 
process  that  takes  place  in  the  charcoal-finery,  it  is 
neceaaaiy  to  consider  the  composition  of  thi  slags.  They  consist  essentially  of  silica 
and  ferrous  oiide,  but  may  be  divided  into  two  classes,  viz.  poor  slag  (ifoAwUacAs) 
and  rich  slag  {GaarKhiacit). 

The  poor  sl^  is  formed  during  the  first  melting  of  the  pig  iron  and  the  earlier  stage 
of  the  operation.     It  consists  essentiollj  of  fprrous   silicste.     It  is  very  liquid  and 
■"     ■ ■  -'- -------enUy 


solite,  and  the  composition  of  the  slag  approiimates  to  that  of  this  mineral. 
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tnd  Mliilifin  Ian  qnieklj  dian  tha  poor  lUg.  It  f^mfl  in  Bgglnl 

of  t,  grey  colour,  and  hi*,  a  eompaet  &>eMre.    Its  eompoaitioii  Tuies  much,  aod  the 

amount  of  inm  ia  grwtaat  in  that  funned  at  the  end  of  the  operation. 

In  the  charcoal-flnerj  proceas,  the  aepaiatioo  of  the  c&rboo,  silicon,  phosphotna,  and 
manganne  from  pig  iron  is  effected  hy  the  oiidatioa  of  these  RDbBtancea,  putlj  bj  tba 
blast  aikd  partly  by  the  femnu  oxide  contained  in  the  ala^  ibrmed  at  the  and  of  tlie 
operation. 

Caat  iron  melted  vith  ferrie  oxide  yields  carbonic  oxide  and  iron.  Iron  cantaining 
iilioon,  whan  heated  with  inm  ozidee,  jielda  ferrous  lilicala.  The  lenons  ailicata  conati- 
tating  poor  alag  is  not  reduced,  eitberb;  pig  iron  or  by  carbon,  fttared  hmt;  it  is  only 
at  aTerf  lught«mper»tnra  that  there  ia  areaction between  the  carbon  and  femms oxide, 
with  elimination  of  iiou.  The  mors  highly  baaio  Ibrous  ailicat^a,  constitating  rich 
Jxalgta  of  tick  Slag  from  tie  Cliarooal-fiiiery. 
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alag  on  the  contrary,  ere  decnmpoaed,  eren  at  a  red  hea^  by  oig  iron,  in  sodt  a  tnannra 
that  the  ezoees  of  ferrous  oxide  u  i«daeed,  and  a  laaa  baaie  tmotiM  ailieat«  remans. 

Daring  the  first  stage  of  the  proceai,  the  nlieon  of  the  ii«Q,  togetim  with  the 
oxidised  iioD,  and  any  sand  that  may  be  present,  contribnte  to  the  formation  of  poor 
alag ;  bat  aa  the  oxi^tion  of  the  iron  coatinaes,  the  aliig  gradoally  becomea  richer  in 
iron,  and  serres  to  a  great  extent  u  the  mediom  by  which  the  action  of  abnospheric 
Ol^gen  apon  the  pig  iron  ia  exercised.  Fhoepboric  acid  and  manganese  also  pass  int« 
the  slag.    The  oonvenion  of  pig  iron  in  thi«  way  mutt  not  be  eacried  on  too  npicUy, 
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oiptciallT  in  tlie  cue  of  the  iMt  pnre  TUtetiM,  of  the  oxidatiDn  of  tha  lilieoD,  phoa- 
phonu,  &c.,  and  theii  oonaeqiieiit  wuratioii,  will  not  be  fOllT  ettacttd ;  nor  muit  it  be 
too  much  probsctcd,  or  there  would  oe  nnneeomry  wute  of  iron  b;  oildatian. 

Hot  bkst  hu  been  em^oired  in  the  ciMmoal-flncij ;  bnt  aince  the  otyrct  of  tbat 
operation  ia  not  bo  modi  to  oMsin  &  high  tempentors  u  to  wpainte  all  the  impnritiee 
U  thieing  inm,  the  blast  cannot  be  so  nmch  heated  u  in  other  caaea. 

8.  Piuldtmq;  Triteken  im  HammSfin  ;  affini^  i  la  iomUi. — Thia  ia  at  the  prtatBt 
time  hj  far  the  most  important  meUiod  of  manobetunng  malleable  iron,  eapediillj 
in  thia  countij.  The  mun  diflerenee  brtwten  the  opeiatioa  of  puddling  and  that  of 
refining  with  chanioal,  conaiita  in  the  oae  of  ■  Tererberatoiy  fnrnace  for  the  pmpoae,  in 
order  uut  the  deearfanration  of  the  iron  ms;  be  efffct^d  in  a  chamber  aeparated  bj  a 
wall  or  btidge  from  the  fire-plai«  where  the  fnel  is  burnt  The  metal  ia  thne  kept 
entirdf  ont  of  oonlact  witb  the  fuel  hj  which  the  famara  is  heated,  end  it  is  acted 
npon  tmlj  bj  the  flame  and  hot  na  paaeiog  over  the  bridge  into  the  wooing  chamber. 
Ihia  arrangment  admita  of  the  nae  of  mineral  ftael  in  place  of  eharoool,  and  ia 
leqaiaite  for  the  take  of  prereatinc  the  iron  from  beooimag  coatamiasted  irith  the  im- 
pmitiae  always  pieernt  in  minenJ  foe]  in  tn  larger  amoont  than  in  wood  chorcoaL 
The  eonatrnction  of  the  paddling  furnace  iaTepreeented  bjfy.  S76  in  elevation,  and  br 
jI^fi77ttDd  ATS  in  TOlacal  and  noriaontal  aactiona.  Itia  bailt  of  brick,  and  cased  with 
atrang  plate*  of  cut  iron, 
Fiff.  S7A.  held    together    b;  iron 

bare.  The  fliepUce  ia 
shown  in  the  sectiona  at 
b  b,  and  the  firing  hole  at 
a  in  the  eletation ;  o  is 
Ihe  bridge  aepaiating  the 
flieplace  from  the  woo- 
ing ehunber  f;id  the 
bM  or  hearth  upon  which 
tha  cast  iron  is  melted 
and  decarbnrised.  This 
ia  now  constrocted  <rf 
cast-iron  plates  corered 
-  with  a  layerof  red  iron 
ore,  or  aome  material 
containing  abundance  of  f^rrie  oxide.  The  woridng  door  g  has  a  small  hole  at  the  bottom, 
throngh  which  the  workman  stirs  about  the  metal  in  the  iHimace.  Just  below  thia 
door,  leYel  with  the  sor&ce  of  the  hearth,  ia  a  small  hole  called  the  floes  or  tap-hols, 
that  can  be  closed  with  a  plug,  and  through  which  the  alag  ii  ran  oat  &om  Ihe  hearth. 
Sometimea  the  alag  ia  alloved  to  run  awa;  from  a  bole  k  below  the  chimn^.  The 
door  A  is  for  introducing 

a  fteab  chiu^   of  pig  Tig.  fiTT> 

iron.    The  dumney  t  ia 

noallT  ftom  30  to  60 

!t  high,   and  ia  ftv- 

nished  at  tbe  t«p  with  % 
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The  pis 


lis  piled  op  on 

the  hearth  of  the  work- 
ing ehambes,  and  when, 
alter  a  few  minutes,  it 
begins  to  mcll^  about  26 
per  cent,  of  hammer-  or 
mill-scale  is  added.  The 
metal  is  then  broken  ap  . 
and  adned  about  with  \ 
an  iron  bar  called  a 
rabble,  woriced  through 
the  small  hole  in  ue 
door  g.  This  is  conti- 
nned  until  the  whole 
mast  ia  reduced  to  a 
kind  of  aandy,  half- 
melted  eonditiou.     The  heat  i«  then 


u  after  the  whole  of  the  m 
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inndtadjit  begiiii  totweUandhwTauif  baiiing,whit«  jata  of  bloe  flame  ia 
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all  pMto  of  tha  moEi.  Thii  ia  due  to  tb«  formHtiuD  of 
carbonic  oxide  bj  the  reaction  of  the  carbon  in  tha 
metal  wkh  the  frmigliioas  oiidei  present.  As  this  re- 
dCtioD  progresBea,  the  iron  becamea  w^jt  and  in  con- 
aequencQ  of  the  oxiddtion  of  the  §ilicon  contained  in 
the  iron,  and  the  formation  of  ferroua  silicate,  a  liquid 
alag  aepanites  from  it,  and  collects  romid  the  metnl  on 
the  hearth,  or  flows  away  towards  the  flow  i.  When 
the  BeparatioD  of  carbon  &om  the  metal  hu  advanced 
to  some  conildermble  extent,  tbe  oxidising  action  of 
the  atmoephere  io  (he  working  chamber  is  lessened  by 
lowering  the  d;imi)er  and  keeping  the  iron  surroundea 
by  highly  carbonaceous  or  smoky  gas.  When  the  iron  has  become  so  far  decarba- 
nsedastobe  malleable,  or  as  it  is  termed  "come  to  nature,"  it  ie  gathered  together  and 
worked  into  sereral  lumps  with  an  iron  bar,  mdy  to  be  removed  from  the  furnace. 

Amodifled  form  of  this  operation  is  adopted  at  some  works,  under  the  name  of  "pig- 
boiling."  The  furnace  used  for  this  purpose  is  constructed  much  in  the  same  way  u 
the  puddling  furnace,  ozcept  that  for  "  pig-boiling  "  the  hearth  is  much  deeper  and 
more  pan-shaped  than  in  tJie  pnddling  furnace.  The  hearth  is  also  covered  with  a 
thick  layer  of  red  iron  ore,  or  roasted  slag  bora  th«  puddling  fumaoe,  and  the  decar- 
buiMion  of  Uie  pig  inm  w  in  this  ease  effected  probably  more  t>y  the  actidn  of  oxidised 
MaUKnmda  of  irm  than  by  the  direct  action  of  atmospheric  o^^n. 

I«r  daltiled  detoiptiona  and  drawings  ot  the  fOrnacee  and  machineiy  used  in  the 
naiinfiwtareof  iron,  see  TraimTi, Iron  Mani^acturet  (^  Gnal Britain,  London,  1862. 
Hie  presence  of  sulphnr  or  of  some  metals,  each  as  ainc,  lead,  and  copper  in  the  pig 
iron,  retards  the  conversion  into  malleable  iron,  and  in  the  caae  of  pig  iron  taat 
becomes  veiy  liquid  when  melted,  is  more  difficult  to  bring  it  iDl«  a  pl««tJa  condition 
than  when  it  has  the  viscid  character  which  good  white  cast  iron,  ooutaining  a  small 
amount  of  carbon  and  a  little  sulphur,  presents  when  melted.  In  puddling  sn^uiy 
iron,  there  may  be  a  very  large  waste,  due  to  oxidation  of  the  metal,  in  conseqnence  of 
the  greater  time  ocenpied  in  performing  the  last  stags  of  the  operation.  It  is  the 
opimon  of  some  that  me  presence  of  a  certain  amoimt  of  phoapharas  in  •olphniy  iron 
£(cilitates  its  woi^ing  into  fialla. 

The  reactions  that  take  place  in  puddling  are  easentiallj  the  same  as  &t»e  which 
take  place  in  the  charcoal  reflneij.  Under  the  influence  of  the  &ee  oxygen  in  the 
atmosphere  of  the  working  chamber,  a  portion  of  the  iron  ia  oxidised,  and  at  the  same 
time  the  manganese,  silicon,  carbos,  aulphnr,  and  phoephorus  present  in  the  iran,  are 
also  oxidised,  either  by  the  direct  action  of  air,  or  thro^igh  the  medium  of  the  metallic 
oxides  added  la  the  pig  iren,  or  formed  during  the  process,  the  result  being  the  pro- 
duction of  a  elag  or  cinder,  consisting  of  ferrous  and  manganous  silicates,  and  magnetie 
oxide,  and  containing  tha  other  earthy  impurities  present  in  the  icon  operated  upon,  as 
well  as  port  of  the  siilphnr  and  phosphorus,  the  one  probably  in  state  of  solphide,  ths 
o.^her  as  phosphate.  This  will  be  endent  from  the  following  analjsa  of  these  slags. 
Analgaet  of  Slag  from  tit  Puddlii^  Fumaee,  "  Tap  Cinder." 


The  elimination  of  solphnr  and  plioaphorus  &om  pig 
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d  with  dxidatitm  of  the  Iiod  in  ^  degree  proportionkte  to  tha  qoanti^  of  thcoa 
■DbstenCM  Miwated  from  the  metal.  Conaeqaentl;,  in  order  Chat  the  Tuta  of  metal 
thiu  incurred  in  producing  malleable  iron  of  good  qoality  ma;  not  exceed  mich  a  limit 
SB  would  be  tolerable  in  practice^  it  ia  eaaenLial  that  the  amount  of  those  BubslAucei 
in  tbe  pig  iron  operated  upon  should  not  be  large.  The  amallflr  the  amount  of 
Eulphur  and  phoapborua  io  the  pis  iron,  the  easier  is  its  converaion  into  good  mal- 
leable iron,  and  so  far  as  the  separation  of  those  Bubstances  ia  concerned,  the  smaller 
'      '  '    KEperieneed  in  this  opeiat ' 


of  the  malleable  iron  made&omit  bjthe  operation  of  paddling.  Bipenmenta  recently 
made  by  CaroD  (Compt  rend.  ilvi.  S2S)  appear  to  show  thai  sulphur  may  he  aepo- 
Tated  from  pig  iron  by  the  influence  of  maaganeee  during  the  decarbonisatton,  but  that 
phoepboras  ia  not  separable  in  the  same  way.  He  operBted  upon  iron  containing  115 
p«r  cent,  of  sulphur.  By  melting  it  three  times  without  any  admixture,  the  antount 
of  eolphnr  was  reduced  to  0'96  per  cent;  but  bj  adding  to  it  6  per  cent,  metsllio 
maDgaune,  and  by  melting  three  times  with  access  of  air,  the  amount  of  aulphor  was 
leduiced  to  {HS  per  cent.  The  same  iron  melted  with  10  per  cent,  ferric  oxide  showed  a 
ledoction  in  the  smount  of  solphur  from  116  to  lOBper  cent,,  and  by  melting  it  with  10 
per  cent  ferric  oxide  and  6  per  cent,  manganese,  the  sulphur  was  reduced  to  0'07  percent. 

The  aeparation  of  silicon  &om  pig  iron  in  puddling,  aa  in  other  modes  of  produdng 
malleable  iron,  taiceB  place  vei^  readily  under  the  ii^usnce  of  oiidiaing  conditions, 
with  formation  of  ferrous  silicate ;  and  the  chief  importsDce  sttacliing  to  its  presence  in 
pis  iron  employed  for  that  purpose,  relutes  more  to  the  amount  of  malleable  iron  obtain- 
able than  to  any  special  difficulty  in  the  elimination  of  silicon.  In  the  ferrous  silicate 
conatituting  Ihe  slag  of  the  puddling  ihmace,  there  ia  three  and  a  half  times  as  much 
iron  as  slucon ;  so  that,  if  both  the  silica  and  the  oxide  of  iron  it  contains  originata 
from  the  oiidatioa  of  the  pig  iroo  operated  upon,  (he  waste  uf  iron  will  be  very  con- 
sidamtile  when  the  amount  of  silicon  in  the  pig  iron  is  lu^e.  Under  the  supposition 
that  the  slag  is  dsriTed  wholly  from  tbe  metal  by  oxidation,  the  puddling  of  pig  iron 
eoDtuning  fi  per  cent,  of  silicon  would  be  attended  with  a  waste  of  16  percenL  of  iron 
due  to  this  csnse  alone,  independently  of  that  resulting  from  the  separation  of  csrhon, 
silicon,  and  other  BubsCxncea.  Hence  it  is  yeiy  desirable  that  the  amount  of  silicon  in 
pig  iron  intended  for  conTcraion  into  malleahle  iron  should  not  be  large. 

In  that  modiflcatioD  of  the  method  of  prodaciiig  malleable  iron  known  as  "boiling," 
the  pig  iron  does  not  undergo  any  prelimmai^  treatment,  and  the  furnace  ia  sometimes 
chafed  with  the  Liquid  metal  run  direct  from  the  smelting  furnace,  so  as  to  save  the 
fitel  requisite  for  remeltiiig  it.  Bat  in  puddling  the  practice  is  generally  to  submit  the 
pig  iron  befbrehand  to  an  operation  known  as  refining  (^Ftviea;  vuuiagt),  which  con- 
sists in  melting  the  pig  iron,  in  contact  with  coke  and  with  the  aid  of  an  air-blast,  in 
a  hearth  similar  to  a  ^arcoal  finery,  but  larger,  and  termed  a  refinery  or  mnnin^-ouf 
fire{Ftinheerd;  /eu  dtfintrie).  This  operation,  which,  in  iact,  corresponds  to  the  first 
melting  of  the  mg  iron  Under  the  blast  in  tbe  charcoal-finery,  has  tbe  effect  of  partially 
decarboniaing  tte  iron,  and  of  removing  from  it  the  greater  part  of  the  silicon.  At 
the  same  time  grey  pig  iron  is  brought  into  the  coodition  of  whits  caat  iron,  which  ia 
moat  suitable  for  conversion  into  malleable  iron  by  puddling-  This  change  ia  facilitated 
by  suddenly  cooling  the  metal  with  water  as  it  runs  from  the  hearth.  The  composition 
■rfreflned  iron,  or,  as  it  is  technically  termed  "mtUU"  (Ftineam;  fiae-metai),  and  the 
diange  that  ta^«l  placo  in  the  process,  are  shown  by  the  analyses  beh>w. 

Anaisaei  of  Btfined  Iron. 


Works  . 
Analyst. 

BroDir«d. 

Ebbw  Val.,  WalH. 

Fn 

I 

Dick. 

Abel. 

N«d. 

B.fn™l(.            1 

^(R*. 

rfAHf. 

pig  trim. 

rOfaM. 

rtc™.. 

rufl-'d- 

Iron      .        . 

ee-u 

97-8 

92-3 

Carbon.        . 

807 

i-io 

080 

1-7 

3-0 

SliooQ  .        . 

0-S3 

tM 

0-82 

2-68 

0-32 

0-6 

4'fi 

Snlphor 

0-16 

0-04 

0-30 

022 

0-18 

0-73 

0-6S 

0-GO 

013 

0-09 

0-2 

JUngan»e    . 

trace 

0-8B 

021 

10017 

100-00 

lOOOO 

100-00 

10000 

100-00 

100-00 

860  IRON. 

The  nflneiy  or  TnnniDg-oitt  lire,  repreaentod  by  fi^.  fiSO,  woriita  of  •  Metangnlai 
hearth  B  aboaC  2  feet  deep,  ind  ntther  Icmgei'  Chaii  it  u  wide.  It  ii  lined  with  er-'---"- 


pUtee  coDitinctdd  so  as  to  admit  of  being  cooled  b;  nter  dicalattDK  thioagh  them, 
tuid  has  three  bUet  tayerea  t,  I  rapplyiag  hot  air  on  eiUih  aide.  The  i£uiui^  O  is  aup- 
ported  upon  tioD  colonuu,  aod  the  apacea  betveen  them  u»  closed  with  caat-iron  pUtea. 
(See  Trarm,  op.  n't,  p.  IBS,  tt  teq.) 


A.  qnaDtity  of  coke  ia  pnt  into  the  beuth,  and  after  the  fire  hu  been  sufflcieDtlj 
raiaed,  about  one  or  tiro  looa  of  pig  iron  ii  plai»d  on  the  top,  corerrd  with  coke,  and 
the  flre  nrged  b;  the  blast  tmtil  tile  whole  of  the  metal  baa  melted  and  ran  down  into 
the  hearth,  where,  under  tbeoiidiaing  influence  of  the  bloat,  the  carbon  tmd  ailioon  it 
eontuna  ue  oxidiaed,  &nd  e  alag  ia  formed  which  floate  on  the  surface  of  the  metal. 
Fieah  coke  ia  added,  neaawhile,  and  the  heat  kept  up  nntil  the  action  has  advanced 
aufBdentlj  hx.  A  hole  lerel  with  tbs  bottom  of  the  hearth  is  then  opened,  and  tbe 
melted  metiU  nm  into  a  cast-iron  mould  h  cooled  externally  bj  water »  and  a  qnantitj  of 
water  ii  tlirown  upon  it  in  order  to  cool  it  anddenly  Bod  to  render  the  sUff  discharged 
from  the  hearth  with  it,  more  easily  aepambte.  Sometimes  the  charge  of  iron  ia  ran 
into  the  nintij  direct  &om  the  blaat  fomaee,  aod  in  aome  eaaea  a  quantity  of 

f^.  581. 
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^e  qnuitily  at  ilig  foodoEed  in  paddling  depends  TOrj  much  on  tlie  kind  of  pig 

an  operated  upon,  and  also  ipon  whether  it  has  been  joeTioaily  rrflned  or  not.  Oitj 

on  and  oniefiued  pig,  containing  the  moat  mnddeiable  amount  of  lilicoii,  afford  a 

_.OTe  abandant  and  man  liqnid  iW  than  reflned  meltJ,  the  bUk  trota  vhich  la  piopop- 

tioiiiitpl7  richer  in  flcrrona  oxide,  and  being  eonaeqaeaQ;  less  fusible,  accnmnlatM 


The  IntDpe  ol 
(_BaUen;  brmUtXindix  ,     _  .  _ 

with  oxide  and  d^-  In  order  ti>  innnte  these  admiittit«a  and  reduce  the  iron  to 
a  compact  and  imifbrm  man,  the  piiadl»-halla  are  remored  from  the  working  ehunber 
of  the  pnddliDg  fOmaoe  while  itill  at  a  welding  heat,  and  either  hammered  r- 
•^neezAO.    This  op* «  .  ■    ..     - 


f^.  683. 


The  hammen  employed  fbr  this  pnipose,  leTmed.^r^  IdmnMTf  (SArnAnnn 
leau/ronlal),  are  verf  powerful,  asd  an  either  constructed  of  cast  iron  M  shown  at 
fig.  682,  or  am  steam  hammers.  In  the  tbnner  a  masaiTe  beam  e,  8  or  10  feet  long, 
resting  at  one  end  on  aMenun/,  and  haTing  at  the  othsr  anda  -I  shaped  head  <( la 
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lifted  by  the  iriprn  b,b,bai  tlie  cam-Theel  a,  and,  it  that  ravolTCi,  the  hunmer  u  Int 
tlill,  at  the  rota  of  70  or  80  strokes  a  nrinate,  npon  Ihe  uitU  r,  where  tbe  pnddle- 
bali  iB  placed.  The  tttatn-hammer  {DampPtammer  i  marleau  pUon\  consisW  of  »  block 
of  iron,  ireighia)[  sevdral  tone,  atUched  (o  the  pinion  of  a  steam-eugiae  fixed  aboTii  it. 
by  vhieh  it  may  be  lifted  Tertically  in  guides  fitted  to  tbe  frame  work,  and  let  £ill 
upon  the  ball  pl&ced  oa  mi  navil. 

The  machines  employed  for  compreming  pnddle-ballB  ere  of  Tirions  fomiB,  «nd  are 
t«nned  tqueutri  {Qaetschcr;  pretie  a  eKamiire).  One  of  (he  most  usual  kinds,  repre- 
•enled  by  Jig.  fi83,  consists  of  a  lever,  worked  upon  a  fulcnun  at  tbe  centre,  bj  a  cnnk 


Fig.  SS3. 


connected  tc 

strokM  a  minute,  nearer 

placed  to  receive  the  prea 

The  puddle-ball,  after 


aving  been  hammered  or  squeezed,  which  occupies  onl^  a 


few  seconds  (or  each,  is  termed  a  bloom  (Luppe ;  loupt),  and  is  then  drawi 
a  bar  by  being  rapidly  passed  several  timee,  and  vhile  still  red-hot,  hetTeen  grooTed 
....         n       .        .-,«..       ■        '    '     'n  M  laiai- 


^     ,     ,  ^  B  still  red-hot,  hetweea  g 

lollen,  constimtiog  what  is  tenned  a  forge-tram   {Strtck-waLtieerk,  train  de 
mmV),  fig,  fS4.    Tua  ooniisU  of  two  pairs  of  rollets,  r  f,  fitted  in  &amas  and  drirea 


by  madiiiieTy.  In  one  p«ir  of  rollen,  called  the  roughing  roUt  (Canndur-Walien ; 
ej/ttndra  dtgroiiituvTt),  there  ore  corresponding  V-shaped  grooves  round  the  BU'&ce. 
la  the  other  pair  of  rollers,  termed  the  Jinithing  mUi  {cytindra  finUteurt),  the 
groorea  are  flat,  and  ia  both  they  gndually  decrease  in  size  &om  one  end  of  the  rollers 
to  Che  other,  so  that  by  passing  the  blooms  successively  throui;h  several  pairs  of 
grooves,  they  are  reduced  to  bars  of  frota  7  to  3  inches  wide  by  from  I  j  Co  j  an  inch 
Uiiclc     In  this  condition  the  iron  ia  termed  "puddle  bar."  or  No.  1  iron. 

After  leaving  the  rolls,  thfse  bars,  while  still  hot,  are  cut  into  short  lengths  by  shesn 

'  '  ■       ■'       '      -■  -  -■-        '       Ue  is  termed  a  pOt    {Fakil ; 

'erberatory  furnace  called  the 


The 


pileB  ue  tailed  u  rapidly  as  possible  to  a  ftUl  vrelding  heat  in  the  mill.Ain]aee, 


IRON. 
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Bud  ize  then  remoTed  irith  tongi  to  mill-rolk,  of  a  umiUi  kind  to  those  RlrsBdj  de- 
Bcrilwd,  but  more  highly  finished,  tnd  drawn  into  buB  which  are  again  cut  up,  piled, 
_.  and  then  Bubmitted  lo  Uie  same 

*W-  "86.  opecaUona  of  heating  and  rolling 

sevanl  timea,  according  to  ths 
raqaired  quality  of  the  iron. 
!  ■  Samstimes,  aftrathe  Snt  rolling 
of  the  iron  into  puddle  bar^ 
banunering  is  aubatituted  in  the 
place  of  drawing  oat  between 
rotleTB.  It  is  in  this  Kriea  of  ope- 
lationa  that  the  iron  aoqnires  its 
texture,  and  that  doae,  unifbnn, 
and  (wntinnoua  flbra,  upon  which 
ibi  atrenjitb  and  general  good 
qualit;  u  ooneidered  to  be 
_  diiefly  dependent.  The  mode  in 
which  the  piraea  of  iron  are 
arranged  m  tlte  piles  ia  considered  to  be  of  great  importance  aa  regards  the  rendt 
oblainedi  bat  notwithstanding  the  strong  opiniona  expressed  on  this  subject,  little  ia 
known  as  to  the  rationale  of  the  connection  appejvntly  existing  between  tbe  qoality  of 
the  iron  and  the  mode  in  which  it  is  wrought. 

A  ctutain  proportian  of  slag  is  produced  during  the  reheating  of  the  piles  in  tlu  mill- 
fumaca,  wh^  has  a  composition  Tsiy  similar  to  that  of  the  slag  mm  the  puddling 
fnmacts  but  the  silica  it  oontains  is  deriTsd  mainl;  fram  tlie  sand  fonoing  the  hearth. 
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TTheu  all  these  succeasiTe  operationB  bare  been  completed,  the  iron  is  in  the  condition 
known  as  "  merchant  iron,"  and  the  different  degrees  of  qu^tj  are  indicated  as  No.  2, 
No.  3,  Ik.,  or  as  "  common,"  "beat"  and  "beat best,"  as  well  as  by  particular  bnnda. 

Besides  the  waste  of  iron  resulting  irom  tbe  formation  of  slag  in  refiuing,  paddling 
&C.,  there  is  always  a  further  waste  due  to  the  oxidation  of  the  irou  during  the  shin- 
glin^,  hammering  and  rolling  to  which  it  is  subjected.  The  product  of  this  oxidation 
coDBlsta  chiefly  of  magnetic  oxide,  which  forms  a  crust  on  the  surface  of  the  hot  iron, 
and  fidla  off  in  acalesv  constituting  what  is  known  as  "  hammer-scale  "  or  mill-tcail 
iHamnurtehU^;  baltituru  dtfer). 

The  total  waste  of  iron  in  the  conTcrsion  of  pig  iron  into  malleable  iran,  Taries  a«- 
eording  to  the  kind  of  pig  iron  operated  upon,  and  the  amount  of  impurities  in  it^  a* 
well  as  upon  the  skill  of  the  workmen.  In  South  atsflbrdahira,  the  waste  amoanta  to 
from  18  to  22  per  cent  on  the  pig  iron.  !□  South  Wain  it  sometimes  amounts  to 
from  26  to  28'6  per  cent.,  though  it  is  sometimes  less  than  13  per  cent.  Formerly  the 
waste  amonuted  in  some  cases  to  bom  S4to36pnrceiit.(Truran,  op.cit.  p.  216J.  The 
introduction  of  iron  bottoms  for  puddling  fnruacee,  in  place  of  sand,  has  contiibnted 
latgd;^  to  reduce  the  waste  of  iron  due  \a  the  formation  of  slag  and  the  use  of 
materials  containing  ferrous  or  ferric  oxidea,  as  admixtures  in  the  puddling  or  bdling 
operation,  in  all  probabilitr  tends  to  compensate  the  waste  that  wonld  result  from 

Toi.  IlL  A  A 
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•tmondierte  laaiatiaa,  inimaeh  u  tlia  oxidatioti  eflMed  Inr  tluM  admiztuni  wonld 
be  aecompuiied  bj  an  eqniTHleDt  eliminBtion  of  mnUl  fhiin  Uiem. 

The  giestBi  part  of  tbu  msto  of  iron  lAkea  place  in  the  reflninff,  (unomituig  on  the 
■Tenge  to  sbont  10  p«r  cent,  oii  thepigiton.  In  paddling  reflnpd  metal,  tJie  nstcis 
notnioretliaiifroniltoT  per  cent.  In  the  mDl-ftiriiace  the  vute  is  much  leaa,  TUTing, 
■(MKnding  to  the  number  of  rehe&tingB,  knd  the  nze  to  which  the  iioii  ia  rolled,  from 
3-S  to  10  per  cent.  The  (Moaumption  of  iron  in  any  sta^  of  thn  mannfactflre,  requisite 
to  produce  ■  toD  of  iron  in  *  mbBeqaant  stage,  u  teohnically  called  the  "  yield, '  by  s 
Bomevhst  lingalar  inTBrnoD  of  the  meaning  of  the  t«aa. 

The  consoniptiui  of  fad  in  tlie  Tuiona  atagea  of  the  conTeraion  of  pi^  iron  into 
malleable  iron,  rariM  aocoidillg  to  the  akill  of  the  woAmen,  as  well  ai  the  kind  of  ftiel 
and  iron  nard.  In  refining,  from  6J  to  8  cwt.  of  coke  per  ton  of  metal  made^  is  Qsad 
when  the  pig  iron  haa  to  be  meltad,  and  from  4  to  S  cwt-  Then  the  melted  metal  is  run 
in  from  the  blast  fOrnace  direct, 

In  "  pig-boiling,"  the  consnmption  of  coal  varin  thim  18  to  32  ewt.  per  ton  of  bar 
iron  made,  acconling  ma  the  coal  ia  more  or  leM  bituminous  and  capable  of  buming 
with  Same. 

In  paddling  refined  metal,  the  coosomptian  ia  about  10  to  14  ewt  of  bitimunoua 
Msl,  and  from  17  to  18  cwt.  of  Bnthradtic  ooal  per  ton  of  iron  made. 

In  beating  the  plea,  the  ooosumptiou  of  fael  ia  from  7  ewt.  to  13  cwt.  per  ton  of 
anehaot  Uam,  aceo^ing  as  they  are  larger  or  smallei. 

Ineonnection  with  the  consumption  offtial  in  the  eonrersion  of  pig  iron  into  malleable 
iron,  it  will  be  intneating  to  conaider  what  anmuit  of  the  heat,  capable  of  being  gene- 
rated by  the  cod,  eonsuned,  is  really  e&eciiT* ;  how  mu^  of  it  is  really  used  in  heating 
the  iron. 

The  tempentnre  to  which  the  iron  reqaira  to  be  heat«d  in  the  puddling  ftimace 
may  be  taken  as  sipreiBed  b^  ISBtfi  C;  and,  seimining  that  the  speoflc  heat  of  oast 
iron  increaaea  abore  SSO"  C.  in  the  aame  ratio  that  it  does  up  to  that  temperature,  it 
would,  in  that  case,  be  abont  0'26  at  1660°  0. ;  accordingly,  the  quantity  of  heat 
reqnisitA  to  raise  iron  from  1S°C.  to  lliat  tempei*taro  would  be: 

421-84  '  -     ISAO     -     IS    K   0-26. 
Afurther  quantity  of  heat  wmild  be  consumed  in  melting  the  inn,  and  Qion^  the 

units.     Thus  the 
would  be: 

bMunHL 

4M'84     -     424-84   +  30. 
and  the  qaantily  of  heat  requimte  Ibrone  tonof  iKmwouldbe: 

1,018,841-6      -     2240    x    454-84. 

Taking  the  average  calorific  power  of  coal,  eiproosBd  in  heat  units,  to  be  7,778,  it 

appeaisfrom  the  fbregoing  calculation,  that  the  quantity  of  heat  actually  communicated 

to  the  iron  amounts  to  less  than  that  capable  of  beuig  generated  by  131  pounds  of 

coaL    Thus: 

QuulEILt  oT  hvi  rnolnd 
QiunlltrariiHt  fibutl  tiiD  of  ln>a  bou 

C«l,        CdoHPc |»wsr,  igntntail.  IB'to  lUa°C,  uidionwUlt, 

131        K        7,778  '      -        1,018,918  1,018,841-6. 

Then,  taking  the  quantity  of  coal  consumed  in  puddling  as  being  equal  in  -wei^t 
to  the  pig  iron  worked,  it  appears  that  only  1 33  pounds  out  of  eraiy  ton  cf  coal  bunt 
in  (he  puddling  furnace  is  really  efbctiTe  in  heating  the  iron,  or  not  nun's  than  one- 
aizleenth  part  But  though  the  quanta^  of  heat  actually  commnnicated  to  the  iron 
bears  only  tUa  amall  proportion  to  the  whole  quantity  geaenited  by  the  combostioii  of 
thafriduBed,itmaitb«Mmerabered  that, under  eiistiaff  dreuniBtancee,  this  large  con- 
sumption of  fuel  is  unavoidable,  since  it  ia  indispensalile  that,  during  the  whole  of  the 
operation,  the  tempoature  shculd  be  maintained  BiifBciently  hiah  to  keep  the  iron 
melted.  For  this  purpose  the  rate  of  eombuation  mnst  be  high,  and  the  inteaaely 
heated  products  of  combnatiou  mnst  pass  rapidly  through  the  woridiig  chamber  of  the 
fimace.     It  haa  been  estimated  that  in  the  onUna 

ion  of  coal  is  at  the  rate  of  5        ^  ,  ...    ^._ 

paannB  through  the  woridn^  chamber  amonnta  to  upwards,  of  72  cnbic  feet  per  second, 
or  somcieut  to  fill  the  working  chamber  twice  in  a  seoond,  and  that  this  is  neoessary 
in  order  to  counteract  the  influence  of  conductiou  and  radiation  in  reducing  the  tem- 
pemture.  (SeePrideaai,  Bm»>aary  trtaiUt  an  Fud,  partiaidariy  mtk  r^fsrmct  to 
Sntrttratifty  FivnaeM.) 
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coiwmaDM  of  tha  tXIxemtij  high  tempen^ore  Hqnind  to  be  miimtaiiied 
iddUog  snd  mill  taraneee,  that  only  »0  ■mall  a  iWtioa  of  Uie  best  geDen(«d  bj  go 


C 


ofthainu.  Solongthnefiweu  thetemperatnnof  iioninapoddliiighiiiam 
_..._.  .  to  b«  tSM^C,  the  gu  paiHiig  into  the  Mimnerinut  b«  at  m  Umpveutan  not 
Imb  thuithat^  asd  thewholeof  thehMtoanMpondiligtotfae  qiunlitj  ofeaa  duduuged 
•t  tbJkt  tampantnn  into  tho  chimner,  will  be  without  any  other  neefttl  effect.  A  vanety 
of  amogeiiuinta  hare  been  oontriTed  fbr  tnnung  this  wute  heat  to  aeeonnt  in  niaing 
steam  li»  drinng  the  macbinei;  of  iron  works ;  and  bj  fax  the  nioat  simple  and  cod- 
Tsnient  plan  conaiita  in  doing  awa;  with  the  eeparata  chimney  to  each  rantace,  and 
eoDductma;  the  heated  gaa  escaping  from  the  voicing  chamber  of  leTenl  puddling 
flunaeBa,  into  a  Bpaeioiu  undeigniDnd  cnlveit,  eztendins  aoma  dietanw  away  from  the 
farnaees,  and  oommtmicatang  with  flues  passing  thtongh  and  coond  a  Urge  Comiah 
baikr,  akuig  whidi  the  gas  psase^  and,  after  commniueatiiig  its  heat  to  toe  water,  ia 
-'  m  disdisiged  into  a  I0A7  efaimnej  capable  of  piodneing  a  dninght  suffident  lor  all 
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t  d  hot  air,  or  of  steam,  oc  a  mixed  blast  of  air  and  eteam,  rotary  paddling 
funaecs.  Sec,  but  excepting  the  admixtnre  with  the  pig  iron  of  mstfriale  conlainiiu 
feiruginoas  oxidei,  and  the  use  of  iron  hearth-botloma  in  the  puddling  fiuniice,  Donn  of 
these  projects  appear  to  have  either  any  anch  idenCiSc  l^aais  as  to  appear  pramising, 
or  to  hava  been  attended  with  sufficient  bod««  to  demand  consideratioo. 

The  case  is  diffeiCDt  as  regards  the  application  of  gaseous  Aiel  in  the  refinery, 
poddliDg  fnniace,  and  mill  fitnace.  The  gas  used  for  this  porpoee  is  either  the  com- 
bustible gaa  arolved  from  the  throat  of  the  bUat  furnaces  in  which  pig  iron  ia  made,  or 
it  is  made  qieciaUy  from  small  oool  and  other  inferior  kinds  of  fuel,  by  bnrning  them  in 
neb  a  maniMT  that  the  carbonic  add  genemted  by  the  combustion  of  one  portion,  ia 
made  to  pass  llu^nigh  a  msaa  of  incandeacent  fael,  so  aa  to  be  couTerted  into  carbonio 
oxid*^  l^eh,  tOgFthsr  with  IJie  hydrocarboa  Tapoura  driTen  off  from  the  fuel,  pasaea 
into  Uie  ftunaee  to  be  heated,  and  is  there  burnt,  much  in  thn  same  manner  as  coal  ebb 
ia  burnt  in  aBnn>en'BbnTner(See  Bischof:  Dii  indirecli  after  hikhiieXultujKi  der  rokm 
SrammaterUUen,  1848  ;  also  acheerer,  MetaUvrgw,  i.  339).  Thia  method  of  naing 
filel  has  long  been  practised  in  Oennanj,  and  ia  now  being  introduced  at  some  of  thn 
■ton  works  in  thia  country,  where  it  is  to  be  hoped  it  will  eventually  not  only  admit  of 
ooal  being  need  in  inn  winking,  without  thoiie  diaadiantaffes  arising  from  t^epreaence 
of  sulphur  and  other  impurities,  when  it  is  in  contact  witL  the  metal ;  but  tbol  it  may 
likewise  become  an  important  means  of  economising  fuel,  and  especiall;  of  turning  to 
good  account  t^  Tsat  qnantitiea  of  amall  coal  that  have  hitherto  been  almost  ent^y 
wasted.  For  deecriptiona  of  gaa  generston,  and  gaa  refining,  paddling,  &c.,  see  the 
wmb  above  quoted,  aod  Percy,  Metailurgt/,  iL  fiM,  67t,  716  ;  Urii  Dictionary  of 
Artt,  Mamiffaetunit,  fc.  iL  61S. 

i.  AtBiaiphtric  proeeu. — Under  thia  designation,  an  entirely  new  method  of 
producing  malleable  iron  from  pig  iron,  has  be«i  proposed  within  the  last  tew  year*  aa 
a  aubatitDte  for  the  operation  of  puddling.  It  oonsista  in  sabmitting  melted  pig  iron 
to  the  action  of  a  current  of  air  forcsd  urough  it  until  it  ia  sufficiently  dacarbnrisAd. 
The  heat^neiatsd  during  thia  rai>cees,  by  the  combustianofthe  carbon  and  ailicon,  and 
some  portion  of  the  iron,  is  sufflcient  to  heat  the  metal  above  the  melting  point  of 
malleable  iron,  eo  that  when  the  operation  is  ended,  the  decarbnriaad  iron  ii  obtained 
in  a  liquid  condition,  and  may  be  nm  into  ingota,  which  are  afterwards  to  be  fbrged  into 
ban.     (Bessemer,  spedflcations,  I8SE.  Nos.  2321,  2768 ;  IBfiB,  Nos.  3S6,  630.) 

The  main  prindpla  <rf  this  method  is  to  effect  tbe  convenion  of  pig  inn  into 
mslkable  iroik,  wbc^y  b;  the  direct  iuflnenoe  of  atmoeplieiic  aiygen,  and  independently 
of  that  reaction  be^een  the  pig  iron  and  the  ferruginous  or  msngaoMS  oxides,  or 
materials  containing  them,  which  lakea  place  in  the  operation  of  paddling  or  boiling, 
and  which,  according  to  ^  coperience,  and  to  such  sdentifia  data  as  there  are  fbr 
forming  an  opinion,  is  so  important  a  condition  of  tlie  separation  of  sulphor  and  phos- 
phdRB  &om  pig  iron.  The  rwult  of  the  trial  of  this  new  methtra  of  producing 
malleable  iron  ■ffi>rdB  a  atill  fhrther  conflrmaljon  of  the  important  influence  of  the 
reaction  referred  to  aa  taking  place  in  paddling.  By  the  new  method  pig  iron  may  be 
whoUydecarbnrised.and  the  siiicon  it  contains  may  be  entirely  eliminated  with  ease; 
but  uie  oaas  is  nry  di&srent  as  regards  the  solphur  and  pboaphoros:  fi)r  these 
■obstancaa,  whidi  are  io  datrim^tal  to  m^teoble  iron,  far  from  being  aepnrated  from 
the  pig  iion  nligNted  to  thia  new  mode  of  treatment,  an  either  wholly  unacted  upon. 
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OF  to  little  aSbcted,  that,  TelsHTely.tliey  are  anfmnitad,  theanonnt  of  phosphonu  in 
the  decarbuiisad  iron  olitained  b;  thii  methotC  beinB  grealer  Chan  it  waa  m  the  pig 
iroDoperatedapon,  vhile  thBamDantof  Eolpbiiriabntlitueiednced,  aa  wiUbeteenbj 
the  foUoiniig  uialjE«B : 


AiiJyat    . 

Pi,i™.P-«c         1     ll«™ri™.p-««. 

TwW- 

Carbon           .        ... 
Silicon           .... 
Solphnr         .... 
Phiphoro.   .... 

S-809 
0-6S6 
048B 

1-oia 

0-318 

iioa 

At  the  present  tiine  no  maana  id  obviating  thia  defect  arc  known ;  conaeqitentlj,  the 
^i(>li<»tion  af  thia  method  ia  confined  to  the  vorking  of  Each  kind*  of  pig  iron  aa  m 
pnctieallj  free  from  anlphni  and  phoaphonia  ;  and  hence,  aa  i^arda  thn  greater  put 
of  tha  uulleable  iron  numn&ctared  in  thia  conntiy,  there  ia  no  poeaibility  of  the 
adaption  of  ihia  method,  although  it  admita  of  the  decarbuiation  of  pig  iron  with  maeh 
greater  eaae,  and  much  moie  rapidly  than  the  operation  of  puddling.  Id  Sweden,  on 
Uie  fanlxarj,  where  the  pig  iron  produced  ia  &t  leea  contaminated  with  Eulphur  and 
phoaphorua  than  moat  of  that  mode  in  thia  conntrT',  Uie  new  method  ia  being  worked 
with  great  advantage.  Id  England,  it  ia  alao  being  applied  in  voridng  some  of  the 
better  and  more  CMtly  kinda  of  pig  iron,  but  chieflj  fi^  the  purpose  of  producing  a 
kind  of  steel  which  bursa  higher  price  than  ordiniiy  malleable  iron.  For  thia  reason 
the  fOrtJlflr  oonaideratiDn  of  thia  method  will  be  included  in  the  article  on  Snai. 

f.  lr«A anMlUar. — In  theeztiactionof  iTDnfromsnchofitaoTesaaareauitablefiff 
metaUnqiii:  pnrpoaea,  and  aa  it  is  now  chiefij  praciued  in  inm-prodoeing  coontriea,  the 
metal  is  ahrajs  obtained  in  the  caiburetted  itate,  oommonlj  known  aa  cast  iron,  pig 
iron,  or  emit  iron.    The  procesaes  comprised  in  the  smelting  of  iron  are  : — 

1.  The  aeparatiou  of  water,  carbonic  acid,  sulphur,  and  oth^  Tolatiliaahle  aubatanoes 
ftom  the  ore  bj  the  action  of  hnat. 

2.  The  redaction  of  the  iron  from  the  atate  of  ozida,  aa  it  ezista  in  tho  ore,  to  the 
metallic  state,  b^r  the  action  of  carbonic  oiide. 

S.  The  Brparatlon  of  the  earthj  aubatanoe^  oonunoolj  present  in  imn  ores,  &om  the 
reduced  metal,  in  eoHBuqaenee  of  the  fonoation,  at  t,  high  temperatora,  of  ftiaible 
COmpoonda  of  those  aabalaiicefl  ;  and 

4.  The  corbantion  and  melting  of  the  reduced  metaL 

In  BmelUog  the  richer  kinde  of  iron  ore,  ealcirmtion  or  rooiftn^  (Sotliai^; 
griUagi^  ia  not  always  requisite  for  t^e  lemoTal  of  volatilisable  substaocee  ;  but  with 
the  mnjori^  of  the  iron  ores  used  in  that  operation,  it  is  very  desirabla  that  they 
shonid  undergo  this  prepaiatocy  treatment,  as  will  be  seen  by  loferonco  to  the  bubIths 
of  iron  ores ;  and  in  all  cases  cidcination  is  adTontageoiui,  inasmuch  as  it  hu  the  effect 
of  rendering  the  ore  more  porous,  and  consequently  more  susceptible  of  being  ro- 

The  ealdnatiDn  of  iron  ores  is  effected  In  heating  them  to  dull  redness  in  ooutact 
with  air,  either  in  heaps,  with  layers  of  coal  at  the  tottom  and  alternating  with  layers 
of  the  ore ;  or  in  kilns  built  of  brick  or  masoniy,  from  which  the  roasted  an  can  be 
drawn  ODt  at  the  bottom.  The  careful  n^ulatioa  of  the  heat  applied  is  the  most 
important  requisite  in  the  calcination  of  iron  ores,  and  it  shonid  be  only  just  sufficient 
to  expel  the  Tolatilisable  substances,  withont  effecting,  in  the  case  of  earbonaceons  area, 
the  reduction  of  iron  to  the  metallic  stale,  or,  in  the  case  of  siliceoDs  ores,  the  formation 
of  ferrous  alicate  and  fuaion  of  any  portion  of  the  ore,  so  as  to  render  it  more 
compact 

The  changes  effected  by  caldnation  consist  chiefly  in  the  aepuWion  of  water,  car- 
bonin  aad,  and  bituminous  substmce  when  the  ores  are  carbonaceous.  In  this  case  there 
may  bs  a  partial  deoxidation  of  the  ore,  attended  with  fbrmatian  of  ferrons  or  magnetic 
osids ;  bnt  more  generally  the  cajcinatiim  of  iron  ores  has  the  effect  of  producing  ferric 


coide  to  a  greater  or  leaa  extant,  if  the  iron  is  not  already  in  that  state, 
""le  sulfur  in  iron  ores,  generally  present  in  the  state  of  pyrites,  is  also  to  a  great 
it  separated  from  thun  by  calcination,  in  consequence  of  the  decomposition  of  the 


tTrites ;  one  half  of  the  sulphor  being  TotaHUsed,  while  the  residual  iron  anlphidi 
converted  by  oxidation  into  sulphate,  which  may  be  decompoeAd  if  the  heat  is  suffi- 
cient^ neat.    The  entire  aeparation  of  snlphnr  from  iron  one  in  this  way  is  seldom 
[Hscticabte. 
An  alteration  of  some  kinds  of  iron  ore  similaT  to  that  roanlling  from  calcination, 

■-11 J .■ J  mlphnr,  is  effected  by  exposing  them  for  a  time  to 

if  vjealkmng  (  VtrvUterurtgjy  pprit^c  minerals  are 
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ozidiaed  and  eoDtwrlei  into  mlphaU*,  wliich  n>>7  be  WMhMl  »i>t  to  Home  «st«Dt  bj 
taia,  luid  thia  cbsnge,  toaetlier  with  the  perondatioD  of  Um  ore  that  Ukrt  ^aee  in 
some  cksea  bj  contact  wit£  ituoapheric  air,  hai  the  efibct  of  dimntcgntiiig  the  on  aad 
nnderine  it  mora  porona. 

a . .k.  .™._h-~j  of  the  Tolatdlirable  a — "' '-  -*  ' ;--— J  j 


being  eRected  bj  a  preliminuj  operation,  takee  place  in  the  blast  furnace,  and  ia  then 
the  bat  atageoi  the  procoa  of  smeltitig,  tjie  heat  requiaita  for  the  pnrpose  being  derived 
from  the  cnrrant  of  gas  aacending  throogh  the  ehkrge.  It  ia  probable  that  in  soma 
easea  tiiis  plan  ma;  be  attended  with  economj  of  fuel,  and  that  if  the  height  of  the 
shaft  coold  be  increaaed,  so  that  (be  upper  part  wonM  serre  as  a  snbstitate  for  the 
eakiDtng  kiln,  Uie  tempeiHtnre  of  the  gas  diwdiaiged  from  the  thioat  might  be  rednced 
to  a  minimuro,  and  the  whole  of  the  heat  genented  in  the  fdmaee  thos  rendered  ^lec- 
tiTe.  But  there  ia  a  practical  limit  to  Uie  adoption  of  thia  plan,  consisting  in  the 
friable  character  of  eome  Idnde  of  foel  and  ore,  and  their  Uabuity  to  become  cniahed 
by  the  weight  of  a  high  colnnm  of  materiala  in  the  shaft.  In  the  Clerelond  disbic^ 
where  the  ore  is  nsed  in  large  massee,  and  the  fuel  need  ia  a  Terj  hard  coke,  fnmacee 
hare  been  built  with  this  object  75  feet  high,  and  the  tempecatnre  of  the  gas  has  been 
reduced  on  the  average  to  about  2e8°  G.  instead  of  3H1°  C.  (I.  L.  Bell,  Indiulrial 
Sitaurcrt  of  tht  Tynt,  Wear,  and  Tea,  p.  107).  But  thia  aaving  is  only  partial,  and 
aicce  the  ajdnation  r^  ores  in  the  blast  fomaee  ia  attended  with  disadTantagts  as 
regerde  other  modes  of  applying  the  waste  beat  of  the  gas  diseharved  &0m  blwt  for- 
□acea  (eee  p.  354),  it  yet  remains  to  be  Been  whether  thsit  plan  can  be  adopted  So  as  b> 
realise  the  gT«ateat  poeaible  degree  of  economy  iu  fuel. 

The  emelting  of  irou  ores  ie  conducted  in  a  ibmaoe  ecmsiating  essentiallj  of  two 
parte,  viz.,  the  hearth,  which  is  a  drcular  chamber,  built  of  etone  and  lined  with  fire- 
brick, where  the  combnetion  of  the  tnel  and  l^e  melting  of  the  reduced  ore  and  flux 
take  plAce,  and  the  ebait,  which  is  a  wider  cylindrical  chamber,  built  abore  the  hearth* 
and  eonlinuoug  with  St,  where  the  charge  of  ore,  flnz,  and  fnel  eontiniiously  auppliod  at 
the  top,  is  subjected  to  the  action  of  Che  heated  gas  resulting  from  combustion,  before 
reaching  the  hearth.  The  precise  form  and  dimensions  of  tbie  fbmace,  which  ia  termed 
a  hlett  fumaet  {Hohofm;  ha'ut  founuau)  yarj  considerably  (see  Trtzran,  op.  at.  pp. 
22,  124,  tlteg.;  Percy,  MitaUvrgy,  ii.  3S0,  47S,  and  fiS9).  One  (^  the  most  amiroTcd 
forme  is  represented  ^3  fig.  S8G.  In  tbia  case^  the  distinction  between  the  heaitii, 
da',  and  the  shaft,  A  A' 6",  is  Use  marked  than  it  is  in  aomefumacee  where  the  hearth  ia 
not  more  than  two  or  three  feet  wide,  with  its  aides  vertical  and  terminating  in  a 
decided  angle  at  the  junction  with  the  lower  part  of  the  shaft,  b  b',  termed  the  botha 
(Ba»l;  ilalage),  irtiich  in  the  older  jf/g^  ggg^ 

form  of  ftimscee,  was  more  inclined 
than  in  the  flgortv  while  the  thi^ft 
(gcAaelU;  cuae),  b'b",  was  much 
more  corneal,  and  formed  a  de- 
cided an^e  at  its  innetioD  willi 
the  upper  part  of  the  boshee,  or 
widest  part  of  the  fumsce,  termed 
the  bd^  (KoUftuacJt;  venire),  lo 
that  the  interior  sectional  conCoor 
corresponded  to  the  dotted  outline 
shown  in  the  figure.  In  the  fumacefl 
of  this  form,  the  upper  portion  of  the 
hearth  is  termed  on  the  Continent 
the  Gesteil ;  ouvra^,  and  the  lower 
portion,  where  the  melted  materials 
collect,  the  Onieiiie{Seerd;  cnuiet). 

At  one  aide  of  the  hearth,  Uiere 
is  an  opening  fbrmed  by  an  arch,  (, 
called  the  tymp  (TUnml;  tifmptf, 
and  below  this  atch  the  hearui  u 
prolonged  outwar  ~ 
yond  the  plane  of 
as  the  block  of  M 
dam  ( Waliitein;  dante),  orer  which 
the  melted  alag  flows  awa;  to  the 
"nnder  fell,"  t,  tliroogh  adeprea- 
sion  called  the  cinder  notch 
{Schiackentrift),  in  the  npper 
■nrfUce  of  the  dam.  Through  tbe 
bottom  of  one  side   of  the  Aiitt,, 
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bfJDg  niB  ont  at  inlMfTsl*.  Thia  ch&QU«l  is  stopped  np  irith  daj  or  Mud,  vbilii 
tlie  matal  aDd  slag  are  accamalaUna  in  the  heartb.  That  dde  ol  thi  ftinu«e  to- 
waida  which  th«  hsaitli  ii  prolonged,  is  called  the  front  {Arbeitneitt;  portu  an- 
Mrintrt),  while  the  opposite  side  ie  called  the  back  (BiietidU;  partie  poithiairt). 
At  thia  aide  tbcM  is  on  aiched  apening,  a,  called  the  luyere  hole  (Form)  and 
Uiera  ia  genenllj  a  liinilat  i^iening  at  each  of  the  other  iddn.  Oppodlc  oach  of 
these  <ipeoinfi8  an  arch  ia  tamed  in  the  out^r  brickwork  of  the  ^imaec  to  admit  of 
acomi  to  the  ti»eTe  holas.  The  upper  extremi^  of  the  aluft  is  called  the  tiinat 
{OidU;  jj  Ml  if II I  in,  and  ia  geoerally  Eurmoimted  hj  a  low  wall  or  cfaininaT.  called  the 


Amfld  iead,  with  openingi  at  the  aide  b>r  inimdneiiiK  the  materials  int«  the  foniace. 
pphed  to  the  AvnaM  tliToa^  a  isileB  ot  rapM  connactf  d  with  a  blowing 
D  pipe  tennioiUillg  with  a  conical  tnbe  celled  &  tagm  (Cuh  ;  tuginj. 


Ail  TB  simphed 


■uiTonnded  with  a  hollo*  cowchI  aheath,  throng  which  paaaee  a 

prarent  tha  maltiilg  <tf  the  tt^nrea,  extending  thnni^  each  of  the  taTore  bolea  >■  fikr  as 

the  interior  sarface  of  the  hnrth. 

In  tiie  wcfking  of  a  blast  hinace,  the  shaft  is  kept  a™Aj  filled  with  the  solid 
natsriala  used ;  these  are  intnidnced  at  intcrrala  into  the  npper  end,  and  gndOBlly 
■ink  down  as  the  smelting  progresses.  Heenwbile  a  contiimoiiB  aup^dj  of  air  is  forced 
into  the  lower  end  of  the  hruce  through  the  tnTSrea,  under  a  piMsnn  of  bom  }  to 
i  lbs.  per  square  inch  in  cbarcoal  fomacea ;  and  boa  2  to  G  lbs.  per  sqnan  inch  in 
fbraacea  worked  with  coal  or  coke,  and  in  qnanti^  pro^rtionate  to  the  stse  of  the 
(tamace  and  its  rate  of  working,  ao  as  to  maintain  a  npid  eombiution  of  the  fuel  at 
that  part  of  the  fnruace  immediately  above  the  Urel  of  tba  tujmea.  (Bee  Trnrao, 
op.  ciL.  p.  llfi.) 

The  rednction  of  the  fsmgiDons  oxides  in  the  ore  is  effected  by  the  raaction  taking 
place  at  a  bich  tempentnie  between  these  oiidea  and  carbonic  oxide,  pradoced  bj 
the  combination  of  carbonic  add,  resnlting  &om  combnstion  of  the  foel,  with  a  farther 
qnaotity  of  carbon  eqoal  to  that  it  contains;  and,  since  ferric  oxide  contains  30  per  cent. 
of  oz^^en,  the  carbon  and  air  reqaisite  in  these  reactions  for  the  redoctiDnof  a  quan- 
tity ot  fbiric  oxide  containing  I  pt.  of  iron  will  smoDnt  to  : 

Pini  by  nelsht         Pvti  bT  wdghl  of 

1  '      -  1'42S  -  0-S214  -  0-4286  -  1-8SS 

or  somewhat  about  8  cwt.  of  coal,  eoatainio^  80  per  eoit  caibou,  and  1  ton  17  ewL 
20  lbs.  of  air,  or  £4,143  cnbic  feet,  per  ton  of  iron  made. 

The  redaction  of  the  fermginona  oxide  in  the  ora  is  not  alone  snffidsDt  for  the  pro- 
dnction  of  the  metal  in  an  available  condition :  fbr  it  is  but  seldom  that  iron  ores  do 
not  contain  a  coturiderable  admixture  of  earthy  STibetancea  which  require  to  be  sepa- 
rated. Thej  generally  consist  chiefly  of  silica,  clay,  or  carbonate  of  lime,  as  will  be 
seen  by  reference  to  the  tabulated  analyses  ot  iron  ores.  These  Hubstanoes  beina; 
intimately  mixed  with  the  ferruginous  oxide,  and  coosequeatly  with  the  redoced  metal, 
it  is  necenary  tbat  they  should  be  meltM  as  wsll  as  the  metal  it«elf|  in  order  that 
they  may  Beparate  arcoMling  to  their  different  densities  in  the  liquid  slate.  Any  one 
of  theee  sul^tancefl  alone  is  invisible  at  the  temperatare  commonly  prodnced  in  inn 
■melting,  and  they  can  be  separated  only  by  being  converted  into  anfflciently  fosible 
compounds.  The  double  silltates  containing  two  ct  mot«  bases,  are  eabstances  whose 
Aisibility  corresponds  to  the  reqmremsnts  <»  this  case,  and  it  is  by  the  fbrmation  of 
■Dch  a  vitreous  silicate,  termed  itag  {BcUacke;  laiiiir),  capable  of  being  readily 
melted,  that  the  separation  of  the  earuiy  admixtures  in  iron  ores  is  efiected. 

It  is  but  roroly  that  these  admixtures  are  of  such  a  nature,  and  present  in  such 
relative  proportions,  ss  to  produce,  under  the  influence  of  heat,  a  silicate  that  would 
be  nitable  for  the  punmsee  of  iron  smelting.  Hence  it  is  necessary  to  mir  with  the 
ore  some  substance  that  will  effect  this  result  The  nature  and  proportion  of  this 
fiux  {ZvtcUag ;  caatine)  will  of  course  depend  upon  the  composition  of  the  ore  to  be 
smelted,  and  must  be  regulated  in  accordance  with  the  genanl  principles  ralating  to 
the  [noduction  of  slsgs.    (See  HvTi.ij.tiBaT.) 

In  smelting  iron  ores  in  irtuch  the  earthy  admixture  is  chiefly  calcareous,  day  or 
■oms  siliceauB  matenal,  such  as  forge  cinder  or  the  roasted  slag  bom  puddling  fur- 
naces, ia  added  as  a  fiux,  or  the  ore  may  be  mixed,  in  su'table  proportjona,  with  ores 
___._.■_..  aiijgj  0,  i^Kj,  In  the  more  frequent  case  of  ores  containing  clsy,  or  silica 
Imn,  the  material  used  as  a  flux  is  limestone  or  quicUime,  in  order  to  effect 
._ .    . m  of  a  double  silicate  containing  alumina  and  lime  as  its  basic  constitaenU. 

^The  fiiiibili^  oS  the  doable  lime  and  alumina  silicates  varies  according  to  the  pro> 
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raiitiiig  between  the  eilica  aai  tiu  itaea,  u  vdl  m  ttat  Mvmd  the  two 
saL  Thenwat  fanble  of  them  u«  those  inwhieh  theosnenof  bothbaKeamoanta 
two-thiidB  of  tluit  in  tbs  diet,  and  the  tt^rgeD  of  the  lime  e^iiAli  that  in  the 


In  nneltiDK  iran  one  with  ehanoal,  the  t<mpa«taM  of  Iha  fUnwe  i»  patnDj 

lower  than  irata  tbty  are  smelted  with  coke '       '        

tequiree  to  be  more  nisible  than  in  the  Utter 


that  aecount  the  slsg 

pg  irQD  om  witb  coke 

coal,  espcmll;  when  hot  blast  is  used,  ths  temperatnra  is  go  much  higher  thaa  in 

...L.i  _-.!.   _■ 1    _..  __i 1 ftaioti  tokM  pl»i»K  bnt  ■lea  at  tha 


fiimaces  «oik«l  with  dtarooal — not  only  where  ft 


In  the  smelting  cf  siliceona  orM  there  is  »,  farther  neoeedt j  il^T  the  addition  of  lim^ 
eren  more  importBot  thu  that  ooDoeeted  with  the  production  of  a  saitablj  fHuibla 
■lag-  This  ansBS  frrai  the  dicnmstaaM  that  the  double  silicate,  containing  alumina 
uid  ftomnis  oiidc  as  ila  basic  eonititaantA,  is  Ter7  iWble,  and  from  the ,  consequent 
tendfoe;  to  the  formation  of  thin  compoand,  the  result  of  which  woqld  be  that  a  con- 
siderahle  amOODt  of  the  iron  would  MCipe  nduttiou  to  the  metallic  stst<^  and  pass  off 
in  the  kk^  thu*  ffna^  riae  to  considetKble  loaa  of  iron,  besides  other  seriona  inoon- 
Teniencea.  Hue  ctnnbinatiou  of  femma  oxide  with  the  aluminous  nlioate  ia  the  ore 
doea  not  take  ^aee  in  the  jmsence  of  a  loSlaent  amannt  of  linu^  and  in  order  to 
prevent  it  as  mneh  a*  poasible,  the'  qnantitf  of  lone  added  to  the  ore  is  genenllj 
sudi  as  to  Ibrm  a  alag  m  which  the  o^^gan  ol  the  bases  is  eqnal  to  that  in  ths  silica. 


Analj/iet  qf  Sagifiom  Elail  Fumaoti. 


XUd  of  lien  Bi 
IjialjBt  . 


Silica 
Fhoaphoric  add 

Snlfhnr    . 


lOO-M 
0-2J7 

2-IM 
1-180 


100-00 
0-480 


100-00 

0-S17 


100-00 
0-547 

II-OOO 
10-720 


10000 

0-tU 

S-087 

0-seo 
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OH 
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<-96 

H'27 
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Lime 

BO-iS 

M-68 

21-5fi 

20'0( 

1i 

U 

19-81 

18-0 

HtSDMU 

a-<i 

MO 

0-82 

2-l( 

1-8 

K 

IR 

T'12 

13-3 

se-M 

il-49 

38-68 

43« 

fi4-6 

58-ftO 

81-Ofl 

681 

Su^hDF 

CJlll 

1-1 

87-91 

SB-fiO 

100-00 

100-00 

100-0 

99-62 

99-29 

99-6 

Hrtio  of  oxygen  in 

bawa  to  my  gen  in 
ailica 
Ratio  of  oxygen  in 

0763 

bases  to  oiygBD  in 

0-*81 

Perceatage  of  iron 

S-130 

0-SlO 

a-430 

*-seo 

I-OM 

1-SlO 

2-480 
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Analya  of  Sagtfrom  Blait  nimaeci— continued. 
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DovWa. 

Dalbr. 

HaU. 

itaD. 

siH:  '=^- 

aoka. 
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bot 

iUt. 
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wtar. 

IVcT. 

Tnrtaa. 
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D^ 

N«4. 

Foirons  ondo     . 

S-08 

e-91 

0-78 

1-27 

0-98 

4-B4 

1-00 

IB-SO 

102 

1-87 

162 

0-40 

2-79 

2-28 

220 

1-63 

11-66 

16-61 

1618 

1411 

1301 

18-OS 

lima 

3208 

23-81 

32  82 

86-70 

81-43 

82-S3 

29-82 

10-19 

Magneei.  .        .        . 

3-78 

4'38 

744 

7-81 

7-27 

4-79 

2-90 

1-63 

1-98 

1'92 

1-86 

2'60 

2-B9 

SiUcs 

46'23 

i4'sa 

38-48 

38'06 

87-81 

42-08 

47-08 

42-88 

Phonibnic  acid . 

0-*8 

O'lS 

0-19 

0-06 

Snlphnr     . 

10* 
0-83 

0'69 
0'*7 

I '23 
0-99 

jo... 

886 

1-03 

1-78 

132 

10016 

lOOM 

100-64 

99-81 

99-56 

B9-S1 

100-60 

lOO-OO 

Hatio  of  ojygen  in 

basea    to    oi?geii 

Balio  of  oxygen  in 

baaea    to    osygen 

B-18 

1-46 

1-as 

a-ofl 

2-16 

1-Rft 

1-S7 

0-939 

Percentage  of  iron      . 

a-s9 

687 

O-BO 

0-99 

0'82 

3-84 

0-80 

16-40 

The  diBFacters  that  ale  generally  conridered  ^ 
fluitable  aUg.  conaiat  in  ita  bsing  sufficiently  lir 
mrtal,  thon^  as  it  floira  &tnu  the  fnmace  it  ii 
■"""■J,  it  ihoold  not  b«  TBaienlar,  bnt  comj 


unogenODS,  withont  being 
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eitlwr  TCfj  ritnoni  or  atoiif.  .^b  colonr  of  Blag  from  Uut  fdniaea  Tsrica  tbij 
tnueh,  bnt  doca  not  affind  mnch  indication  of  its  character.  'When  charcoal  i>  osed  as 
ftiel,  the  bUs  ia  lif^Us  ooloursd  than  that  from  famaceB  in  Thich  ooal  or  coke  ia  used. 

liie  pnbliahed  biuIthb  of  blut  ftarnaca  BlagB  are  Tsry  nomerona;  bnt  compaimtiTel/ 
faw  bare  anj  real  Talne,  from  thi  afaaeDce,  in  moat  ioatancaa,  of  anj  atatementa  tt  to 
tlw  eosditionfl  nnder  vbich  the  ala^  wen  piodoced.  For  the  eluiadation  of  the  pro- 
cam  that  take  place  in  the  ameltii^  of  ireo  ona,  bo  faf  as  the  formation  of  slaf  is 
eoneoned,  it  is  esMntial  tiiM  the  anBljaaB  of  slags  should  not  onlj  be  numerous,  bnt 
tbat  th^  BhonJd  also  be  aoeompaoied  by  descciptions  of  the  kind  of  iron  made,  and 
the  «ai£ma  conditiao  of  the  ftiniaee,  aa  well  as  of  the  kiod  of  ore,  flaxes,  and  foel  em- 
plpved.  ^e  analjsee  on  pp.  SS9  and  360  wiU  serre  to  illustrate  the  general  ch*net«t 
of  uie  slag  podnoed  in  iron  snielliDg. 

In  iome  kinds  of  iron  ore,  the  relation  existing  between  the  silic*  and  alumina  u 


L«ll«,. 

Brtatlr. 

auot™. 

Bimtmj.  1    Pukstu. 

C1»etaad. 

23 

M 

20 

26 

Ltne         .        . 

e 

9 

13 

11 

27 

Uagnew.        . 

s 

7 

17 

S 

19 

60 

SO 

60 

6i 

** 

31 

100 

100 

100 

100 

100 

100 

In  consequence  of  this  difference,  and  the  greater  proportion  of  alumina  in  the  ores 
of  the  deraland  distiift,  the  slags  produced  in  imeltiDg  them  are  mnch  more  stony 
and  less  Titreons  than  tJioae  produced  id  smelting  other  ores.  Aa  iiicreaseil  addition 
of  lime  wi3nld  not  remove  tJiis  difletence,  which  u  dac  to  the  deficiency  of  ailica  in 
proportion  to  the  olnmina  jiresent,  and  is  probably  Accompanied  by  a  1«s  dxgree  of 
ftiaibility  of  the  slags.  This  circnmstance  will  periiaps  serre  to  accoont  for  the  appa- 
rent necessity  of  a  very  high  temperature  in  the  smelting  of  these  ores,  and  G>t  the 
failure  of  the  attempts  thM  have  been  mode  to  smelt  them  with  cold  blast.  (LL.BelI, 
loc.  tit.  p.  9G.) 

Aiudjita  qf  Stglflvm  CUvdand  Orti. 


Hamaofwwka 
QnnMd  . 

Analyst.        . 

Claj  Ino  <n  SWIM  wttfa  Bka  Bd  bet  blist. 

SSbC 

Crowd*. 

<—'■       ■  1 

Forieoxide      .... 
Fenousoiide    .... 
Hanganona  oxide       .        .        . 
Zinc<nide         .        .        .        . 

Alumina 

Lime 

?a^:    :    ;    :    : 

8od» 

Silica 

V72 
0-86 

2469 
4000 
386 
0-*B 
0-99 
2766 
0-26 
I-95 

1-oa 

20-72 
36-88 
4-2S 
OBO 

30-40 

'l-S4 

"o-ei 

trace 

22-28 
40-46 
7-21 

27-80 

2-do 

'o-82 

O'BO 

21-70 
38-72 
810 

20-92 
0-07 
1-61 

B-20 

4-60 
16-00 
11-16 
0-67 
0-40 
6-86 
34-82 

8-80 
1-S6 
6-60 

Batio  (J  oxygen  in  baaea  to  oiy- 

gsn  in  alumina 
Fereentage  of  Iron 

100-62 
1-876 
1-127 
0-560 

08-76 
2-042 
3-894 
2-830 

100-8S 
1-887 
1-802 
0-470 

98-24 
1600 
1-346 
0-250 

99-96 
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The  precine  mode  in  vhicK  the  carbnrstion  of  iron  token  place  in  the  btast  furnace 
ia  not  kDOwn.  From  the  lact  that  irun  becomes  carbiinled  vben  bMted  in  contnct 
with  hydrocarbon  giuifs,  or  eren  vith  carbonic  oxide,  and  ginoe  tbewcoDditiona  obtain 
in  the  blast  furoac?,  it  ie  highly  probable  that  earborstion  Tcay  take  place  before  the 
rednced  iron  reaphea  that  part  when-  there  is  a  temperatmw  high  enough  for  fueion. 

The  atate  in  vhich  the  i»rbon  exiats  in  the  iron  ohtained  &oni  the  blast  fomaca 
appears  to  depend  Terj  materially  opon  the  temperalnro  at  which  fusion  takes  place. 
The  lover  the  temperature,  the  greater  ia  the  proporfjon  of  the  caibon  combined  with 
the  iron,  and  auy  circnmatacce  which  tends  to  indnce  fusion  at  a  krw  temperature  is 
almoet  invaHably  attended  with  the  production  of  white  iron.  This  is  the  case  vben 
chxrcoal  is  used  as  fuel,  when  the  ore  is  readily  fusible,  and  also  when  it  is  highly 
refractory  and  has  not  a  saitable  admiiture  of  flni  to  delennine  fiuioii.  Wben  k 
Aimace  is  worked  with  a  large  smoont  of  ore  in  proportion  to  t}ie  fuel,  or,  as  it  is 
termed,  with  a  "  heavy  bnrden,"  and  when  anlphuria  present  to  any  large  latmit,  thafo 
is  from  the  same  roason  a  tendency  to  the  proddddou  of  white  iron. 

The  production  of  grey  iron  containing  carbon  in  the  graphitie  condition  i^ipeara  to 
require  a  tempfTatnre  far  beyond  that  of  mere  ftision,  and  it  is  probable,  on  that 
account,  the  introduction  of  carbon  in  this  form  may  be  due !o  action  niore<if  a  physical 
than  chemical  natnre,  and  oonaiat  in  solution  of  the  carbon  by  the  melted  metal  rather 
than  actaal  combinatjon.  When  snlphnr  is  present  in  any  of  the  materials  nsed  in 
smetting  iron,  it  is  necessarj  to  employ  a  very  high  teE&penitnre  in  order  to  obtain 
grey  inm,  because  the  melting  point  of  iron  ia  oaniiderably  lower  when  it  containl 
sulphur. 

Besides  the  reduction  of  the  fermginoua  oxide  in  the  ore  and  the  separation  of 
its  earthy  constituents  by  (he  formadon  of  a  suitable  silicate,  it  is  necessai;  to 
maintain  a  very  high  temperatore  at  the  lower  part  of  the  furnace  for  the  fusion  of 
these  products.  This  is  effected  by  the  rapid  comboilion  of  fuel  nuder  the  inflnence 
of  B  bUat  of  air  forced  in  through  the  tnyeroa. 

The  kind  of  fuel  employed  in  smelting  iron  ores  has  a  great  influecca  both  OD  the 
quality  of  the  iron  produced  and  on  the  mode  of  woriung.    With  bolkj  porona  ftael, 

ore  readily  than  vith  the  more  compactand 

greater  liability  of  charcoal  to  crumble  under 
n  genandly  much  amaller  than  those  mirked 
.    .  .    jnerence  Detween  theeetwokindioffbel,  aefeaardatlie 

smelting  of  iron,  consists  in  the  relative  freedom  of  charcoal  from  earthy  mbatancea, 
aud  its  entire  freedom  &om  aulphnr  and  phoaphoms,  which  aie  ao  prgadicial  to  the 

Sality  of  iron.  Hence  the  greater  purity  of  the  iron  amclted  with  dtanual,  proridcd 
e  ore  ns^  he  free  from  deleterious  admixtures. 

The  consumption  of  fuel  requisite  in  nmelting  inm  for  the  production  of  a 
Hufflciently  Ugh  temperature  of  fusion,  fai  exceeds  uie  amonnt  requiaite  for  the  reduc- 
tion and  carhiuslion  of  the  mptal,  which,  as  already  pointed  Out,  ia  less  than  half  the 
weight  of  the  iron  produced,  wbereaa  that  consumed  for  melting  may  amoiint  to  from 
one  to  two  or  three  Ions  per  ton  of  pig  iron  mode. 

The  consumption  of  fuel  in  iron  smelting  ie  one  of  the  moat  important  points  with 
regard  to  (he  economical  production  of  the  metal,  and  it  ia  exce«iingly  desirable  to 
reduce  it  tt>  the  lowest  possible  limit.  The  amount  of  hiel  consumed  per  ton  of  pig 
iron  made  varies  considerably,  not  only  according  to  the  kind  of  t^el,  its  calorific  power, 
eombuatilHlity,  texture,  etc.,  but  also  according  io  □nmeroos  oUter  circumstances. 
Among  theae  the  shape  of  the  iHiraace  has  an  inflnence,  in  so  far  as  it  admits  of  the 
taaj  wd  nni&rm  descent  of  the  charge  in  the  shaft,  and  less  fuel  is  eeniramed  in  making 
white  iron  than  in  mAVrng  grey  or  foundiy  Iron ;  but  probably  the  most  important  differ- 
ence in  the  consumption  ot  friel  ia  that  resulting  from  the  use  of  sir  at  the  oidinary 
atmospheric  temperoture,  or  air  previously  heated  to  a  temperature  considerably  higher. 

In  charcoal  fumacas,  the  consumption  per  ton  of  pig  icon  mode,  is  from  half  a  ton  (o 
two  tons  and  npworda,  according  as  hot  or  cold  blast  is  used.  In  smelting  with  coal  or 
coke,  the  consumption  is  from  two  to  three  tons  and  upwards  with  cold  blast,  and  from 
23  cvrt  to  two  tons  with  hot  blast. 

The  tael  is  introduced  into  the  ftamace  at  intervalaAltemataly  with  the  mixture  of 
ore  and  fini,  and  in  onifbrm  propoitiona,  termed  the  ehargi  [BrtMckutig;  tit  dt 
/vsion),  and  the  relative  proportjon  of  fuel  or  of  ore  (g  teroied  in  either  caw  the 
*■  yidd ; "  sometimes  also  in  the  case  of  the  ore  it  is  termed  the  "  burden." 

The  total  weight  of  the  charge  par  ton  of  pig  iron  made,  will  vaiy,  according  to  the 
Uud  of  ore,  flni,  and  fuel  used,  from  four  to  five  or  seven  tons  and  upwards,  when  the 
materiala  are  used  in  the  raw  state  ;  but  by  tai  tlie  greater  qnantit;  of  the  material 

'  30,  cotuistE  of  the  air  t>y  *hi(^  combustion  ia 


tag^it^  to  ablast  AmSrCe  in  smelting  iron,  « 
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:  fiff  taking  caibonio  oxide  to  be  the  nUitDato  Uwngh  not  tLe  bnmadiata 

Inct  of  the  eomboBtioii,  the  quantit;  of  lir  required  WDold  amount  to  at  leut  6.n 
tlie  «(a(^t  of  tlie  farl  bnrnt,  taking  the  conibnadble  poitioB  of  the  fiiet  to  be 
to  66ftt  OeBt  of  isiboa,  and  sUovicg  for  the  carbon  consumed  in  F&rbuniting 
Cx>lB«qilentl7  the  total  qnuitit;  of  air  supplied  to  blast  tamtcee  will  be  u 


nqnorted 
product  of 


followB,acooidiDg(oth 

conHomption  of  iHiel  given 

d)o»e: 

Qnantilyofair.        .        . 

CuUe  feet  It  60T.    .        . 

toai.    cm. 

tmn. 

torn. 

)p-U 

m  of  iron  made, 

23 

5     IB 

168,038 

2 

10 
292.2*0 

8 

IS 

438,300 

The  greater  part  of  this  air  ia  consumed  in  burning  tbat  portion  of  the  he] 
GiolnsfTdj  coDoeined  in  the  production  of  a  tampentore  high  enough  for  effecting 
fusion ;  and  that  part  vhich  is  conaomed  in  the  comhostioD  of  the  hel  reqniaite  for 
the  reduction  of  the  ore,  does  not  amount  to  quite  twice  the  veight  of  the  iron  mode. 

The  temperature  of  the  gaaeona  prodncta  of  combustion  duchurged  from  blast 
fumacea  differs  according  to  the  Idsd  of  materiftls  need  and  their  condilioii,  the  height 
of  the  ihaft,  and  the  mode  of  working.  In  the  case  of  cbarcotJ  iamatH,  the  gaa  baa 
generaU;  a  temperature  of  from  300°  to  400°  C,  whilo  that  from  ftmmcca  worked  with 
coke  or  coal,  is  from  eSO°  to  1000°  C,  according  In  drcumBtances.  The  whole  of  the 
heat  corresponding  to  the  temperature  of  the  gaa  discharged  la  «&Bt«  beat,  and 
altbon^  it  baa  serred,  at  an  earlier  staee  of  the  process,  to  produce  the  high  (empeistore 
neceasai7  for  ftudon  at  the  metal  and  Sag,  it  ia  still  available  fbr  an;  puipose  to  which 
it  can  b«  ^plied. 

The  great  extent  to  which  the  beat  generated  in  the  smelttne  of  iron  orea  is  thus 
ctissipated,  without  produdng  the  full  useful  effi>ct  of  vhidi  it  ia  capable,  may  bs 
judged  of  from  the  &ct  that  Uie  weight  of  the  gas  dischnrKed  from  a  blaat  Aimace  ia 
more  than  equal  to  the  entire  qnanti^  of  both  air  and  Aial  conaQmed,  or  from 
S  to  17  tons  per  ton  of  pig  iron  made. 

But  beeidea  the  waste  a  heat  due  to  the  high  temperature  of  the  gia  discharged,  there 
is  a  foither  and  more  considerable  loss  of  heal^  doe  to  the  &ct  that  it  contains  a  loi^ 
Blnonnt  of  carbonic  oxide,  together  witli  some  hydrDcarbons  and  bydn^an,  and  is  in  ^ 
ordinaiy  cases  auffleieittly  combustible  at  the  temperature  at  which  it  la  discharged,  to 
take  fire  on  coming  in  contact  with  atzziospheric  air  at  the  top  of  the  furnace.  This 
waate  ia  proportionate  to  the  extent  to  which  carbonic  oxide  is  produced.  Taking  the 
arerage  consumption  of  fhal  in  iron  emelting  to  be  represented  b;  a  quantity  of  carbon 
equal  to  twice  the  weight  of  the  pig  iron  produced,  if  that  portion  only  which  is 
requisite  for  the  reduction  of  ferric  aiida  be  nltimatelj  discharged  from  the  fUrnace  in 
the  state  of  carbonic  acid,  tint  quantity  of  l^el  fullj  utilised  in  prodaeint|  the  entire 
heating  effect  of  which  it  is  c^nble,  will  be  onlj  about  one*sixth  part  of  ue  wliole. 
QoaDtUr  nf  heat  nnencad 

of  carboo, 

panibrwrlfht 

Heatimita   .     IS160  3£9«  -  6'22S        :        1 

Then,  nnce  the  calorific  power  of  carbon  burnt  to  carbonic  oxide  ia  onlj  about  ona- 
tllinl  of  ita  calorific  power  when  burnt  to  carbonic  acid,  or  as 

2173  8080         -         I        I        3-22S, 

the  heating  effect  prodaced  by  the  remaining  five-rixtha  of  Ibe  fhel  eonsnmed,  so 
&z  as  reguda  ita  oltimata  condition  when  dischaiged  from  the  Amtact^  will  be  leas 
than  raw-third  tlie  effect  it  is  capable  of  prodndng: 


18601  -  4iei'1778  -  16786  k  217S 
the  difference  representing  the  beating  effect  capable  of  being  produced  by  the  earbonio 
ovie,  and  amountiiig  to  no  leas  than  ft8'26  per  cent  of  the  whole  heating  effect 
apable  of  being  produced  b;  the  fuel  conaomed. 

_  So  &r,  tbemum,  as  regards  t^  condiljon  in  which  the  moducta  of  combustion  are 
diocbarged  from  a  blaat  fOmac^  the  only.porlion  of  the  ftiel  consumed  so  as  not  to  be 
fbrther  anilable  as  a  soorce  of  beat,  is  that  et^niTalant  to  the  redoctiou  of  the  iron  in 
the  oi«,  and,  sappoaing  the  metal  to  be  conbuned  in  [be  ore  in  the  state  of  ferric 
.«sid«s  it  wonldtM  (Nilf  abont  one-tiiiTd  the  weig^  of  the  irim  made,  en  16  par  cent. 
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of  the  ftiel  ooMumad.  Tbt  greater  part  of  the  ha&t  MrRspondJng  to  tha  mtuuD[og 
8{  per  cent  of  hel  coniam^  Ipares  the  famace  in  nnne  form  or  other  in  the  gaa,  as 
Mnaibleheat,  or  ae  heat  capablr  of  being  generated  bjeombnatioo,  and  ia  itiU  availabla 
for  heating  pDipoeee. 

But,  notwithitanding  this  large  diffbrence  betreen  the  amount  of  fdsl  fnUj  utilised 
and  that  vhieh  still  remaiiu  available  aa  a  loatee  of  beat,  afler  it«  Mnnbastion  in  the 
blast  farnacc^  it  miul;  not  be  anj^iosed  that  the  lat^e  amonnt  of  fael  eonsnmad  in  iron 
nneltiog,  u  compared  iiith  the  amonnt  vbieh  ia  ftdlj  ntiliaed,  does  not,  in  the  blast 
famace,  ezereise  ita  foil  heating  power.  For  though  odI;  a  Bmall  portion  of  the  vhcJe 
beat  generated  is  rendered  latent  b;  the  fosion  of  the  metal,  &c,  the  whole  of  it  is 
Kquired  for  prodacing  ihe  temperature  at  which  thoee  ohangM  take  plsce ;  that,  part 
which  passes  offin  the  gas  does  not  indicate  a  oselraa  eoniomptian  of  ftael,  and  can  onlj 
be  rfgHrded  as  waste  heal,  in  so  far  aa  it  is  allowed  to  escape  without  being  tnmed  to 
such  fuithpr  adTaaCage  as  it  is  still  capable  at 

Iq  the  immediate  neighbonrhood  of  the  tnjerea,  the  fuel  is  bnmt,  nnder  the  infln- 
ence  of  the  blast,  to  (arbonie  acid,  generating  the  full  amount  of  heat  corresponding 
to  its  caloritlc  power,  and  prodacing  there  the  greatest  insroase  of  timperatnra  it  ia 
capable  of  proiluoing  when  burnt  with  atmospheric  air,     (See  Fdbl,  iL  736.) 

It  is  at  this  pirt  of  the  furnace  that,  while  the  fael  is  being  conaumed,  the  reduced 
metal  and  the  earthy  subatancea  mixed  with  it  are  rapidlj  melt«d,  and,  felling  down 
into  the  hearth,  make  room  for  a&eah  quantity  ofthe  materials  in  the  shaft  of  the  flimace 
to  siak  down  and  oadergo  (ha  same  change,  while  the  gaseoua  products  ascend  and 
communicate  their  heat  to  the  materials  in  the  higher  part  of  the  shaft. 

Whan  the  iron  ore  smelted  contaiss  carbonic  acid  or  w^tcr.  and  has  not  been 
OTeviounlj  calcined,  those  substances  will  be  separated  during  the  descent  of  Ihe  charge 
ID  the  shaft,  and  will  mix  with  the  products  of  combustioa.  This  will  also  be  the  caa« 
with  the  carbonic  acid  of  the  limestone  used  aa  a  flux,  aad  if  coal  be  used  as  fuel,  ita 
Tolatilisable  portion  will  likewise  be  expelled,  and  mix  with  Ihe  ascending  gas. 

In  proportion  as  the  extent  of  this  admixture  is  greater,  the  gas  will  haTe  a  lower 
heatiug  power  when  burnt,  and  therefore  it  is  dFsirable  to  reduce  the  amonnt  of  car- 


cbarged  from  the  blast  famace  in  a  manner  exactly  the  rererse  of  that  in  which  th« 
nw  materials  an  sapplied  to  it ;  the  melt«d  iron  and  dag  flowing  oat  at  the  bottom, 
while  gas  escapee  &tim  the  top  or  throat  of  the  ^irnace. 

In  considering  more  minutely  the  conditions  under  which  these  products  arafortned, 
and  the  chemical  nature  of  the  changes  from  which  they  result,  it  will  be  convecient 
to  follow  the  conrae  of  the  air  sopplied  to  the  ftanace  aa  it  passes  from  the  bottom  b> 
the  top. 

The  direct  and  perfbct  combottion  of  the  fuel  is,  in  all  cases,  confined  within  a  com- 
patatJTely  small  portion  of  the  fumaca,  and  in  fnmaoes  woAed  with  charcoal,  it  sxtend* 
only  to  a  short  distance  above  the  level  of  the  tuyeres.  BcTond  that  portion  of  ths 
ftamace,  heat  is  communicated  to  the  materiala  in  the  upper  part  of  the  furnace  by  the 

'reof  nitrogen 
luced  fliereby 
n  that  part  of 

the  furnace  immediately  above  the  region  of  combuatiou  are  at  a  high  red  heat,  the 
carbonic  add  enters  into  cembination  irith  a  further  quantity  of  carbon,  and  is  con- 
Terted  perhaps  entirely  into  carbonic  oxide,  its  volume  being  thereby  doabled.  This 
reaction  being  attended  with  a  conaiderable  abaorptioQ  of  heat  (see  ^tsl,  iL  727),  ths 
temperature  of  that  part  of  ths  furnace  where  it  lakea  place,  though  still  veiy  hi^ 
most  be,  on  that  aecDODt,  moch  lower  than  it  ia  within  the  te^ott  ofdirect  oomhusbon 
near  the  tnyere*. 

The  following  aoalysee  of  gas,  taken  from  diffirant  heights  in  the  shafts  of  blast 
ftamaces.  will  serve  in  some  dcgres  to  illustrate  the  nature  of  the  changes  reaoltiD^  &om 
the  reaction  taking  place  between  the  solid  and  gaseous  materials  contained  in  the 
famace,  and  fyi.  £87  and  688  reprasent  the  shape  of  two  of  the  furnaces  fiom  which 
thegasea  were  taken. 

lie  fbrmatioD  of  carbonic  odde  is  probably  one  of  the  most  important  featura  c< 
this  process :  for  there  is  CTeiy  reason  to  consider  that  the  reduction  of  the  iron  ore, 
as  it  d><8cendB  towards  the  hosbes  of  the  furnace,  is  efifectod  mainly,  if  not  entirely,  by 
this  gas,  aided  perhaps  in  some  casH,  by  fapdmcarbon  vapour  or  gas  prodnced  &om 
the  fuel  by  the  action  of  heat.  PreyiouBly  !o  this,  no  alteration  of  the  rolativs  pro- 
portion  existing  by  weight  or  volume,  bstwern  nitn^en  and  oxjgta  in  atmostiherie 
air,  would  be  eflleeled  either  by  the  oombnstion  of  the  fael  a  qy 


bjGoosIc 


IRON. 

AnalgtM  of  Qa»JTt>m  BUut  Fuhmmi. 
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production  ftf  eaibonie  (ndde.  Botly  tlterednctioaof  llie  ore  resnlliitgfromtliamdaaa 
,^-.j»Mi*  A«iiiA_t»h  «»-.».*  «■  a^wih'a  ^^iAgg  j^  ^  hipTi  tcmpwatore,  CArbonie  acid  u 
again  prodnos^  equal  in  Tolume  to  tlia 
eazfaonic  <mde  nndcEgning  tlie  chiuigs,  and 
tha  rffeot  of  thia  tranafir  of  oxTgen  fiom 
ths  Bolid  to  tha  gaaeona  eoatanta  of  Uie 
fdmaoe  vonldbe  to  produce  ■  proportion' 
ata  alt«taIioQ  of  the  ratioe  existiiis  be- 
tween both  the  relntiTe  weighta  and  td- 
lumta  of  the  nitrogen  and  oxjgen.  Ha«- 
erer,  the  influence  eierciMd  b;  thia  change 
on  the  compoeition  of  the  ^  paning 
npwardflthronghlhefumacAw;]!  be  alight; 
for,ain(M  the  oonaomplionof  fuelin  amelt- 
ing  iron  ores  so  far  eicreds  the  amoant 
that  voold  be  chemically  mfficient  for 
the  more  redaction  of  the  ferric  oaide, 
and  since  it  is  probable  that  the  whole  of 
tbe  carbon  ooanimed  paaaoa  into  tha  atata 
of  carbonic  oxide  at  aome  part  of  the  ftar- 
naee  not  far  above  the  level  of  the  tnjere^ 
it  follom  that  the  extent  to  which  car* 
bonic  acid  ia  produced  1^  the  reaction  be- 
tween ferric  oxide  and  carbonic  oxide,  muat 
be  small  compared  with  tlie  total  amount 
of  carbonic  oiide  produced  in  the  opera- 
tion ;  and,  in  &ct,  taking  the  oonanrnp- 
tion  of  fiial  to  be  at  the  rate  of  2  poiuida 
carbon  to  1  pound  of  pig  iron  made,  out; 
one^iith  part  of  the  carbonic  oxide  formed 
at  the  lower  part  of  the  furnace,  would 
be  conTerted  into  earbonic  add  b;  the 
rcductian  of  the  iron  in  the  ore  tma  the 
state  of  ferric  oxide,  taking  place  at  the 
upper  port  of  tbe  iWnace. 

Moat  probably  the  reduction  of  ferric 
oxide  W  carbonic  oxide  takes  place  pro- 
greaaivelj,  and  since  the  temperature  ro- 
□nisite  doee  not  exceed  ttlst  of  dull  isnition,  it  may  extend  over  a  considerable  range 
m  the  descending  colojun  of  matenala,  in  proportion  to  the  tempeiMore  prevailing 
in  the  upper  part  of  the  .t^oace. 

From  the  reUtioD  eiiKliog  between  the  calorific  powCT  (^  iron  and  that  of  carbonio 
oxide  (eee  Hut,  p.  lOS),  it  is  probable  that  the  Todnction  of  ferric  oxide  by  carbonio 
oxide,  generates  a  certajn  amoitnt  of  hea^  since  the  qnantity  of  heat  genetaled  by  the 
eomboation  of  iron  ia  leea  than  that  generated  by  the  combustion  of  the  cubonic  oxide 
requisite  for  its  reduction  &om  the  state  of  ferric  oxide.    Thna  : 

QomthT  Df  1i«ftt  fEnvrated 

carbonic  nildi,  oo'tloa  of  I  Ib^  IroQ  to  lerrte  vikl«v 


Vnleea,  theisfore,  the  thermal  eSect  of  the  combustion  of  carbonic  oxide  by  the 
condensed  o^gen  in  fenic  oxide,  be  different  fiom  that  of  its  combustion  by  gaseous 
oxygen,  this  change  woald.  be  attended  with  an  increase  of  temperature.  But  in  any 
cue  it  does  not  i^poar  that  there  is  any  other  cause  operative  in  reducing  the  tfimpera- 
ture  at  then^^r  part  of  the  blast  furnace,  save  the  tranefer  of  heat  from  tbe  ascending 
gas  to  the  colder  matvriiiLi  sapplied  ironi  time  to  time  at  the  top,  as  the  chaive 

nibstano  . 

vapour  and  of  carbonic  acid  into  gas. 

Consequently,  the  maintenance  of  a  high  temperatnre  in  tha  upper  parts  of  the  blast 
furnace  must  have  the  effect  of  preparing  the  nuteriala  constituting  the  charge,  for 
paudng  laradly  through  that  stage  of  the  proceaa  taking  place  near  the  level  M  the 
tuyeres,  which,  as  regards  the  preaent  syatem  of  working  consists  probably  in  the  mere 
fosian  of  tha  metal  and  alag,  and  the  combustion  of  the  remaining  fneL  Accordingly, 
a  reduction  in  the  qnantaty  of  material  in  the  charge  would  admit  of  a  given 
temperatnie  being  mamtaintd  at  the  upper  partof  the  furnace  with  a  leaa  consooption 
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of  fad;  KoAm 

tnnp«ratim  u  vill  dstanniue 
of  materula  to  be  hettod,  wnd  iomwlj  propMtioiuto  to  the  tempanlnrB  of  the 
MeeDdins  gu,  othw  oDiiditioiw  being  eqiul,  soeh  a  radnctioii  vonld  uao  ftdmit  of  •■ 
increMe  in  the  rate  <J  wortiiig  or  pnxlaction  cf  the  Uwt  fnoMt,  and  thin  db«t  • 
Baviiig  of  both  timn  end  fttel. 

Then,  dnoc  the  ttatfamptioa  of  fbel  orar  and  abore  that  nqviaite  tOe  the  radaetioa 
of  the  ore,  and  eqai-raleDt,  ae  alieady  shown,  to  abont  one-tlu>d  th«  vewfat  <tf  iron 
produced,  ia  incsrred  diiaflf  in  order  to  efbct  the  fluioD  of  the  eba^c^  it  follow*  that 
any  mode  of  simdjiiis  the  heat  reooiaite  fbi  thia  pnrpoa^  ethca-wiae  tlun  bj  th««om' 
buation  rffulm  the  wiiace,woildadmitaf  arediictionintbe  antoiintof  fiMlaapplied 
in  the  ehargi^  and,  whatia  alill  mors  important  aproportkmatemdDettanin  the  anpply 
ofair.  AaaeopseqnenBSofthattwofbldrednetion,  a  smaller  qaanl^ofhcatwonldsamea 
to  bring  the  chaige  to  a  gtran  temperature  in  a  shorter  time.  The  greater  tha  subatj- 
tntioD  at  the  eilianeoaa  sonree  of  neat  fbr  the  eombiutioii  of  fael  in  the  fonuwa,  the 
nearer  wonld  be  the  apptraimation  of  the  amoaot  of  fiipl  reqniute  in  tha  chaigs 
to  that  minimnm  limit  wbieh  is  neoeasa^  fbr  the  redaction  of  the  on,  and  the  gtwter 
wonld  be  the  ntiliaatkai,  in  the  blast  fninaoe,of  thefnllcaloriAoandiedacizigpawerof 
thefbsL 

These  eonsiderationi  will  aena  to  iEosbats  the  principle  of  the  economj,  both  in 
lime  and  fiul,  resolting  fitim  the  nse  of  hot  blast  in  inm  imeltiiiB.  The  appaientl7. 
pondozicd  resnlt  of  a  greater  thermal  effect  being  ^lodnced  b;  a  lesi  consnmptiui  ^ 
mal,  has  (^Ten  rise  to  a  vaat  deal  of  misoonception  in  reesid  to  this  niliject^  and  liaa 
area  led  U>  the  entire  denial  of  an  j  advantage  attending  Uie  nse  of  hot  blast 

In  smehing  iron  ores  with  miiuml  fuel,  whieh  almost  alwajaoDnlainssalphot,  a  poi>- 
tlon  of  this  sabatance  is  retained  bj  the  ela^pnibablj  in  the  stale  of  caldnm-salphidet 
bat  the  pig  iron  generally  contains  some  nzlphnr,  and  it  is  dHiiabls  to  reduce  the 
•mmut  to  the  amallast  practicable  limits  The  means  that  an  conaidsied  to  be  c^iable 
of  efictingthisoltjeetarek  inclewdng  the  proportion  of  lime  io  tha  slsft  and  the  addi- 
tion of  materials  containing  manganeaa,  both  of  which  ^ipeai  to  determine  the  separa- 
tion of  a  laigerportionof  ralphnriD  the  llag, 

Thsamoontof  siliooain  wiron  appeal*  also  to  be  influenced  bj|  the  propoHion  of 
lime  in  the  ehaKft  At  the  high  tampentnre  obtained  in  smeltantf  with  hot  blast,  silica 
is  redneed,  in  tS  jaobalnlitj,  to  a  greatsi  extent  than  it  generallj  tha  case  with  cold 
blast,  and  the  presence  of  an  additional  auoontof  lime  may  render  that  reduction  nkon 
"~  'i;  tmtihe  obaarrationa  that  have  been  made  on  tliia  sniyect  are  not  sofHoieotly 
9  to  show  that  this  ia  really  the  case. 


dednre  to  showli 

^ned  by  smsltins  phosphatic  ores  almost  invariably  . 

a  subject  by 

n  (Phil.  J* —   Ti— -loe.v    -1. ..v.«   .1.:.  .- .  j__  ._ 


The  pig  iton  obtained  hy  smslting  phosphatic  ores  almost  invariably  oontains  tha 

-    -  ■'       ■       '         •     ■•  "  •       a  this  »  •■       ■ 


the  iuflneuM  of  hot  Uas^  sa  had  been  sajraosed ;  but  tliat  it  is  the  natural  rcanlC  of  the 

easy  ndodbili^  of  phosphoric  add.    Their  ii      

that  the  separation  of  phoaphorns  in  the  slsg  i  ,  ,       .  .  _  _ 

dncdon  of  the  ore^  and  the  nesence  of  a  large  amount  of  fenons  oxide  in  the  slag;  and 
that  the  prodtiction  of  iron  free  from  phosphoraa  from  phoaphatio  ores,  sodi  as  bog 
iron  QUI,  inTtdTea  a  latgn  waste  of  iron  in  this  way,  whereas  ly  the  perfect  reduction  « 
the  ore,  the  whole  or  greater  part  of  the  phosphorus  paisea  Loto  tha  iron.  Ax  jst  no 
means  of  prerenting  this  reaoll  are  known,  and  at  the  presanc  time  the  elimination  of 
phoapbDTas  is  probably  one  of  the  most  important  pioblniia  oonnected  with  the  che- 
mistry Chiron  smelting. 

The  in*e>tisation  ot  this  and  dmiUr  subjects  ie,  however,  attended  with  TCfy  great 
difflmil^.  !I&  natare  of  the  operations  by  which  iron  ia  prodnced  do  not  readily 
admit  ta  being  eondncted  experimentally ;  while  on  the  other  hand  it  is  to  a  great 
extent  fBSentiBl  that  any  investigation  of  the  prooeBses  involved  in  those  operations 
should  be  conducted  on  a  larse  scute.  Consequently,  Ihongfa  numerous  attempts  have 
been  made,  both  by  iran  nndtera  and  ehemista,  to  inveatigate  the  chemistry  of  thia 
art,  ujd  though  in  many  instanoes  their  laboars  have  be«n  well  directed  and  to  some 
extent  Eruitfiu,  ettll  the  advance  t^t  has  been  made  in  knowledge  of  the  subject  is  far 
less  than  what  ia  needed ;  and  without  ia  the  least  detracting  from  the  merit  of  some 
vho  have  directed  their  attention  to  the  subject,  it  may  be  said  that^  oooaideriDg  the 
national  importance  of  this  mannfiicture,  as  wall  as  the  ms^itade  of  the  interests 
ooneemed,  the  chemical  oontributiona  mode  during  the  last  thirty  yean  to  its  elucida- 
taoD  and  improvement  have  been  in  the  highest  degree  meagre,  deanll^ny,  and  nnsatia' 
bctory.  B.  H.  P. 

^tOW,  A^&OTS  or.  His  alloys  of  iron  aranot  fbr  the  most  part  (rf  much  im- 
portaunL  The  aotta  metalf^  sUvar,  sine,  tin,  antimony,  &c  aoquire  greetei  hardness, 
and  sonwtiims  grealar  tenacity,  bj  taking  up  afewpwtiin  a  taousanditfimt,    Twua 
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BII07S  of  inn  na;  be  prepared  by  fluing  diSennt  metal*  vith  iron  htm.  In  ■  biMt 
fOrnaoi,  u  bidbII  qoADtitj  of  fem'e  oiide  being  added  to  deearbonisa  the  iron. 

1.  An  nllof  of  iron  and  alamin  iam,  nearl;  in  the  proportion  Al*Fs,  ii  obtained  bj 
melting  10  pta.  alnmininn.  and  B  pta.  fisroua  chloride  witii  20  pta.  of  a  miitnre  of 
the  chlorides  of  pntaseiam  and  aodiam  in  eqniraleDt  propoctioni,  and  treating  tbe  re- 
sulting cryslalliDfl  rogulun  with  dilute  hydrochloric  acid.  The  alloy  than  renuiina  in 
lron-coU>ured  eix-aided  prisma;  it  ia  attacked  bj  hydrochloric  acid,  and  eoda-ley 
ejLtracto  from  it  a  amall  qnantitF  of  alnmioiimi  (Michel,  Ann.  Ch-Phamn.  ety.  104). 
See  also  ALmuNTTH  (i.  IBB).  The  peculiar  excellence  of  the  Isdian  iteel,  knoirn  under 
Uie  name  of  "wooti,"  baa  been  ascribed  to  the  presence  of  alnmininm  in  it ;  but  there 
ia  room  for  doubting  vhether  thia  is  the  case  (Faraday  and  Stodart,  Qaart  Janm. 
ofSdence,  1B19-20,  ix.  320;  Ktcttea,  EiteiMUleidmdii,  L  1B4).     (See  Bnn.) 

a.  With  Antimony  (i.  318). 

8.  With  ArBonic.     Artcnieal  Iran,  ArtenoiidmU. — Two  componnda  of 


iron,  Fe'As*  and  FbAs,  Imovn  by  theaa  names,  occur  as  natural  minerals.     They 
ar  to  be  iaomorphaDB,  ftorming  tnmetric  cryetaK  in  which  osP  ;  ocP  —  111°  SO" 


.ppear 


^  ,  of  metallic  arsenic ;  on   ehareoal  before  the 

blowpipe,  they  eive  offarBenical  fnmps  and  lesTS  magnetic  ^bolea.     Nitric  acid  di»- 
aolrea  them  with  Beparation  of  anenious  acid. 

Aneaical  inn  always  contains  solphar,  generally  between  1  and  2  pef  cent, ;  a 
■ppcimen  from  Qeier,  in  the  Engebirgr,  contains  6  per  cent.  If  this  be  nckoned  aa 
urjcnical  pyhtee  (miapickel),  Fe'AsH,  the  remainder  la  fbond  to  contain,  in  the  lighter 
Tarictiee  (specific  gniTity  6-24 — 7-00),  &om  67*4  to  984  per  cent,  ameoic,  and  32-6  to 
SI '6  iron,  agrecingnearly  with  the  fonnola  Fe*Aa*  which  reqniree  66-8  Aa  and  83-3  Fe; 
and  in  the  hearier  Tarietiee  (spedfic  gravity  680  to  8-71),  from  71-8(5  to  73-49 araenii^ 
and  27-8S  to  26-91  iron,  agreeing  neariy  with  the  fonmla  FeA^  which  requires 
72-114  As  and  1716  Fe.  {Rammel£er^t  MtnerttUitmit,  p.  19.) 


Anenieal  irtM  ocean,  associatad  with  oomr-nidwl,  at  Bchladming  in  Styria ;  with 
•eipantineatSeicheiMtcininSileaiB,  andatLSlinftnearHflttaibm^inCanntliia,  in  a 
bod  of  vpathie  iron  on^  aaaodalad  with  bimanth  and  Boarodit« ;  at  Oaw  in  (ha  Erigelnrgs ; 
in  Bedlord  Ctnmtj,  PaiB;^Tania,  and  in  Btndol^  Coontj,  Nrath  Ottolina,  when  a 
mass  was  finmd,  weighing  neat^  two  pounds.     (Dana,  it.  61.) 

Oehlen,  by  melting  JS4  pta.  iron  with  108  pt&  aisenic  in  a  cloaed  Tsssel,  obtained  an 
aiaenide  of  iron,  having  nearly  the  compoaition  Fe'As ;  it  was  whits,  biiltle,  and  vary 
eaaily  pulverised.    Arsenical  cast  iron  (aee  ante,  p.  S3S). 

i.  With  Bismuth.— An  alloy  prepared  ^  melting  togethei  3  pta.  biamnth  and  1 
pL  iron  is  still  magnetic 

6.  With  Copper.     (See  u.  42.) 

A.  With  Qold.— I  pt.  iron  fbnns  with  ^  pt  gold  a  dlvcr-white  alloy ;  with  1  pt 
gidd,  a  prey  alloy. 

7.  With  Lead. — The  two  msUla  unite  with  difBcolty  when  fdaed  together,  forming 
two  alloys,  arranged  one  above  the  other,  the  lower  containing  bat  very  little  iron,  and 
the  upper  but  a  very  small  quantity  of  lead  (Morvean).  By  reducing  a  aUg  con- 
taiuina  Ir-ad  and  iron  in  a  crucible  lined  with  charcoal,  Biewend  (J.  pr.  Cbem.  niii. 
2S2)  obtained  a  well-ftised  alloy,  which  was  hard,  almost  perfectlT  Inittle,  lnatn»4  and 
magnetic  ;  it  had  a  light  sterl-grey  colour,  a  fine-grained  laminar  fraetoie,  and  oon- 
tained  96-76  per  cent  of  iron  and  32*  of  lead. 

8.  With  Manganese. — Cast  iros,  alloyndwith  manganese,  becomes  white  and  more 
brittle  ;  when  the  proportion  of  manganese  amounta  to  22  per  cent  the  iron  oeasea  to 
exhibit  magnetic  properties.     (Mnahet.) 

9.  With  Mercury. — Anamnlgsmof  iron  with  mercmy  is  described  by  Joule.  (Brit 
Aaa.  Reporta,  18G0,  p.  55.)    See  Mbbccbt. 

10.  With  Molybdenum. — Molybdide  of  iron  is  bluiah-grey,  hard,  brittle,  flne- 
grained,  aod  magnetic  ;  fiisible  before  the  blowpipe  when  formed  of  equal  parts  of  the 
two  metals,  but  not  bo  when  formed  of  2  pta.  molybdenum  and  1  pi.  iron. 

Uanysompleii  of  the  so^^xlled  "bean"  (£li«n-<«i«ii)  which  are  metallic  masses  fbnnd 
in  the  heaxths  of  blast  f^imacesin  which  copper  ia  smelted,  as  atMansfleld  (ii.  31),  like- 


wise consist  of  iron  alloyed  chiaSy  with  molybdenum ;  a.  Bear  from  the  upper  works  . 
EiBlebsn,  obtained  in  the  fhaiou  of  bituminoua  marl-elate  in  smelting  nimaeas. 
Fine-graiued.  B-  Coarse-grained  (Heine,  J.  pr.  Chem.  ix.  17S].~-A.  The  so-called Mae- 
d«bnrg  meteoric  iron,  containing  alag  mixed  with  bronze-yellow  copper-cinder ;  probabfy 
the  t>w  from  a  copper  furnace,  a  is  the  analysis  ot  a  flne-gn^nedsample,  3  of  a  eoarse- 
aniued  sample,  t^  Stnmieyer  (Fogg  *""  zzviii.  SSI);  y  is  the  analyaia  by 
Wehrle  (Zeitschr.  PhfS.  t.  W,  iii,  16S>— &  Bear  fbond  in  the  naighbonriiood  of  Iha 
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roUe  ESite  in  tlie  Han,  nouninMt  bj  WiBseiii  (Fogg,  xxviii.  G( 
■    ■  '      "^  '  '1.  (ateinberft  J7pr.  Cli«m.iviiL  379.; 
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nviii.  6l  . .. 

) 

a,  a.         a,fi.         b.a.         i,  0.         b,y.  o.  d. 

Iron        .        .        .      67-91      7826      7*-B0      78  77      7811      81U       CO  to  SO 
Moljbdeiinm  .        .      SS-tO        SIS      10-19        0-97        628        lOB       10  to  30 

MaDguMM O-OI        003        0-12        014 

CobdT  .        .        .        0-6T        0-TT        8-07        t-26        416        3*0         ttwM 
Kidel     .  .        3-42       t-«3        1-28        llS        084      mm         1  ta< 

Coppar   .        .        .        2-4A        I'TO        4'32        8-40        fi-84        TOO         2  to  4 

Klrer Ince 

Ctlcnmi 0-39         tnos 

SiHooD D'39        O'SS        1-88        1-94 

Cutxm   .        .        .        0-B7        1-43        0-48        0-38        1-30        0-69  tnea 

Anenie 3-47        140        2T0        182 

Fhoapbomi     .        .        S-d2        SOS         3-37        1-2S        1'38        0-81         3  to  S 
Suiplmr .        .        .        0-BO       009  043        3-Oe        2-94        0-63  tnea 

07-98      9714     100-00    100-00     9S-90     9S-62 

11.  WithHiekeL— InmuidiuckeliDelttogBUiffi  with  &<ali^,lbniiuiftalloj<,ioma 
of  *tuch  do  not  nut  so  euil;  aa  iion  itself.  An  alloj  of  1  pt.  iron  irith  0-03  oickel  ia 
white,  of  apedflsgnTi^  7-80,  aa  eztanaibls  ■■  iron,  ud  la«  liable  to  nut  1  pt:  iron 
with  0-1  nickel  b»a  ■  gnTiali-^hita  to  ydknriafa  oolonr,  apedflc  graTity  7-SG,  ia  leaa 
«itenn1de  than  iron,  but  raata  Isaa  eaailj.  I  pt.  iron  and  1}  pt.  niekd  fona  a  gnj, 
rather  hard,  parfiwtlj  extensible,  and  magnatie  alloj. 

Ueteoric  iron  eoiuiaCa  chisflf  of  an  alloy  tt  iron  and  nickaL  (See  p.  830;  b1m> 
MBTaoarraa.) 

IS.  Wid  Pall&diam,  iron  fbima  a  brittle  all<7.  <Faiad«r  and  Stodar^  FhO. 
Tnm.  1822,  p.  244.) 

13.  With  Flatinmn. — Eqnal  weights  of  pl^Hnnm  aoil  iron  haated  beibre  the  o^- 
hydragen  blowpipe  anit«^  with  Tivid  emiaaion  of  spaA^  and  form  a  ■'■'"'"g,  ven  hard 
and  loallflable  alloy,  which  ia  eixTcelj  tonehed  bj  the  file.  In  equal  volnmec,  the  two 
metala  yield  a  brittle  button  (Clarke).  Combinalion  does  not  take  place  in  theheat 
of  an  oidinaiy  flie  (Lewis,  Geblen).  An  »lloy  of  99  pta.  iion  and  I  pC  plaKmiTn  jg 
not  altacked  by  oidinary  nitricacid.     (Schonbein,  Fogg.  Ann.  xHi.  17.) 

When  equal  weiabta  of  iion  and  platiDSm  are  dissolved  in  Ditromnriatie  add,  the 


f  add  expellfld  by  eT^K>rmtioD,  tha  solution  precipitated  by  ftnuDOnia,  and  the 
predpiute  reduced  in  a  stieam  of  bydrogen  at  a  low  red  beat,  an  alloy  of  iron 
and  plabnnm  i«  obtained,  which  immedistelj  takes  Ore  on  exposure  to  the  air.  If  this 


altoy,  without  being  allowed  to  come  in  ooatact  with  the  air,  lo  that  no  combustion 
may  take  pUce,  be  thrown  into  hydrochloric  acid— wbich  disaolwH  part  of  the  iron 
with  erotntion  of  hydrogen — and  the  reiridue  washed  witb  urater,  thero  remains  a 
black  baary  powder,  containing  801  per  cent.  ptatiDom  to  19-9  iron  (which  may  be 
diiBolTKl  oat  by  boiling  Ditrie  acid)  together  with  a  trace  of  moisture,  but  no  hydrogen. 
This  residae  takes  fire  in  the  air  considerably  below  a  led  beat,  and  bums  with 
emiasion  of  spaiks.  Sometiiiiee  the  combustion  b«gini  at  the  hott«at  part  and  spreads 
throQ|^  the  masB  with  a  red  light,  as  in  the  bumiog  of  tinder ;  after  the  oombuation, 
the  powder  is  found  to  hare  gained  I  per  cent  in  w«ght  (Bonssingault,  Ann,  Ch. 

phj^pjiiii.  «i.)       "^  '^ 

Carbidt  q/" PtaJMUM  latd  iron. — a.  9  pts.  platinum  and  2  pta.  steel  (bm  k  perfect 
alloy,  which  does  not  tarnish  on  enmsore  to  the  sir;  medflc  grsTi^  IB'SS.  I.  The 
alloy  of  1  [C  platinum  to  I  pt.  steel  takes  a  high  polish,  does  not  tarnish,  exhibits  a 
highly  dTsUlliue  •tmetnrB  on  thi>  snrfbca,  and  baa  a  density  of  S-SS2.  t.  1  pt  pla- 
tinnmandSpla.  tt««l  form  a  finely  damaaked  alloy.  S.  1  phttinmn  to  10  steel:  tpaeiflo 
gravity  8-1.  •.  1  pt.  ^atinnm  to  67  pta.  steel:  the  best  adqited  fbr  cnttiuff  inatm- 
ments.  f.  I  pt  platiniun  to  100  pta.  steal:  of  nniform  sorftee,  and  beautiflil  fiaetnre ; 
not  ao  hard  as  nlVer-steel,  bnt  much  tougher,  and  therefore  qiedally  ad^ited  to  many 
purposes,  q.  1  pt  ^atinum  to  200  steal :  damasked  alloy,  Teiy  well  adaMed  for  razora 
(Briant).  Steel  alloyed  witb  a  smi^  qnantity  of  plitinnm  dissolTes  in  dilute  autphurio 
acid  trmch  more  ijniekly  than  pure  steal    This  increase  of  solubility  is  produced  STen 

STjti  pt  of  plaunum,  and  is  etrongest  with  a  quantity  brtwciea  ^  and  ^.  With  ^^ 
platinnm,  the  solubility  is  perceptibly  less ;  steel  alloyed  with  one-bolf  platinum  does 
not  dinolvs  more  quickly 'than  pnn  steel ;  and  a  compoond  of  2  pta.  stael  with  fi  pla- 
tinum is  not  at  all  affected  by  dknte  solphniic  tdd.  These  alloys  exhibit  the  sama  ic- 
lationi  towards  other  dilute  acids. 

When  acompoaad  of  100  pts.  of  steel  with  1  pt  of  platinum  (or  of  any  other  metal 
insoluble  in  nitric  add)  is  treated  with  dilute  mlpnnria  acid,  and  the  tmdissolred  portioii, 
Voi.nL  B  B 
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ocmtainiiig  platumm,  iron,  cubon,  ud  hTdrann,  is  bo!Icd  witli  nitrio  add,  a  Vtack 
Maidaa  U  left.  Thii  Utt«r  aabataQoe,  mea  heated  to  200°,  detonataa  iligfatlj,  pro- 
dneing  a  bint  light,  bnt  if  gndnaUj  IiMted,  decompoea  with  detonation ;  it  diasolTea 
in  nitnmoiistie  acid,  jialduig  ■  •alntion  containing  a  larger  portion  at  pUtinmn,  with 
tut  little  iron,  (Faradaj  and  fiCodait.  HuL  Tnni.  182S,  p.  3fiT,  ftnd  Qnrt 
loom,  of  ScieBce,  p.  S2S.} 

ComI  iron  H>d  putinnm  fbnn  a  dait,  mallsaUe,  TCI7  hard  alloy. 
,11.  With  Potaasinm. — An  alloy  having  nearly  the  eompocition  Fe*K,  i*  oMained 
l^  ignitiDg  12  pta.  iron  filings  with  8  pta.  pnlTeiiMd  tartar ;  it  haa  the  Mpect  of  bar- 
iron,  ii  T«ry  hard ;  can  be  ftirged  and  welded,  but  CTidiaea  Teiy  lapidlj  in  air  and 
water.  (Oay-Laaaac  and  Than  ard,  JIwiovAoPijuuo-eAtmtjuu,  L.238i  CaWert, 
Fha  Hag.  Oct.  ISM.) 

16.  With  Bhodinm. — 1  pt  rtiodimn  and  1  pL  iteel  font  an  alloy  having  a 
apecifie  gravitr  of  6'176,  and  a  vary  fine  cotonr  and  initace  G>r  matiillic  micron ;  it 
doa  not  tamuh  in  the  air.    An  alloy  of  1  pt  rhodium  and  £0  to  100  Mml  is  Teiy 

hard,  tolerably  tongh,  requirer  '—  * ' ' — ' >----'-__  i_  onn  .i__  — 

mon  Iteel,  and  bj  17°  than  Ii 

IS.  With  Silver.— Iiraiia 
with  it;. 

17.  WIthTin. — WhenironandlinarehaatAdtoredDMatogBthBT, thneiiformed:  a. 
An  alloyof  SSpts.  tin  and  1  iron,  nmewhat  harder  than  tin,  and  magnetic  ;  and  below 
it  &.  A.  compound  of  2  pta.  iron  and  Ipt.  tin  (newly  Fe'Sn),  which  ia  white,  very  hard, 
ili^htlj  malleable,  and  diffi<nilto  Ifoaion  :  tfaia  oon«titat«  ttmud  Inm-plale. — In  cast- 
iroD  retorts  in  which  the  tin-amalgam  used  for  ailveiing  mirrors  ia  contmiully  distilled, 
fur  the  porpoas  of  ref^ining  the  mcnmry,  an  alloy  of  tin  and  iron  is  fbnned,  amonotiag 

o  between  1  and  2  p«r  cent,  of  the  tin  obtained :  when  the  tin  is  ponred  out  of  the 
_.. — ^  .u:-  .11 ^1-  d..4 j(  jj(  jcaieg,  and  is  — -*'-  •' ■"■  -'  ''■-  *"•* — 


thrown  into  the  name  at  a  candle,  bnms  with  raniBsi<Ki  of  sparks  and  a  white  smoke. 
It  does  not  mat  in  the  air,  when  moinened  with  water.    It  ia  not  attacked  by  nitrio 

acid  at  any  tcmperatnre  <a  any  degree  of  concentration  ;  it  diaaolves  alowlj  in  boiling 
hydrochloric  acid ;  bnt  rapid^  and  compleleljy,  and  with  violent  action,  in  nitro- 
mnristic  add.     (Lassaigna,  J.  Citn,  mid.  ti.  S09.) 

Deville  and  Caion  (Compt.  rend.  xlvi.  920)  obtained  the  alloy  Fe^*  in  broad 
■Tiining  TjmiTnj  which  Were  bat  slightly  attacled  by  hydrochlorie  add. 

An  alloy  containing  FeSn  remains  in  the  preparation  of  atannoiis  chloride  from 
Banca  tin  (see  Tur).  in  slender  (probably  qnadrstic)  needlea  of  apeciflc  gravis  7'44, 
fdmble  on^  at  a  iniite  heat ;  it  aolidifln  in  the  crystalline  ibrm  on  oooling,  and  ia 
then  magnetic;  The  raystala  are  nearly  insolable  in  hydrochlorio  and  nitric  add, 
bnt  diasolTC  eadly  in  nitromnriatic  aeidj  thej  bom  in  the  flams  of  a  candle. 
(Nollner,  Ann.  Ch.  Pharm.  civ.  383.) 

It  has  been  propoaad  to  harden  malleable  iron  rails  by  introdaeing  a  portiOD  <if  tin 
into  Che  mnta],  bnt  it  has  been  fhnnd  to  ruder  the  iron  extremely  brime  and  "  cold 
short,"  and  also  inci^ble  of  being  welded.  (Karsten,  EuMhuttadnHule,  L  MS, 
and  Fsrev,  NttaBvrgy,  u.  ISl.) 

18.  With  Titanium. — Fig-inm  often  contain!  titanium  (p,  33S),  which  appears  to 
be  derived  chiefly  from  the  clay  of  the  or^  or  from  other  dlieeons  oomponnds  added  *a 
flniea.  In  throe  aunples  tst  grey  pig  from  the  iron  ore  of  Weotbtiiy  in  Wiltshire 
Biley  fimnd  I'lS,  0*71  and  0-47  per  cent  titanimn.  The  titanium  ia  oither  minnlflly 
diaaeminated  throngh  the  iron  or  ebe  alloyed  with  it.  The  presence  of  titanimn  in 
the  ore  or  in  the  Sox  appeaia  to  imimjve  the  qoality  of  the  iron,  and  render  it  of 
excellent  quality  both  tat  casting  and  for  convsnioD  l^  the  Beeaemer  pro««  ;  hat 
according  to  Rdey^s  obnerrHtions,  the  titanium  does  not  appeal  to  remain  with  tho 
iron,  at  leeat  only  in  very  minute  ^nantity,  when  it  is  converted  into  bar  iron  or  sted. 
Mushet  hai  patented  the  use  of  titanium  in  the  manu&etun  of  iron  and  sted,  sod 
the  alloying  of  titaniom  with  iron  and  at«el ;  bat  samples  of  his  steel,  in  the  mannlac- 

tnra  of  which  titaniferona  ores  were  need,  did  not  yield  an- :.i.i.  .~i.i.t.~.  «/ 

titanium.    (Biley,  Chem.  Soc  J.  ivi.  387;  see  ORfa.  p.  3M .. 

'"   '*""  ""  ingaten. — Inn  and  tungsten  maybe  united 
17  superior  quality  m^   '         .... 
iron,  dther  with  metaUie  tongsttfi  o 

■Fa-MtM.lll. 
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bnnni-nd  mnss  irbieh  debqnsKeB  in  tbe  air.  It  m&j  b«  obtained  in  KdotioD 
\n  dinolTing  ttnie  ozids  in  hjrdTooromia  icid,  or  bjr  "'""g  Hie  aqnaoni  tolotioD  of 
t£e  bimiB  Invmide  irith  bromine. 
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■fronslj  heatiiig  a  muttom  of  powdered  wolfram  and  flue  carbonaeeom  matMr  in  a 
erneible  lined  with  chareoaL    (BeinonJUi,  Pogg.  Ann   1860,  xo.  AT3.) 

20.  With  Zin<<._In)i]  takes  up  tine  when  heated  with  it,  A  brittle  friable  alloj 
is  leadil;  fonncd  b;  laelting  dne  in  veesels  of  wrought  of  CMt  iron,  or  bj  dropping 
iron  into  melted  nnc;  aometimea  ojatalline  aomponndB  of  termgiaona  lina  are 
df^Mited.     (Fercj,  MtlaUurgg,  ±  163  ) 

6j  immersing  oujlisble  iron  or  east  iron,  perfeetl]'  free  from  ozids  on  the  snr&ee, 
in  malted  cine,  the  iron  becomes  covered  with  a  coatjug  of  one,  probablv  in  conae- 
qnence  of  the  two  metals  being  allowed  soperfldallj.  Inn  tlini  coated  with  cine  is 
leaa  liable  to  undergo  oxidation  when  exposed  to  the  atmoepberc^  and  is  laigelj 
emplcjM  under  tbe  name  of  ^emtMif  ircm. 

UtOV,  BSOIKDIBB  or.  Icon  nnitea  with  bromine  in  two  proportioiii,  fomdns 
ftTTtnu  bromidt,  vliich  is  either  a  protobromide,  FeBr,  or  a  dibroniide,  FfeBr*,  accord^ 
ing  to  the  atoniic  wei^t  of  iron  adopted,  and  ferrie  brtmiidt,  wbich  in  like  manner 
is  either  a  sesqnibromide,  Fe^Bi*,  or  a  tribiomid<s  FfeBr'. 

Firroui  6r»mf'((«  it  a  yellowish  substance  obtained  bj  paadng  bromine-T^nnr 
orer  gentlr  ignited  iron  wire.  It  is  soluble  in  water,  and  nuy  be  obtained  in  solution 
b;  dissolTing  iron  in  hjdrobnnnio  add,  or  in  a  miitnre  of  bromine  and  water.  The 
tolution  jields  br  eTaporation  rhombic  tabular  ei7>tals,  containing  FeBr.3n*0,  When 
aipoaed  to  the  air  it  tuma  bnnm,  and  depontH/erric  on^nniuJc 

Ftrrie  bromide.  Ft- "Br"  or  FftBr*,  is  prodneed  by  healing  ferrous  bromids  will 
bromine,  or  by  eraporatin^  to  di^eat  a  •olntioa  of  iron  in  excess  of  bromine-water. 
r*  .■-  -  i.ws.^-.^  ......  «v..L  j..i.»...»..  :..  <K-  -:-     t*  ».j  ^  obtained  in  stJof""" 

Qm  aqneons  eolotioi 

Car  tBOM  (p.  129)  and 
SnwEL.  By  heating  alkaline  ferroCTanides  to  redness,  a  eomponnd  of  carbon  and  iron  if 
obtained,  consisting  of  FeC  (feC*)  f 

Three  otber  definite  compounds  of  iron  and  carbon  have  been  suppoaed  to  exist,  tie. 
FfeC  (or  FeC),  FfeC  (or  P«C*)  and  Ffe^  (or  Fe'C).  according  to  Eairtan  and  Bertkier 
(Ann.  dea  Mines  [3]  iiL  220).  Mote  recentl;  Ourlt  (Ghem.  Oil.  liv.  230)  has  endea- 
Toored  to  show  that  thfire  IS  another  carbide,  tepreaented  by  the  fotmnla  FfoKJ 
for  F^Cy  Tbe  nearest  approach  to  ■  definite  eomponnd  of  carbon  and  iron  is  speenlai 
= —  which  may  perhaps  oonsiet  essentially  of  a  t«tracarburM ;  bnt  the  eridenoe  of  the 
DOM  of  tbeae  compounds  is  exceeding^  imperfect 

imOW,  OASSeVATB  or.     Bea  CAXB01U.T1S,  L  781. 

KBOV,  «  » » wiT»  n^m  ■»,  AVAITBXS  OYi  It  has  already  been  mentioned 
tliat  cast  iitsi  contains,  tiesides  carbon,  which  is  an  essential  oonstitueut  of  it,  a  eon- 
■iderablfl  number  of  other  elements,  both  metallic  and  non-metaltic,  that  many  of  these 
elements  sre  not  completely  removed  in  the  processes  to  which  the  iron  is  sn^ected  \a 
ecoiTeit  it  into  bar  iron  and  steel,  and  that  all  of  them  hare  mote  or  less  inflnenca  on  the 
quality  at  the  inm.  It  becomea,  therefbifi,  an  important  titoblem  to  detect  theM 
Sereral  elements  in  iron,  and.  as  for  as  possible,  to  eatimata  Uieir  amonnL 

The  iion  used  for  die  analysie  mnst  be  finely  divided,  as  in  the  form  of  filings 
tnmii^e,  or  borings  ;  vety  hard  iron,  such  as  gpecnlar  iron,  or  hard  steel,  may  bo  com- 
minuted in  a  steel  ttxatar,  and  sifted.  The  iron  most  of  conrse  be  bee  from  dust,  rust, 
oil,  and  other  foreign  snbataaces. 

1.  EttiTniitian  of  the  nUin  amtmnt  qf  Carion.~-To  estimate  Uie  wh<^  of  the 
carbon  in  iroii,  boUi  ftee  and  combined,  ue  iron  most  be  dieeolved,  without  evolutioD 
of  hydrogen,  becaiaa  that  gas  wonld  carry  some  of  the  carbon  with  it ;  or  the  <Mr< 
burettad  Inm  most  be  completely  oxidised,  and  the  carbon  eatiinsted  as  cwboaiA 

When  earbnrelted  iron  ia  bioi^t  in  contact  with  cKoride  of  tUver,  cnprie  ehleridf, 
ta  ferrie  Moridt,  these  <omponn£  are  reduced  to  metalHe  silver,  cuprons  cblraide,  and 
femms  ehloride  teneetiTe^,  while  the  metallic  iron  is  also  conTert«d  into  fettvus 
eblmide,  which  dissiAveB,  and  the  whole  of  the  carbon  remains  behind,  together  with 
ailicDn  and  Tarions  metals.  Theadionofehlorideof  silver  is  ven  slow;  the  most  con- 
venient reagent  for  this  pnrpoea  is  at^riechioride.  A  qnantily  of  UM  iron  (StoIOgrma.) 
is  covered  with  a  aodentely  concentrated  aqneons  solntian  racuptie  dUorida.  free  bata 
excess  of  add,  wbereapon  metallic  copper  ia  precipitated,  and  fotrous  chloride  is  fbrmed. 
As  soon  as  tritDrattoo  with  a  ^sm  rod  shows  that  the  deposit  is  free  front  hard  pat>. 
tides  of  iron,  the  solntion  is  decanted  and  the  reaidue  is  drenched  with  a  concentrated 
solution  of  cnpric  chlraids  addnb^  with  hydrochloric  add,  in  otder  to  convert  the 
ledneed  copper  into  cnprona  chloride  and  dissolve  it.  The  solution  is  then  filtered 
throng  a  ^bss  tube  diawn  ont  at  the  lower  end  to  a  narrow  neck,  and  plugged  with 
asbestos  (or  platinum-spongs),  so  as  to  retain  all  undissolved  partides.  Impure  cnbon 
bb2 
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ii  Urns  obtained,  the  might  of  whioh  may  be  detennined  i>j  weighing  the  tube  diird 
at  124°-130°  C„  both  before  and  after  the  «n>erimeiit. 

Ftrrie  chU/ridt  nuij  a]«o  be  lued  iostead  of  cupric  chloride^  the  free  add  contained 
in  the  aolntion  being  previoiulj  neati^ieed  with  carbonate  of  eodiiun  or  carbonate  of 
eulciom.  The  Iwaic  fetrio  salt  depo*it«d  in  the  leaction  ma/  be  lemorad  by  dilat« 
hjdrochloria  acid  or  solution  of  ferric  diloride. 

The  iron  may  also  be  diaeolTcd,  vitbout  loaa  of  carbon,  by  niliic  add,  prorided  it  be 
first  drenched  with  water,  and  then  nitiic  acid  free  from  chlorine  or  nitrana  acid  added. 
Aa  soon  aa  the  eolution  has  attained  a  lolBdent  degree  of  conc«ntrtiian,  it  i>  poured  oft, 
the  ceaidae  is  drenched  with  freeh  quantities  of  water  and  aqneooa  acid,  and  the  torbid 
yellowish  eolation,  which  containi  nitrate  of  ammonia  and  uittate  of  iron,  ia  left  to 
clarify,  and  finally  filtered  as  ahoTS. 

Another  method  ii  to  heat  the  Snelj  dirided  inm  in  a  etrsam  of  dry  cUorine  gat,  pn- 
Tiously  freed  from  air  by  passiiig  through  a  red-hot  tobe  containing  finely  divided  chariwaL 

BroTitine  or  iodiTis  may  alao  be  used  iasl«id  of  chlorine,  and  in  the  wet  way, 
Horfitt  and  Booth  (Chem.  Gm.  1SG3,  ^  3fiS)  dranch  the  iron  {not  very  finely 
divided)  with  a  small  quantity  of  water,  add  lodiue  (S  gnns.  to  1  gnn.  iron),  and  leave 
it  for  five  or  six  hours,  till  the  action  is  finished ;  then  pour  off  the  liquid,  add  more 
water  and  iodine,  if  any  iron  sliU  remains,  and  filter.  Care  must  be  taken  not  to  add 
too  much  water,  and  not  to  allow  the  action  to  g;o  on  too  long,  otherwise  a  portion  of 
tbe  carbon  will  be  lost.  The  charcoal  which  remains  after  the  solntian  of  iodide  of 
iron  has  been  filtered  otC,  is  washed  with  hot  water,  then  with  hydrochloric  add,  and 
•gain  with  water,  and  the  reaidue  is  weighed. 

The  carbon  obtained  hj  either  of  these  methods  is  not  pore,  bat  is  mixed  with  a 
small  quantity  of  iron,  and  a  larger  qo&nti^  of  silicic  anhydride  and  oxide  of  aili<»D. 
The  amoont  of  pure  carbon  may  be  determined,  dther  by  the  loss  which  the  reeidae 
sustains  when  ignited  in  contact  with  the  air.  or  by  burning  the  carbon  as  in  organio 
■n^yri^  with  oxide  of  capper,  or  better  with  chromateof  lead,  or  with  a  miitQreofthat 
salt  tud  chlorate  of  potaaainm,  or  in  a  stream  of  oxygen,  and  weighing  the  carbon  as 
carbonic  anhydride  by  absorption  in  caustic  potash. 

Deville  (Compt.  rend.  Ii.  938)  sepaistes  the  pure  carbon  at  once  by  ignitiDg  the 
finely  dlTided  iron  in  a  current  of  dry  hydrochloric  add  gas,  quite  free  from  atmo- 
spheric air.  The  iron  and  all  the  fiiavign  constituento,  taa^  the  carbon,  are  iJien 
ooDTsrted  into  volatilo  chloridea,  and  pure  carbon  raniaius  behind. 

2.  Ertimaivm  of  t^  Grapkite  or  maoAatioaily  nixed  airbfm,^This  is  the  portioti 
which  remains  behind  mixed  with  silica,  and  sometimes  also  with  humus-like  carbon- 
compounds,  when  the  iron  is  dissolved  by  dilate  adds.  To  estimate  it,  the  iron  is  dissolved 
oat  by  dilate  hydrochloric  add  of  specific  gravity  I'l ;  tbe  washed  reddue  ia  digested 
in  potash-ley  of  specific  gravi^  I'l,  to  remove  silica  and  humus-compounds,  then  with 
water,  then  with  hot  hjnroeliloria  add,  and  lastly,  with  hot  water,  after  which  it  ia 
dried,  wei^ied  and  igutad  in  contact  with  the  air.  tbe  loss  of  weight  which  it  then 
mstaina  being  reckoned  as  graphite  (Morfitt  and  Booth).  Buchner  (J.  pr.  Chem. 
IxxiL  3ff4)  washes  the  reddue  with  boiling  water,  potash-ley,  alcohol,  and  finally  with 
ether;  then  dries,  weighs,  and  ignites  as  above.  Qorit  (Polyt.  Centralblatt,  1866, 
p.  STB)  treats  the  finely  divided  iron  with  recently  predpitated  chloride  of  silver  and 
■olatian  of  ■al-ammoniac,  digesta  the  reaidne  with  cyanide  of  potasdnm  to  remove 
chloride  of  silver,  with  potash  to  remove  silica  and  combined  carbon,  then  wiOi  nitrio 
add  to  remove  metallic  silver  :  the  residue  consists  of  graphite  which  is  to  be  tieated 

S.  Eitimaliim  of  tJu  eenhined  Carbon. — Thecarbonaetually  in  combination  with 

the  iron  is  fiir  the  moat  part  converted,  during  the  solution  of  the  metal,  into  volatile 
hydrocarbons,  which  escape  with  the  hydrogen,  and  impart  to  it  a  well-known  oSbn- 
sive  odour ;  part  of  thia  carbon,  however,  always  remains  in  tbe  liqnid  form  attached 
to  the  gcs^t«.  When  carboretted  iron  is  digested  with  ehioridt  of  lilvtr,  fenic 
ehtoride^  m  cnpiiil  chloride,  as  already  described,  the  whole  of  the  carbon  remains 
behind,  and  on  treating  tbe  reddue  with  potaab-ley,  that  which  waa  originally  com- 
bined with  the  iron  dissolves,  and  may  be  separated,  t<^ther  with  ailica,  by  super- 
aatoration  with  hydrochloric  add,  evaporation  to  dcynesa,  and  vaahing.  The  amount 
of  carbtai  in  the  residae  thus  obtained  may  then  be  determined,  dtfaer  by  the  loss  of 
weight  snstaiacd  on  ignition,  or  by  combnsdan  with  cbromate  of  lead.  The  combined 
carbon  is,  however,  more  generallv  estimal«d  by  difference. 

*.  Eitimaiian  of  gUicon The  amouDt  of  this  element  maybe  determined  by 

igniting  the  residue  obtained  in  the  preceding  operation ;  the  Carbon  then  bums 
away,  aad  ailica  remains  behind ;  as,  however,  a  smsll  portion  of  tbe  osrbon  is  apt  to 
eacape  combuition,  and  tbe  residue  likewise  ooatains  a  certain  portion  of  ala^  the  pure 
silica  must  be  diieolved  ont  by  potasb-ley  of  spedflc  gravity  I'l  (which  will  not  attack 
the  alag),  and  then  predpitated  by  sapersataratiiHi  with  hydrochloric  add. 
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Caroii  ignilca  tha  pnlTBrind  iion  in  a  mixture  of  hT^iochlorie  aefct  and  air, 
vhanbj  the  cnbon  ii  conTerted  into  carbonia  aulijdnde,  ud  the  iron  into  Tolatile 
chlorids,  while  lilica  Tamaiii^  aometimei  mixed  with  the  ozidn  d  titanium,  aluminium. 

The  ulifon  in  iion  alio  nmaina.a*  iDica  in  the  Maidoe  left  on  bnining  t^  iron  in 
BMieam  of  oxj^en,  and  ma^  be  npaiated  by  moiateoing  this  reaidne  with  concentrated 
bjdrDchlorio  sod,  er^onting  to  diTnsaai  then  digeatiig  in  dilate  hydrochloric  add 
and  filtering. 

G.  Ettimatii)*  e/Nitr eg sn.^Tha  nitroeen  may  be  detested  in  caat  iron,  aocordiiu; 
D  Mmrhand,  b;  igniting  tlie  finalj  divided  iron  with  poCaaeium,  perfectly  deanied 


from  oil  and  well  dried,  in  an  atnioeplHre  cf  l^drogen  quite  fl 

TeenUing  iMH,  diBKi)ir«dia«at«,]rieldB,  on  additumt^afbiroao-ilBrienltandaQpet- 

*atanliMi«tthh7dH>«hlorieaeid,a[Eedpitateof  ^uiaianblae.   AeaorSagto'Et&tj, 


nitn^en  of  iron  may  be  conTcctad  into  ammonia  l^  ignitiaa  in  pnie  bydmeeu- 

.lie  mtrogen  may  be  estimated  by  igniting  the  pnlTmaed  inm  with  aia  ImiM  ■» 

weight  of  a  mizton  of  canitic  lime  and  baryt^  receiving  the  ammonia  thna  evolved  in 

hyuoehlonc  acid,  and  coorating  it  into  pladnnm-aalt.  Another  method  i*  to  diaeolvs 

the  iron  in  acid,  wherenpon  ammonia  remains  in  aolution  ;  boil  the  liquid  with  eiceu 
of  ilaked  lime,  and  receive  the  vaponn  in  hydrochloric  arid,  A  portion  of  the  oitnisen 
may,  however,  remain  ia  the  carbonaceone  reaidne,  and  may  be  determined  by  igoituig 
that  reeidne  with  Boda-lime  in  the  ordinair  way. 

6.  Eitimtiioh  of  Sulpkur. — The  aulphnr  in  pig  iron  may  be  converted  into  ml- 
phuric  arid  by  ozidatkin  with  nitrio  arid,  but  the  quantity  ie  senerallj  too  email  to  be 
estimated  in  thia  wi^.  A  better  method  ia  to  eonveit  it  into  anlpl^drie  acid,  by 
diaolving  the  iron  la  dilute  hydrochlorio  add  (which,  of  conrM^  moet  not  contain 
•olpbiuonl  acid,  or  free  chlorine),  and  paaa  tho  evdved  gaa  throng  a  liebi^a  bnlb- 

Spantna  containing  an  »"""""'"»l  aolution  of  nitrate  of  aQver,  or  tliroagh  a  aeriea 
■mall  flaska  contamins  chloride  of  coj^mt,  ot  acetate  ot  lead  (the  latter  mixed  with 
acetic  acid),  and  weigh  Uie  precipitatea  anlphide :  100  pta.  anl[^de  of  eilver  —  12'91 
anlphur ;  100  pta.  amphide  of  oopper  -  \i-iS  aulphnr.  As,  however,  the  preripitated 
Bolphide  may  alio  contain  phoa^iide  ot  arsenide,  it  is  better  to  oiidiae  the  imphide 
witb  nittic  add,  and  predpitate  the  resulting  eolotioa  with  chloride  of  bariunb 

Another  mode  of  esbimsitian  la  to  fdee  the  pnlTerised  iron  with  nitre  and  eartlonate 
of  eodinni,  dissolve  the  mau  in  dilute  h^ drodiloric  acid  (silica  then  remaining  nndia- 
solved),  and  precipitate  the  sulphuric  acid  as  a  barium-sut.  If  the  inoon  ia  conducted 
over  a  na-fluac,  can  mut  be  taken  that  the  mass  does  not  pass  aier  the  edge  of  the 
Teasel,  beeanse  in  that  ease  the  sulphurous  add  in  the  flame,  coming  in  oaniact  with 
the  ftised  alkali,  will  be  oxidised,  and  (bnn  an  alkaline  lalphat^  which  will  giestly 
inmesM  the  apparent  amonnt  of  aulphnr  in  the  iron.  If  the  ftiaion  is  made  over  a 
•piiit'lamp,  this  source  of  eiior  does  not  arise.    <D.  S.  Price,  Chem.  Soc;  J.  xvi  51,) 

In  sevaal  of  the  an^nea  alreadv  givep  (pp.  332.  333),  the  estimution  of  enlpbor 
ia  nobabfy  too  hi^    The  results  thst  am  qneetionable  are  maAed  *. 

T.  AMmotfiM  ^  Photpkornt.—'HM  iron  (6  to  10  grnu.)  U  dissolved  in  nibic  or 
nitromnria^  add ;  the  adotion  evapoated  to  drynees ;  the  dry  rcddne  ftued  with 
three  or  four  times  its  weight  of  lUuliae  carbonate;  the  fused  mass  disintegnted  by 
water ;  the  flltrale  snpeiaaluialed  with  hydrochlorio  add  and  evaporated  lo  dryness 
to  sapante  silica ;  the  residue  digested  in  water  ;  aud  from  the  flltnte  the  phoapboric 
add  u  predpitated  as  ammooio-ioagnesisa  pfaoepbate.  The  acid  fihnte  nw-also  be 
previonaly  need  for  the  estimation  (^  sul^unc  aai,  the  excess  of  baiyta  ad^  being 
then  removed,  previously  to  predintatiDg  the  phosphoric  add  in  the  way  just  men- 
tioned. If  Ihe  BotutitHi  also  contains  slnmina,  tartaric  add  muat  first  be  added,  to 
hold  that  base  in  solution. 

The  nitric  add  solution  of  the  iron  may  also  be  preripitated  in  the  cold  with  oir- 
bonste  of  sodium;  the  whole  trf  the  phosphonuie  then  thrown  down  aa  ferric  phosphate, 
whidi,  after  washing,  may  be-  fused  wiui  alkaline  carbonate  and  treated  as  above,  oc 
decomposed  b*  Sttlpude  of  ammonium. 

The  inn  fibngs  may  nllio  be  ftised  at  once  with  a  mixture  of  alkaliae  carbonate  and 
nitrate ;  the  ftiasd  mass  tmted  as  above  described  for  the  estimation  of  sutpbnria 
add ;  uid  the  aolntion,  after  being  freed  from  silica,  may  be  need  either  immediately 
or  aftac  separatioD  of  tlte  salpbnrie  add,  flir  the  estimation  of  phosphoric  arid. 

Eggartx  (J.  pr.  Chem.  Ixxix.  iS6),  evaporates  to  drynees  the  solution  of  1  gnu. 
iron  m  IS  gnu.  nitric  acid  of  spedfio  gravity  1-2,  moiatens  the  mass  with  hydn>- 
dilorio  add,  and  dissolvM  it  in  such  a  quantity  of  water,  that  the  filbato  meawires 
16  t  a,  thv)  adds  12-S  c.  t  of  a  solntion  of  molybdic  add  (prepMed  by  disserving 
1  pt  mdybdic  add  in  t  pta.  ammonia,  pouring  the  quicMy  filtered  liquid  into  IS  pta. 
nittie  addi  and  leaving  it  to  settle).  On  leaving  the  mixture  lo  itself  for  a  few  hours  at 
40°,  a  pndpilata  fiirms,  which  must  be  odleeted  on  a  weii^ed  flltei^  wadied  witb 
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'water  containing  I  per  cvnt.  of  nitrio  acid,  ami  dried  mt  90°.    IDO  pta.  of  the  dried 
precipiute  oacrcepond  to  1  pt.  pho«phonu. 

8,  Ettiaatiim  qf  Artetiie, — When  anenifenraa  inm  ii  diaecdred  in  dilate  bjdro- 
chloric  or  bulphmio  acid,  the  aneuic  Ib  not  sitbd  off  as  arBenetted  hydrogen,  but  is 
conTarted  into  anenic  acid  (H.  Kose),  which  remaiaa  ditaolTed  if  the  Bolntion  hia 
heen  made  in  the  cald,  hnt  u  precipitBited  irom  varta  aolutiooa  not  eontainiDg  too 
great  an  exeem  of  acid,  aa  baaio  feme  anenate,  and  ia  tharefim  often  IboDd  in  the 


n  reduced  to  feironi  aiide  by  heatug  it  with  sulphite  of  sodium. 
The  pradiiitate  is  then  deoompoaed  bj  sulphide  of  ammonium,  and  the  filtrate,  acidu- 
lated, and  treated  with  entebydric  acid,  yields  a  precipitate  of  sitlphide  of  arsenio. 
Or  the  iron  maj  be  dissolTed  in  bTdrochtOlio  acid,  irith  addition  of  a  little  nitric  scid, 
to  diaaolTe  all  the  arsenic;  the  flltrate  beat«d  vith  sulphite  of  sodinm,  to  reduce  all 
the  ferric  t«  feiroiu  chloride ;  and  the  solution,  freed  Bom  eicees  of  salphoroas  arid, 
maj  be  treated  with  ■olphydiie  add,  with  the  usual  preeaotioni  f  the  aisenic  is  then 
precipitated  aa  tritnlphide  (twether  witll  the  stdphidea  of  copper  and  lead,  if  jpreaent). 

As  a  poitioD  of  the  araenic  sometimea  remama  in  the  carbonaeeona  resUne,  thia 
residue  must  be  examined,  either  b;  treatine  it  with  sulphide  of  ammonimn,  and  pre- 
cipitating the  anenic  from  the  flltrate  by  sniphydne  add,  or  by  fasing*it  with  nitrate 
and  carhooate  of  eodium,  BodpredpitatJnB  the  aisenic  as  ammonio-magneaian  arsenatr. 

The  pulveriatd  iron  may  aUo  be  fdaed  with  nitiate  and  carbonate  of  sodium,  the 
mlicic  and  aolphunc  acida  separated  as  above,  and  the  arsenic  thrn  pretdpitated  by  snl- 
phydric  add,  or  if  no  pboaphoros  is  present,  by  ammania  and  snli^ale  of  n 

9.  aiimafton  n/Manganeae,  Cobalt,  Sickel,  and  "---      *>- " 

be  aeparatpd  fifom  icon,  by  precipitating  the  latter  from 
the  iron  exisls  as  ferric  odU  with  benioate  or  sncdnal 
solution,  with  carbonate  of  barium. 

10.  EiHmaHcin  of  Copjier  and  Lead. — The  predpitate,  thrown  down  as  sbore 
described  by  sulphydric  acid  from  the  reduced  iron  solution,  sometimes  contains  traces 
of  theee  two  meUls.  The  arsenic  may  be  extracted  from  it  by  monoenlphide  of  potas- 
sium ;  and  the  residue,  oxidised  with  nitrio  add  and  treated  with  sulphuric  ai9d,yidds 
insoluble  sulphate  of  lead  and  a  soluble  copper  salt, 

11.  Ettimation  of  Aiuminittm. — For  the  isetkid  of  sepantitv  this  metal  fMta 
iion,  see  i.  I  GO- 
IS.  EfUmation  of  Magneiititn,   Cattium,   and  lit  Aliali-tnelali.  —  These 

metals  remain  in  solution  afl;er  the  iron  has  been  precipitated  as  ferric  oxide  by  ben- 
ioate or  auccinale  of  ammonium,  or  by  carbonate  c^  banum,  and  may  be  separated  and 
estimated  by  the  usual  methods. 

IS.  EiHiaation  of  Ciromium,  Vanadiani,  Titanium,  Molj/bdtnum,  and 
Tvngtlin.—Tbeae  metals  occur  especially  in  the  black  residue  which  remains  when 
pig  iron  ia  dissolted  in  dilute  acids,  and  may  be  songlit  for  either  in  thia  or  directly  in 
their- 


To  detect  and  sepuate  chromium  and  Tanadinm,  a  laiRe  quantity  of  the  puIts 
rised  iron  is  ftised  with  12  pts.  nitrate  and  1  pt  eaibonale  M  acdium ;  the  fosedmasi 
(which  Jikewiss  contains  si1idc,jpl       '     '         *  


quantityofni  _^... ._,  _ ^    . 

off  any  nitrous  add  (which  would  reduce  the  chromic  and  Tanadic  acids) ;  the  solution 
ia  mixed  with  chloride  of  barium ;  the  wadied  predpitate  is  treated  with  sulphnrio 
add ;  the  solution  is  saturatod  with  ammonia  and  eraporaled;  and  a  Inmp  of  sal-ammo- 
likac  is  thrown  in,  whereby  Tanadate  of  ammonium  is  thrown  down  as  a  yellow  or 
white  ciystalline  powder,  while  the  chrom&le  remains  in  solution.  The  vtoiadale  of 
amnumium,  heated  iu  contact  wi^  the  air,  yields  dark  red  Tsnadio  odd,  the  quantity 
of  which  can  then  he  determined. 

According  to  Sefinziim,  the  vanadie  (and  chromic)  add  may  be  separated  from  the 
fcsed  mass,  after  neutralisation  with  nitric  add,  by  the  addition  of  a  lead-salt;  the 
washed  predpitate  is  then  boiled  with  strong  alcohol  and  hydrochloric  acid,  the  resulting 
blue  solution  of  vanadic  (and  chromic)  oxide,  after  being  eraporated,  is  oxidised 
by  nitric  add  or  chlorine-^a^  tJjen  mixed  with  poUsh-1^,  eraporated  down,  and 
fused ;  the  fiised  mass  is  dissolved  ia  water ;  and  the  vanacua  add  is  pi«d[utated,  aa 
above,  by  sal-ammoniac  The  liquid  filtered  thereftoa  (after  separation  of  phos- 
pboric  and  anenic  adds  as  ammonio-msgneeian  salts)  yidds  with  sniphydric  add  • 
precipitate  of  chromic  hydrate,  while  sulphide  of  molybdenum  remains  in  solution, 
whence  it  may  be  predpitated  by  adds,  and.  when  Aiaed  in  a  nanow  tube,  yielda  pom 
sulphide  of  molybdenum. 
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Aceoidiiig  ta  IBUer,  ths  nam  obtaiixd  b;  tamtg  tlie  bxm  w 
bfl  diflsolvBct  in  wttei,  tha  flltnM  tmktod  witli  ^lenne-gu, 
phstB  of  alnmininm,  and  then  BMnntad  with  nitria  lad,  tSt 


with  nitn  mnd  Kida,  nuj 

I,  whidi  lepuatei  pho*- 

■flarwudi  with  unnKinw, 

U  boDfd  with 

dirooiie  oxide  mnd  ilmsinft  an  lepuBted),  and  nilpbide  at  TUMdimn  p 
ftom  the  eolDtion  U  the  alkaline  ■olphoranadate  bj  an  acid. 

Thp  chromis  acid  majb«  ■enuatad  from  the  liqnid  fllterad  from  thevaiiadate  of 
ammoainni  by  the  ordinan  methodi,  and  most  nadilj  detected,  after  addition  of 
purs  nitric  acid,  bjita  reaebon  with  pooxide  of  h7diogen(L  913).  The  chiomie  acid 
may  aliio  be  precipitated  from  the  alkaline  liquid,  after  aentraliiation  wilh  nibic  add, 
hj  meana  of  meicnrani  nitrate,  the  pboqihoric  and  arsenia  acida  having  flnt  been 
preci[Htated  bj  ammonia  and  nitrate  of  magDeaiam(the  additioa  of  nl-ammooiac  and 
aniphnric  acid  muat  be  avoidfld,  m  ihey  wouLi  prodpitatf  the  mer?aroru  eidt), 

Bilej  (Chorn.  Boc.  J.zrii.  23)  eepBratea  vanadium  Stvm  pig-iroo  hj  dissotvins  the 
boriDgs  in  dilute  hjdiDcUoria  acid,  and  sAar  the  icon  is  nesrlj  all  diasoWed,  a&ing 
a  strong  acdd,  and  boiling  well ;  the  chloride  of  iron  is  then  filtered  off  from  the 
or^hite  nod  silica ;  ths  flltrr  wpll  waahed  trvm  cbloiide  of  iron,  and  treated  with  a 
mlnte  solatiDn  of  potash  to  diasolTo  Oib  nlica ;  the  potash  thoronghl;  waahed  rat ; 
and  the  filter  treated  with  bydiochloric  acid,  waahed  nntil  all  ths  acid  is  remoTed, 
then  dried,  ignited,  and  bnmt  OTar  a  Bmuen's  burner,  or  better  in  a  mnffle.    The 


apparentlT  coninsting  of  a  mixture  of  a  fosible  and  infti- 
ilsln  crodWa  y "  ■     "    -        -       .    .     ■■ 


sible  oxide,  ttaining  a  porcslain  cmctbla  fellow,  and  adhering  stMngly  to  it,  ai 
portions  of  the  maai  being  of  a  ponly  bine  colou,  similar  to  the  bloom  of  a  plnm. 

The  aemi-Aised  tendne,  treated  with  conomtiated  hydrodilorie  acid,  girea  off 
dllorine,  and  tbrms  a  jpllowiah-brown  s(diition,  which  on  boiling  soon  fa 
brantifnl  green  c  ' 
■olation,  freed  tn 

which  when  heated  w  ,  ,  .         ,  ... 

mutter,  and  a  eolation  which  baa  a  green  colour  when  acid,  bat  blaa  when  aeai4f 
neobai  or  largelv  dilated,  and  gives  Uie  characteriatie  reaction*  of  TSnadinnMnlta, 
eapedally  the  y^w  {redpitate,  b«comii^  grMuiah  on  standiog^  with  ferrocTanide  of 


na  a  jpiiowian- crown  soramon,  wnicn  on  nouing  soon  Deoomea  oi  a 
nloor,  leaving  a  black,  flnelj  pnlranilent,  inaolable  midae.  The 
nn  eiceaa  of  add  br  eraporatian,  leavea  a  aTmi^  iaik  green  maa^ 
ed  with  water,  jitiaa  a  small  qnautit]r  of  white  inaolnbla  floccnlent 


The  black  inaolable  residue,  ftased  with  acid  sulpbate  of  potaaainm,  firms  a  masa 
which  dinolTee  perfectly  in  void  water,  and  pelda  on  boiling  a  dense  yell  owieh- white 
polTemlent  precipitata,  exhibiting  the  resctiana  of  ransdiam-ealls.  The  black  powder 
appeaia  tobevanadoas  oxide,  and  the  aolable  portion  of  the  original  residao 
conaiala  chiefly  of  vanadic  acid.  In  a  Bampia  of  grey  pig  iron  from  Weitbury  in 
Wiltshire^  bIbo  contaiaing  a  considerable  qoantily  of  phoephoroi,  part  of  which  piueed, 
as  phoaphoric  acid,  into  the  reeidae  inaolable  in  dilute  acida,  Kiley  found — b^  sepa- 
inltng  the  phosphoric  acid  from  this  reeidae  as  magneainm-Batt,  and  conaidanng  the 
remaining  pmtion  aolable  in  concentrated  hjdrocfaioric  acid,  as  Tanadio  add — that 
the  total  quantity  of  ranadic  acid  in  the  pig  wua  OSSS  per  cent. 

Holybdeanm  eometimoi  occnte  in  the  carbonaceous  residue  left  on  dissolving  pig 
iron  in  acids,  and  may  be  dissolved  oat  together  wilb  arsenic,  by  aalphide  of  am- 
monium, and  prrdpitated  theref^m  by  acide:  on  heatjog  the  predpitale  in  a  gUaa 
tube,  sulphide  of  molybdenom  remaine  behind. 

Ironnch  in  molybdenum,  aocb  as  the  "bears"  from  copper  fumacea  (p.  SST),  may 
be  dissolved  in  nitromuriatic  add  ;  the  eolntion  eraporated  to  drjmeas  after  addition 
of  hydrochloric  add ;  then  redtsBalved  and  prcdpitated  by  aulpnydric  add,  with  ad- 
dition of  metallic  ainc  The  whole  of  the  molybdenom  ia  thus  precipitated,  and  may 
be  separated  ftom  other  melala  by  Bolutit»i  in  aolphide  of  ammonium,  predpitation 
therefrom  by  acids,  and  heaciii{[. 

Titanium  is  obtained  as  titanic  add  [anhydride]  when  pulTerised  iiMi  is  heated 
in  a  current  of  hydrochloric  add  gaa  and  oxygen ;  it  then  remaina,  together  with  silica, 
alamiaa,  lime,  be,  and  may  be  readered  soluble  by  furion  with  carbonate  of  aodiom. 

Whea  imn  is  dissolved  m  nitric  add,  at  last  with  aid  of  beat,  and  the  aolntjon  ia 
ST^torated  to  drynese  and  rcdisaolved  in  nitric  add,  titanic  anhydride  remains,  to* 
gether  with  carbon,  silica,  ic.  and  may  be  randared  soluble  as  above. 

The  iron  may  also  be  diaacJved  in  cold  hydrochloric  add,  the  solotion  mixed  with 
tartaric  add  to  provaut  the  predpitation  of  the  iron  by  ammonia,  and  the  whole  of 
the  iron  (together  with  cobalt,  niiiel,  copper,  Sc.)  prcdpitated  by  enlphide  of  ammo- 
niam ;  titanic  add  then  remains  in  solution,  and  m^  be  predpit^ed  and  estimated  bj 
methods  which  will  be  described  nader  TrrunuK. 

Riley(Chem.8oe.  J.  KT.  391),  after  dissolving  the  iron  in  hydrochloric  add,  col- 
lects the  residue  on  a  weired  filter,  treats  the  rvaidne  with  dilute  potaiJ)  to  dissolve 
out  the  silica,  and  after  washing  the  filter  with  hjdiaeUorie  aa^  dnecit  at  360^,  and 
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weighi  it    The  might  of  the  residae,  eonauting  of  gnpbita  miied  widl  litanitf 

uihTdride,  beins  thua  detcnoined,  the  gt^hita  is  bomt  ofE)  mni  the  dirt;  light  brcnrD 
(endue  ii  fuead  with  acid  sulphate  of  patusiain ;  the  fused  man  dinc^T^  in  cold 
water ;  utd  the  eolation  boi]ed,  whenmpon  tiUaie  aahjdcide  is  prMtpitaled  aearl; 
pore.  Fart  of  the  dtaniam  ie,  howerer,  diaaolTed  hj  the  acid  together  with  the  iioa ; 
nencc^  to  obtain  the  entire  amonnl;  the  eolation  obttunml  by  f^mag  the  nBidue  ftvtn 
the  ailica  with  acid  ■nlphaCe  of  potaSBiam  most  be  added  to  tha  i^n  BcJatiDii,  after 
the  satphnr  contalnsd  in  it  has  been  ^«eipitated  aa  a  bariam-salt,  sjid  the  ueeee  of 
baiyta  remored.  The  aolntioD  in  which  the  titanium  aod  phospbonis  are  lo  be  de- 
termined, is  fint  lednited  with  sulphite  of  sodium,  and  the  ei<?«sB  of  aiilphDnHu  acid 
driven  off.  It  is  then  nearl;  neutnJised  with  ammonia,  and  acetala  of  sodium  or 
ammoniam  added.  If  there  is  ont;  a  small  quantitj  of  phosphoric  add  present,  there 
will  alwaya  be  sufficient  fbxric  oxide  to  preciplt&te  it ;  bat  if  not,  a  few  drops  of  nitric 
acid  must  be  added,  and  the  solation  boiled  and  filtered  as  quicU;  as  poesibla. 
This  predpitata  may  be  at  once  treated ;  or  if  it  contain!  much  Carrie  oiide,  in 
exoess  of  uiat  saffident  to  f<am  phosphate  of  iron,  it  is  better  to  redissolTO  it  in 
hjdlochloric  add,  reduoe  it  agua  with  sulphite  of  sodimn,  sjid  repeat  the  operation 
■bore  described.  The  precipitata  is  then  dissolTed  in  hjdriKthlaric  icid,  and  cUoride 
of  magneaiun,  ammonia,  chloride  of  ammonium,  and  tarteric  add  added,  the  precipi- 
tate prodn<!ed  being  aUowed  to  stand  two  nights ;  then  tiie  aramonio-miignesiam- 
phoe^iate  is  filtered  ofl^  dried,  ignited,  and  weighed,  and  the  phosphoric  acid  (slcnlditeid 
man  the  pyro-phaephHte  of  magnesium.  The  filtrate  front  the  phos^^ric  acid  is 
treated  with  Bulphide  of  ammomnm,  and  the  inlphide  of  inm  separated,  the  filtrate 
evaporated  to  di^neaH,  ignited,  and  bomt  in  a  mnffle ;  or  eraponted  nearlj  to  drTnebs, 
transferred  to  a  flaak,  and  treated  with  fumins  nitric  add  nntil  sJl  the  tartaric  add 
ia  deetrojed ;  in  either  case,  the  residue  ia  fosed  with  add  snlphate  of  potAaaiirm,  The 
fused  mass  ia  diBBolvod  in  cold  water,  boiled  for  some  honn,  ajid  aUowed  to  atand  a 

a'  ht  in  a  warm  place,  when  the  titanic  add  ia  filtered  off  and  washed  with  dilute 
j}hanc  acid— dried,  ignited,  and  weighed.  If  the  detenniiiatitm  of  phosp^ric  add 
is  not  required,  then  the  n«cipitale  produced  (dtber  b;  one  treatment  or  two)  by  the 
alkaline  acetate,  may  be  dried  (without  washing),  burnt,  and  fused  with  add  snlpbsto 
of  potassium,  and  dissolTed  in  cold  water,  whersbj  a  httle  phosphate  of  iron,  which 
rfioaine  insoluble,  ia  separated ;  and  the  solution  being  boiled,  the  titanic  add  is  pre- 
dpitated,  and  ma;  be  sepwratad  as  before.  (For  ftirther  details,  see  the  paper  above 
Tuerred  to.) 

Tungsten,  which  sometimes  occnrs  in  the  midue  of  the  solution  of  iron  inhydro- 
chloric  add,  ma;  be  rendered  aolutde  b;  fbaion  with  alkaline  oaibonate,  and  separated 
b;  predpitation  with  adda  or  with  meceorous  nitrate.  It  ma;  be  separated  fima  the 
other  constituents  of  the  iron  hj  the  acdnbili^  of  tungstic  add  in  ■mmnnin,  or  of  the 
BUlphide  in  sulphide  of  ammomom. 

14,  Eitimation  of  the  Iron. — The  amonntof  pars  iron  in  carbnrettad  iron  iageDerallv 
determined  morel;  b;  difibrence,  after  all  the  other  constituents  hsTe  been  estimated. 
It  ma;,  however,  be  estimated  directl;  by  Fucha'  method  with  metallic  copper  (p.  383), 
or  b;  an;  of  the  volnmstrio  methods  hereafter  to  be  described.  Hohr  raeommenda 
eepeciall;  the  nee  of  two  titrated  wJations  of  chromate  of  potasBum,  one  ten  timea 
more  dilute  than  the  other  (p.  SSI). 

nww,  OKtMMXBiWM  OF>  Iron  Ibtma  with  ddorina  two  eomponndsi  analogona 
to  the  brcnnides. 

rnrvoa  OUmMa.  FeCl  or  FfeCl*,  is  obtained  in  the  anhydrous  state :— 1.  By 
passing  chlorine  or  hydrochloric  add  gas  over  iron  filings  or  turnings  heated  to  redness 
in  a  ^on-barrel  connected  with  a  Tscmvsr  into  whidi  the  product  ma;  aublime. — 2.  By 
heatiag  iron-filings  wi^  sal-ammoniac,  fenons  chlonde  then  remaining  behind. 
— S.  Bv  boiling  down  a  solution  of  iron  in  h;drochloric  add  out  of  contact  with  the 
air,  and  heating  the  midue  till  the  water  is  expelled. 

Ferrons  chloride  cr;stalliaes  in  while  or  yellowish-white  shining  scales,  irtrich, 
according  to  Senirmont,  si?  six-sided,  and  opticall;  nniazisl ;  it  has  a  specific  grarily 
of  2'528,  melU  at  a  red  heat,  and  sublimes  when  more  itrongl;  heated  In  a  does  vessel. 
Heated  in  an  atmosphere  of  hydngen,  it  ia  reduced,  pelduig  h;dmchloric  add  and 
pnre  iron  cr;stallised  in  cnbes.  Seated  in  dry  air  or  iKCggan  gat,  it  is  resolved  into 
ferris  oxide  and  chloride,  the  latter  volatilising : 

BFfea*  +   O'     -    FfsW   +   HFfeCl'. 
In  contact  with  aguemu  vofoitr  at  a  red  beat,  it  gives  off  h;dli^en  Mid  hydiochhute 
add,  and  is  converted  into  ferroso-ferric  oxide : 

SFfoa*  +   *HMJ     -     FfeW   +  6HC1   +  H*. 

(  at  ordinaiy  tvmperatnrea,  fwclUsg  up  and  cmmbling  to  a 
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Wliite  powder,  vhich,  vhm  eipowd  to  ttie  air,  quickly  take>  Up  mUr  and  oz^en, 
and  is  eonTert«d  into  farric  o^crMoride  and  femco-ammoDic  chloride.  Ttnotm 
chloride,  hMt«d  to  rvdnera  iji  dry  ■mmonis  sai,  is  coDTcrtcd  into  ■  nitridf  of 


Ffr*N',  containing  B'S  per  eent  nitrogen  (Frimy,  Compt  rend.  iii.  823).    When 


I    gM,  IS    ( 

(Frimy, 


ajqtalline  metallic  ij 

■pedflc  gravity  7'84.    (Fonmaride,  Compt.  rend.  zxix.  £30.) 

Fencoe  <;Uoride  ezpoaed  to  moiat  air,  atisorbe  water,  and  deliquesces.  It  diosolTea 
Mitly  in  wattr  and  lUeoiol,  bat  ia  inooluhls  in  ether.  It  disscdvee  in  3  pta.  water  at 
SI'7S°  (Abl,  Oestancich.  Zdtachr.  t  Pharm.  riiL  SO)  ^  in  1  pL  of  strong  aleohal  at 
83-6<>.    (WenaeL) 

Hydrattd  Ferrtna  ei^oridt,  FeC1.2HK)  or  ?l«C1'.4n*0,  is  most  easily  ohuined  by 
diseolTing  iron  in  Bqnaons  bydmchlorie  acid,  flnaUj  heating  the  solution  with  ezcrsa  of 
metal,  and  filtering  it  at  the  boiling  heatintoaTeesel  moistened  with  itrong  h;dnKhloriii 
add.  The  blnish-greon  liqnid,  lA  to  cool  in  well-cloeed  ''weels,  depoeita  Ihe  hydiated 
chloride  in  cryrtaU,  which  njnst  be  qoicUy  pressed  between  paper  and  dried  in  air  at 
about  30°.  ^nie  biqiah  cij^tal*  <u*  motiodinic,  and  clesTe  panllel  to  isPte  and  *  P. 
^lecille  umtity,  1  ^3T.  The  salt  may  be  obtained  as  a  ciystslline  powder  by  concen- 
tnting  the  solution  in  ■  flask  or  ■  retort,  and  erifiorBtiDg  the  concentrated  liqnid  over 
the  water-bath  to  a  pasts,  atiiring  till  it  ia  eold.  The  crystals  heated  in  a  dose  Teasel 
fltat  giTS  cM  half  tiieir  water,  and  the  remainder  at  a  higher  temperature ;  when 
qaic^  heated,  they  melt  in  their  water  of  c^stallisation  ;  they  efBoresee  at  ordinary 
lemperatorea  when  kept  over  oil  of  Titriol.  They  dissoNe  in  O'fiS  pts.  waUr,  easily  in 
aicMU  and,  according  to  moat  aathorities,  in  ttker  ;  according  to  Jahn,  howerer,  they 
■re  inaohbie  in  ether.  The  solutions,  especially  the  alcoholic,  absorb  nitrie  oxide  gas, 
and  aaanme  a  black-brown  colour.  The  aqueous  solution  jietdi  by  ^eetrelytU,  iron  and 
hydrogen  at  the  negative,  chlorine  and  oxygen  at  the  posiHre  pole. 

Femms  chloride  fbrms  double  salts  with  the  chlorides  of  the  alkali-metals.  A 
miiton  of  the  concentnted  solutions  of  fenons  chloride  and  eUoride  of  polaetiun 
yields,  by  cooling  or  slow  et^raration,  the  salt,  ECLFeCl.H'O  or  2KCl.FfpCI'.2R'0.  in 
pale  blue-green  monoclinic  ctystala.  A  similar  ammonium-eall  ia  obtained  W  mixing 
the  corresponding  solationa,  or  by  boiling  iron  fllinga  with  sal-ammoniac,  hydrogen 
and  ammonia  being  then  set  free. 

Terrli)  OU«rMe.  ^"P*-  '"  tricUeridt  of  Iron,  Fe<Cl>  or  Ffea>,  also  called 
FertUoride  of  Iron,  Iran  luSlirnate. — This  componnd  is  sometimes  fbnnd  in  the  crateni 
ofTolcanoa;  it  may  be  obtained  aitifldally  bj  the  followii^  processes: — 1.  A  piece  of 
iron  wire  or  a  watch-spring  introdnced  red-hot,  or  with  a  piece  of  burning  tinder  at 
the  end,  into  chlorine  gas,  bums  with  a  red  glow  and  fbrms  ferric  chloridt^  which  then 
snblimea.  The  same  result  may  be  obtained  by  paaaing  chlorine  gaa  over  gently 
heated  iron.— 2.  Ferniua  chloride  heated  in  chlorine  gas  is  oonTerted  into  feme 
chloride.— a.  When  fferrous  chloride  is  healed  in  a  Teasel  containing  air,  ferric  chloride 
sublimes,  and  ferric  oxide  remains  behind. — t.  When  an  squeons  solution  of  frrrio 
chloride  iacTapoiated,  the  dry  componnd  remains  behind,  mixed  with  more  or  leas  ferric 
onchloride  ;  the  dry  residae,  gently  ignited  in  a  loosely  closed  flask,  pelds  the  f^rria 
chloride  sublimed  in  lamine. — B.  A  mixture  of  1  pt  calcined  ferrous  sulphate,  and 
1  pt  chloride  of  cakinm,  is  ignited  in  a  flask  till  the  ferric  chloride  sublimes.  (Banr, 
B«Hrt  Pharm.  xxr.  132.) 

Ferric  chloride  forms  iron-black,  iridescent  plates,  having  a  metallic  lustre,  and 
Tolatilisins  and  subliming  somewhat  abOTe  100°.  When  heated  in  contact  with  on/gm 
gat,  it  yields  ferric  oxide  and  chlorine ;  heated  with  aqarauB  Tapour,  it  forms  ^rrie 
oxide  and  hydrodiloric  acid  gas.  With  ndphmie  aeid  and  with  tulpiur,  it  behares 
like  fsmms  chloride.    (A  TogeL) 

Hgdrated  Ferrie  cUoride.— Ferric  chloride  diseolTM  in  water  with  conndersUe 
evolntion  of  heat,  and  likewise  deliquesces  in  the  air.  The  liquid  formed  by  deli- 
quescence is  called  Oleum  Idartie.  The  snme  solution  may  be  obtained  by  the 
following  methods ; — 1.  Bydissolving  ferric  oiide  or  its  hydrate  in  boiling  hydrochlorio 
add.—  2.  By  disaolTing  iron  to  sattzration  in  a  definite  quantity  of  hydrochloric  add ; 
Altering  the  solution,  snd  mixing  it  with  half  as  much  h^drnchloric  acid  ae  it  already 
eoDtaina ;  then  heating  the  liqnid  to  ebullition  in  a  capacious  Tessel,  and  adding  nitnc 
add  in  small  portions,  till  the  dark-brown  colour  flrat  produced  by  the  abtorption  of 
niOona  gaa  haa  giren  place  to  a  yellowish-brown,  and  the  further  addition  of  nitric 
add  pradnees  no  evolntion  of  nitrons  ^  The  roiitore  is  very  apt  to  froth  over, 
e^)eciallT  towards  the  end  of  the  operation,  when  all  the  nitric  oxide  which  haa  been 
absorbed  has  been  eTolTed.  The  same  reaultmay  also  be  obtained  by  dissolvirgiron  in 
nitromuriatic  add ;  but  it  is  not  easy  to  hit  the  right  proportion  of  the  a-  idn. — 3.  By 
passing  washed  chlorine  gaa  through  aqneoua  hydrocblonc  add  saturated  with  iron, 
as  long  ai  the  gas  is  abaoiSed.    'Die  daA  teiwn  liquid,  wbieh  bat  a  tou^  taotc  and 
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coloon  the  skia  jcllov,  jieldi,  on  ersporatiaii  and  cooling,  aydali  oontaimug  two,  of 
pfihau  three  different  propaitionB  of  watei. 

a.  Htx-kydratrd,  Fe'Cl'.SH'O  (with  40  pec  eeat  «at«r).— FsTric  chloride  deli- 

Jnncea  rapidly  in  tiie  air,  then  crrgtallues  in  the  form  of  thi<  hydrate,  and  aitunrBrdB 
etiquwces  much  Ina  qoicUy  (KinsBt,  Kaats.  Arch,  xx.  3SI).  The  luue  bvdrste 
likewise  wpantca  slowly  from  an  uueoiu  eolation  of  the  chloride  not  too  much  con- 
eentraUid — flue  radii  etretching  oat  la  ell  dinctioni  from  particalar  poiuta,  and  tanoaia 
pole  omnge-yellow,  opegaei,  hemlapherie  nodnlea,  into  -which  the  whole  liqnid  w 
ulltnuUelj  conTerteid,  If  the  evaporation  has  be«n  carried  too  far,  the  eyrap  will  oot 
dystalliac  DnleM  it  be  exposed  for  some  time  to  the  damp  air  of  a  cellar,  fnim  which 
it  can  absorb  water.     (Mohr,  Ann.  Ch.  Phaim.  xzix.  173.) 

$.  A  |-hydnte,  2Fe*C1'.SHiO  (with  217  per  cent,  water)  is  obtained  by  erapDiatiDg 
the  liquid  to  a  syrup,  mixing  it  with  a  small  qnantily  of  strong  hydrochloric  acid  to 
re^lissolve  the  prt«lpit»ted  ferric  oxychlorids,  and  leaving  it  to  itself  in  the  cold 
(atein,  Repert.  Phann.  xiil  2B4).— 2,  By  fusing  the  orystahi  o,  eTaporating  till  the 
liquid  becomes  perfectly  eolid  on  cooling,  replacing  the  lost  bydrodilorie  sod,  and 
leaving  the  solution  to  cool  (Fcitiache). — 3.  The  ciyitals  a,  placed  beside  oil  of 
vitriol,  under  a  i«c«iTsr  coptaiuiiig  air,  soon  deliquesce  and  form  a  thick  liquid,  in 
which  laige  cnstals  then  fbrm,  till  the  whole  ia  converted  into  a  mass  of  oystals 
(FritEsche,  J.  pr.  Chem.  zviiL  479).  The  l-hydrata  fomu  flat  roseate  or  dem 
_  ij!..  _..!, — ._._  _i.-_i  • j.T_    ^J  solidify  again   at  42°;  they  absorb 


reddish-yellow  enstals,  which  fiise  readily,  and  solidify  again  at  43° ;  they  ab 
Trater  from  the  a,\c  veiy  rapidly,  and  with  evolution  of  heat  (Fritische).  When  ^^ 
:rystals  a  sad  J9  are  shaken  together,  a  slight  &U  of  temperatuie  takes  place,  and  a 
iuuid  is  obtained — the  same  as  that  produced  by  imperfect  evaporation  of^the  crystals 
which  produces  grait  heat  when  mixed  with  water  (Fritssche).     2  at.  ferric 

>ride  dissolved  in  9  at.  water  yields  a  liqaid,  which  is  identical  with  the  01 

Maria  of  the  older  chemists  (as  obtained  by  deliqneaceDce  of  the  solid  chloride  in 


ic  chloride  in  water  to  be  distinguished;  one  containing  more  than  |  and  less  Iham 
6  at.  the  other  containing  more  than  6  at  wat«r. 

Tri-hydratt,  Fe'Cl'.SH'O  (with  25  per  cent,  water)  f— The  hydrate  is  obtained, 
according  to  Wittetein,  by  leaving  a  solution  of  fraric  chloride  concentrated  to  a  density 
of  I'fiO  m  a  covered  plate,  standing  in  a  cool  place,  till  it  solidifles  to  a  mass  al 
rhombic  plates ;  also  by  evaporating  to  a  symp  and  leaving  it  in  a  covered  vessel  in  a 
warm  plus.  According  tO  Qobley,  Mohr,  and  Fritoebe,  luiwever,  highly  concentrated 
solutions  of  ferric  chlonde  always  yield  the  (-hydrate. 

HydrsCed  ferric  chloride  dissolves  easily  in  ateohoi  and  rtier,  forming  yellow  aoln- 
tions,  in  which,  however,  if  exposed  to  light  or  heat,  espeeiallyinthe  etherral  solntion, 
it  is  easily  reduced  to  ferrous  chloride.  Etliet  aWiacta  it  from  tlie  aqoeons 
solution. 

Fprric  chloride  is  also  easily  reduced  lo  ferrooa  chloride  by  tine,  liannout  eUoridt, 
mlpiurtnu  acid,  tvlpkydric  add,  &c.  Bj/driodic  acid  redoces  the  concentrated,  but 
not  very  dilute  solutions  of  ferric  chloride.  dUvtr  and  platinvTjt,  immersed  in  the  solu- 
tion, are  converted  into  chlorides,  reducing  the  ferric  to  ferrous  chloride.  The  reduction 
ia  likewise  effected  by  many  organie  ioditt.  The  redncing  action  of  tartaric  acid  on 
ferricchloridehaabeenapplied  topbotOBTaphicparposesbyFoiteTin.  (Compt.  rend, 
lii.  94.) 

A  concentrated  add  solution  of  ferric  chloride  yields  hj  dfctrolyit,  ferrous  chloride 
at  the  negative  pole,  while  chlorine,  and  a  small  quantity  of  o^gen  an  evolved  at  the 
positive  pole.  Lie  big  has  suggested  Uie  use  of  this  solotion,  instead  of  nitric  acid, 
in  the  dnc-carbon  battery ;  the  sine,  according  to  Buffi  should  then  be  immersed  in 
solution  of  etMnmon  salt    Snch  ■  circuit  is,  however,  less  powerful  than  that  of 

Ferric  chloride  is  mttcb  used  in  medicine ;  it  is  a  powerM  styptic,  and  is  employed 
in  the  treatment  of  aneurisms  and  varicose  veins.  A  few  drops  of  the  aqueous  solutioD 
quickly  magulate  albumin.     (Handw.  d.  Chem.  a.  [3]  607.) 

Baiic  Ferric  CUoride,  or  Ffrric  OxycUoridt.  — When  a  solution  of  ferric  chloride  is 
evaporated,  hydrochloric  add,  resulting  from  mutual  decomposition  of  the  ferric  chloride 
and  water,  is  always  given  off  at  a  certain  d^ree  of  concentration ;  at  the  same  time  a 
certain  quantity  of  undecomposed  ferric  chloride  volatilises,  and  a  basic  salt  is  left, 
consisting  of  ferric  chloride  with  more  or  less  ferric  hydrate.  The  stronger  the  con- 
centration, the  greater  is  the  quantity  of  basic  salt  in  the  residue.  The  evaporated 
maas  no  longer  dissolves  clearly  in  water,  unless  hydrochloric  add  is  added  to  reconvert 
the  ferric  hydrate  into  chloride.  If  the  temperature  be  raised  very  high  during  tiie 
evaporation,  ■  considerable  quantity  of  ferric  chloride  is  evolved,  and  a  highly  basic 
insoluble  salt  remains  behind.  A  solution  <tf  fairk  chloride  heated  to  300°  in  aaealed 
tub^  dspoaita  teric oxide.    (SenftrmouL) 
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a  onchlonde 
pomng  a  aolution  of  teaoaa  ct 
cUondewitha  qoantitj  of  alkali  Dot  Bufficient  to  tiika  up  the  whole  of  the  chlonne ; 
and  b;  roudng  iron  in  contact  with  metallic  chlorides,  chloride  of  «odium  for  example, 
mil  these  compoanda  when  heated,  give  off  water,  and  afterwards  fenio  cMoiide,  leaving 
ferric  oxide. 

Soloble  feme  onchlorideB,  or  basic  chlorides,  are  obtained  by  adding  lecentlj  pre- 
dpitated  ferric  hydrate  to  aqneoiu  ferric  chloride.  The  hydrato  disaolves  in  innaider- 
able  qoaiitity,  and  a  deep  r^  Eolntion  i*  formed,  containing  from  S  to  3  or  7  molenilea 
of  feme  oxide  to  I  molecnle  of  the  chloride.  The  eolntions  may  be  heated  or  dilated 
with  water  without  decompoeing ;  those  which  contain  t^e  larger  quaatitiee  of  oiide 
depoait  a  partion  of  it,  however,  on  the  addition  of  certain  salts,  and  when  evi^ionited, 
leave  msidnss  which  do  not  redissolre  in  water.  Compoonde  oonlaining  not  mors 
than  6  at  Fe*0'  to  1  at.  Fe*Cl'  are,  on  the  contrBiy,  pmectly  soluble  in  water  after 
evaporation.  (Phillips,  SluL  Hmk.  [3]  viti.  406;  Ordway,  Sill.  Ant.  J.  [Z]  izvL 
197  i  Bechamp,  Auo.  Ch.  Fhja.  [3]  Ivi.  306i  IviL  296.) 

Feme  chloride  tartar  with  chloride  of  evanogtn,  the  componnd  Fe*Cl'.  CyCI,  already 
deoeribed  (ii.  3791.  It  onitoa  directly  wiui  pentaeVoride  of  ptio»phontt,  forming  the 
compoiiiid  Fe'Cl'J^*,  also  prodoced  by  the  actioa  of  pentachloride  of  phospboras  or 
feme  oxide.  It  ia  a  brown  snbetance,  which  melts  easily,  but  is  difflcnlt  to  volatilise. 
(Weber,  Pogj.  Ann.  cvii.  37S.) 

Ferric  chloride  nniles  with  the  chloridea  of  the  alkali-metals,  fortning  double  chloiideel 
among  which  the  anunoniom  salts  are  the  most  stable. 

Ftmco-antmonic  chioride,  2NH*CLFeK^'.HK). — A  solution  of  sal-ammoniac  in  a 
large  excess  of  ferric  chloride,  when  eraporsted  0T«r  oil  of  vitriol  within  a  receivfr 
containing  air,  yields  garnet-coloured  moooclinie  ciyatalB,  which  ma;  easily  be  mistaken 
for  regular  octahedrons  ;  th?y  are  not  decomposed  by  water,  like  the  cormpooding 
compound  of  chloride  of  potassiam  (Fritische,  J.  pt.  Chem.  xtiiL  <84).  By  slowly 
oraporatine  a  miitnre  of  this  nature,  L.  Qmelin  obtained  very  deliquescent  rectan- 
gular octahedrons,  having  two  of  the  basal  edges  and  fonr  of  the  basal  summits 
tmncatsd. 

A  solnlion  ot  team  8  to  34  pta.  of  aal-aminoiiiae  and  1  pt  of  ferHo  ebloride  in  water, 
yields,  on  evaporation,  roseate  transparent  ctrstole,  whieh,  according  to  Qeiger,  are 
scute  rbombohedrons  when  they  contain  a  medium  qoantity  of  iron,  but  obtuse  when 
the  propntion  of  iron  ie  either  very  amall  or  very  large ;  according  to  Marx  also 
(Schw.  J.  liv.  804)  they  appear  to  be  made  up  of  a  vec;  great  number  of  smal!  cubes 
not  quite  regularly  gronp^  logelher,  whereby  the  cnbical  shape  is  somewhat  altered. 
The  quantity  of  iron  ia  small  and  variable.  If  24  pts.  of  sal-ammoniac  are  used  to  I 
pt  of  the  ferric  chloride,  the  ciystala  contain  0'8fi  per  cent  of  ferric  chloride  ;  if  14  pts. 
of  sal-ammoniac  an  nsed,  they  contain  l'93j  and  with  3  sal-ammonjac,  they  contain 
6-13  per  cent  of  ferric  diloride.  The  mother-liqnor  of  the  last-mentioned  ciystali 
yields,  on  further  eraporation,  brown-red  OTBtaUine  granules,  containing  fi'TS  per  cent 
of  &TTic  chlwide  (G-eiger),  When  10  pts.  sal-ammoniac  have  been  used  with  1  pt 
fenie  chloride,  the  i^ystids  contain  Q-S6  per  cent  of  the  latter  (Winckler,  Kepert 
Fhann.  liriL  I6S).  "nie  crystals,  when  heated,  become  yellow  and  opaqne,  and  evolve, 
first  sal-ammoniac,  and  afUrwarda  ferric  chloride.  They  dissolve  in  3  pis.  of  cold 
water;  those  in  vhieh  the  proportion  of  ferric  chloride  does  not  exceed  912  per  cent, 
become  moiat  only  in  damp  air;  thoaa  which  contain  6'7S  per  cent  Fe'Cl',  become 
moist  even  in  dry  air  (Geiger,  Report,  xiii.  422).  When  their  aqueous  solution  ia 
evoporated,  sal-ammoniac  crystidliBes  Out,  nearly  pure  at  first,  but  afterwards  con- 
tinually  richer  in  iron,  being  flist  ydlow  and  then  red,  and  there  remains  a  mother- 
liqnid  richer  in  iron- 
To  these  miitnres  of  ferric  chloride  and  ■al-ammoniac  belong  the  Ferrvffinovt 
tiomrt  ef  Sai-itnammiac,  Flora  Saiii-amnumiad  martiaiei.  These  are  obtained : — 
'  1.  By  Bublimins  IS  pts.  sal-ammoniac  with  1  pt  ferric  oxide,  whereupcn  ammonia  is 
evolnid  :  or  with  1  pt  iron  filings,  iu  which  case  hydrogen  is  Bet  free  and  protochlondo 
of  iron  and  ammonium  is  produced ;  the  latter,  howler,  if  the  air  has  moderately 
free  aecen  to  it,  ia  converted  into  ferrico- amnionic  chloride,  while  ferric  oxide  is  left 
behiiid.~2.  By  sublimiag  a  mixture  (obtained  by  eraporation)  of  12ptH.  Sal-ammoniac, 
and  ferric  chloride  prepared  f^rom  1  pt  of  iron  filings 8.  By  dissotving  16  pta.  sal- 
ammoniac  and  1  pt  ferric  chloride  in  water,  and  evaporating  to  dtynesa.  Some  phar- 
maeopmias,  however,  direct  the  nieparatioD  of  the  oystals  above  described.  The 
product  is  a  yellow  saline  mass,  whidi  is  yellower  and  more  deliquescent  in  proportion 
as  it  is  richer  in  iroa 

dcAloridt  of  Iron,  NH'Je'Cl',  or  CIdoridt  tif  Ftrrievm  and  Ferric- 
'eCL2feCL~Ferric-chloride  slowlv  absorbs  ammonia  gas  at  common 
li  di^  STolntioD  of  hast,  bnt  mtbout  alttntiMi  of  external  appsai- 


AmtnoToo-KtotticMoride  of  Iron,  NH'Je'Cl',  or  CIdoridt  tif  Ftrrievm  a. 
ammoniuvi,  IfH*feCL2feCL~Ferric-chloride  slowlv  absorbs  ammonia  gas  e 
lamperatnres,  witli  di^  STolntioD  of  haat,  bnt  mtbout  alttntiMi  of  extern 
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BUM.  Put  of  the  cv^mpomid  Yolatilun  undpccmpoB^d  when  heated  ;  tb«  rMt  IcmTcfl 
ferrovi  chloride.  It  dnliijnmca  in  the  ur,  but  not  ao  □nickly  u  pore  ferric  chloride. 
Whe:)  thrtnrrt  intfi  water  in  conaidar&blo  quantitiee,  it  dijsolTefl  irith  &  hiBaing  noise, 
•ud  formi  K  dark  red  tmupmnt  solutiDD.    (H.  Rdbp,  Fogg-  Ann.  iiiT.  302.) 

Ftrrico^laaic  Chloride,  !KCn.Fe*Cl'.H*0.  — A  Klatioii  of  chloride  of  potassioni  in 
excem  of  ferrio  hydrodilor«te  erapDnUed  nndsr  a  bell-jar  orer  ml  of  vitriol,  yields  small 
jelloirish-red  moaodiDic  cryitala.  A  Hmall  qnanli^  of  water  eztnde  chloride  of  iroD 
from  thmi,  and  leaves  errataJa  of  chloride  of  potaninm  nndiaiolTed,  w  may  be  seeo  by 
eiaminatioD  with  the  micnaeope.     A  laj«er  (joantity  of  water  diseolTee  tlie  whole; 


CODeenbatiaii,  the  crjatals  of  chloride  of  potaninnt  redisaolte  withoat  soy  wsnuiog  or 
■tiiriiiK  and  are  reeonvertcd  into  eryatsls  of  (errico-potoasic  chloiide.  (Fritiselie, 
J.  tff.  Cham.  zriiL  493.) 

firriee-todie  Chiorid*  mslts  at  !OCI°,  fonoing  a  veir  moine  liqnid.  (Deville.) 
FerneiMmmomo-potami-iodv  CUoriii— 2(NH';  K;Na)Cl.Fe*Cl'.H'0  (contaioiDe 
tS-l  per  cenL  potaasinm  to  S'2  ammODinm  and  O'lS  sodiaiD) — is  feund,  together  with 
■abtimed  ferric  chloride,  in  the  enters  of  Tolcanos,  and  reinains,  after  the  remoml  of 
the  ftoric  chloride  by  deliqueecence,  in  raby-red  rwolar  octahedrons,  which  maj  be 
dried  orer  oil  of  Titrii^  It  is  rery  deliqnescent,  and  ■<i(WiTilt.  to  ncrystaUise  without 
dseompodtion.  (Kremsrs,  Fogg.  Ann.  Ixzxiv,  79.) 
■atow,  crrAvntHa  or.    (Sea  Ctutidis,  ii.  231.) 

XXOW,   VWrmmWM    AK3>    MITXK&TXOW    OV.— 1.    Blov-pipe    Tt- 

actioni. — Iron-salta  foaed  in  small  quantity,  with  borax  on  pladDum  wiie  in  the 
outer  flame,  colour  the  bead  yellow  while  hot,  the  ooloui  disappearing  on  cooling. 
With  a  lai^r  proportion  of  iron,  the  bead  is  red  while  hot,  and  yellow  after  cooling. 
In  the  inner  oame  a  bottle-green  glass  is  produced.  With  phosphorus-Belt,  when  a 
ffiodetHte  quantity  of  iron-saU  is  ai^ed,  the  bead  is  reddiah-yellow  in  the  outer  flame 
while  hot,  becoming  yellow  as  it  cools,  then  grenn,  and  Anally  colourleea.  With  a 
large  proportios  of  iron,  the  bead  is  deep  red  while  hot,  beooming  ted-brown  and  dirty 
green  aa  it  owls,  and  reddiab-brown  when  qmte  cold.  The  coloute  change  by  cooling 
much  iilM«  quickly  than  t^ioee  of  the  twrai  bead.  These  reactions  are  common  to 
f^ROus  and  ferric  compounds  (H.  Hoie).  Ferrous  oxide  in  minerals  may  be  epedall; 
distinguished  by  heating  the  anbetanee  for  a  Tery  abort  time  in  the  inner  flame  with 
a  bead  i£  borax  coloured  pale  blue  by  a  small  qoaoUty  of  oxide  of  copper ;  the  ferroua 
oxide  then  ndaces  the  cnpric  oxide  to  cuproas  oxide  or  metallic  copper,  wbich  forma 
red  spots  on  the  bead.  The  beat  must  not  be  too  loog  oontinued,  as  in  that  caae 
ferric  oxide,  if  present,  would  be  reduced  to  ferrous  oxide,  which  would  then  produce  the 
reaction  just  mentioned.  To  check  this  result,  a  portion  of  the  sobstanoe  may  be  heated 
for  a  moment  in  the  oxidiaing  flame  with  a  new  borax  bead  containing  copper ;  the 
bead  will  then  assume  a  pale  green  colour  if  ferric  oxide  is  present^  whereas  ftcroos 
oxide  would  produoa  the  red  spots  in  this  case  also.    (ChapmaiL) 

S.  Btactiont  i*  SqImHoh. 
ipounds  of  in 
_ ,  bowBTer,  et 
after  strong  ignition,  require  prolonged  boiling  with  etrong  hydrochlaric  acid  to  divolTe 


adds;  mai^,  boweTer,  especially 

after  strong  ignition,  require  prolonged  boiling 

them.     The  solution  of  many  iron  ores,  aad  of  ferric  oxi^  in  a  state  of  Teiy  di 

B^ptgation,  may  be  fiuilitatnl  by  addition  of  ainc  or  stajmoui  chloride,  which  Tedncea 

the  ferric  to  ferrons  oxide.    Many  iron  oree  can  be  rendered  soluble  only  by  fusing  them 

with  alkaline  carbonatee;  some  only  by  foaion  with  acid  eulpbate  of  potaasium  or  sodium. 

Iron  uauolly  exists  in  solution  as  a  ferric  or  ferroossalt,  or  partly  in  one  atate,  partly 
in  the  other ;  rarely  as  ferric  acid,  on  account  of  the  great  instability  of  the  salts  <^ 
that  acid. 

Ferric  salts  in  solution  «re  mostly  yellow  or  reddiah-ydlow,  more  rarely  (aa  in 
the  case  of  the  inn-alums)  colourless  or  pale  Tiolet.  Sniphydrvi  acid  giu  paaeed  into 
tlie  neutral  or  acid  solution  of  a  ferric  salt  reducce  it  to  a  ferrous  salt,  with  preoipitation 
of  sulphur,  thus : 

SFeKa*  +   H^     -     ana  +   *FaCl   *■   8. 
In  B  solution  of  neutral  or  basic  ferric  acetate,  hawerer,  mlphydrie  acid  forms  a  black 
prRdpttate  of  sulphide  of  iron  ;  if^  on  the  other  hand,  the  liquid  oontains  f^ee  acetic 
acid,  nothing  bat  a  milky  [ovcipitate  of  sulphur  is  produced. 

SulpiydraU  of  ammonium  predufes,  in  nsutnl  solutions  of  ftorric  olta,  a  Uacfc 
precipitate  of  sulphide  of  iron  inaoluble  in  excess  ot  the  invcipitant,  and  becoming 
md-lvowft  by  raiOBtion  in  contact  with  the  air.     If  thaqmnti^^irDD  preMOtiavMy 


^dbyGooglc 


IRON:  DETECTION.  381 

minBte,  no  pnd^tkta  ia  fomsd  nt  flnt,  bot  the  lUnuA  M^nira  a  Rneti  goIodt,  and  if 
kqit  tat  some  tirafl  in  k  closed  Teasel,  depooits  sulpmde  of  iron  io  blaok  flocks. 

Alkaiit  and  olttMnt  carbonaUt  produce  a  red-tsowD  pndpitat«  of  fanie  hydrate 
inaoiuble  in  aii:ees  of  eitlier  of  these  reagents. 

Thp  eor&onatei  of  barium,  afron/iuni,  and  attdimi,  shaken  np  with  a  ttrriii  aolotjim, 
likewise  farm  a  precipitate  of  feme  hydrate. 

Piotphali  of  indium  fonns  a  white  precipitate  of  ftiric  phosphate,  which  ia  turned 
i«d-bn)wQ  bj  alkalis,  disaolTes  easily  in  nitno  or  hjdiochloric  acid,  bat  is  ioaolnble  in 
acetic  acid. 

Femxij/anidt  of  potatiium  fomiB  a  deep  blue  precipitate  of  Fnusian  bine,  insalnble 
in  acid^  bat  dissomng  in  alkalis,  with  separation  of  ferric  oxide.  If  the  quantity  of 
iroD  present  is  Tsry  small,  the  precipitate  appears  green,  or  the  liquid  merely  aoquirea 
a  green  colour,  and  deposits  blue  flocks  on  standing. 

Ferricyanide  of  polaitium  forms  no  predpttat'i,  but  changes  the  colour  of  the  liquid 
to  grseniBh-lnuwii.  If  the  least  trace  of  a  nmnu  salt  is  present,  a  blue  predpitata  is 
prodoced. 

Sulpioej/anati  of  potauiutn  changes  the  colour  of  feme  salte  to  deep  blood-ied,  the 
coloration  being  very  decided  ereii  in  extremely  dilute  Bolutions :  this  is,  in  fact,  tiie 
most  delicate  of  all  teats  for  the  preeencs  of  iron  in  the  ferric  state.  The  red  coloor  ia 
not  modlBed  by  addition  of  a  small  quantity  of  hydrochloric  acid ;  but  a  large  quantify 
Dcaiiy  destroTs  it.  A  certain  quantity  of  nitric  acid  deettoys  it  mmpletelj  after  a 
irtiile,  and  it  is  not  restored  by  subseqaent  addition  of  the  forric  salt  The  red  colour  ia 
also  destroyed  by  (oalic,  iodic,  phosphorii^  and  arsenic  acida,  but  reappears  on  again 
adding  a  solution  of  a  ferrio  salt.  Ammoma  inatandj  decolorises  the  red  solution  and 
precipitatea  t^nic  hydrate  Sulphide  of  ammonium  forma  a  black  precipitate  of  ferric 
snlptaide. 

Infiaion  of  gcdll  coloan  ferric  soIutionB  deep  blu»-blaek,  and  rendeis  them  turbid, 
lie  precipitate  is  dissolTed  and  the  colour  destroyMi  by  free  acids. 

Fnric  salts  ais  easily  reduced  to  ferrous  aalta  by  varioua  dt^oxiditing  agmU  ;  as  by 
anlphydric  acid,  as  alroady  msntioned;  by  anlphnrona,  hypoaiilpharons,  and  phoephoraus 
aeiaai  by  stannous  chloride;  by  metallic  iron,  and  even  by  silrer  at  the  boiling 
heaL 

The  iMctions  with  inlphide  of  ammonium,  alkalis,  terro-  or  f^CTi-<7anide  of  potM- 
sium,  and  solphocyaiMte  of  potusium,  serre  to  distingniah  ferric  aalls  from  all  oUier 
met^lic  aalCa. 

Solutions  of  ferrous  salts  have  a  blnish-greeD  or  bluish  colour,  and,  vhao 
(Bpoasd  to  the  air,  take  Dp  o^gen  and  are  coDTerted  wholly  or  partially  into  farrio 
aatta;  and  unleea  a  gufficient  eiffias  of  add  ia  present  to  form  a  neutral  ferric  aalt  witb 
the  quantity  of  iron  preeanl,  part  of  the  iron  is  predpotsted  io  the  form  of  a  ysUow- 
brown  basic  salt  They  are  l&ewise  converted  into  ferric  sails  by  airated  \pattr,  by 
ijipDcUaraiM  acid,  mtric  add,  and  by  eaailj  reducible  metallic  oiides  and  aalte,  aucb 
aa  tfaoee  of  tiiiKr,  jfold,  and  merctay.  'VHien  nitric  acid  ia  the  oxidising  agent,  the 
Bitcic  oxide  separated  from  it  does  not  escape  from  the  liquid  at  ordinary  trmperaturefl, 
so  long  aa  any  portion  of  ierroas  salt  nunains  mioiidiaed,  but  remains  dissolTad,  fbnning 
a  dark  gresmsh-biown  solution. 

A  eoBesntrated  stdution  of  ferrous  sulphate  or  chloride  placed  in  the  circuit  of  a 
powerful  Toltaio  battery,  deporita  metallic  iron  in  small  granules  on  the  negative 
platiiram  wire.  If  the  posidTe  wire  is  dipped  into  a  solution  of  common  salt  separated 
from  the  iron  soluliou  by  moist  clay,  the  iron  ia  obtained  in  glittering  crystals  which 
exhibit  magnetie  polarity  (Becquerel).  2in«  immersed  in  a  perfectly  neutral  solution 
of  fbmms  snlph^  or  chloride  contained  tn  a  stoppered  bottle,  throws  down  metallio 
iron  (together  with  oxide)  which  is  deposited  partly  on  the  junc,  partly  on  the  con- 
tignonasideof  theglasa.     (Fischer,  Pogg.  Ann.  ix.  266.) 

Bufyl^Tie  acid  forms  no  precipitata  in  a  solution  of  ferroua  salt  containing  an  excess 
of  one  of  the  stronger  miceral  acids,  but  &om  a  solution  containing  only  a  weaker  acid, 
aueh  as  carbonic,  oxalic,  tartaric^  or  acetic  add,  it  precipitatea  part  of  the  iron,  in  the 
form  of  a  block  hydrated  ferrona  solphide,  the  precipitation  in  the  three  last-mentioned 
aalta  going  on  only  till  a  moderate  portion  of  said  is  set  ftee;  the  aama  rew^ut  pre- 
cipitates feiTooa  beikzoate,  and  eTeu,  to  a  alight  extent,  the  sulphate  and  chloride,  if 
the  ad^  are  completely  saturated  with  base.  Prom  the  sulphate  or  chloride  mixed 
with  acetate  of  potassium,  it  throws  down  a  considerable  portion  of  the  iron,  but  not 
tlie  wholes  even  when  the  acetate  is  in  exoess.  The  black  predpilate  acquires  a  rusty 
brown  edloui  by  exposure  to  the  air.  It  dissolres  readily  in  hydrochloric  or  sulphuric 
add,  and  likewise  in  a  largeqnanti^ofacetie  add,  provided  it  does  not  contain  excess 
of  snlpfaur. — The  same  predpitete,  but  containing  the  whole  of  the  iron,  is  produced  in 
all  ftnms  satta,  on  the  addition  of  an  alkaline  tuip^ratt,  and  it  ia  not  soluble  in  an 
ezcMi  of  the  reagmt.    A.  very  dilute  iron-solution  to  which  snlphydiate  of  ammoninm 
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ii  added,  unmm  k  gram  colour,  froia  tbe  pnunee  of  iroti-SDlphide  id  a  state  of 
BdvpensiotL 

Fixed  ctaittic  alialit  completely  predpitjite  the  iron  in  the  form  of  a  wMte  hydrate, 
idiich,  by  aipoBoiB  to  the  sir,  acqairee  a  diDgy-green  and  afterwards  a  red-brown 
colour. — Ammonia  throirs  doim  put  of  the  iron  in  the  form  of  hydrnl*.  the  ifrt 
remoiiuiig  dissolved  in  the  liomd,  irhich,  irhen  expoe^  to  the  air,  bennnps  oorured, 
flpBt  with  a  greon  and  aflerwardii  witi  a  brown  fllm.  If  the  ferrona  salt  is  prerionsly 
nixed  with  aal-ammoniac,  ammonia  yields  no  predpitate,  bat  forma  a  pole-green 
mixture  which  ezbibits  similar  appearaueei  □□  expoaure  to  Uie  air. 

Monoearhonaie  of  poAouxum  or  Ktdium,  and  setqviearhtmate  of  mnrnfrntum,  throw 
down  white  ferrous  carbonate,  which  eoou  aequires  a  grveu  and  afterwards  a  hrown 
colour  by  expoeore  to  the  air,  and,  if  lal-ammoniac  he  added,  diasolres  in  the  liqnid, 
which  then  exhibits  a  green,  and  subsequeBtly  a  brown  turbidity  on  ei^wanic  to  the 
•it.  Atrid  carhonaie  ofpotatnitm  or  todiam  forms  the  same  predpitate,  with  evolution 
of  carbonic  anhydride  ;  bnt,  if  (he  solntiona  are  dilut*.  a  clear  miitore  is  formed,  which 
depositJi  ferrous  carbonate  on  boiling,  and  on  expoaure  to  the  air  yields  a  predpitate 
of  ferroBo-terric  hydrate. — Ths  arrbonatet  of  alkalitit  eartK-meii^  do  Dot  precipitate 
fsrroHs  aaltB.    (Facha) 

PhoijAait  of  lodivM  precipit&tes  white  ferrous  phosphate,  which  aeqairea  a  blmah- 
green  oolonr  by  exposore  to  the  air. — Arimait  of  aodxum  precipitates  white  ferrona 
arsenate,  which  becomes  dioKy-gicen  on  exposure  to  the  air. 

Oxalic  acid  and  acid  oxalate  of  poCiununi  communicate  a  yellow  coknir  to  femnii 
■alts,  and,  after  a  vhile,  throw  down  yellow  fanons  oialate.  the  pracipitatioD  beiDg 
immediate  when  an  alk^ine  oxalate  is  used. 

Femesiadit  of  votatiittm  forms  a  precintate  wfaiili  is  whits^  if  the  sohitioa  has 
been  perfectly  &eed  &om  air  by  boiling  aoa  t^  iion-aaltis  abadately  Itee  item  ferrio 
oxide,  but  othenise  blniah-wnite ;  by  exposun  to  the  aii,  this  precipitate  is  oon- 
Tertsd  into  Prossian-blue.  Ftrricgaiadt  of  fotaaium  giTea  •  deep  blue  {aedpJtAte 
(ii.  Hi),  e'en  ia  veiy  dilute  solutions. 

Suipkooyanate  ofpetanivm  neither  alters  the  eoloDi  of  ftanxu  aolutioDa,  no  tanaa 
any  prenpitate  in  them. 

lEnffura  of  galU  neither  colours  nor  precipitatei  ferrous  salts  when  (hey  are  quite 
fime  from  toie  oxide;  bnt  the  mixture  acquires  a  Tiolet-blaek  colour  on  exposure  t« 
tbtmr. 

Ths  preceding  reactions,  especially  those  with  the  alkalis,  and  with  fentx^anid^ 


fenicyanide,  and  Bul[diocyaDate  of  potassium,  aSbrd  marked  distinctions  between 
ferrous  and  ferric  salts ;  it  is  bnt  rarefy,  however,  (hat  ferrous  aolntions  can  be  obtained 
lo  g;iTe  the  reactions  exactly  as  they  are  above  described,  exposure  tc  the 


air  for  a  very  short  time  being  safficieat  to  convert  a  portioD  of  the  ferrous  into  ferric 
salt :  hence  the  preoipit&te  formed  by  ferrocyanide  of  potassium  is  generally  somewhat 
bluish,  and  thoae  farmod  by  the  alkalis  have  more  or  less  of  a  dark-green  tinge. 
The  Iwst  way  of  obtaining  a  solution  of  iron  quite  free  firom  ferric  salt^  is  to  immerse 
a  few  pieces  of  tiririit  iron  wire  in  aqueous  SDlphnrous  acid:  a  miitore  of  ferrous 
sulpliite  and  hyposuphita  is  then  formed,  wliich  gives  a  perfectly  white  predpitate 
with  ferrocyanide  of  potassium. 

Solutions  containing  both  ferrous  and  ferric  (alts,  such  as  are  obtained  by  dissolving 
magnetjc  oxide  of  iron  in  hydrochloric  add,  of  course  give  mctiDns  intermediate 
between  thoae  of  pure  ferrous  and  pure  ferric  salts ;  in  particnlar,  they  give  blue  pre- 
cipit»tea  both  with  feno<7Biiide  and  with  forricyanide  of  potaaaium  ;  Uie  formatioa  d 
both  (h»e  predpitates  in  a  solution  obtained  ij  dissaving  a  mineral  in  hydroehtorie 
or  sulphuric  acid,  without  the  addition  of  any  oxidisitig  agent,  sucb  as  nitric  add, 
may  be  taken  as  an  indication  that  the  mineral  contains  a  mixture  or  oompoond  of 
ferrous  and  ferric  oxides.  From  such  mixed  aolutioDS,  the  ferric  oxide  may  be  pre- 
cipitated by  means  of  carbonate  of  barium,  while  the  ferrona  oxide  will  remain  in 
eotation. 

for  the  reactions  of  iron  in  the  state  of  ferric  add,  see  ii.  AST. 

8.  QuattUtaliv$  Bttination  of  Iran. 

Iron  ia  always  estimated  by  weight  in  the  form  of  fenie  oxide.  If  the  solntioD  eon- 
tains  ferrous  oxide,  either  alone  or  mixed  witli  ferric  oxide,  it  is  first  boiled  wiUi  » 
saffldent  quantity  of  nitric  acid  to  convert  the  whole  of  the  foiroos  oxide  into  tamo 
oxide,  and  then  treated  with  ammimia  in  excess  to  predtatate  the  latter.  The  predpi- 
tate is  eolleded  on  a  filter,  wished,  dried,  and  ignited  at  a  moderate  red  heat ;  too 
high  a  temperature  c^mIs  a  portion  of  tjie  oxygen.  Every  10  pta.  of  pure  fnrie 
oxide  oomnpond  to  7  ^ts.  of  metallic  iron.  In  some  eases,  however,  it  ia  neeeegary 
to  o—fMui  OS  the  precipitant.    In  that  oaoa,  the  ^edpitatod  fanic  oxide  ia  veiy  tipt 
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to  earn  down  witb  it  a  portioB  of  ths  potaali,  irbich  is  enweding^j  difflmh  to  lemon 
hy  washing.  It  ia  bMt  thntoftn^  aft«  baving  washed  it  two  or  una  tim«s  with  hot 
water,  to  ndissolve  it  in  acid  and  precipitate  l^  ammonia.  In  other  oasec^  as  irtien  the 
solution  e<Hitains  o^anic  matter,  the  iron  moat  tm  predptated  br  $tMii4e  o/aTnmtmium, 
btvanse  mch  snbitancra  prevent  die  precipitation  ti  the  ozii^.  To  ensure  completo 
prsd{utation.  the  liqnid,  after  being  mixed  with  excess  of  sulphida  of  ■mmonium,  ihonld 
be  left  Gir  BOme  Ume  in  a  covered  Tessel  standing  in  a  warm  place  till  it  becomee  qniU 
coloorleBS  or  yellow,  then  filtered  as  qnicktj  as  possible,  protectiiig  it  &om  the  air,  and 
the  pteeipitata  washed  with  wut«r  containing  solphida  of  ■mmamnni.  The  precipitBted 
snlphids  IS  then  diaBolred  in  oitno  acid,  and  the  iron  precipitated  by  unmonia  aa  befbie. 

If  ths  iron  ia  mixed  or  combined  merelj  with  volatile  or  with  «nlj  comboatibls 
snbetances,  ita  amoont  may  be  detArmined  bj  simple  ignition  in  contact  irith  the  air ; 
all  the  volatile  and  combustible  mattoia  will  then  be  dnren  off  or  burnt  swajr,  and  the 
Iron  will  be  left  in  tbe  Ibrm  of  ferric  oxide  :  to  enanra  its  complete  converBion  into 
this  oxide,  however,  the  residne  should  be  moistened  with  nitric  acid,  and  hmtml 
again. 

An  indirect  method  of  estimating  itna,  given  by  Fneha  (J.  pr.  Chem.  xviL  160), 
depends  upon  tbe  &ct  that  metallic  copper  does  not  dissolve  (or  dissolvea  bat  very 
slowly,  and  onlj  when  final;  dividnd,  ii.  10)  in  hydrDcblciric  acid,  if  kept  &inn  amtact 
with  die  air,  but  vben  boiled  with  Urne  ehlonde,  it  dissolves,  with  formation  of 
bntnts  and  cnprooa  chlorides : 

ViKP  +   Cu"     -     2FeCl  +   CaKH 

The  solution  of  farrie  ebloride  mixed  with  mmsi  of  diliite  hjdrodilorie  add  and 
diluted  with  water,  ia  boiled  in  a  fiaak.  and  clean  copper-foil,  not  too  thin  (frnni  IS  to 
20  pta,  ampoF  to  2  or  B  pts,  ferric  oxide),  ia  completely  immeraad  in  the  liquid  ;  the 
fiaak  ia  cuMed  witb  a  pwibrated  co^  having  a  narrow  glass  tuba  passing  through  it, 
and  the  liquid  ia  boiled  till  it  bacomaa  pertnaneotly  bluiah-green  or  colourZeaa.  Jt  is 
then  left,  to  cool  with  the  fiaak  closed ;  decanted  fnim  the  nndtssolved  mpper ;  tbia 
copper  washed  by  repealed  ■QWon  with  hot  water,  and  decantation,  then  dried  between 
biboloDB  paper,  and  Anally  by  haat,  taking  care  not  to  rab  it^  and  weighed.  The  loss 
of  weight  mnltiplied  b;0'8E>4  gives  the  qoantity  of  iron  in  ths  solatian  :  for  each  atom 
of  copper  ("  Sl'O)  reprcaenta  1  at.  iron  (—  28)  in  the  solndon,  and  ^^^  _  0'891.  Or 
the  loss  of  weight  mnltiplied  by  g^-^c  —  1'2S2  will  pre  the  quantitf  of  ferria  oiida 
in  the  solution.  To  ensure  Iha  complete  rednction  of  the  ferria  to  feirons  chloride^ 
it  ia  easentitd  that  Iha  air  be  entinly  excluded  from  the  veaael,  and  therefore  that  the 
boiling  be  kept  up  nninterrnptedly  tiU  the  liquid  has  become  eolourieaa. 

dilerr  in  the  spongy  state  may  also  be  used  to  nduca  tha  ferric  chloride.  The 
products  of  tba  reaction  are  ferrous  chloride,  which  remains  in  aolntioa,  and  chlorids 
of  eilvar,  which  mixes  with  the  metallic  silver,  and  tncreasce  its  weifht.  As  in  this 
reaction,  each  atom  of  dilcarine  that  entos  into  combinatioa  with  the  stiver  corresponds 
to  I  at.  iron  (Fe%]'  +  Ag  -  2FeCl  +  AgCI),  tba  increase  of  weight  &iilti[died  bj 
-g,,-  "  16774  givta  the  quanli^  of  iron  in  tbe  solution ;  or  ■^.  —  2-2G3S  gives 
the  quanti^  of  ferric  oiido. 

The  mstbod  of  rednction  by  copper  or  silver  may  be  applied  to  determine  ths  qtian- 
tities  of  ferrans  and  ferric  oxidfs,  wbeu  they  exist  together  in  solntioa.  The  qnantitj 
of  ferric  oxide,  or  of  iron  existing  as  frrric  salt,  is  first  determined  as  above,  the 
ferrona  salt  present  not  interfering  with  the  reaction.  It  ia  necessoiy,  however,  to 
gnard  against  the  conversion  of  the  ferrous  into  ferric  salt  by  atmospheric  oxidation  : 
for  which  pnrpose  it  Is  beat  to  peiform  tbs  detanoinatian  in  an  atmoaphera  of  nitrogen 
or  carbonic  anhydride.  Another  portion  of  the  aolntion  is  then  traaird  with  chlorine 
to  convert  the  femius  salt  contained  in  it  into  ferric  Salt,  and  la  this  solntion  the  total 
quantity  of  iron  is  determined  b;  the  aame  method.  The  difference  of  the  two  dater~ 
mioatioDB  gives  tha  qoaotit;  of  mm  eiiMing  as  femus  salt. 

Ferrous  and  ferric  oxides  may  likewise  ba  separated  by  means  of  carhonaii  of  harimn 
or  BOrbonatt  of  adenai,  which  predpitatc*  ferric  oxide  ttom  slightly  add  solntiona, 
but  not  fomnia  imde.  It  is  iiiiiiasiiij  to  have  the  solutian  slightly  add,  since  if  it  is 
perfectly  neutral,  a  small  qoanti^  of  frarons  oxide  may  likewise  be  predpitated.  The 
solution,  iriiieb  ahonld  be  slightly  warmed,  is  shaken  np  with  recently  precipitated 
carbonate  of  bsnum  (which  acta  more  quickly  than  carbonate  of  caldnm),  in  a  corked 
flask  filled  with  carbonic  anhydride ;  tiiaa  laft  to  stand,  and  shaken  up  again  bona 
time  to  time,  till  it  has  become  qnite  eolonrleaa,  afterwards  Slt^md,  and  the  predpitata 
washed,  alv^  in  an  abnosphere  ol  cariwnie  anhydiide.    The  predpitatcs  consistitig 
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of  enibonate  of  baritim  mixed  irith  tenia  hTdrste,  il  ditBt^ved  in  dilnts  hjdroohlona 
add,  the  baryta  precipitatsd  bj  mlphoric  add,  and  tbe  ftoric  oxidB  from  the  flltnte 
hj  ammonia.  Th{*  detarmineB  Uie  qmintit;  of  iiou  ejngljng  in  the  aolntioa  aa  ferri- 
eum.  To  find  the  qoantitj  iTJuting  aa  /errMum,  the  liquid  filtered  from  the  predpi- 
tate  of  carbonate  of  boriam  and  ferric  oxide  is  boiled  vilh  oitric  add,  to  wnTert  Uie 
ferroos  into  fenio  salta,  then  &eed  from  barftu  by  aulphnric  add,  asd  the  iron  is  pre- 
djntated  aa  fe rric  oxide  by  treating  the  filti«te  with  ammoDia.  Or  another  portion 
of  the  original  solntion  may  be  treated  with  nitric  add,  to  brin^  all  the  iron  inlo  the 
ferric  atata,  and  tbe  (otal  quantity  of  iron  determined  by  predpitation  with  ammonta. 
The  diftbrence  of  the  two  detwminationa  will  then  give  the  quantity  i^  iron  eziating 
aaf^rrosnm. 

Aahydroua  ferroaD-femc  oxides  may  be  analysed  by  dissoIvinK  them  in  nitric  or 
nitromoriatic  add,  and  predpttating,  the  iron  u  ferric  oxide  by  ammonia.  The 
propartiona  of  iion  and  ozjgeD  are  thoa  determined,  whence  tbe  fonnula  may  be 
calcohhted- 

Volumttrio  ittima  lion  of  iron, — When  iron  ia  eontained  in  a  aolntjon  a«  ferrous 
oxide  or  femms  salt,  it  may  be  setimBted  b^  determining  the  quantity  of  an  oxidising 
■gent  required  to  eonveit  it  into  ferric  aiide ;  i!,  On  the  other  hand,  it  is  present  aa 
ferric  oxide,  the  estimation  may  be  made  by  measuring  tbe  quantity  of  a  redndcg 
agent  required  to  bring  it  to  the  state  of  ferrous  oxide. 

1.  Methodi  depaiding  on  oxidation. — The  reagent  most  genenlly  employed  for 
converting  ferrous  into  ferric  oxide  in  TolumctHc  aiialysis  ]Bj>erBiangaiuUto/potateitim. 
The  method  of  applying  it  ia  fUly  described  in  the  article  Aha].ibis,  VoLtmiTBia 
(i.  S63).— If  the  iron  in  Die  solution  ncder  eiami 


(i.  S63). — If  the  iron  in  uie  solution  ncder  eiaminadon  is  present  wholly  is  fbirosum, 
the  method  is  directly  applicable ;  i^  on  the  contrary,  the  iron  is  preaent  wholly  oi 
partly  as  ferricum,  it  must  flrat  be  brought  to  the  ferrona  state  l^  heating  it  with 
anlphtuons  acid  or  sulphite  of  sodium,  or  better  with  a  few  gruns  of  pure  nnc  In  a 
mixture  of  frrroui  and  ferric  salts,  the  f^rroanm  may  be  determined  by  tnating  ods 
portion  with  the  permaneanate  directly,  and  another  after  reduction  of  the  ferric  salt 
in  tlie  manner  just  described. 

Acid  chromate  of  potattium  may  also  be  used  for  the  Tolumftric  estimation  of  iron, 
and  has  the  adrantage  of  not  varying  in  strength  when  its  solution  ia  kept  in  well 
dosed  Teasels.  The  reaction  between  feiroDa  oude  and  duomie  acid  may  be  repr«- 
aented  by  tlie  equation : 

2CrH)'     +     6Fa'0       -       SFrfO*     +     (VO- 
■ohfilriils.  oiMa. 


the  pure  acid  chiomale  are  mode  into  a  litre  (1000  cnb.  cent.)  of  aolntion,  100  cub. 
cent,  of  this  solution  will  correspond  to  exactly  I  grm.  of  iron.  The  solution  of  the 
add  cbromate  is  slowly  added  Co  tbe  add  ferrons  solution  till  a  drop  of  the  liquid  no 
longer  forms  a  blue  predpitate  with  red  pmssiate.  (Penny,  Chem.  Oai.  18(H), 
p.  699.) 

Bunsen  (Ann.  Ch.  Pharm.  Ixirvi.  2S8)  adds  to  the  fertons  salntion  mixed  with 
hydrocMoric  add,  a  weighed  qnantitf  of  odd  chromate,  more  than  snffident  tbr  the 
complete  oxidation  of  the  ferrous  salt,  paases  the  chlorine  evolved  oa  heating,  into  a 
solution  of  iodide  of  potassinm,  and  estimates  the  quantity  of  iodine  thoa  liberated  bj 
the  method  described  under  Ahu,tbis.  Voi-TnaxBic  (L  26fi).  If  no  ferrooi  oxide 
were  present,  1  at  K<0.2CrK>'  would  give  3  at.  chlorine,  and  therefore  3  at.  iodine ; 
but  aa  a  portion  of  the  chlorine  is  used  np  in  converting  the  ferrous  info  a  ferric  salt, 
there  will  be  1  at.  less  of  iodine  set  &ee  for  nveiy  2  at.  iron  preaent  as  feiToaum.  Tb* 
quantitf  of  iron  x  will  therefore  be  given  by  the  formula : 

•-ffiiSs?' -¥■■■<"'-'> 

whwe  p  denotes  the  weight  of  add  chromate  used,  and  a,  n,  t,f  liave  tie  same  signill- 
cations  as  in  the  artide  juat  dted. 

For  the  exad,  estimation  of  iron  in  cast  iron, iron  ore^  &c,  Mohrnses  two  titrated 
sdations,  one  containing  8*786  grms.  of  the  aiad  chiomata  in  a  litre,  therefore  I  cnb. 
cent.  ~  0*01  grm.  iron ;  the  second  diluted  tea  times  as  much,  tberefbre  1  cub.  cent. 
—  O-OOl  grm.  iron.  A  qnastity  of  the  substanoe,  containing  about  Igrm.  of  pure  iron 
(that  is  to  say  l-Ofi  grm.  pig  iron,  or  2*00  grma.  iron  ore,  supposing  uie  latter  to  con- 
tain about  SO  per  cent,  iron)  ia  then  weighed  out,  and.  dissolved  in  nvdrochlorio  acid ; 
the  whole  of  the  iron  in  solution  is  broo^t  to  llie  fterona  state  by  redndion  with  xina, 
lie.;  the  solution  ia  then  mixedwithlOOcub.  cent,  of  the  itrongar  aolntion  of  chromftt« 
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■ad  the  iiioN  ditnle  lolntirai  u  ■ft«ni'Mda  wlded  from  a  boreltf,  till  ths  liquid  do 
ioam  gives  a  Une  ooloni'  witli  femmnide  of  potawivm. 

Or  1  grm.  cf  the  carbarettod  icon  U  diisolTed  in  add,  fto. ;  the  lolatioi]  ii  mixed 
with  100  cob.  cent  of  tlie  stronger  ehiomate-solntion ;  and  as  in  aicesa  of  the  latter  is 
Ara  pRsent,  it  is  titratad  backnrds  with  a  ^cadnated  add  solation  of  ferroso-inunonie 


-    .  *.) 

1  ilrt^odt  depending  on  So^ucn'on.— Streng  (Pog$-  Aon.  iqt.  493)  diwolTH  the 
metal  ot  ore  to  be  Tslued  in  boiling  hTdroehlone  acid;  oiidlieii,  il  Bectwarj,  with 
c)il<n*ta  of  potassium ;  dilates  with  cold  water,  tliet  eipeUing  the  free  ehlDmie,  and 
mint  the  admian  with  excess  of  iodide  ot  potiaaiiua.  wherebj  iodine  ia  set  bee : 

FeVP  +   SKI     -     2FeI   *   3EC1   +   L 
A  diltrte  titnt«d  solution  of  etaimm*  eUonde  ia  then  added — whanby  the  brown  colour 
<tf  thesoliitjon  is  tendered  lighter — and  when  only  a  email  qoantity  of  iodine  remains 
in  the  frea  state,  some  dear  stsrch-sohitioa ;  then  mon  Rannotu  chloride,  b;  iropa, 
till  the  blue  eolont  dis^ipaars.     If  the  tin-wilDtJon  has  been  titmtad  with  a^  diro- 
mateof  potsesinni.  thapacentagg  of  metallie  inm  ie  gtTen  bj  the  formula : 
ItW  ■  laFe  .  a      CO 
'    "     ^(K'O.aCrH)*)  ■    g  ' 
where  e  dmiotes  the  qnantitj  of  acid  cbiomate  in  I  e.  e.  of  the  standard  ■olntion  of  that 
■tl^  Q  the  nnmbar  at  cubic  centimetres  of  lin'^alation  added  to  piodoce  deoolomtion, 
g  the  number  of  cubic  eentimetree  of  the  same  tin-solution  used  in  determining  its 
•tnogth,  C  the  number  of  cubic  centimetns  of  the  chrome-solntton  need  to  oxidise  the 
g  cab.  cent,  of  tJn-eolntion,  and  A  the  quantity  of  iron  or  ore  dinolTed. 

Uohr  (Ann.  Ch.  Pharm.  cxiii.  2£7)  sfter  bringing  the  whole  of  the  iron  to  the  state 
of  finrie  ehloiidB  (by  tcenting  the  solntion  of  ferroas  chloride  with  aitifldallj  prepared 
pnoxide  of  mao^neeo.  and  boiling  to  aipel  free  chlorine),  adds  a  small  qnanti^  of 
snlphocyanste  of  potsssinm,  and  then  a  itandnrd  solntion  (^  tiannotu  eUonde,  till  the 
red  eoknir  disameai^  the  tin-solution  hsTins  been  prerioaily  titrated  with  a  solotioQ 
of  pnre  fi>rie  dUoride.  Or  the  sololion  of  fenic  diloride  under  examination  is  mixed 
^Ui  slareh  aitd  iodide  of  potassium  heated  to  CO"  or  00°,  and  the  standard  tin-solntion 
tddad  tall  the  ookur  disappesrs.  Fresenius  uses  a  solntion  of  stannons  chloride  of 
fneh  a  stm^th,  tiut  flom  AO  to  100  e.  o.  are  required  to  reduce  1  grm.  of  purs  iron 
(l-QOSgrm.  harpsiehord-wiie)  ftom  tferrie  to  ftnous  chloride.  Sedissolres  the  iron  or 
iron-eompoDDd  m  hydroeblorie  acid,  oxidises  with  chlorate  of  potassium,  and  adds  to  ths 
slow^  bnt  continnously  boiling  liquid,  after  all  the  free  chlorine  has  been  expelled,  a 
qnantity  of  standard  tin-Boliitiau  rather  more  than  suffldeut  to  decolorise  it.  The 
cooled  Uquid  is  then  mixed  with  starch-solDtJOD  ;  and  a  solution  of  iodine  and  iodide 
of  potassium  (containing  abont  0-006  gnn.  iodine  in  a  litre).    prerioDely   titrated 

Tmst  the  tin-solution,  is  added  till  a  permanent  bine  eoloor  ia  produced.   The  cjnanti^ 
this  iodine-solution  required  for  the  purpoee  giTsa  the  etettt  of  tjn-solntion  pm- 
Tionslj  added. 

Id  using  a  solutum  of  stannous  chloride  for  the  eetimatioil  of  iron,  it  is  esssetiHl 
that  the  water  with  which  the  iron-solution  is  dilated  be  &ee  trom  air ;  otherwise  a 
portion  of  the  stuuions  salt  will  be  oxidiBed  thereby. 

Whoi  fbnie  dlkfide  is  brought  in  contact  with  hmieuipkile  of  sodium,  tetrathionste 
of  sodium  is  ftnaed,  together  with  dilraide  of  sodinm  and  forrous  chloride,  but  no 
salphnrioMid: 

SFeVP  +   SNaWO*     -     *FoCl  +   SNaQ  +  Na'SW. 
BTMiulphlla  TM'Utilanila 

According  to  this  equation,  US  parts  oyvtatlised  hyposulphite  of  sodina 
(NaWCCHK))  eoRMpot^  with  ie2-5  pi.  ferric  chloride;  or  100  pi.  iron,  present  *• 
forricmn,  reqnire  for  reduction  to  ferrosum,  442-8  pla.  of  the  ciystslliBed  hyposalphita. 

Mahr  {he.  cit.)  nsaa  hyposulphite  of  sodinm  in  the  same  way  as  stannous  chloride, 
mixing  tlie  solution  of  forric  chloride  with  iodide  of  palaesinm,  a  Httle  hydrachhnia 
add  and  starch-paste,  heating  it  to  50°-60°,  and  adding  the  standard  solution  ct 
bniosnlphite  till  the  Uue  colour  disappeara. 

Theee  rsdoction-processes  may  also  be  used  tor  determining  the  proportions  of  ferrio 
and  (brrous  salt  existing  in  the  same  solution,  one  portion  of  ue  soIntiDn  being  titrated 
in  fta  ordinal  state,  anothcs  aftsr  all  the  iron  has  been  convrated  iato  ftnie  salt  i  th« 
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4.  Stparation  of  iron  from  otker  ilementt. 

Fton  in  matal*  of  the  £nt  gnnip  (L  317),  iron  i«  nailj  teptrtttd  bj  tulphf/drie 
meid,  whieh  throw*  down  all  thoH  metala,  Uanna  the  iniii  ia  nlatiDD.  Ths  filiate, 
irhkh  aoDlaini  the  iton  in  the  form  of  fenoni  wt,  mtut  then  ba  hmtod  with  nitrio 
■cid  to  ooddiaa  tha  inn,  which  may  ■A«rwaid«  be  pndpitated  bj  kmmonia. 

Thswpantidaorirm&Dm  the  metala  (^  the  Mocmd  ^tnip,  which  btc  not  predpitftted 
bj  nlphjdrie  und  from  ecid  solotioiu,  but  an  pndptMed,  together  with  iiun,  by 
■alphide  of  kianiomani  from  neutnl  or  «lV»li"«  eohitioiu^  ia  mom  difflculL 

From  manganese  ([ireaent  as  manganons  lalt)  and  from  e' 


dlk^tallr  sepanled  bj  tuocuiait  or  benioatt  of  aamommn.  The  Kilntion,  after  b 
the  iitni  has  been  brouzht  to  the  state  of  ferric  lalt,  is  mixed  with  a.  sufficient  quontitT 
^Ml-^mmoiuactohold  the  manKHneaeoiiiQC  in  solution,  uidTer;  carefully  neatroliaed 
irith  ammonia;  it  ia  then  tnsted  with  beniosta  or  succinate  ofammoniam,  which  throws 
down  the  iron  as  ferric  bensiate  or  snccunats,  learin^  the  manganese  or  sine  in  saln- 


Tha  prectpitate  is  washed,  diied,  and  ignited  m  an  open  platini 
-'-    -  -'-  mav  haTS  sofGdeot  aceeas  to  it,  to  prercnt  an;  rednction 

f  the  organic  acid.    Should  such  rednction  take  plaoe,  the  i 


that  ths  air  mav  haTS  sofGdeat  aceeas  to  it,  to  prercnt  an;  rednction  of  the  rran  by 
the  carituB  of  ths  organic  acid.  Should  such  rednction  take  plaoe,  the  iron  must  be 
leoxidiaed  b;  nitric  acid.  The  nicotss  of  this  mode  of  separation  depends  entiral;  on 
the  earp  with  which  the  add  in  the  solution  is  neutralised  with  ammonia  before  acWng 
the  benxoate  or  snccinats.  If  too  much  ammonia  has  been  added,  manganese  or  ainc 
goes  down  with  the  iron ;  if  too  little,  a  porCioD  of  iron  remaina  in  soln^n.  The 
addition  of  ammoDia  should  be  continued  till  a  small  quantity  of  ferric  oxide  i*  pre- 
eipitatad,  M>d  does  not  redissolTP  on  agitation.  The  supernatant  liquid  has  thsD  a 
dsep  browa  colour,  the  greatra  part  of  tbe  iron  being  ettll  u  the  solntion. 

"But  senantion  of  iron  {taftrrietm)  from  manganeae  and  zinc  msj  also  be  effected 
by  agitating  the  solution  with  etaionate  of  barium  (as  ia  ths  separation  of  ferric  from 
f^mnu  oxide,  p.  SS3),  which  predpitates  the  iron  M  tEnic  osde,  leaving  the  other 
metals  in  solution. 

According  to  J.  Schiel  (SilL  Am.  J,  [2]  zv.  276)  manganese  may  be  aeparat^ 
from  ir«n  by  mixing  the  solution  with  aetiaie  of  todtmn,  aid  paHiing  aUsniu  through 
h,  irtudl  throws  down  the  manganese  as  paroiida. 

Zinc  ma;  ba  separated  from  inn  (ferncom)  viian  both  are  pRwnt  as  aeetatse  in  ft 
•olntiau  eontaining  a  anfSnent  quautitj  of  fk«a  aeadc,  bnt  no  inorgaluc  acid,  b;  pasaing 
mfyifdrie  aeid  gat  through  the  solution,  the  mne  being  then  predpitatsd  while  tbe 
faoB  remains  in  aolntioiL  If  the  two  metal*  am  combined  with  ai^  other  add,  th(7 
Mnat  be  predpitated  b;  carbonate  of  potaadnm,  and  redisadTsd  in  acetic  acid ;  or  if 
tlwT  am  present  aa  sulphate^  thej  nay  b«  coareited  into  aaeUtes  by  decompoaitiMi 
witfi  acetate  (tf  barium. 

For  the  methods  of  sepanting  iton  Itom  cobalt,  see  vol.  i.  p.  1040.  When  the  two 
metab  are  predpitated  t<igeth«r  by  tolphido  d  ammonium,  the  snaration  ma;  be 
aflbcted  \n  ^eMJng  the  anlphide*  with  acelje,  sa  well  as  with  dilute  hydrochlorie 
Mid ;  the  inm  tbm  diasolTes  as  aoetate,  while  the  eobalt  remains  behind. 

Iron  nay  be  aepanited  ftom  nickel  t^  the  same  methods  as  from  cobalt  (excepting 
Oiat  with  nitrite  of  potassium).  Nickel  ma;  also  be  separated  from  inn  (ferrKtat) 
by  mixiB^  the  solution  with  a  lai^  quantity  of  sal-ammoniac  (20  pta,  of  that  salt  to 
1  pt.  of  nickel),  precipitating  the  mn  with  carSonale  of  ammonium,  then  hnting  ths 
HqpA  slowl;  to  the  boiling  pdnt,  keeping  it  at  that  temperatoie  Ibr  some  time,  a&ing 
a  amaU  qnanti^  of  ammonia  and  utenng;  fttirie  oxide  then  nmains  on  the  filter, 
iriiils  all  the  nickel  passea  through  in  sotutioii  (Schwarsenber^  Ann.  Ch.  Phann. 
xerii  31B).  Iran  ana  niAel  may  also  be  MpM«l«d  b;  predpitating  theiron  aa  ferrie 
oxide  with  oortowtf*  ii^Aitrnmi.  Fn  tbe  separation  of  ircm  from  cobalt,  thia  method 
is  not  so  well  adapted,  beeaose  a  small  portion  of  the  oobalt  is  apt  ta  be  predpitated 
at  the  same  time. 

Uraninmmay  bes<f«nt«d  from  inn,  both  being  in  the  atata  of  sesquioiides,  by 
txeating  the  sohdion  with  excess  of  earimaie  of  ainmamum,  which  predpitates  the 
ftirio  «aada,  and  netains  the  nnuiiiun  in  solution.  "Tbt  carbonate  of  ammooiura  must, 
howerw,  be  qnite  neutral,  as  if  it  contains  any  excos  of  earbouie  add,  part  of  the  iron 
may  be  rediaolred.  To  ensure  this  condition,  the  carbonate  of  ammonium  should  be 
previously  boiled,  and  ths  solutwn  of  the  metals,  if  add,  mnit  be  neotialtsed  with 
*"—""■"  till  a  sluhC  permanent  predpitate  begins  to  form ;  the  solntion  ia  then 
to  be  dilul«d  vit£  wal«r,  the  carbonate  of  ammonium  addfd,  and  the  predpitate 
disarted  with  it  fbr  some  time  before  filtering. 

For  tbe  separation  c^  iron  from  cerium,  chromium,  didyuinm,  lanthanum, 
molybdenuo^  niobium,  platinum  and  its  oongenera,  tantalum,  titanium, 
tangsten,andTanadiuai,  see  those  mL'tals;  tHaopp.  371,  37& 
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FroiD  klnmiiiinin,  itmi  id  the  form  of  ferric  utt  m&y  be  Mparated  b;  canatic 
poUah,  which  when  kdded  in  tseeM,  and  boiled  with  the  Mmmntrated  aolntion  of  the 
two  Mlt%  pndpitate*  thv  inn  u  finis  oxide,  uid  rettin*  the  alomina  in  BolatHni. 
If  the  pn^wtion  of  inu  ii  msU  (not  ezoBBdlng  I  pt.  feme  oxide  to  ItN)  tJamiiia), 
thil  method  of  eepkntion  is  ■nffideollj  exMtt ;  bat  wheo  it  is  Uxgn,  a  poitiao  of  tha 
■Inmiu  BlwajB  ranaina  with  the  firm  oxide,  and  must  be  separated  Irr  rediaaolTing 
the  precipitate  in  a  Bmall  qDantit;  of  hjdiochloric  acid,  and  repeating  the  treatinent 
with  potaih.  Wilh  ■rtTj  luge  qnantitiea  of  iron,  thia  treatment  miut  sotnetiDM  bft 
npeated  thne  or  fbnr  limes  before  complete  aepaiation  is  effected.  The  [SDceaa  maj 
be  uodifled  bj  flnt  ledadng  tha  fenic  aolatioa  with  mlpharoaa  acid  or  an  alkalins 
anlplittek  «sd  tium  boiling  with  potash  till  the  iBin  ii  precipitated  as  dark  peen 
bttOtaSmrie  oxide ;  bat  in  thia  waj  also  tha  sepantiaa  ia  not  quite  complete ;  if  too 
■tiMli  M^ihtEionB  acid  ii  added,  a  small  qnantitj  of  lolphite  of  alaminiiun  la  samitiinM 


tj^0$tUftil»  ^  todiw^  which  pi«cipttataa  alnmina  together  with  galphar, 
Inn  b  aolilun  (L  IN). 

AhoUmt  yuTj  good  method  of  separating  iron  and  alamininin  ia  to  mix  the  solntion 
with  a  quantity  of  laHario  aeid,  anffident  to  prerent  the  precipitation  of  the  midM 
when  the  liqoid  is  readered  alkaline,  then  add  eicesa  of  ammonia,  and  precipitate  the 

snlphlda  bjiaJfulub  of  aimtionnim.    The  same  method  serrea  to  separate  inn 

--- ■  other  n^ali^  t^.  ooriun,  gludnnmi,  magnasiiun,  tborimuu,  jttrinai, and 

B  (or  ^adnnm)  m»y  slao  be  s^uated  fiom  iron  hj  ^irecipitatin^  tha 
I  tern»  onde  ti^ethar  with  oauniHtta,  and  igniting  a  weired  qnnntitv  of 
and  ealcitied  pradralate  in  a  stmm  of  hydrogen.  The  iron  ia  then 
ndoead  Id  lb  Bettllio  states  while  the  ahminarenuuiianaaltered.  l^eloaaof  wei^t 
Cima  tta  qnanti^  at  amen  which  was  oombined  with  tbe  iron,  whence  the  qnantitj 
of  Ctnic  oxide  maj  be  eatealated,  and  the  alnmiaa  determined  by  diSersnce.  Aa  a 
llieok  Ml  the  msnll,  which  is  eqwdally  neoesaary  when  the  ^iiantily  of  iron  ia  gmall, 
the  wsMne  maj  be  digested  fbr  24  hoius,  witliool  huting.  m  vvrj  dilute  nitric  acid 
(Iptaeid    *         ■"  ■    ■- 

vixtu*  of  neta&ia  irrai  and  alumina,  obtained  as  abore,  to  a  tbtt  etroiu;  red  h^  in 
ft  stMaa  of  itytfracUrna  aeid  na,  whereby  the  iron  is  Tolatilised  as  ihlorid^  while 
dw  ahunina  ramuns  onalteiea,  and  may  afterwards  be  weighed ;  Iha  iron  ia  bbsa 
dettnaiiied  br  difl^tence.  Or  tha  iron  may  also  be  dlrectJy  determined  by  psasiiu 
th*  Mpo«r  of  twiJing  hydiochloria  aoid  into  the  Cabe  and  attached  receiver,  in  whi^ 
ths  oUorida  of  uc»  la  cottdenaed,  oxidising  the  aolution  of  femua  chloride  thus  ob- 
tained  with  nibic  add,  and  predpiiating  by  anunonia. 

FroM  Blaeina,  aodbotn  most  other  protoxides,  irMi  in  tbe  focmot  sesqaiaxids 
—  •-         ■■       -■■•        '  --■-  -.---—  '^.  383). 

,  .laalMdy 

dncribed  br  maf^tmaa  (p.  %Sti),actiMkeaTbonatiaf  barium. 

Ftom  the  alkalis  and  alkaline  eartha,  f^nic  (oida  may  be  aepaialad  by  a«- 
■uafa,'  in  the  ease  of  the  alkaline  eaitha,  howerer,  caie  must  be  taxen  not  to  add 
moN  than  a  slight  excen  of  ammonia,  and  to  protect  the  pmiiipitat*  from  tha  tit 
dniing  flltntita  and  waahing ;  otherwiaa  carbonic  acid  will  be  abeocbed,  and  earthy 
carbonstea  will  be  prad^tated,  together  with  the  ferric  oxide,  and  t^e  predpitate, 
after  washiitt  vUl  afpaar  liriitreoloiired ;  it  must  then  be  rodjssolved  in  acid,  and 
rqwedpiMea  hj  amBMoi*.  if  the  solatkni  eontaina  any  oiganic  substance,  the  iron 
most  be  pne^ilated  bj  sulpliida  of  ammoniun  (p.  383). 

FredptatioB  l;gr  annoiik  sarres  to  sepnate  iron  in  the  farro  state  from  moat  of  its 
inorganio  salta,  ca  the  nitrate,  sn1phat<^  &&  From  phosphoric  or  boric  add  it 
Bay  be  ir|i>rat(iJ  ity  diasolnng  the  aalt  In  bydrodilonc  add,  adding  tartaric  add  in 
'  taflacnt  TUfiitWy  to  ptmwat  precuitalioii  by  alkalis,  then  adding  excess  of  smmoninr 
and  pnd^ttatijig  the  um  bf  ani^de  of  animoniDm.^For  other  methods  of  analyaiug 
phoephiAaa  of  iron,  a»«  PioePHOBie  acid. 

From  atteoir,  in»  nay  be  s(>paraled  by  precipitation  mth  nd^ksdna  aeid,  the 
■nenite  or  attMiate  of  iron  being  dissolved  in  hydrochloric  add.  These  salts  muj  als* 
be  deooB^oeed  in  the  dry  way,  by  ignition  in  a  stream  of  sulphydric  add  gas,  Btdphida 
•f  aiaeaic  thm  vol^liiiiig,  ana  tolphide  of  iron  iMnuniii^    (See  also  p.  374.) 


mm  be  sepanted  by  piedpiUtion  with  carbonate  of  barium  (p.  3: 

Fmb  magnesia,  ftrrio  oxlda  tni? be  separated  brpredpitatiot 

■Jijainn  nf  »l.»m«uini»^ — better  With  tueonoU  oi  lenmoU  tif  41 
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S.  Attajf  of  Iron  orit. 
1,  hi  ti4  wit  waf.—Vrom  moat  brmgliunu  ndnenlj  tiiat  an  MtuDj  nted  br  tlM 

BxtTMtiim  of  iron,  tul  die  oiidn  and  caibonmtea,  tha  iion  may  be  diiaolTed  out  I:; 
boiling  with  bTdRMhlorie  add,  tbe  inaoliibU  temdne  oonaiatiiig  of  qoaiU,  day,  tce^ 
irtiidi  BU^  b«  ftutb«r  inalTaad  bj  toaoa  with  an  alkalina  eatbtwate. 

The  acid  aolntion  seMralhr  eontuna — beeidee  iron — uanniuae,  alttminiuni,  ealanm, 
■nagnaeiiuii,  the  alkMi-natiua,  and  amall  qaantitia*  of  •naihor,  pbonjhonui  urcnic, 
nlidnn^  and  titaninm,  and  leaa  frequently  eopper,  liiic,  lead,  Taoadinin,  ehromioiii, 
nudybdenam,  ai>d  tongstcil.  Theae  rinaenta  may  b«  detected  and  aepaiated  bj  methoda 
•beadj  deacribed,  or  to  be  deseribMl,  under  their  leapeetire  faeada  (aee  alao  pp.  371 — 
876).  The  laat  fbor,  together  vith  titaninm.  may  be  aeparated  by  fdiins  the  polTeriaed 
ore  with  a  mixtora  of  alkaline  carbonate  and  nitrate,  and  tre^ng  the  niaed  maaa  with 
water,  vherebr  a  aolntion  ia  fbnned,  which  may  contain  titanat^  Tanadata,  duomate, 
tnoljbdate,  and  tnngatate  of  alkali-meUl,  together  with  ailieate,  aiaenata.  and  phoaphate. 

If  the  whale  of  the  iron  cannot  be  extiscted  from  an  ore  by  boiline  with  bvdra- 
chtoric  add,  it  moat  be  polvf riaed  and  Aued  with  earbonata  or  add  aulj^ate  of  ilkali- 
tnetal  (biaolphate  of  potash),  and  the  foaed  niui  then  diasolrad  in  water  or  agaeooa 
add,  treed  from  aiUca  by  eraporation,  and  foitber  examined  6a  the  abore-raentioned 


In  the  oom[dete  qnantitatiTe  analyaia  of  iron  orea,  it  ia  neceetaiy  to  determine  the 
watas  and  earbonid  add.  The  water  may  be  ntimated  by  igniting  the  ore  in  a  glaaa 
tnbt^and  eondenaing  the  aqaeona  Taponrby  meana  of  chloride  of  caldom;  the  eartonio 
add  by  the  method  deacribed  under  Ai^kaijicmtbt  (L  119).  When  eithn'  water  or 
earbonie  add  ia  pieasDt  alone,  ita  amonnt  may  be  determined  by  the  loaa  of  weight 
•Qftained  on  ignitioii. 

If  the  p«Mantage  of  iron  in  the  ore  ia  the  only  piunt  to  he  determined,  tie  inm,  after 
being  braiuiht  into  Hit  feiric  atate  by  oxidation  widi  nitric  add,  may  be  precipitated 
hj  ammonia,  or,  if  phosphoric  and  ■recnie  adde  are  praHent,  by  anlphide  of  amm<mium 
after  addition  of  tartaric  add  (p.  387).  Alomina,  if  present,  must  be  separatBd  by  one 
of  tha  methoda  already  deecribed.  All  the  trouble  M  theae  aaparatiaiiB  may,  howsTer, 
be  avoided  bj  adopting  Fucha'  method  of  ertimatioo  with  metallic  copper,  which  givea 
correct  reaalta,  pioTided  all  neceaaaiy  preeautiona  aro  taken  to  exclude  tha  air,  or  by 
oca  of  tho  Tolnmetrto  methods  ulnady  deaeribf^ 

i.  In  tit  dry  w^.— The  otgect  of  thia  mode  of  aaaaying,  which  ia  an  imitation,  on 
tlie  amall  acale,  of  the  proeeaa  which  giMa  on  in  the  blaat  fomaoa,  ia  to  determine,  not 
only  tha  quantity  of  iron  contained  in  an  ore,  or  rather  tha  aoantity  that  can  ha 
estiacted  tij  melting  bnt  likewiae  the  quality  ^  tlia  pig  iron  obtainable,  and  geMmlly 
alao  that  of  tha  alag. 

lOgrma.  of  the  flnaly-ponnded  Ore  are  mixed  «^  S  to  10  ginu.ofanhydnnu  bot«x 
(accordinK  to  the  proportion  of  the  gangne) ;  and  tha  miitnre  i>  placed  in  a  cmcibls 
lined  with  charcoal  (erevnt  Sroa™*),*  and  axpoaed  in  a  powerftil  aip-fumaee  or  a 
portable  blaat-fomace — OrifBn'a  blaat  ^ia-hniace(ii.  787).  Iot  example— to  a  gradually 
Inereaainfj  beat,  raiaed  at  last  to  whiteneea.  After  coolii^,  there  il  found  in  the 
emdbli^  if  tbe  operalion  is  auMesaful,  a  wdl-foaed  regnlua  m  caat  iron,  and  above  it  a 
alag  eompoaad  of  borax  and  the  materials  of  the  gangne.  Tkt  regnlna  mnet  be  care- 
hl^  freed  from  ilag  and  veiled.  It  should  nave  a  grey  colour  without  much 
^ipeamoce  of  lepeisted  graphite.  A  large  separation  of  graphite  ahowa  that  the  beat 
ua  boMl  too  gnat.  If  the  netal  ia  wMte,  It  ia  veiy  fhaible  and  probably  eonlaina 
mangUMM ;  it  ia  tben  nnxirfeetly  carboniaad,  or  it  oontaina  pboapnoma,  araenie,  or 
■nlpbor.  Th»  alag  ahoula  not  contain  dtluc  dobnlea  cd  inm  mechanically  mixed 
(tlwaa^  if  prennt^  must  be  aaparated  from  the  pnlTeriaad  alag  by  terigation,  or  by  the 
magnet),  or  iron  chcmieally  combined,  which  latter  condition  will  be  indicated  by  a 
green  oJonr  in  the  alag.  The  wei^it  of  tbe  regnlua  ia  inareaaed  by  the  carbon  whidi 
It  Hmt^u^  but,  on  the  other  hand,  a  amall  quantity  of  iton  always  remaina  in  the  alag, 
and  Ilia  two  enori  thna  produced  may,  fer  the  moat  part,  be  regarded  as  compensating 
one  another. 

Sometimea  powdered  glaaa  free  from  metal  ia  need  instead  of  borax,  to  iuCTeaae  the 
ftiaibilit;  d  the  gaogue ;  or  tbe  ore  to  be  aaaayed  ia  mixed  with  tlie  aame  kind  of  flux 
that  ia  to  be  need  in  the  actual  amelting  ^oceaa — that  ia  to  Mlj,  with  chalk,  if  tha 

*  Tripre|nr«itmei»»t»l»t.aHM>iBet  Onmlth  awrttla  ti  llnaJ  wKh  aawmlTe  liyan  of  afW 
tamfoimt  ol  lot  chireael  wwdar  ulud  with  *Mar,  (ba  vbale  Mac  well  Mupidwllh  ■  woadra 
|i'*1i  Ai  HOBU  ■  Itim  liai  ban  wjll  prmad.  If  •arfiica  bbh  ba  nwibned  wlUiaknlK,K  IhM 
tha  nail  lijvr  m*  wlbrra  le  H  wall  t  ulharwlia  tha  luan  atll  upinta  wbaa  liaiaad.  Tha  cnidMa 
liwInibaaiithiuUladwIU  atanpad  ctwrceid,  tba  ponloB  Bhkh  fnjaeli  OTer  tba  adn  la  renwiad, 
■  atitfw^renMad  tauaai  b  Hla  Id  UM  iiM41a.  and  tbeiMM  aodbgttM  DC  iMi  lat^ 
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{«  ddafl;  liaealonc.    To 


^uigae  eoniiati  of  qoBTls  or  «l4^,  or  with  clBj  If  tbs  nagns  ,  _  

ucertain  an)Toziiii«t»^  tho  qouilitj  of  flux  nqnirta,  B  preliiDiiiuy  •uljna  maj  be 
made: — 1.  mgantb  igniting  lOgrma.  of  the  cor,  to  dstirminr  *''- * *-' — • ■* 


iple  with  Tt«7  dilute  aible  aeid,  t 
I  and  h«*tins,  the  amonnt  of  w»t«i 
btnliDK  with  ojdroehloric  add  till  a 


earbonio  adiL — 3.   Bj  »T''"l'^'"g 

detmnine,  bj  the  loai  of  weight  iflw 

carbonic  acid,  and  lime,  taken  tooMlMr. — i.  Bi 

theimnia  diiaolved  out,  and  weighing  the  nddne,  ^riuch  Mnuiati  of  qoarti  and  cUt: 

the  ton  of  wnght  in  thia  ezperUDent,  comparad  with  that  in  the  ucond,  pTW  lie 

amount  of  fbric  oxide. 

These  pointB  being  detenuined,  10  grnu.  of  the  ore  are  mixed  with  nieh  aqnanti^of 
da;  or  chalk  that  the  aiaaj  nar  eootain  8  pta.  chalk  to  3  pta.  clar  (Begnaalt).  A 
certain  qoantitj  of  floonnu'  or  Wax  may  Ukewiia  be  added.  For  nch  OMa,  Kanten 
takee  1  gtm.  floorapu  and  I  gtm.  Mldned  bcaax  to  10  gmia.  ef  om  ;  fiir  the  poorer 
one  S'S  grma.  flooi  and  an  eqpal  qnanli^  cf  chalk ;  and  fee  tu^  gsor  ora^  the  Mune, 

Fca  one  not  contusing  ailica,  a  certain  qoaotitj  of  dar  or  qnarti  ia  added  with  tlw 
^nonpar.    OiIDgnna.Moi«ar«mized  with  the  ibllowu^pn^ortiDni  of  flux: 

Magnetic  iro 

Specolar  iron  on     .        .        .  O'S  ~„        „  3-6 "  „ 

Bed  hmiatita 


If  the  ri|^  propaition  of  flux  haa  been  added,  and  the  pnnjer  tempafatnni  attained, 
a  well-eoDBCiuitea  regfoloi  ia  prodoeed  (p.  388),  tiwether  with  a  good  slag  having  a 


grn-jellovUfa  or  BomsCimea  violet  colour,  an  enamel-Uke  or  eometinMB  glaaaj  aaprct, 
and  a  conchaidal  &actm«.  If  Che  slag  U  eton;  or  earthy,  jetlow,  grej,  or  brcnm,  with 
longh  fraetnre,  it  ia  too  rich  in  buea  j  too  great  an  exceea  of  lime  canaea  it  to  enunble 
eaiUf  when  tondied.  Jt,  on  the  oUier  hand,  theie  ia  an  exceea  of  ailica,  tho  slag  ia 
glaan,  more  or  leea  liajuipannit,  of  gnen  colour  (ariaing  ftom  ftaron*  oxide),  and  very 
brittle.  The  leanltB  of  a  ■QccaesM  anaj  ;ield  the  reqniait*  dttta  ftc  """J^ng  aa  ttie 
large  Male. 

B.  Atamie  Weiglt  o/  Jrau. 

lie  atomie  weight  of  iron  haa  been  determined  in  aerend  waja : — 1.  Fran  tha 

wdght  of  frrrio  oxide  obtained  b;  diaedTing  a  known  qnantitj  of  pore  irtai  (harpsi- 

.i.n_4  _-_!  :..  -Mn^'n  •'^i,  preoipitalang  with  ammonia,  &e.,  the  email  qniatity  of 


g  eedmated  and  aUDW«d  fiir. — 2.  From  tha  qnutitj 


I.  From  the  qaanti^  of  chloride  of  ailTcr  obtained  b;  predpitatiu^  a  known  qnan- 
titj of  pore  ferrona  or  hrrie  chloride  with  nitiste  of  ailver.  The  following  table  sihibita 
the  reenlta  obtained  bj  Tarioiu  chemiata ;  the  deteiminationB  ace  arranged  in  ehrondo- 
gieal  order,  and  the  bracketed  nnmbera  indicate  the  method  empIoTed : 

Betxelhu*  (1)     .  .  Fe  -  3713 

Gar-LnaaBetll).         .  .  Fe  .  38-36 

(J) .        .  .  Fe  -  38-37 

aDatytW     ■       .  .  Fe  -  27-98 

Btuibwgaiidlloriiiiiri)  .  Fe  -  ST-S* 


fl)   .Fe- 

(2)    .  Fe  -  37-89 


Benelinaf  (I)    .  .  Fe  -   38-08 

ErdmannftMardiaQdKS)  Fe  -  28-01 
M.n»en*1fa)  .  .  -P«-Jm.2| 
Dnmw**  (4)      .  .  Fe  - 


1 38-10 

137-OT 


He  nomber  37-13,  dednced  from  the  ftnt  nperimenta  of  BerEelini,  waatbr  maoj 
Tears  received  as  the  tme  atomic  weight  of  iron,  althoogh  Bnchol^  eomc  yean 
before,  had  made  a  determination  of  the  composition  of  ferric  oxide,  which  now  appears 
to  have  been  nearer  the  truth.  Benelins  waa  afl<irw>ida  led  to  cODohide  that  his  first 
nperimenta  ware  affected  with  an  error,  aritiiig  from  the  action  of  the  nitric  add  on 
the  glass  Teasel  nsed,  and  from  snbaequeM  exprriments.  in  which  pUtdnam  Teasels 
wse  emplaned,  he  obtained  the  higher  nnmber  33*03.  The  whole  number  38,  which 
is  the  mean  of  all  the  moat  trustworthy  determinationB,  is  now  oniTenally  adcf)Cad  aa 
the  tns  atomic  wei^t  of  Iron,  on  the  supposition  that  the  metal  ia  numatomic  in  tha 
f^rroiu,  and  eceqni-atomio  in  the  ferric  salts,  e.y.  ferrons  dlorida  —  FeCl;  feriie 

■  Otib.  Aan.Tli.jia.  t  An.  CMm.  lua.  lO.  1  PkH.  Tm.dl.1tl. 

f  Ann.  C)i.  Phiinii.  L«l.  |  IbiA.  U.  HI.  T  AiB.  Oh.  Pkje.  [1]  III.  MO. 

*•  AnB.CIi.PliuiB.ciUL.M. 
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s,t.g. 

Fencm*  diloride 

EoTou  Olid*    . 

then  tlie  atomk  veight  ia  Fte  —  C6.     (Bee  Mariu,  Atomic  Wbiosts  ov  ;  ml*o  L  470; 
fi.  30.) 

Tbe  eqniTaleiit  of  iion,  ttuit  u  to  say,  the  ql]■JId^r  of  the  metal  irbieh  nipUeea 
1  at.  of  hydcDgen,  is.  in  Uu  femnu  eomponads, «.  g.  FeCl,  etjool  to  SB,  and  in  the  finio 
eompmmdi,  e.g.  Fe'CI*,  or  FtCl^,  it  ia  )  of  3B,  or  IS^  <riueli  aqnb«c  ii  doiot^  bj  fs. 
(See  EociTAUVTa,  ii.  403.) 

XBOV,  rKVOamaa  Ol*.  Faratit  fitaruh,  FeF  or  FfeF*,  ia  olHainel  \rj 
dinolviiia  iron  in  aqnaoiu  hTdroflnoric  scia,  tuA  OTStalliBea  t^  eraporation,  or  as 
the  BolDtTon  approaches  latantion,  in  small,  ocdourlMS,  lectannhr  plates  eontaioing 
watar,  which  they  kitb  off  without  decompoaitioa  when  nodentel;  heated.  Hie 
anhjdrDua  fluorid^  is  not  altered  by  igaitioo,  cren  in  conlaet  irith  the  aii,  but  the 
hydratod  ult  Boon  tnma  jellow  on  expoenn  to  the  ur,  and  if  quickly  healed,  oxidiBea 
pnHiallj,  giving  off  hydr^Dorie  add.  The  hydratod  orstala  diuofre  slowly  in  pure 
water,  mora  easily  in  adds.  Feirons  fluoride  (bmu  with  jnunide  of  potauimit  K  boIhUb 
donblB  bbII^  EF.FeF,  which  sepuatM  in  ^Tanolai  urjtitia.     (Becaelini.) 

Ferric  fiuoride,  Fe'F*  or  FfeF*,  li  obtained  by  diesolving  fecric  oiide  or  hydrate  ui 
aqneOPa  hydroflnoric  acid,  and  separates  OD  eTapocatiou  in  pale  fleeh.eoloiired  crytttlt. 
when  heated  in  a  platinnin  emcible,  OTer  a  lamp  Togei  by  a  blast,  it  melts,  sometimr* 
ezhibitjag  on  the  imrffWft  noall  cnbic  oratala  of  the  floonde,  while  the  fbsad  mass  has 
a  rose-red  oolonr,  peihap*  due  to  the  formatdon  of  a  miall  qaanti^  of  fanie  aside. 
Ferric  flnoride  is  isomotphona  with  floorids  of  alnmininm,  somewhat  men  flwibb  thai) 
that  componnd,  and  equally  Tolatile.    (DaTille,  Gompt.  lend.  xliii.  970.) 

Feme  flnoride  dhuolras  slowly  bnt  completdy  in  water,  fbnning  a  eoloarlesK 
sweetish,  aatrin^nt  liquid.  Its  aolotion  mixed  with  ammonia  depoaits  a  baaia  lall^  or 
oxjfluoride,  which,  wheo  dry,  forms  a  mat-yellow  powder, 

Hiitureu  of  the  solutionaof  fame  anoridR  and  flitoride  of  potassium  dnnait,  on  alow 
oooling,  colonrleee,  ciTStalliDe,  sparin^j  soluble  double  sslta.  If  ths  eolntion  of  Iho 
ferric  fluoride  is  added  by  drops  to  that  of  the  potaano  fluoride,  the  salt  formed  is 
KF.FoT*,  in  the  contrary  cases,  2KFJe^.    (BoneliBS.) 

zmov-aXAKOa.  Spteuiar  Lvn  or*.  See  Ibo>,  Oxnus  or  (p.tSfi);  slsolnon 
(p.  328). 

XmOW,   Mnm&TBa   or.     See  Iboit,  Ozhim  or  (pp.  IS3— SM). 

^unr,  ST9KXSB  ov.  The  flame  of  hydrwen  evolved  by  dissolTing  iron  ia 
dilate  acids  sometimea  yields  black  spots  when  a  cold  piece  of  porcelain  is  hdd  in  it, 
and  has  hence  been  supposed  to  contain  a  gaseous  compound  of  icon  and  hydrosen ;  but 
Freaesius  and  Schlossbergar  (Aun.  Ch.  Pbarm.  iliv.  264),  and  other  diemieta, 
have  ahowo  that  these  spots  ere  produced  by  phosphonii^  and  that  tha  gas,  when 
perfectly  freed  ftom  mechanical  impnritiee,  does  not  pcDduee  them.  Cameron  (Chem. 
news,  ii.  ISl)  haa  ahown  that  no  fcmirett«d  hydrogen  ia  fbrmed  by  diasolTiiig  tha 
alloy  of  inn  and  sodium  in  acids. 

when  ferrous  iodide  ia  treated  with  □ne.^thyl  and  ether,  gas  ia  ercdrpd  (coonatit^ 
of  hydride  of  ethyl  and  hydrr^en),  and  the  residne,  after  wubing  with  ether,  yields  a 
hydride  of  iron,  mixed  with  metallio  iion,  in  the  fbrm  of  a  blad  powder,  re- 
sembling metallic  iron,  and  decomposing,  with  eTolation  of  hydrogen,  in  contact  wiA 
water,  or  when  heated.     (Wanklynaud  Carina,  Ana.  Ch.  Pharm.  ciz.  74.) 

^OW,  ZOSIDBS  or.  Ferrou*  Iodide,  Fel  or  Ffcl*,  obtained  by  heating  or 
triturating  iodine  with  a  slight  excess  of  iron  filings,  is  a  brown  compound,  whieh 
melte  at  a  rvd  huat,  forms  a  grey  lamiaai  mass  oa  cooling  and  Tolatilises  at  a  stzonnr 
heat.  It  diesolree  readily  in  water,  and  the  pale  green  solution,  which  may  alsobe 
formed  dirtvtly  by  digesting  I  pt.  iron  and  from  2  to  4  pte,  iodine  in  water,  yields, 
whan  eTspoiBtad  in  contact  with  iron,  and  protected  from  the  air,  green  deliqaeecent 
crystals,  containing  2FeI.5H*0  or  Ffel'.GlPO.  Both  crystals  uid  solutian,  when 
exposed  to  the  air,  very  qoickly  turn  brown,  from  fbrmation  of  oxyiodidt^  and  separa. 
tion  of  ferric  hydrate  and  iodine.  Feiroue  iodide  cannot^  therefore,  be  easily  kqit 
unaltered,  either  in  the  solid  state  or  in  solution ;  it  keeps  best  when  mixed  with  a 
BufBcient  quantity  of  common  sugar  or  miUt-engar.  For  preparing  tha  compound  for 
medical  use.  Moor  recommendii  that  1  pt.  iodine  be  oonrerted  into  fenons  iodide  by 
triloiation  with  iron  and  water,  tha  filtered  liquid  mixed  with  29  pts.  of  simple  aymp, 
and  the  whole  quickly  evaporated  down  to  36  pts, ;  20  pts.  of  this  syn^i  OMitain  1  pt. 
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of  feinmf  iodide.  It  is  beat,  howBTfr,  U>  pwptire  the  MimpMiid  frnh  amy  tiine  it  ia 
vaDMd,  wliich  is  not  diiEcult,  u  the  action  ii  tstt  qnii^ 

The  aolutiao  of  ferrous  iodide  traaled  viUi  alkaline  earbonataa,  jiAlda  iodtdw  <rf  tba 
•Ikali-metab,  and  may  b«  naed  for  the  praparatioD  of  thoae  compoimda. 

Fermoi  iodide  easilj  diwolraa  an  ezceea  of  iodiiM :  on  addins  1  at.  lodint  to  S  at. 
fanona  iodide,  a  broim  solntioD  is  fimned  (cantaining  Fe*!'),  vhiisli,  wbon  mixed  TJth 
eaibonate  of  potaasiom,  yields  iodide  of  potassiom  and  black  femiao-leme  hrdrata ; 
it  ia  dmUfal  whether  tlia  brown  wdDtaon  eootaiiui  iodatcd  &rd<m  iodidi,  or  a  nrniao> 
feme  iodid^  analogooa  to  (he  magnado  oxide. 

Ftrrie  iodide,  Fe'I'  or  FfaP,  ia  not  known  with  eattaiutj,  hut  ifipean  to  be  finned 
when  iron  ia  heated  in  tietaa  of  iodine-vapoar.  The  nnlcinK  acmpovnd  diaaolTod  in 
water,  yielda  a  Inown-red  aolntion,  wliich  react*  like  that  ^ili£  is  obtsiaiid  bj  diaaolT* 

aio£ne  in  fbrrona  iodide,  aa  above,  or  bj  diaac^Tiiis  f«T«iu  hTdiat*  in  ^fdriodic  add. 
Iheae  aolntion^  when  axpoaad  to  the  air.  giTeoviodine  and  depoait  ferrie  hTdrate, 

ZKOW,  VAXrVK     See  p.  BSt. 

See  Tfixaoisim. 


I  OS*.  Iron  heated  to  dull  rrdneoi  in  a  pororUin  tnba,  and 
■nbJKted  to  the  action  of  ammonia  gas,  becomes  white,  brittle,  and  UKreases  in  weight 
by  aboot  12  per  cmt.  The  compoand  thos  formed  is  snppoied  by  Despreti  (Ann, 
Chim.  Fl^s.  [2]  zlii.  122)  to  be  a  nitride  of  iron  ;  bnt  it  has  not  been  ansljsed,  and  ia 
snppoaed  In  some  ehemista  to  contain  I^drogen.  It  dissolTol  in  weak  add^  with 
evolntion  of  hjdnwen  and  nitrogen,  and  formation  of  anmumjacal  galta.  At  a  whil« 
heat  it  dseompoaed,  girin^  off  ita  nitrogen,  ^drogcn,  at  a  red  heal,  withdmws  the 
nitiogen,  forming  ainiiionia. 

Sometimes  the  inm,  after  ignition  in  ammonia-gas,  is  fband  to  be  alttred  In  phjvial 
propeitieB,  and  ;et  not  to  have  increased  In  weight ;  in  Bach  a  case,  the  combinaliOD  of 
the  nitrogrn  with  the  iron  ia  bnt  tranaiflnt,  bnt  nererthdrss  appears  to  alter  its  mo- 
lecular sdnetnre. 

Nttnde  of  iron  is  also  produced  when  oxide  of  iron  is  ignited  in  ammonia  mM ;  tlto 
in  minnte  qnantity  whan  nitrogen  gaa  is  passed  OTer  red-hx>t  iron.  (Pelo^ae  et 
Frtmj.  7V«'«,  ii,  4B2.) 

Bespeciing  the  controTersy  abont  the  existence  of  nitrogen  in  ateel,  see  SnmL, 

TmOM,  VZrmOSVKVMXDaa  or.  mtronUfura  da  fcr.  (Bonssin,  Ann. 
Ch.  Fhys.  [3]  lii.  28S.  )^  CompoDnda  podoced  'by  the  simaltmneons  action  at  nitarite* 
and  alluline  aolphiilea  on  iron-salts.  Thsy  contain  nitric  oiide,  logather  with  anlphida 
of  iron  and  snlphide  of  hydro^n  or  an  alkali-met^  and  may  tberafbra  poii^a  be 
ngaided  SB  anjogooa  in  composition  to  the  nitroferricranidea  (il  350),  that  is  to  say, 
aa  snlphidee  of  iron  in  which  1  at.  lol^nr  ia  replaced  l^  2  at  nitniiqii,  KO.  llisy 
conlam  in  fact  a  disnlphide  of  inm,  Fe^  or  Ffe^*,  in  which  the  Ibntth,  «r  sometime* 
the  halt  of  the  salpbur  may  be  aupposad  to  be  replaced  by  on  e^DiTalent  qnantity  of 
nitneyl.  The  analogy  of  tbe  nitninilphidee  to  the  nitroftjiioyanides  is  shown  bj  111* 
foot,  that  when  a  solution  of  nitrojerricyanide  of  sodnun  is  complete^  daoomposM  'ifj 
sulphfdric  acid,  and  the  aolntiOD  bailed  and  evaporated,  the  reaidne  contain*  dinitro- 
aulphide  of  iron,  which  may  be  reconvaitad  into  a  nitrofenii^anide  by  liutlim It  with 
^auide  of  potassium.  A  mixture  of  iron-salt  and  nitrite  of  potfissinm  yialdf  »  nitro- 
Kfricj'anide  when  treated  with  cyanide  of  potassinm,  and  nitioanlphida  i£  iron  vfaea 
treated  with  salphide  of  potassiuio.  In  neither  of  these  rl*na«in  of  eompoiind*  can  the 
iron  be  detected  by  ordinary  reagents. 

Dim^^etitpUdt  of  /ron,  Fe^HfNO)'  -  Ffe^irO)-.F&S(KO<)>.H^  w  !*«• 
(NO)'.B'S. — This  comnmnd  is  pr^iared  by  dropping  a  solution  of  feme  ehloide  or  sul- 
phate, with  coostant  stirring  into  a  mixture  of  the  solntioas  of  nitrite  of  potaaatntn  and 
snlpMde.  of  ammonium,  heating  the  liquid  to  boiling,  keeping  it  at  theboillna  heat  for* 
tew  minutes,  and  filtering  to  separate  sulphur  ;  the  deep-coloniBd  liquid  depooila  oyatals 
of  the  compound  on  coolmg. — JDrSfgmui.  ferrons  Bulphate  disMlied  in  (^2  Utrs  of  ds- 
aeratad  water  is  added  to  a  solution  of  21  srma.  dry  nitrite  of  potaasinni,  and  IS  nms. 
eiyatiJliaed  sulphide  of  sodium  also  in  02  Lire  of  water,  and  the  solntion  ia  boilMland 
Altered.  Tfhen  a  ferrous  salt  is  used  in  the  preparation,  no  separation  lA  solpfani 
takn  place.     The  oyataU  sre  purified  by  reciyslalliaation, 

Dinitrosolphide  of  iron  forms  black,  needle-ahaped,  obliqae  ttKnahie  prisms,  2  mm. 
long;  mess  aoluble  in  hot  (about  2  pta.)  than  in  cold  wtkter,  easily  soltibla  in  aleohol, 
wood-spirit,  amylic  alcohol,  and  glacial  acetic  add ;  they  duaolre  in  all  propoitloM  in 
ether,  and  deliquesce  eren  in  ether-TUKmr.  The  solntioas  are  Tsry  deep-eolanvd, 
taste  styptie  at  fint,  then  persistently  bitter ;  they  remain  anaUsred  u  air  eonttlning 
monio,  und  may  be  iccnrstallised  from  alkaline  sol 
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nitrite  of  ammoaiiim,  uid  IcBiVe  iion  in  the  nsidne ;  vlien  qnicUj  hest^  tbej  burn 
swaj.  Tha  comptnmd  is  eiuilj  decompoaed  by  minenil  vads,  with  erolntion  of  nddinh 
Tapooie,  not  bj  org&nie  udds.  Chlorine  nnd  iodine  dpcompose  it,  with  eroIntioD  of 
nitric  oxide  and  separation  c€  mlphnr.    It  is  prscipttat«d  from  aolation  b;  ' 

unmonia,  mnch  more  almrlj  by  Bod&.     The  ct^atalB  are  demmpoiwd  hj  p 


nitric  oxide  and  separation  c€  anlpbnr.  It  ia  prscipttat«d  boot  aolation  bj  potaah  and 
jnmonia,  mnch  more  alowlj  by  Bod&.  The  ct^atalB  are  demmpoiwd  hj  penDanganats 
f  potaaaium,  peroxide  of  lead,  and  metcnrie  oxide.     Uan;  metHllie  wlta  precipitate 


the  aolation,  with  elimination  of  nitrio  oxide.     Cyanide  of  potoiietnm  and  cf  amde  of 
memuy  convert  the  eijatala  into  nitarofemeyanidee. 

The  ciyatala  are  not  decomposed  by  autphide  of  unmoainin,  snlphydric  acid,  terro- 
or  feiri-cyanide  of  potaioinm,  or  taatiii)  acid,  neilher  of  tbeee  reagenta  giving  anj 
indication  of  the  preaence  of  iron  in  them.  Neither  are  thej  decomposed  by  caaitic 
poMsh  or  aod>  in  tlie  «Ad,  bat  when  heaMd  therewith,  they  give  off  ammonia  gaa  and 
yield  flnrie  hydrate,  togethsr  with  a  filtimte  which  deposits  tlie  fbllowing  eompannd. 
.  Bti^iiirtlttdNilronihiidio/6vn<adSaiiiiM,F^St*SVIKf> 
^-ThiaoomiNHmdfbrmalai;^  black  raystals  havinga  to; biUar  tMt«,  e«M]y  solnble  in 
Wkter  and  in  alcohol,  bat  insoluble  in  ether.  The  ojaUlt  deemnpoM  M  ISO" ;  their 
solntioi]  is  decomposed,  with  evolntion  of  nitric  oxide,  by  cMoniic^  iodiof^  or  mexeoric 
oxide.  It  forma  predpitates  with  mntiLllic  eiUto,  the  reaction  bei^g  in  acmie  caaee 
attended  wiUi  eTolatioii  of  nitric  oxide.  The  aolation  yields  ciystalline  compoondB  oa 
addition  of  potash  or  ammonia,  bat  is  not  altered  by  caostic  soda ;  the  ci7BtBbi  are 
not  altered  by  snlpliids  of  ammoiiinm  or  ferrocyanide  dT  potassinni,  but  with  (wnc^iuiide 
of  potassiom  Hiey  yield  nitric  oxide  gas  and  prassiau-blue. 

SidpAimtltdNitromdphideo/lronan4Bydrogm.Fii'BVPS'0*-'Fttfl^O'^.*S7S(1), 
aeparates  in  reddish  flocks,  when  the  preceding  compound  ia  deeompoMd  by  add^  bnt 
gives  off  lalphTdric  acid  and  sa&en  farther  deeompositioii,  even  during  washing. 

mtTOtuipMdt  of  Iron,  Fe'SSNO)'  or  ¥tt^a\SO)',  oeparatea,  witi  evolntion  of  enl- 
pbydric  acid,  when  salphurett«d  nitroenlphide  of  iron  and  sodiiim  is  decomposed  by  an 
acid  at  the  boiling  heat.  It  is  a  black  anbatancp,  which  when  freehly  prepared  and 
dii»d,  boms  away  like  tinder,  when  net  on  Sre.  It  decomposes  BpoDtanaonely,  leaving 
sulphide  of  iron.  It  ia  insoluble  in  water,  alcohol,  and  ether,  bet  diosolvc*  in  canstic 
potash,  with  partial  decomposition  and  sepuafioo  of  ferric  hydnil«. 

Sitrmulphide  of  Iron  and  Sodium,  Fe'Na'N'g'O'.H'O  -  rft^N0)'.N»'3.HK).— 
Formed  by  evaporating  a  solation  of  nitroeolphide  of  iron  in  anlphide  of  sodinm  at 
100°,  and  treating  the  rcsidne  with  alcohol  and  ether.  Ciystolliaes  ia  red  prisma, 
black  by  reflected  light  1  dissolves  with  deep  red  coloar  in  water,  alcohol,  and  ether,  bnt 
is  insoluble  in  chloroform  and  io  aalpUde  of  carbon.  The  solatlon  is  precipitated  by 
mctalliD  salts,  forming  insoluble  compounds  in  which  the  sodium  is  replaced  by  the 


^unr  If  K  The  feiraginoas  minerals  oontoining  snffleient  quantities  of  iron 
to  be  Available  for  the  eztractian  of  the  metal,  have  already  been  described  (pp.  B37 — 
US).    For  the  methods  of  assaying  them,  see  p.  S88. 

l^e  following  minenlogical  terms  must  here  be  noticed. 

ArgHlaennu  or  CSiqr  Bvn  Or*. — This  f  aim  ia  t^ied  to  tevetsl  ore*  consiatin^  of 
oxide  or  carbonate  of  iron  mixed  with  dn;  The  a^iillaceonH  carbonate  is  called  sim- 
ply "clf^  iron-stone ;"  anhydnms  and  byOiated  ferric  oxides  with  a  sinuhir  odmixton, 
ate  ealled  "  red  clay  iion-stonc^"  and  "  brown  or  yellow  clay  inra-stone,"  reapecdvely. 

Jtatomtnu  Inm  Ore,  or  KAddoptaii*.  A  Taris^  of  ilmenite  or  titanihroos  inm 
ore.    (See  Tiuhahs.) 

Beg  Iron  Ore. — A  brittJe  or  loosely  aggregated  variety  of  brown  hiefnatit«,  oeearring 
in  low  marshy  gronnda.  It  procaeda&om  t£e  decomposition  erf' othar  apemes  and  oftao 
takes  the  form  of  leaves,  nnta,  or  stems,  foand  in  the  maral^  soiL 

Srovn  bm  Ort. — Eydrated  ferric  oxide  (p.  338), 

fUuBtnar  Iron  On. — Bed  day  iron  atone.,  having  a  coIomDar  stroetore. 

Ortat  Iron  Ort. — Hydrated  ferric  phoephatf.     (See  DuranHin,  n.  347.) 


Lentietilar  ifon  Ort. — A  variety  of  red  clay  iron-stons  caving  a  flat  granolor  stmcUirs. 
ilagnetie  Iron  Ort. — Fermso-fsrric  oxide  (pp.  337,  387). 
ilicaetout  Iran  Ort, — Specniar  iron  an  wiUi  a  micsceons  stmetaie. 
Oc}irtota  Iron  Ore. — Had  hematite^  having  a  aoft  earthy 
Octahairal  Iron  Ore. — ^n.  with  magnetic  inm  ora. 


Native  ferric  oxide  (p.  337). 

1(0  &10II  Ors. — CiystaUised  fen  .  ,_. 

iroit  Ort, — Bed  hamatite  having  a  perfect  metallic  ln«ln  (pp.  338,  391). 


Aurty  or  Bpa^ac  hm  Ore. — CiystaUiaed  ferroas  carbonate  (i.  785). 
Spadar  Iron  Ort, — Bed  hamatite  having  a  perfect  metallic  * 

jUoHifinnu  Iron  On.—¥eaie  tilMut«.    (See  Trrinms.) 
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nMIW,  OxmBfl  Ol*.  Inm  fbrmi  two  oxidca  comnoadiiig  irith  tlie  dilMidM, 
TO.  thfprotoxide  at  faroiu  laidt,  FsV)  or  ?feO,  the  tttgmaxiJt  orfirric  oxiiit,  FeH}* 
or  FfoHr,  ud  seven!  midM  of  intermediate  componlion,  ««Ued  Jrrroti?-/errie  exUtt, 
Thicb  may  be  ngarded  u  componnds  of  tiiB  two  ji»t  mentioDed :  Uie  most  im- 
portuit  of  thew  is  ths  viagneiie  oxide.  FtfO'  or  FfcW*  -  FfeO.Ff^O*.  A  frtond^ 
FtWoiFfeO",  miy  besnppoeed  tofzistiiithefemt«s(iLS3S);&f.  bmteofpotM- 
nnm,  K'FfeO*  -  K'O.FfeO',  but  it  hu  oot  be«n  inUted. 

Ttaetoua  oxide,  Fe*0  of  FfeO,  is  nsTer  fbond  in  natim  in  Ute  tett  state,  bnt  mo; 
In  smiposed  to  eiiit,  in  combtnittioa  with  carbonic  anhydride,  as  feirons  earbonats 
(Frado*  -  Ffe'O,  CO*)  in  ipalhic  inn  at«,  and  in  solution  in  chalvbeale  waters ;  also 
combined  irich  ferric  oxide  in  nta^atic  iron  ore.  It  is  not  Mulj  obtained  in  the  pan 
slate,  on  account  of  the  aTiditywith  which  it  abaorbs  oifgen.  According  to  Qebraj, 
it  is  obtained  bj  passing  a  mixture  of  equal  Tolunua  of  carbonic  anhjdnde  and  carbo- 
nic oxide  over  red-hot  ferric  oxide.  According  to  Liebig  it  is  obtained,  miied  witli  a 
little  metallic  iran,  b;  igniting  firrous  oxalate  in  a  close  ressel.  The  impure  ferrons 
oxide  thus  obtained  is  a  black  pjtophorie  powder,  vhioh  in  ooDtact  with  ths  air 
qnicklj  takes  Are,  and  ia  coDTBited  into  ferric  oxide. 

Bydraltd  Ferroui  Oxide,  or  ferroH«  iydralt,  is  obttined  bj  precipitating 
the  oolation  of  a  pnre  ferrous  salt,  perfectly  free  from  air,  with  potaih-le;,  uao  ffee  fMm 
air,  in  a  Tesael  filled  with  de-aeraled  water.  The  bjdrate  is  then  precipitated  in  white 
toiikt,  which  must  be  washed  b;  decsotalioD  with  recently  boiled  water,  then  dried  and 
presencd  in  an  atmosphere  perfsctlj  free  from  o^gen.    Schmidt  (Ann.  Ch.  Phaim. 

"i.  101  )>  by  a  veiy  carsAiI  prepuadoo  thus  conducted,  obtained  Uie  hydrate  as  a 

.^■. »„i,i u — : —  J  ^^  gieeniah  colour,  probably  arising  from 

an,  even  in  the  dry  state,  it  quickl;  abstsba 

lo  ignition,  and  is  couTcrt^d  into  ferric  oxide. 

idation,  first  into  ereeiiish  ferroeo-ft 

.        ,  luces  iodic  add,  sjso  plattnnm-  and 

■alts.     It  disBolveg,  according  to  Binean,  in  150,000  pts.  of  water,  fbrming  a 

Uqidd.     It  dissolves  easily  in  acids,   forming  ftn-oos  salts,  and  abaOTbs  carbonic 
anhydride  quickly,  eren  in  thedijatat^  so  that  it  cannot  be  dried  in  an  atmosphere  of 


— FarroDs  oxide  and  hydrate  diasolre  in  acids,  forming  salts  ii 
__    __  a:  _. — -^  according  at  -'----  —  ' ^.i.  !_  ~~  ._  ...   . 


which  ths  iron  i*  mono-  or  di-atomic,  according  as  its  atomic  weight  is  2S  ciM:  *.ff. 

„|,toj    »   ma     .      wo    .    j„S. 

The  sohible  ferrous  salts  are  likewise  produced  by  diaolving  inn  in  dilute  acids.  Tb* 
inaolnble  nits,  e.  g.  the  carbonate  and  phwphsle.  are  obtained  by  pec^lAtion.  The 
~    '        teis  of  &«quent  occurrence  tu  a  nstiusl  minersl  (p.  33S). 


Host  fiirrous  saltj  are  solablr  and  crystallisable,  whit«  in  the  anhydiona,  pals 
greenish-blue  in  the  hydrated  state.  The  solutions  are  gresn  or  greenieh-bloe,  bars  a 
sweetish  taste,  with  inky  after-taste,  and  qnickly  absorb  oiy^  boa  lie  air,  yielding 


a  yellow-brown  deposit  of  baaio  ferric  sail,  beonse  the  qtMntihr  of  addii. 

ia  not  sufficient  to  ftirm  a  normal  ferric  salt,  ioasmnch  as  iron  (Ffb)  ia  butomia  in  tha 
f^rrii^  and  only  diatomic  in  the  ferrous  salts ;  thus  fbnons  silphata  jiald*  b;  osidatKin 
a  baMG  tcnic  snlphats,  or  oxysulphate  containing  only  3  at.  SO* ; 
2(FfB0.S0')     +     0         -         FfeK)'.aSO«. 
aFfcSO'      +     0         -        FWJ*^ 
whereas  the  sdnble  normal  fbrrie  snlphate  has  the  oompoMlion  FAW.tSO*  cv 
Ffe^80<)». 

Thoee  ferrous  salts  which  oontain  a  Tolatile  add,  give  it  vp  on  ignilJol^  leaving  a 
midne  of  ftnde  oxide,  if  the  add,  such  as  sulphuric  or  nitric  add,  gives  up  its  oxygen 
readily ;  of  finroso-ferrie  oxide,  if  the  add.  such  as  carbonic  adJd,  retains  its  oxygen 
more  (cacibly ;  and  of  metallic  inn,  eithv  pnre  or  mixed  with  fenous  oiida,  if  the  add 
is  organic 

For  the  reactiona  of  finous  salts  in  tolntian,  see  p,  381. 

TMTle  oxlda.  FeH)*  or  Ffe'O*.  Sagrmoxide  or  penaidt  af  iron.  This  oxide 
occnrs  in  uature  very  abundantly  and  widely  distribnt^l,  via.  1.  Ai  spsenlar  iron 
ore  in  riiorobohedral  fbnns,  R  .  oR,  also  R  .  1P2  .  ^B  (ratio  of  prindpal  to  secondary 
axes  —  I'SeSS  :  1).— 2.  As  martite,  in  r^idar  octahedron*.— 3.  As  red  hematite, 
in  columnar,  pvnaUr,  botryoidal,  and  statactitic  shapea,  also  lamellar  and  gnuinlar, 
either  alone  or  assodatod  with  clay,  forming  tbe  wroal  varietiea  of  nd  d^  irM-tfona 
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(p.S10).    It  isfbrmsd  bfhMliDg  uonoritslovarozidMaiidhfdntga  in  contact  villi 

tbeur. 

Trrtie  oxide  nuj  b«  obuined  id  a&ail  ajttalt  by  dseompoaiiig  feme  chJaride  witb 
lime  mta  red  beat  (Dkabri,  Compt.  read.  xlix.  ItS);  in  tmeaceoui  Umjiua  br  heating 
the  amorphoiu  oxide  vilh  borax,  and  treating  the  reeuldns  nun  irith  hydracbloTM 

4  (Hauer,  Wien.  Akad.  Bar.  ziii  *«),  or  bj  melting  thf ■- "      -'■' ^ 


Wlwn  eqnal  paitB  of  furooa  anlphata  (grasD  vitiiol)  and  cc 
'      I,  and  the  prodaet   —•----■  ■—  — •--■--  •-— ■-   — ' 


i*.) 


t  axhaniUd  bj  vaihing,  fbnic  oxide  tam^u  in  red-bnnrn 
Bbuung  aealM.  wttenpnlTemleDtfemoosideie  ignited  with  aal-anmonia^  put  of  it 
beeomea  oyitaUine,  while  another  pMlioa  volatilieea  u  ferric  chloride. 

Fwric  oxida  ia  obtained  in  the  amocphona  atata  b;  igniting  feiroua  anlphate  with  -f^ 
pt  of  taltoetie,  and  lixiviating  th«  prodoct ;  hj  diasolTing  iron  in  nitric  aod,  evapo- 
rating, and  heating  the  Tesoltiiig  mtxate  to  mneae  ;  also  ij  deflagrating  iron  fllingi 
with  gidtpetrfl.  In  the  distitlatioa  of  faming  ralpboric  acid  &om  gieen  vitxud,  ■  reeidoa 
of  impure  tenia  oxide  ii  obtained,  fbrmeil;  known  aa  Caput  mortiam  vitrioli.  Amoi^ 
phone  fenie  oxide  ia  uanallj  prepared  for  jjiannacentical  nee  bj  igniting  fenic  hjdrata 
■V  ferrou  carbonate  in  oontoet  with  the  air;  the  preparation  Ihna  obtoined  ii  c^lad 


Onmu  niartU  adatringau  or  Fa-rum  oagdatitm  rubnan.    Vtrj  pnre  fem 

be  orepaied  by  heating  tiamnt  oxalate  inoontaet  with  the  air;  the  nit  Ih 

and  ia  oomplatdy  eoDvectod,  withoot  fnitheT  beatlnK  into  fonic  oxide.    (A.  Vogel.) 


It  ia  very  hjgroecopic,  not  magnntici  vet;  bard,  and  ia  thersTore  need  at  a  grinding 
and  poliabing  materiaL  The  epedfic  giavitj  of  the  aitiflciall; .prepared  oxide  ii  fiM 
|o  SIT  (H.  Boae,  Pogg.  Ann.  Ixxir.  £lO);  that  of  red  iuematile  and  Bpeonlar  iron  ore, 
from  i'S  to  G'3  ;  cj  aome  oolumnar  varietiea  aa  low  as  4-3  ;  that  at  maitite  ftom  Pern, 
8-80;  from  Pny  de  Dome,  4-6fi;  from  Brazil.  1'80  (Breitbanpt)  ;  &am  Monroe,  New 
YoA,  S-33  (Hant).  Hudneas  of  haemBtile  and  (pecular  iron  ore  ~  6-G  to6'fi;  of 
martita  -  6.  Tbe  cubic  ezpanidDn  of  ferric  oxide  -  OODDOl  for  1°  C.  (EoppV 
Ferric  oxide  ia  not  volatile,  but  at  a  fidl  while  heat  it  givH  off  oxygen,  and  i«  pMtiaUy 
oonverted  into  (erroao-fecric  oxide,  wbicb  is  attracted  by  tbe  magnet 

Ferric  oxide  ia  rednced  to  the  metallic  state  by  i^drogen  gat,  at  a  heat  even  below 
rednea8,and  eompletely  at  red  heat  ^tjcliaraxU  or  eai^nmic  ovidt,  also  by  iKMiuHua^af. 
Whan  ignited  willi  ntfplur,  it  jielilB  eulphnroue  anhydride  and  a  inlphide  of  iron. 
It  aaai^  givM  tip  ita  oxygen  when  ignited  with  ooiMuttibU  bo^a,  bat  takea  it  np 
■gain  when  heated  in  contact  with  the  air:  heniM  it  fkcilitotea  the  combnition  ^ 
oisanic  bodiea,  and  may  be  need  for  incinerating  them  (Qriigar,  Ann.  Cb.  Pbann. 
ezL  121),  lEren  at  ordinary  temperatorea,  it  frequently  acta  oa  an  oiidiaing  agent  in 
contact  with  organic  matter,  and  ia  thereby  reduced  to  magnrtic  oxide^  or  even  to 
ferrona  oxide,  and  then,  by  taking  up  carbonic  add.  convcrtod  into  apalhio  iron ;  the 
redneed  oxide,  if  .in  contact  with  moiatnre,  ia  freqneutly  also  reconverted  into  fenio 
l^dntta  (limmite  or  brown  hematite)  by  atmoepberic  oxidation.  The  oxide  ia  alao 
■ometiniea  farther  reduced  by  the  action  ot  ndphydrit  acid,  and  converted  into  pyritea : 
hence  nugnetlto,  litnonite,  and  pyritea  oQen  occur  oa  peendomCf]du  after  red  li»«ii»»j^«, 
Aocinding  toKahlmana  (Compt.  rend.  liL  IISB),  it  easily  converU  n^fUdtoft^ 
ciitm  into  gypanm  at  the  expettue  of  atmoapheric  oznea  ;  Uie  oxyaolpbide  of  fMBJnin 
of  the  Boda-reeidnee  mixed  irith  an  eqnal  weight  of  ferric  oxida  (the  reaidne  of  tha 
bnming  of  pyritea),  (brma  a  Teiy  uaefdl  cement,  which  hardens  qnlcklj  in  oontailt  witi) 

Ferric  oxide  diaaolves  in  aeid»,  but  lea*  aaailjr  in  proportion  as  it  baa  bem  mora 
Aongly  ignited :  the  beat  aolvant  for  it  ia  strong  bwling  hydrochlaric  acid.  Tti»  aoln- 
tion  is  facilitated  by  tbe  addition  of  dnc  ta  stannona  chloride  the  oxida  than  diaaolv- 
ing  *a  ferrooi  ebioride. 

Ferric  oxide,  on  acconnt  of  ita  hardncaa,  ia  moch  oaed  aa  a  ninding  and  polidiing 
material.    A  very  hard  compact  kind  of  red  hmmatite,  called  bloodstone^  forma, 

well  ptJiabed,  the  beet  11    '-  *  '  '       -■--■--    -   ^-^  <-^ »-^ — 

1  the  gilding  of  porcelaii 
polishing  goM,  silrer,  and  other  metals,  for  poliahing  and  shaipening  cutting  insbn- 
meata,  and  for  grinding  and  poliehiog  glaaa  for  mirrors  and  lenaes.  Atc(»ding  to 
Vogel  (Diogl.  pol.  I.  "■■■■"'  27S),  the  oxide  obtained  by  the  comboation  of  ferrona 
'     ""~)  is  peculiarly  eijapted  fbr  these  pnrpoaes.    That  which  ia  prepared 


Vogel  (Din, 

oxalate  (p.  3 


e  esldned  portion^  which  are  Unith  or  putiJisb,  forming  the  «raciu  whidi 
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ir  polubioff  hitm  and  (tesL  Lend  Roasa  prapana  fenio  oxide  tot  poliih< 
p«cnl&  of  bis  tel«acx^>ai,  bj  predpitatinc  a  pure  dilute  (olation  of  teRCMU 
■rich  uomonU,  pivsBia^  the.  wssbml  precipiUM  in  ft  ■crew-prws  tiJl  ncarlj 
di7,  and  eipomiig  it  to  ■  heat  whidi  appraia  dull  rad  in  the  daA.  (_3eaCr^t  JHctitmmy 
qfAfti,  iii.  368.) 

Ferric  oxids  is  also  lued  aa  a  eolonriiig  luatarial  for  gk«  and  pOTcelain,  opeciillj 
Uw  latter ;  it  jielda  a  fine  pnrpte-nd,  or  whsn  mora  gti^igij  heated,  an  orange-jalbnr 
enamel  colour,  the  tint  ptodnced  depending  eesentiaUj  on  t^  mode  of  tieatmeat ; 
acootding  to  Bontempt  (Phil.  Uag.  [4]  ixzr.  439),  fenie  oxide  may  be  made  to 
colour  gUii  vith  all  the  tint*  of  the  ■pectram,  according  to  the  degree  A  beat  applied. 

Sydrattdftrrieotidt,  or ferrteAjrirafe,  occonabundastlyin  natun,  either 
dTitallindiegothiteor  needle  iron  ore  (iL  940),  or  in  itellaUgioqigirf needle* 
or  fibrea,  ■■  X  a  n  t  h  0  B  i  d  e  I  i  t  e,  or  more  freqoan tl7  in  stalacdtic^  botrjOTdat  or  manunil- 
lai7  finrna,  hating  a  fibroo*  or  Bab&bnMu  stnielara ;  alao  nuunve  and  oeonoiiallj 
caatbf,  aa  brovn  hnmatite  or  limonita;  alao  mixed  with  cU*,  aa  broWB  or 
fellow  clay  iron-itone  (pp.  888,  S3B),  It  ia  die  cokxirilig  pnndple  of  man* 
BuiMiala,  of  ochre,  of  the  depoait  of  miaeial  watete,  of  yelloir  landitont^  Turkiab 
umber,  ^o.  It  ia  filmed  by  the  pneipitetion  of  ferric  a^ta  with  alkalia  or  alkaHna 
earbonatea ;  alao  when  renona  silts  are  (HBcipitsted  in  like  manner,  and  the  Dreeipitato 
IB  aspuaad  to  the  air ;  and  by  the  mating  of  iron,  which  takea  place  when  the  metal  ia 
exposed  to  moiat  air.  and  ia  accderated  by  contact  with  email  quactitiei  of  amde,  ejid 
of  Tarioua  saline  solutiona,  eapacially  ammoniacal  aalte  and  urine. 

Fenie  hydnle  is  moat  eaaUy  pr^ared  by  prediatadng  a  moderately  dilute  aolutioa 
of  ferric  cMoride  with  exeeaa  of  ammonia  (with  a  anullar  cpjaOitj,  a  basic  ealt  woolcl 
be  thrown  down);  it  is  apt^  however,  to  retain  amall  qnantitiaB  of  ammonia,  to  remore 
which  it  nrast  be  washed  Bereral  timee  with  water,  then  dried,  and  washed  completely 
after  being  redneed  te  powder.  Thii  predpitale  formed  in  the  cold  (the  Arnun  nn- 
datumfutatm  of  the  pnanuacopiBiiis]  has  the  composition  Ffe'0',2H*0,  according  to 
Omelin  (Handbook,  v.  laS)  andLpfort  (J.  pr.Chem.  liv.  SOS);  FfeKl'SHK),  aa»rd< 
ing  to  Wittatein  (Pharm.  Centr.  1863, p.  367) ;  or  2FfaK)".3H'0,  according  to  P*an 
de  Salnt-Gilleo,  Ann.  CL  Fhyg.  [3]  xlvi.  47),  the  proportion  of  water  doabtless 
Taiying  scoording  to  the  degree  of  dilution,  the  mode  of  precipitation,  and  the  tem- 
peratore  to  which  the  hydrate  has  been  eipoeed  in  drying.  The  hydrate  precipitated 
fcom  hot  Bolntiona  is  FfeW.aHK).   {Lefort;  Schaffner,  Ann.  Ch.  Pharm.  li.  117.) 

Native  ferric  hydrstee  are  also  of  Tarions  composition.  Gothite  is  Ffe'O'.H'O ; 
limonile,  SFfe'O'.SH'O ;  xanthoBiderite,  Ffe'O'.aH'O ;  and  a  Toriet^  of  bc«  iron  <ae 

! called  QutlUre)  from  Hischnpi'Nowgorod  in  Enaiia, eoosista,  according  to  Hermann 
J.  pr.  Chem.  xiviL  S3),  mainly  of  Ffe'0«.3H'0. 

Fnric  liydtate  has  a  light  yellow  to  dark  brown  colour,  and  ia  eometimea  a  loose 
earthy  powder,  sometimee  a  hcaTj  friable  mass,  according  te  the  mode  of  preparation. 
When  recently  precipitated,  it  is  easily  aoluble  in  adda,  bat  its  power  of  i"'*''y  with 
adds  is  diminished  by  drying,  and  frequently  eren  by  prolonged  immersion  in  bqnida. 

A  remarkable  insoluble  modification  of  ferric  hydrate  ia  jnvdneed  by  bmling  the 
ordinary  yellow  hydrate,  2Ffe'O'.3H?0  (predpitated  &om  the  chloride  oy  ammonia), 
in  water  fbr  seven  or  eight  hours.  The  colour  then  changes  &om  ochre^yeBow  to 
brick-red,  and  the  hydrate  thus  altered  is  sorcely  acted  upon  by  strong  boiling  nitrio 
acid,  and  bat  yeiy  slowly  by  hydrochloric  acid.  In  acetic  acid,  or  dilute  mtric  or 
"hydrocblorie  add,  it  dissolvpe,  forming  a  red  liijoid,  which  is  dear  by  tmnamitted, 
but  tnrbid  by  reflected  light ;  is  predpitated  by  the  smallest  qtiantin'  of  an  alkali- 
aalt  or  a  solphata ;  and  on  addition  of  strong  nitric  or  hydrociuoric  sad,  yields  a  red 
gmnnlar  preaptMe,  which  rediwmlvea  on  dtlcting  the  liquid  with  water.  The  modi- 
fled  hydrate  does  not  form  pruasian  blue  with  fsrrocyanide  of  potassium  and  scetio 
acid.  It  appears  to  coosiBt  of  Ffe'O'.H'O.  This  insoluble  hydrate  is  likewise  preci- 
pitaled  when  a  eolation  of  the  ordinaiy  hydrate  in  acetic  acid  is  rapidly  boiled.  The 
same  solation,  if  kept  for  some  time  Mt  100°  C.  in  a  cloee  vessel,  becomes  light  in 
colour,  no  longer  forms  nrussian  blue  with  fernx^anide  of  potasaiiim,  or  exhibits  any 
doepening  of  colour  on  addition  of  a  sulpbocyaoate  ;  strong  hydrochloric  or  nitric  aria, 
OT  a  trace  of  an  alkali-salt,  or  anlphncic  acid,  throws  down  all  the  ferric  oxide  in  the 
form  of  the  insoluble  hydrate.    (Pian  de  Saint^Gilles,  Ann.  Ch.  Phya  [8]  xlvi.  47.) 

Ferric  hydrate  gives  off  part  of  ita  water  between  80°  and  100°,  and  the  whole  at  a 
red  heat;  it  ia  also  wmpletely  dehydrated  l^  heating  it  to  I60°— 2CH}°,  with  a  aata- 
rat«d  aolntion  of  chloride  of  calcium  or  chloride  of  eodinm.     (SenarmonL) 

Ferric  hydrate  eaaily  gives  np  part  of  its  or^n  to  oxidable  bodies,  and  la  eaaily 
reduced  by  sulphaioaa  aeid,  stannous  chloride,  dee.  In  contact  with  putrefying 
organic  bodies,  out  of  contact  with  the  air,  it  forma  ferroso-ferric  compounds,  or 
femms  carbonate ;  but  if  the  air  has  access  to  it,  it  quickly  recovers  the  oxygen  which 
it  haa  given  up  te  the  putrefying  aubatane^  and  can  then  again  exert  an  oxidising 
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action,  thus  acdng  ta  s  ear 
McelentM  tlie  tmdalioii  o 
Izxxl  110.) 

Feiiic  bjAaHe  is  nr«If  used  alone  in  medieine;  tmt  in  the  necntlj  prrdpitatad 
atole,  it  acta  u  an  antidote  lo  arfunie,  t»,  when  giTOD  in  lufflcient  qoaatity,  it  beat  a 
hirfiij  basic  ferric  amnite,  very  difficnlllj  decompoaibln  by  watat. 

^c  bjdrate  unites  with  cciouring  matters,  and  eaailj  fliea  itadf  on  many  otzanie 


bodies,  MI 


ipecially  oi 


irdant,  and  tlie  foimation  of  u 
Sach  ipot«  may  be  removed  by  oxalic  acid,  or  acid  oxalate  of 
potsaaium.  the  action  being  greatly  accelerated  by  contact  vitli  metallic  tin. 

Ferric  laltt. — In  these  salta,  the  iron  ia  aeaqni- or  tri-atomic,  according  as  its  atomio 
weight  ia  28  or  SS,  e.g.  the  chloride.  Fe"Cl'or  FfeCl" ;  the  nitrate,  Fe^;NO*)'oTFfe<NO'^; 
the  TOlphat.1,  Pe-fSO")'  or  Ffe^SO')-.  (The  oijgen^Jta  may,  ot  conrse,  ba  wwded  aa 
compoundi  of  ferric  oxide  with  aDl^drans  adda.  i.g.  the  nitrBte,  Ffo'O'.SN'O^  the  anl- 
phate,  Ffe'O'.SSO'.)  Accordina^y,  it  ceqnirei  tbtee  molecules  of  a  monobaaio  aind,  aneh 
as  nitric  acid,  to  form  a  normu  salt  with  one  molecule  of  fenic  oxide. 

The  normal  ferric  aaltfi  are  for  the  moatpart  eoluble  in  water,  and  diiBenh  to  trjt- 

lalliaei  some  of  them  an  deliqueecent.    They  are  mooUy  aoalogoui ii  

tbe  aalts  of  alominimn,  and  freqnently  iaomorphoiu  with  them ;  thia  ec 
fbrm  and  compoaition  ia  mott  conapicnona  in  the  aloms ;  Chun  ft 
FfbE(80*)*.I2HK),  ia  iaomorphoua  with  eommoD  alani,  AILE(S0')'.I2H*0. 

Soluble  fernc  aalts  Me  abt«ined  hj  diaaolTing  ferric  oxide  or  it«  bydiatea  in  aqnoona 
aeida,  or  by  oxidiaing  ferrona  aalta  with  mbic  acid,  adding  tlw  qnacti^  of  acid  required 
to  fbrm  a  BMmal  ferric  aalt;  i.g.: 

SFfeSO*  +   0   +  H'SO'     -     TW(SO*y  +   WO. 
The  insoInUe  aalta  are  obtained  hj  doable  decompoaitioD. 

Ferric  aalta  are  white  in  tlie  anhydrona,  yellow  or  yellowish-red  in  the  hydraled 
Btate.  The  aolntiona  have  also,  for  the  most  part,  a  yellowiah-red  eolotir,  especially 
^rtien  heated ;  the  solutions  of  the  aitnte  and  fluoride,  however,  ate  eolouriaaa ;  that  of 
the  chloride  is  hrown-red,  and  those  of  the  acetate^  meconate,  and  anlphocyanate  an 
blood-red. 

The  presence  of  fi«s  hydrochloric  acid  in  a  aolatjon  of  ferrie  chloride  changes  the 
colour  of  the  solution  to  oninge  yellow ;  thia  coloration,  like  that  of  other  add  sola- 
tiona  of  ferric  aalts  {«.  g.  ferric  inlphocyanatM]  ia  completely  destroyed  by  addition  of 
a  suffldent  quantity  of  phosphate  of  aodiom ;  on  the  other  hand,  the  colonring  power 
of  ferric  chloride,  in  presence  of  an  exceaa  of  strong  hydrochloric  add,  ia  yeiy  great, 
the  bright  yellow  colour  of  commerdaJ  hydrochloric  acid,  for  instance,  being  caused 
by  a  quantity  of  ferric  chloride  too  amall  to  impart  a  perceptibte  colour  to  the  liquid 
when  aomewhat  di'-'-'  — '"■  — '-" 


in  aomewhat  dilated  with  water. 


normal  sulphate, 

rbfCf-SaO*  -  fie\BO*y  -  *^*'} O".  ttert  ar«  aeveral  basic  anlphatca,  T»a. : 


(^)- 


Sexhasu^       ^FtM'SV  • 

Qnadiibaaic  4Ffe>0'.S0'  . 

Tribasic,       8Ff«)*.S0«  - 

Dibaaic,         SPfiW-SO*  - 

Hottobaae,     TtM'SO'  - 

Sesquiacid,  2Ffe*0*.3SO'  - 

Diodd,          F&i'O'.aSO'  - 


0"  or  nFttW:Eti\80'y 
0"  01  llFfeWJW(80V 
0»or  SFfe'O'.Ffe^SO')* 
0'  or  BTftfCFfa^BO^)' 
O*  or  aP(W>'Jft«(80*)» 
0*  or  2Ffi«^■.^[Ffe^S0<)^ 
0*  or     FfeK>'.2|Tfe>(80^ 
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Hoat  of  thate  h»de  Mb*  ue  iiiiMlnbt«  in  witer.  and  an  piwjplutcd  on  beating  ■ 
modaaUly  dilata  and  luailj  nantial  adhitimi  nf  tlM  ccRcapondaig  nomtX  lit  (r.g. 
fatio  aoMate),  or  mi  adding  to  tlM  acdatioa  of  a  nramal  fenie  aiJt,  a  quntitj  of  aUuli 
not  nfflciaBt  to  pnajutate  the  whcle. 

F«nie  aalta  contaiDing  rolatila  aeidi  an  deoomposed  bj  ignition,  lea^ng  a  reaidua 
of  fKiie  codde,  ftnooa  ozidc^  or  metallic  iron,  aeeording  to  the  n>tu«  of  the  add 
prtaant.    For  theii  waetioni  befcre  the  blow|»pe  and  in  aidntion,  aae  page  380. 

Tail»««  fcillli  0»M—  BBd  MjdraUB. — The  temi  hmtto-ferrie  is  applied  to 
oxidea  of  iron  whidl  *M  ialArmediate  in  compodtioa  between  femnu  uid  femo  oxide, 
and  may  be  ngaldsd  al  componnda  of  the  tiro.  The  prindpal  of  theae  iatwmediale 
(nddeaaratbe  leale-oxide  and  the  magastin  oside. 

a.  Soob  otidt,  Fe^O*  at  'St^O'  -  SFfiiO.FfeK)'.— When  inm  U  heated  to  redneai  in 
the  air,  two  layen  of  ecale  oxida  are  iisrined,  which  may  eaaitj  be  xparated.  The 
Ituu*  l^rar,  HFnOJWO*,  ia  blaekiih-grej,  poioni,  biittlc^  and  attracted  hj  tlie  magneb 
Xm  oal<r  hner  eontaini  a  larni  qiuwtit;  of  fenie  oxide,  bat  in  variable  proportion ; 
it  ia  <tf  a  reddioh  iron-black  cuonr,  d«m,  brittle,  jislda  a  Uad  powder,  iiid  u  nine 
Mkhi^  altmcted  bj  the  magnet  than  the  inner  layer.  Hie  aoMnmt  of  hnie  oxide  in 
the  onter  b^er  ia  between  S2  and  37  per  mat.,  and  on  theTojrarfaee  it  ia  aa  mneh  •• 
S2'SpoTMiit(Hoa»ndei,Paa.Ann.Ti.SS;alaoScfaw.xlni.81).  The apedfie gnvi^ 
of  the  acale-oxido  ia  S'48(P.Banlla;).  Berthiet  (Ann.  Ch.  PhTa.  [2]  ntii.  19; 
alao  Sdiw.  xhii.  SIO)  nguida  the  acale-oxide  ■■  4FieO.Ffe'0* ;  MoBander  attribntta 
the  gcaater  amoont  of  ferrie  oxide  Ibund  bj  Betthiet  to  the  fiiaC  of  Bccthier  hating 
analjaad  the  inner  and  outer  l^«n  togatlim. 

-'''lo*  -  FfoO.FftW.— Thii  oxide  oeenn 

,        'J 

abnndantty  aa  a  natnnl  mineral,  and  ia  one  irf  the  riduat  and  moat  ralnalila  orr%  of 
iron,  oontaining,  whiio  pore,  nearlj  73  per  cent,  of  the  metal  fp.  S3T).  It  occun  in 
monmnetTic  erTilali,  the  dominant  form  being  nniaU;^  the  octuedroo,  sametiinea  the 
rbombifl  dodecahedron,  tlieae  forma  being  modified  ■*  in  flgoree  191,  \9b,  196,  199, 
200,  he.  (CnTaruxoaurHT,  il  139,  18U) ;  twina  alao  occur,  like  figure  319  (ii.  100). 

It  UMomorphonawith  ipimd'^lo',  gahnite,  ^  1 0',  leiUnite, *"**  1 0' fr«ik- 
^^  AH'  J  All'l  m 

I-  0\  and  other  minenli  in  vhidi  the  diatomio 

'J 

rsdielei^  Umg,  &a,  Ffe,  and  hkewue  the  tziatomlc  radiclee,  All,  Ff^  Ccr,  replace  one 
■n^lw  in  wiona  propoitiona,  or  into  which  other  diatomie  metals  ent«r  in  Tarioiu  pro- 
portiona,  «^.  cslcinm,  Cca,  widi  magneaiam  in  pleonaat  and  chlorospiuel.  Cleavage 
octahadml,  more  or  leas  diitinct.  The  dodecahedml  faeea  are  oommonlj  atriat^ 
r"*'**'  to  the  longer  disgonaL  Mnch  more  &e<]aent1f,  howerer,  it  ocean  maaaivc^ 
with  granular  atnutura  (p.  S30). 

FetToao-tbmc  oxide,  ^0*0',  u  prodnced  when  iron  ii  heated  to  redness  in  aqueona 
TapoDt  (Begnanlt,  Qay-Lnsiae);  when  f^mna  chloride  ia  heat«d  to  low  redneaa 
with  exaeea  of  carbonate  of  aodinm  (Liebig  and  Wohler,  Pogg.  Ann.  xxi.  582] ;  alno 
aecrading  to  Mitichflrlioh  {Pog^.  Ann,  iv.  822),  whoa  iron  is  bnrnod  in  oxygen-gaa 
ia  before  the  blowpipe.  It  ia  obtained  cryHtallifled  in  octahedrona,  bj  igniting  ^rroeo 
ammonie  chloride  in  omUct  witb  the  air  (Haner,  Wien.  Akad.  Ber.  xiii.  460);  also, 
together  with  feiToas  chloride,  by  heating  ferroos  oxide  in  a  glow  stream  of  hjdrocliloric 
■ad  gsa  (Devi lie,  Compt.  rend  liii.  199);  by  fusing  frnic  phosphate  with  3  or 4  tiniea 
itawaight  of  sulphate  of  aodinm  (Debray,  tUd.  liL  985);  and  by  heatins  ferroui  sol- 

B'late  with  chloride  of  caldnm  in  oorend  crudMea  (Zuhlmann,  ibid.  UL  1283). 
evilla  and  Caron  (tUd.  xliv.  764),  l^  heating  fme  fluoride  with  boric  anbydride 
ont  of  eontact  with  the  air,  obtained  tlie  magnetic  oxide  in  long  needles,  made  up  of 
■egregataa  of  legolai  octahednma.  Ebelmen  obtained  OTBlalline  magnetic  oxide  by 
the  action  of  hMt  on  finona  dlieate.  Artificially  prepared  fencso-ferric  oxide  is, 
howerer,  meat  frequently  a  black  mass,  which  jielda  an  iron-black  powder,  and  ia 
■ttraeted  by  the  magnet. 

Hanj  metidlurgic  prodneta  also  contain  ferToao-ferric  oxide,  eithn  free  or  comUned 
with  ailiea— reflnery-slags  fbr  example,  according  to  Plattner  (Ann.  Ch.  Iliarm. 
zx.  2SS).  The  iron  plates  which  are  laid  beneath  Uit  hearths  of  icon-Bmelting  fiimacee. 
and  are  exposed  to  a  red  heat,  are  sometimes,  in  the  conrseof  6  or  10  jeari,  completely 
eonverted,  by  tbe  moistnre  of  the  soil,  into  magnetic  oiide,  partly  ciyst^ne,  partly 
compact,  and  attracted  by  the  magnet  (bnt  not  itself  magnetic).  The  snme  compound 
la  fonned  on  the  under  side  of  the  refining  beartbs,  where  the  iron  come*  in  contact 
with  nqueoua  vapour.    (Koch,  Vtbtr  kryttaS,  HiHtnpToductr,  p.  17.) 
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y.  Crjitaniaad  ftrrooi  laiboiiate,  fgnitsd  io  ekm  Twtli^  jicUi  AnMct-feBre  osid^ 


«  of  ferroiu  uid  fcrrie  oxidM  in  vkrious  pfopattioii^  obtaiDpd  Vf 
ozidiaiiig  iroo  in  s  cornnt  of  sqaeoas  Tspoor,  or  b;  partullj  redoeing  frnia  osjde  t^ 


1  pmttntion  called  Mlltiepi  wiarliaU*,  it  m  bnaw>-femc 

IB  uid  frrrie  I     "'       ■  ■"  

igudoD  willi  inoi  fllisgt,  oi  ...  —  — 

■Mat  pcnrder;  Ilia  pnipuatiaii  obtjuned  hj  tbu  laat  ntOuti  alwan  «t 

Vmnmit'barit  coide  a  taaHj  reduced  to  the  matallie  ■Mia  by  ignitioa 

AtKMi,  eaibunie  ozida,  or  umaoniS'-gB*.    Whoo  ignited  in  toe  iti 


firraia-ftrrie    HydraUi.—TbfM  ■  . 

obtained  b;  the  partial  tnddalion  of  ftmus,  or  redoetioa  of  fbnio  hydiate,  by  pre- 
oipitating  mixtorea  of  femiu  and  fanic  lalta  with  alkalis,  and  by  the  oxidatiiHi  of  um 
In  contact  with  air  and  wat«T. 

a.  Dittgy-gntu  Sydrair. — By  eiposing  white  ferroiu  hydrate  to  the  air  for  a  ahoit 
tiwn  n  Dj  prempitating  a  mixtore  of  a  feRoiu  aalt  and  a  muUl  qnantity  of  ferric  nit, 
with  potaan  or  «"""""'«■ — a  diDRy-^reen  hydrate  of  fenaao-femo  oxide  ia  obtained, 
wluch.  Ml  fOttlMr  ezpoanra  to  £e  air,  ia  qnickly  ooDverted  into  nistj'biown  ferrie 

fi.  Blotk  B^TOit. — I.  Thia  hydrate,  whidi  has  nearly  the  eompoaition  iYeO.Ffe^ 
•f  ttWO,  ia  precipitated  from  a  aolntion  of  nugcetiG  oxide  in  l^drodilonc  add,  tm 
ftom  a  mixture  of  equTaJiuit  proportiona  of  ferroui  aod  ferrli:  salts,  on  the  addition 
ot  potaah  at  ammonia.  The  yelloir  aolntion  of  mngtiFtie  oxide  in  hydroehloriB  add 
yielda,  with  ammonia,  a  brownigb-black  predpitAte,  irbich  is  mdgnctic  even  whils  in 
the  liqnid,  ao  that  it  oollacts  round  a  magnet  dipped  into  that  liquid.  It  may  he 
waahad  on  the  filter  without  becoming  more  highly  oxidised  (Liebig  and  Wiihler, 

Ppgo.  Ann.  xxL  58S) S.  The  eame  predpitate  la  obtained  hy  miuog  frmto-ammonie 

mlphate  with  fenona  anlphatr,  in  ench  proporijou  that  the  renie  oxide  preacnt  iq  the 
miinire  may  ctatain  three  times  aa  much  oxygen  as  the  femua  oxide,  and  nedpi- 
tating  with  ammonia  (Abich,  Pogg.  Ann.  »«iii,  3fi4). — S.  IVo  equal  i>ortionB  of 
tterone  snlpbate  ai«  tskpn  ;  the  flrat  is  diisolTed  In  water  addalatad  with  ealpharie 
add,  and  oxidated  at  a  boiling  bral  by  the  addition  of  nitric  add  in  small  portioiiB  at 
a  time.  The  other  portion  is  diseolred  in  water  freed  fixnn  air  by  boiling.  The  two 
•olntiona  are  then  mixed ;  the  mixture,  iriiile  still  hot,  predpitated  by  ammonia  added 


lected  01  .  „  . 

and  then  dried  at  a  gentle  heat  (Wohler,  Ana.  Ch.  Pharm.  xiiL  M).  This  pioeesa 
diould  yield  2FfeO.^F*0* ;  bat  eren  if  a  grCBtar  qoantitf  of  ferric  oxide  is  not  pni- 
dneed  by  the  nitric  acid  still  remaining,  or  by  oontact  with  the  uir,  the  proportion  of 
that  oxide  is  sure  (o  be  increased  \ij  decomposition  of  wat«T.^4,  Bottger  XBeitrHgt, 
ii.  12)predpitatesteminS>utpbiate&ee&om  ferricoxidB  by  the  addition  of  earboaste  of 
aodium ;  waiihes  the  precipitate  several  times  by  decantation ;  and  then  boila  it  with 
tolerab^  concentnled  caostio  potaeh.  This  proceea  yields  a  Telrct-black  powder, 
moch  leas  liable  to  abeorb  an  additional  quantity  of  o^gen  than  that  which  has  been 
prad|Htated  by  ammonia. — t.  Noel  (J.  I^iarm.  [3]  i.  62)  predpilatee  fenons  sulphate 
with  oaibonata  of  ndium,  waahea  the  iemma  ea»ouate  bj  deoantation,  leaves  it  to 
drain  npon  linen,  and  then  heat*  it  in  &  enst-iroa  vesaal,  with  coiuilant  Btirring,  till  it 
b  dry.  It  is  therein  converted  into  a  velret-blacb  powder.  Sonbeirsn  obtained  bj 
thia  proceaa  a  pr«cipitale  irilicb  was  not  perfectly  bla<^  and  -when  treated  with  hydro- 
chJoria  add,  evolved  carbonic  anhydride. — 6,  Preasa  introduces  1  pts.  ofpnlverised 
Iron  and  S  pts.  of  ferrio  caide  into  a  flaek,  together  with  a  two  or  threefold  qiuuili^  of 
water,  and  boils  the  liquid  gently  for  same  time.  The  mixture  ^ves  off  fetid  hydrogen 
gas,  and  buns  dark  brown  at  first,  but  aAarwarda  black.  When  the  evtJution  of  gas 
eeasa%  and  tha  reaolting  bUek  powder  settlea  down  readily,  it  is  separated  by  leviga- 
tion  from  the  excess  of  iron  ;  ttirown  on  a  filter  of  grey  pDCons  paper ;  and  the  filler, 
after  the  water  has  drained  oS,  is  wrapped  up  in  a  luge  quantitj  of  paper,  and  quickly 
dried  in  hot  air.  The  black,  very  looee  powder  dissolves  in  acios  without  evohtion  of 
gut,  and  the  solution  yields  a  black  precipitate  on  the  addition  of  an  alkalL  The  pre- 
dpitate  must  not  be  dried  b;  beat,  because  in  that  case  it  would  turn  brown  from 
hirfier  oxidation.     {Wohler,  Ann.  Pharm.  xxviii.  S2.) 

The  black  h^rdrate  of  fenoso-ferric  oxide  exhibits,  after  diyins,  the  appearance  of 
brown  b1a<^  brittle,  strongly  magnetic  lumps,  having  a  conchoid^ fracture,  and  yield 
Ing  a  daik-browQ  powder.  It  contains  about  7  per  cent  of  water,  which  it  gives  off 
mrn  heated  in  a  retort,  leaving  black  anhydrous  tvaoao-fetae  uiids.    When  heated 
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U  Am  lir,  U  is  coDTRiod  ioto  fcnie  oiida.    F^om  jt«  yellow  idiitiaii  in  hjdroehlorio 
■nd,  it  i*  pradpitiitod  noehaiiged  hj  uDmonis  (WChler). 

f  cnonMkme  hjdnte  wu  fomerlr  much  emplojrd  is  median^  bnt  baa  now  aliDoat 
tUbta  into  diraw.  In  pieparins  iodida  of  poMmnm  frnm  iodide  of  iron,  it  is  advift- 
kbla  to  tak*  tlic  ina  And  iodim  in  nieh  proportion  (Fe*!')  that,  on  pncipiliting  with 
Mrbooatoof  potaasiam,  tliia  black  femMO-fwrie  hjdrUa  aWl  be  fOTmad,  became  it  i* 
audi  kai  boln  Uian  ferric  hjdtBte,  and  therefore  eaiiier  to  wuih. 

Tho  fnioso-ftime  oiidea  and  h;dnt«  diwolre  in  acida,  forming  biovniah  or  jelloT 
•olatioDa,  ■xiiilliini  la  the  one  or  olber  of  the  oiidee  predominates.  These  aolutiong^ 
eomBKml;  said  to  contain  ferroso-ferric  salta,  are  m«re  mixtures  of  fertona  and 
fenie  salta,  and  give  nactions  inCennediote  betvean  the  tvo.  The;  giye  blutkprecipi- 
tatas  vitli  alkalia;  blue^  both  with  fmo-  and  with  frari-CToiiida  of  potawiun,  also  witli 
nanid*  et  potaaainm  (iL  21S,  227).  a  nactjom  not  pradaced  eithei  by  {eiioas  or  Lj 
mn«  wlta  wban  pnie, 

THoxMe  wf  trum,  or  Ferric  aniydridt,  Fe*0*  or  FfeO*  is  not  known  in  ths  free 
Male,  bnt  mar  b«  (Uppuad  to  exist  in  the  ferrates  (salts  obtained  bj  fusing  iiou  or  ita 
ozidea  with  nitre,  (ii,  838)  t.g.  Ftrratt  of  petauitan,  FeKO*.  -  K'O.Fo'O". 

nUIV,  tt»TMMOMlI>»  OF.     Feme  ozybiomida  is  obtained  by  eraporating 
the  aqneoos  solntiaQ  of  ferric  bromide,  or  by  treating  it  with  a  qnanti^  of  potash  not 
-~«-~'  ^  oompkte  ptecipitation,  or  by  upoaing  a  aolntioa  of  fcrrouB  luomide  to  the 
»'g-) 
imOS&OXISB  Wt.     aee  page  S78. 

OZmmnuSB  or.    AfbirieoxyflaorideisprediHtatAdbyaniniDnia 
[ilntion  of  ferric  fluoride.     (Berselins.) 


already  deaetibed  (pp.  3J 


See  page  4^)1. 


Xmom,  rmomrmmmm  or.  Phosphonu  nnites  readily  «ith  iron,  fonninsagrej, 
fksible,  Tery  hard  compound,  which  takei  a  hi^h  polish.  This  comi'oand,  which  has 
the  eomposition  Fe'P,  may  be  prepared  by  heating  a  miitnre  of  phoaphBte  of  iron  and 
diaMoalin  a  crucible  lined  with  charcoal  and  placi^d  in  a  forge  are, 

A  vary  small  quantity  of  pboaphoms  prodncee  a  great  alleration  in  Che  properties  of 
iiou,  rendering  it  brittle  in  the  cold  <pp.  3ZB,  331). 

nunr,  PUXiTSBISKS.  Ftrmm  pulBeratam  ;  Liinatvra  ftrri  s.  iiarHi  illo(y- 
lhfiT~ft — Finely  pnlTerised  iron  fbr  medical  use  may  be  prepared  by  mechsmcal 

'  '"    p  (^  bar  iron,  and  snbsMuent  boiliog  and  itraining.     Iron-powder 

■e  qnsnlitipi  by  this  metJiod  in  the  Tyrol  The  iron  ig,  bowerer, 
.  finer  stale  of  diTinoii.  by  reducing  an  oxide  of  iron  with  bydrogeD. 
Wdhler(Ann.Ch.Phann.cix.iafi;  cr.  192)  mixes  1  pL  of  ferrous  aaJphiiU  perfectly 
free  fttxn  copper,  with  three  times  its  weight  of  chloride  of  sodium ;  heats  the  mixture 
till  it  becomes  red-hot  and  fiwea ;  WDshee  the  residue  completely ;  haata  the  ferria 
oxids  thna  produced  to  dull  redness  in  a  g^aas  tabs  or  gnn-banel ;  and  passes  over  it 
a  stream  ol  dry  hydrogen,  peifnctly  free  from  carbon,  sulphur,  phosphonu,  and 
aisenic,  as  these  substances,  if  present,  would  unite  with  the  iron.  It  is  difficult,  how- 
ever,  vhen  fetrons  sulphate  is  used,  ti)  obtain  imu  quite  free  from  snlphur ;  hence, 
Iinea  (Cmupt  rend.  li.  3331  precipitatei  ferrous  chloride  with  ammonia,  and  reduces 
ths  washed  oxide  with  perfectly  wa^ed  hydrogen-gas,  atoiding  the  use  of  Tulcaniaed 
CMOtcluMiC-tabea  (becaose  the  gas  might  take  op  salphur  Irom  them).  It  is  doubthl, 
howsTsr,  whether  the  presence  of  mionte  qnantitips  of  sulphnr  end  carbon  in  the  jml- 
Terised  iron,  would  be  at  all  iifinriona  in  its  applicatioD.  To  pteaerre  the  iron  bom 
nnt,  it  is  knit  in  sealed  Teasels  filled  with  hydrogen. 

Bednced  utm  is  an  impalpabls,  slate-grey  powder,  which  may  be  set  on  firs  by  a 
growing  body,  and  then  buns  away  veiy  quickly  (mechanically  pulTeiised  iron  cannot 
be  set  on  fl»  in  thia  way) ;  it  ahould  be  heated  strongly  snon^  in  the  hydrogsn- 
Btmospbsn  1«  prersnt  it  bom  becoming  actnsUy  pyroplnrie;    It  is  mnch  more  actiTS 

"" *^     '  ally  pnlreiised  iron,  on  account  of  its  finer  state  of  diTtsion. 

LMlJkxa  OV.    Beleninm  in  the  state  of  v'pour,  passed  orer  iron' 

. — -„-. js  with  the  metal,  producing  considerable  evolution  ti  light  end  heat. 

The  pixiduct  is  a  yellowish-grer  substance,  with  mel&llic  Inslre,  hard  and  brittle^  It 
meha  befbra  the  blowpipe,  giving  off  oxide  of  aelenium,  and  forming  a  black  brittle 
gtobole.  apparently  consiating  of  ferrous  selenitc,     (Ben  el iu a.) 

G-.  Little  (Ann.  Ch.  Pharm.  ciii.  211),  by  paasing  aelenium -Tspom  Orer  red-hot 
iMn  wire,  and  melting  the  brittle  product  under  b<»nx,  obtained  ■  metaUi«-looking 
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greyiBh-jellow.  mjUt  polfarusbla  Mnnpaand,  tuTiag  a  *peciflc  gniitj  of  B-SS,  and  tli 
comporitioil  of  ferris  Mlenide,  Ffe'Sc'. 


I  or.    Iron  sad  ralpbiir  uiite  dirMl;  with  a 

iaiDg  lera  thsn  I  at  salphm  to  1  at.  iron  (I 
fei^uttulpMde.fhS;  t  iagui«i^ii4e  ot  fiirrie «dpkiJt,  Tie's*  ■,  i.  dtnlpUdi.TteS' ; 


under  Tuioiu  eirennutancea,  and  in  WTaEal  different  pToportioiii.    BoddM  two  nb- 
■    ■   ronfFfB),  there  i»i        


■olnliidea  contaiaiDg  lera  than  I  at  salphm  to  1  at.  iron  (Ffe),  there  u>  a  proli>mlpiidt  <n 

'  -<tulpMde.fhS;  t  iagui«i^ii4e  ot  fiirrie «dpkiJt,  Tie's*  ■,  i.  dinlpUde.TteS' . 
ompomid  called  the  nuignttie  mtlphide,  inteimediaM  in  compoaitiaD  batwcen  th« 
and  aeaqni-sulpbidea.  Metallic  iron  heated  vith  exccra  of  anlphnr,  yi«lda  one 
V  of  the  fbur  last  mentioned  eomponnda,  accoiding  to  the  hwt  applied,  tlis 

degree  of  mlphuration  being  lean  aa  tha  tampctfatore  is  hij^eF.    (Bammelabeig, 

Pogg.  Ann^dii.  337.) 

An  oetalfcrilo  ntpUd*,  Fe''S  or  FttfB,  ia  formed  bj  patsing  hjdnipeii-gu  otpt 

red-hot  dibaiic  ferric  anlphate  (p.  360).       It  ia  a  bbu^iih-greT  misnatic  povder, 

vhich,  when  treated  with  dilate  acida,  jielda  a  inixtare  of  7  toU.  hydrogen'gu  and 

1  ToL  aolphydrie  acid. 
A  iMmlawlpuae,  Fe'S  or  Ffe*S,  is  prodnoed  by  heating  anhjdroiu  f^rrona  anl- 

Ehatu  InhTilrogwi  gU|  half  of  the  anlphnr  being  then  giTsnoffas  BnJphDjiiai  anhydride. 
',  is  a  dan  gnj,  cohrcent,  magnetic  powder,  wbieb  diaaolvea  eutl;  in  dilute  odds, 
giving  off  eqosl  Tolnniea  of  hjt&o^n  and  ■nlphydrie  actd.  When  ignited  in  sulphjdrie 
acid  gas,  it  take*  np  salphm  and  u  converts  into  the  ptotoaolphids.'  It  occors,  com- 
bined with  other  metallic  sotphides,  in  many  fomaM-pnidiicla  obtained  in  the  amelting 
of  lead  and  copper  ores. 

VrotOMlpUda,  or  ramma  anlpUda,  Fa^  or  FfeS.  This  compound  ocenra  in 
many  Bpwnmens  of  meteoric  iion,  Bometimea  imbedded  in  small  jellow-brown  maasee, 
sometimes  as  a  grey  powder  poeseasing  metallic  lustre.  (Benelius;  Sammelaberg, 
FoK.  Ann.  cm.  363.) 

It  has  not  been  found  in  the  &ee  statv  as  a  tenesfaial  mineral,  bnt  exists  ia  eomb!- 
nation  with  sulphide  of  nickel,  and  mixed  with  coppeT-pyTitea,  in  a  masaiT^  bronie- 
colonred  mineral,  with  octahedral  clcaTsge  and  specific  graTi^  —  4'60,  bom  Lille. 
hammer,  in  Norway.  -  This  mineral,  after  deducting  G'14  per  cent  of  copper  pyrit«B, 
contains  367  per  cent,  sulphur,  411  iron,  and  222  nicket,  agreeing  approiimntely 
with  the  fbrmula  2Fe'S.tfi%.    (Rammelsberg,  local.) 

Ferrona  sulphide  ia  pradaced :  t.  By  the  direct  eombiiuition  of  salphar  and  iron, 
«jth«  at  a  red  heat,  or  at  lower  temperatum  in  preeecee  of  water. — a.  Heated  inm 
wire  intiodaced  into  suIphnr-Taponr  bums  brightly,  and  fonna  ferrona  sulphide. — 
A  When  iron  filings  are  gradually  heated  in  a  corered  crucible  witb  about  two-thirds 
their  weight  of  sn^hur,  uie  mass,  when  heated  to  about  the  temperature  of  low-red- 
ness, begins  to  glow,  and  combination  rapidly  takes  placf,  wiUi  Tivid  combnatiini 
thronsboat  the  entire  mass. — y.  Snlpbnr  pressed  against  a  red-hot  iron  bar.  Derfbratea 
it.  and  forma  ferrous  sulphide,  wbich  runa  off  in  drops,  and  nay  be  que 
S.  Fernma  aulpbide  may  also  be  obt&ined  in  the  wet  w  ' 
2S  pta.  iron  fUinga  and  16  pts.  sulphm,  and  applying  a 
takes  place,  attended  witb  considerable  rise  of  temi> 

quantity  of  mixture  of  2  pta.  sulphm  and  3  pts.  iron-fllinga  la  maae  into  a  paale  witu 
water,  and  corered  with  earth,  tlie  naaa  after  a  while  beromes  red-hot,  and  girra  off  a 
large  qnanti^  of  steam,  which  throws  up  the  earth  with  Tiolence,  pradoeing  the  dfect 
of  an  artificial  Tolcana. 

S.  By  igniting  f^ria  oxide  or  ecale-oxide  of  iron  with  sulphnr. — 3.  By  beating  iron 
pyritea,  ferric  awphide,  or  magnetic  pyrites,  either  alone  to  a  bright  ted  heat,  or  witb 
iroo  filinea,  or  in  an  atmosphere  of  hydrogen. — 4.  By  rednciDz  ferrous  snl[jiate  at  a 
bright  red  heat  in  a  crucible  lined  with  charcoaL  Ferrous  sulphate  ia  aiao  reduced  to 
(ulpMde  in  the  wet  way  br  contact  with  decomposing  organio  matter.— 6.  By  predpi- 
tating  IkrTDna  salts  with  alkaline  sulphides. 

Foiona  sul^de  pnmred  io  the  dry  way  ia  a  denae  yellow  mass  with  metallio 
Instre,  or  sonetiine*  a  buck  porotw  mass.  It  is  sometimra  magnetic  bat  according  to 
Bendins;  only  wben  it  contains  a  portion  of  one  of  the  higher  sulphidea.  It  doeanot 
alter  sensibly  I7  exposure  to  the  air  at  ordioaiy  temperatons.  and  is  not  dscomposed 
by  ignition,  eren  to  whiteness,  in  dose  Teasels ;  bnt  ^en  gently  heated  in  the  air,  it  is 
partly  conTerted  into  ferrous  sulphate  ;  while  at  a  atronger  heat,  Kulphorona  anhydride  ia 
erolved,  and  fbmc  (md«  remains  behind.  With  nilrie  aaid  it  evolTes  nitrous  gas, 
ferric  oxide  and  sulphorte  add  being  formed,  and  snlphtir  separated.  It  dissolrea  in 
dilute  lulphuric  or  iH/droehJorie  aeid,  with  ecolution  A  pnre  snlphydric  acid  gaa.  If, 
howerer,  it  is  mixed  with  metallic  iron,  wbich  is  ganendly  the  case  with  the  protosul- 
phide  obtained  by  igniting  iron  filings  with  aulpbur,  it  givea  off  a  mixture  of  aolpbydrio 
add  and  free  hydrogen.  Aaueout  ttapow  passed  otct  red-hot  Droto-sulphide  of  iron 
WDntta  it,  with  er^ution  (^nneh  hydrogen  and  lulphydric  ada  gas,  into  «  bla«k  and 
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earil;  DM|pMtie  mui.  Tlie  mtsr  fbrms  with  the  nlphide  of  iron,  mlphydtie  add  nqd 
lemMB  Ooide,  «bieh.  bj  Auther  decampoaitiOD  of  mtei,  yields  hydrogen  gu  and 
fenoao-feiHc  adde;  bat  a  pottion  of  the  aulphnr  lenuin*.  eren  after  tJiree  honn' 
ignition  (RegnantT,  Ann.  (ni.Phy&  [2]  liii  3T9L  CUornu  jvw  does  not  deoompoM 
eold  ralpliide  of  iron ;  bnt  (hat  componnd,  irben  imUcd  in  th<  gaa,  yielda  cUoiids  of 
■aUisraiid  aablimsd  feme  eUorida  (H.  Bos«,  Fogg.  Ann,  xlii  MO).  Fntoulphide 
of  uoD,  hfatsd  to  Icnr  radnaM  witb  mice  or  twice  ita  weight  of  tarbonaU  of  toiiitni  or 
fotauntok,  ftaea  into  a  Hack,  ayatalliDe,  highly  nugnelio  man,  &om  whidi  watar 
cotiacta  ralphide  c^  aodiom  or  potaMinm,  witb  a  dace  of  ■olphnrio  add.  Saryta  and 
timt  bduTA  in  tlw  same  manner,  only  that  the  Tucidi^  of  the  alag  nerente  the  iion 
teem  tamsf  into  a  man  (Berthier,  Ann.  Ch.  Fhya.  p]  ""  170).  When  proto- 
sntphide  of  irnn  ii  fosed  with  30  limea  its  weight  irf  prQtax%d4  of  lead,  the  whole  of 
the  nlphor  ia  given  off  in  the  finm  of  snlphnnMia  anhyuida,  metallie  lead  ia  npanted, 
and  a  niaed  iniztiin  of  pn>t'>xide  of  iron  and  paotoxiae  of  lead  ia  prodoced. 

Faroos  anlphide  pf^and  in  the  wet  way  ia  a  black  amoipbona  anbatanM,  psrhua 
otuitaining  water;  in  tlie  finely  divided  atat*,  it  baa  a  6aA  green  eolonr.  In  the  moiat 
BtBt«,  it  oxtdiaea  qnidtt)'  on  axpoanra  to  the  air,  being  converted,  Snt  uto  ferrona 
■n^ihate,  than  qnisfy  into  nllow-brawn  baaie  ferric  ao^hate.  It  exhibita  the  aame 
loctieBB  aa  the  vrotoml^^  prepared  in  the  dxy  way,  but  ia  mnch  more  eaaily 
daoompoaed,  and  ffiaaotrea  nodt  more  qaicUy  in  adda,  with  nolent  erolDtioi]  ot 
asMiydrie  acid  gaa. 

The  blad  mad  at  the  bottom  of  draina.  eeaa-poola,  poada  and  motaaaM^  owea  ita 
coloar  to  anlplnde  of  iron,  probably  fonnad  by  (he  potrefcctioD  of  organic  mattera  in 
contact  with  ftnie  oxide  contained  in  tlie  aoil. 

■MaqBtnlpbM*  or  Venla  Bolpblilo.    Fe'S'  or  Ff^EP. — Thia  eompoiuid  ia 

ElMibly  a  eooatJlnent  of  poppw  fyritfa,  Ccu^Ffe^  (iL  77),  and  of  magnetic  ppito 
I  below).  It  ia  prodaced  br  heating  iron  to  modente  radneaa,  t/e  fnrie  ondr  to 
redneaa  with  exceaa  of  anlphor  :  in  the  latter  ease,  however,  the  pnidaet  ia  mixed 
with  fenic  oxide,  nnleaa  the  proeeee  isMivenl  tiiiiH  repettfed  (SammeUberg,  Fogg. 
AniL  ^m.  SS9\  According  to  Beneliu^  it  may  oleo  be  obtained  by  the  action  of 
Bolptijdric  acid  oa  ferric  mide  at  100°,  or  on  ferric  hydrate  at  ordinair  tc 
o>  by  droroing  a  nential  aolntioD  of  ferric  aolph&te  into  exceaa  of  aolphyd 


ping  a  nential  aolntioD  of  ferric  aolph&te  into  exceaa  of  aalphydnte  of  am- 
momnm.  According  to  Bammelabe^  however,  the  product  obtained  by  beating  ferric 
«dde  in  ■nbhydrio  add  gia  to  a  temperature  abort  of  redneaa,  ii  an  oxyaolpfaide  con- 
taining I  at.  feirieoxideto  3  at  ferric  aniphide ;  after  Btronger  healing  the  prodactcoat&tna 
leeaf«ric  Oxide,  bnt  in  {Jace  of  it  a  certain  quantity  of  ferrona  sulphide;  and  if  the 
beat  be  raised  to  bri^t  redoesn,  there  remains  at  last  a  mlphide  of  iron  free  fnni 
tuygeu  and  having  the  compoeitioD  of  maenetic  pyritea. 

niric  sulphide  dried  ont  of  contact  with  air,  iaa  yrllow-grey.non-magnetie  powder. 
When  heated  to  redneaa  in  close  vessels,  it  givea  off  anlphnr  and  leaves  magnetic 
pjiitea.  In  the  moiat  state  it  oiidisea  very  qnicU;r  in  contact  with  the  ur,  eapMiallj* 
when  prepared  by  predpitation  of  ferric  luta.  Aada  decompose  it,  with  formation  of 
ferrona  aut,  evolution  of  aulphydiio  acid,  and  predpitalion  of  sulphur, 
aulpbide  o( 
ight  sxcnei 

pnpared,  it  baa  a  browniah-yellow  to  apdaa-yallow  colour  ;  ia  attracted  by  the 
magnet,  and  sometimea  itaelf  munatic.  It  doea  not  loae  weight  when  simply  igoitrd 
in  dose  veaa^  but  when  heatea  in  jMdrogen  gat,  it  yields  salpbjdric  acid  and  the 
pratomlphide.  Dilute  aadt  diaaolve  it,  with  separetioa  of  snlphur  and  evolution  of 
•ntpbydria  wid.  Boilitig  fotathiey  ia  said  to  remove  a  portion  of  the  sulphur,  leaving 
fiarons  sulphide. 

Magnetic  pyritea  or  Pyrrhotin  ocotn  in  cnatals  belonging  to  the  hexagonal 
nstan  and  generally  tabular,  exhibiting  the  combinations  oP .  P,  oP  .  osP,  oP .  aiP .  P, 
ue  BgonaZM,  240  (ii.  13fl)and  othen.  Batio  of  principal  to  ucondary  axea- 1 : 1-741. 
An^P  :  Pin  the  term  Enid  edges  of  the  ovramids  ~  I2S°19';  in  the  lateral  edges 
—  137°  C.  Cleavage  tolerably  distinct  pBrallel  to  oP,  icdistinctparallel  to  osP.  More 
commonly  maaaive  and  amoiphona,  with  granular  atnctore.  Riirdnesa  —  S'5  to  4-S. 
Bpadflc  mvity,  4'51  to  4'94  (Bammelsberg).  Lustre  metallic.  Colour  between 
hronie-y^ow  ukd  copper-red.  Btreak  dark  greyiah-black.  Fractnn>  amall  aubcon- 
«bOIdaL  Brittle.  EO^tly  attracted  by  tbe  magnet.  Taniiehea  quickly.  Before  the 
blowpipe  it  gives  ctf  snl^urona  anhydride,  and  on  charcoal  in  the  outer  flame,  is 
eonveited  into  fiwije  oxide;  in  the  inner  flame  it  melta  and  continuea  to  glow  after  the 
blow^pe  ia  removed.  Tha  maaa.  after  cooling,  is  magnetic  and  hai  a  metalUc  eryital- 
line  atnetore.  with  a  yelloviab  mlonr  on  the  fractured  aur&ce. 

Tot.  m.  D  D 


^dbyGooglc 


lEON:   SULPHIDES. 


B 

88-44 

61-17 
88-83 

60«S 
8tl'84 

ao-ao 
so-eo 

00-29 
80-71 

40-71 

S 

40-79 

4000 

W-88 
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a.  Fnu  Bodenmaii  in  Bonria;  b,  from  the  mum;  e,  from  the  Mme;  d,  froO 
Con^mui  da  Cumjia,  BruQ ;  e,  troai  Fahlnn  Id  Sweden ;  /  from  TraMbocg  in  tfa* 
Han;  ff,i,  from  Hanboig  in  UieHan;  i,  fi«m  Trnmboll  in  Coanacticnt ;  J,  from 
x»l««tni>  {a  H«siea ;  t,  I,  from  localitiea  unknown. 

Theae  nanlta  ma:r  Im  included  andar  the  genaial  formnlat  Vi^S'*'  or  Ffiffi*^',  in 
which  n  TB»J  bav*  «thsr  of  the  Talnee  6,  6,  7,  8,  S,  10;  but  the  pnnat  apeoimeiia  agree 
moat  nearir  with  the  fbnnnla,  F&'S'  >  6F&S.Ffe^,  gifen  V  BeneUiui,  me  with 
IftW  -  WfeaFftW. 


Fi    Sa-73  e6-74  Sfi'BZ  6S-e6  Gee?  68-43 

Si         8  17  2-83  859  8'86  Stfl  8-88 

8       aSlQ  4044  88-S9  4018  40-27  _  403fl 

100-00  ItKXW  100-00  100-00  100-00  10000 

a.  IUmIto  from  KlafVi  in  Smlland,  Sweden ;  b.  Haamre  from  Hodum  in  Norway; 
0.  Lamiint,  inteigtown  with  qnaiti  and  mica,  from  tha  Otip  min>v  Pennaj'lTama; 
dL  HaasiTe,  inteisrawo  with  whit«  iron  pjritca,  alio  containii^  a  nnall  qoantilj  of  eoptME 
I>yTiteB,  from  Horbach  in  Badra  ;  $.  Laminar,  from  Bilaen  in  Horwaj. 

Thtar      --' '^-   '-'   *     ■'--   ' '     *"°" 

MB'  - 

preanit  in  both  degreea  of  mlphnraUoQ.    (Sai 

ManlpUda  mt  Iran.  Fe^  or  Pf^Si.— Thie  eompoond  occma  abniidaiitijr  in 
natoie  in  two  dUtmct  forma,  vii.  as  YtUoni  Jroit  pvrita,  Cubic  pvrilet  or  Jtundie, 
which  ocTvtalUaea  Lo  moiiometric  fbrm^  and  Whitt  Iron  pyrilrs,  martant^t  Sodiated 
■pj/riU*,  BftOT  mrita,  Bepaiie  pt/rilts,  or  CeStilar  jiyrites,  which  cryBt»lli»o«  in  brima- 
trie  fbrmi.  Cabio  p;ritei  ooeura  abondantly  in  rocba  of  all  ages,  frnm  the  oldrat 
OTMaUine  tn  the  most  recent  allnvisl  depoHits,  and  has  been  fbnnd  in  Bmall  irnsular 
ciyitala  in  the  Vemnan  laTsa.  UaKante  occnn  kIm  in  rocb  of  -rariouji  agea,  being 
fbnnd  in  granite,  gn«ai,  and  mien  date,  and  abnnd&nlly  in  tba  plastic  clay  of  til*  tovwn 
ooal  fonnatioD  near  Carlabad  in  Bohemia.  The  pecoliar  drcnnutanOM  wfaieb  4etw- 
nina  the  fbrmation  of  one  or  other  of  these  Taiieties  are  not  known ;  Qeitber  baa  it  been 
fiinnd  possible  to  convert  the  one  into  the  othn.  Iron  pyrites  is  often  fbrmed  frOM 
iron  nlti,  in  presence  of  putrefying  organic  matten,  such  as  straw,  wood,  &e.,  th* 
■nlphide  of  iron  thus  produced  letaiuiug  the  form  of  the  oiganic  substanoa. 

Tellov  iron  pTrites  occurs  in  a  great  rarietjitf  monomefiie  fbrma,  the  domi- 
nant (bims  being  tne  enbe,  the  octi^edron,  tlie  trapezohedroB  202  (/g.  ISO,  ii.  13(1 
Sia  penti^onal  dodecahedrons  H^  (fig.  103),  and  l^i,thebenkistetrahed(ont^ 

and  ^^  (hemihednl  ftmnl  of  the  hexakia-ootahedron,  a.  137),  thee*  forms  oocniiing 

either  akme  or  in  combinations,  sncb  tafigi.  194,  198,  196,  211,  and  numorons  othen. 
Twin-crjatals  are  also  fbund  rceolliug  from  the  intereectiou  of  two  pentagonal  dodeca- 
hedrona.  CUavige  cubic  and  octahedral,  more  or  lees  distinct ;  the  cubic  and  octo- 
hsdral  -frees  are  often  striated.  It  likewise  occurs  radiated,  subflbiou^  anil  maeiiTe ; 
<Aen  rcnifimn  or  globular,  with  a  crystalline  sorbee.  Haiduesa  •  6  to  6-6.  SpedBo 
grarity  4-083  to  6-031  (Dana);  6'0  to  6'2  (Rammelsberg).  Lustra  metaUie, 
ndandentj  colour,  bronie-yellow,  nearly  uniform.  Streak,  brownish  black,  opaque. 
Fractore  oonchoidal,  uneren.  Brittle,  strikes  fire  with  stMl.  [For  analyses,  see 
p.  848-3 

White  iron  pyrites  or  marcasite.fbrms  tiimegrie  eiyatals.  In  which  a;b:a  •• 
0-7454:1:1-1648.     Angk  »F:  <bP  -  73°  34';  F«:f»   in  tba  basd  prindpal 


byGoogIc 


IBON:    SULPHIDES  — ISAMIC   ACID.  403 

IMtion  M  BB°  IS",  ^nu  erj^ait  u«  pTimmidal  and  primiRtic  combiutiant,  tbelaHa 
Pb  being  frfqnandr  predaminaiit  in  tie  lattw.  Geanse  tolerably  distinct,  panlld 
tooaP.  It  oeennalioinriobnlar,  rflmli»m,uidotfaaruaitatiTBsh^M;  oftenmanivc, 
colamiur,  or  gnankr.  Hudnaai  —  fl  to  S-fi.  Spndflc  ami^  p-  4*S78  to  1-647 
(Dsub);  «-Rd  to  <-8S  (BammeUberg).  Liuln  rortallTa  Colmr,  pole  bmiw- 
'nllov,  aomctiBUB  ineliniDg  to  gt«ati  or  gnj.  Stmk,  giqyish-black  in  brawn-black, 
fntctnre  nnernu.     Brittle 

Diaalphide  of  iron  i«  prodoead  artifleiiillj :  1.  Br  heating  iion  with  taeem  at 
mMbta  to  a  tsmpcntnn  bdow  nidnMi  (Bam  m« lattery  P^S-  ^on.  CExi,  33S). — 
S.  Bjaxpoaingftrric  oxidaorhjdnlr,  ftnnaiHllBtrie  liydntiV<>'^'<><>*  <>'t'<>lial(^at  a 
boat  ab(^  100°,  bat  not  araoiuitiiig  to  rednna,  to  a  atnam  of  anlphydrio  mad  gaa, 
M  long  aa  the  nuaa  eontintiM  to  iDenaaa  in  iraghb  At  first  the  action  ti  ao  atna^ 
thataqaaooaiaponn  Mlphorava  aBhTdrida,  and  hTdrogen  anerDlTMl,  and  lower  aal- 
(hidia  cl  iioa  an  ftemad ;  bat  IbMe  aftanraida  laka  i^  ntne  snlphBr,  and  Ubents 
fian  hjdnwsu  gsai  IHie  aa^ihid«  of  iroa  Ihaa 
at  Ou  oxiib  naad  i>  ila  nnfaiation,  with  tha  u 


an  ftemad ;  bat  th(«e  Bitanranla  laka  im  n 

gaat  Ttm  aa^ihid«  of  iroa  Ihoa  prodnoad  rataina  tiia  etjatallioe  fbrm 
—  '  "^  'tannfBiation,  with  tha  aame  lutra  on  tha  h«ea,  and  the  aams 
(SaraelinaV — S.  Tha  lower  nd^kidM  of  iron  may  ba  laoii^it 
H>  Hu^  uie  iimiai  uagrae  of  anlf^nmtion,  I^  heating  them  in  like  naooer  in  aol- 
pfajdiie  add  pa  (Beiaeliaa^.— 4.  An  intimate  nuztnre  of  3  pla.  piotoaolphida  of 
nan  and  1  pt.  iBl]dinr,  haated  m  a  iptort  to  a  toapaiatnre  ahoit  of  rrdiieaa,  laavea 
Jimtplii^  of  iron  as  a  bnlkj,  dark  nllow,  nnn  magnrtif.  metalHe  powder,  not  attacked 
bj  l^diodiloBO  add  (Berielina). — S.  Whan  an  intimala  miztora  i^  feniD  oxide, 
anlfJinr,  and  aal-ammoniae  ia  heated  to  a  temperatora  a  little  above  that  at  which  tho . 
aal-ammoniacanblinw^  Uieraddne  ia  found  to  contain  anull,  braaa-jellov  uetahedioDB 
and  enbe^  wlndi  m^  be  aeparated  from  the  mtof  Ihepowdn  Inlerigalioii  (Wohlar, 
Po«.  Ann.  xzxriL  2SB), — B.  Whan  aal-ammoniae  containing  aaqthat*  of  ammonium  ia 
■nUimed  at  a  doll  red  beat  in  icon  naaala  caal«d  irith  day,  the  elaj  coTerisK  beoomea 
impregnated  with  dikoide  of  iron.  andoi)lMaandoetahedKaiaofiMiiOTTit«al[>rmapon 
ita  mmce  (LSwc^  J,  pr,  Otat,  n.  98). — 7.  Tlie  componnd  may  tint  be  prepared  in 
tit  «ct  mtj  hj  Bunng  aolntiatw  of  aOaline  pntnlphidea  with  ferrona  chlorida  at 
18ao,orIanoaitnl[iiat«atl««°.    (SsuarmDnt,  Aim.  CK  Hi;*.  [S]  zzz.  129.) 

ArtificialfyBMpanddiMipliideof  iron  dilfcra  in  chanctn  aceording  to  the  mode  of 
pmuatioD  aonMd,  bdnaaitltar  a  boUj  dark  yellow  powder  (BerielinaX  or  aja- 
t»tli«iiig  in  amiJl  liiilM  jiUliia  cabea  and  octahedrona  rWohler),  <a  a  black  powder 
(SenarmontV  It  ia  not  magnadi^  ia  not  attaiied  bj  dilnte  adda,  but  ia  deeompoard 
bj  heating  wiu  atrong  hjdro^iloric  acid,  with  eToloUon  of  rolphydric  add,  and  aepa- 
zation  of  lohhnr,  and  ia  ozidiaed  when  luated  with  atrong  utne  add  or  with  nitro- 
nnriatio  adl 

Yellow  inn  pTritea  in  its  compact  fomiH,  and  tlifl  denser  varieHea  of  tlie  artifidal 
disnlphidf^  do  not  altar  b;  expomre  (o  the  ail,  aod  even  that  which  in  prepared  in  the 
wot  waj  ondiaiia  bnt  slowly  in  the  air,  and  only  when  moist ;  but  white  iron  pyritca 
weathan  tftj  rapidly,  and  the  yellow  variety  in  tha  finely  dirided  atate  oiidisea  even 
at  ordinaiy  tttnperatnne.  with  nenaible  evolntion  of  heat,  as  in  the  rooating  of  alnm- 
atone,  and  the  apontiseoua  heating  of  coal  or  lignite  conluning  pyritca,  wnich  aome- 
timee  becomes  inleDse  enongh  to  Bet  fin  to  inflammable  ■nbatancea,  and  girea  rise  to 
the  apontsneoos  combaation  of  coal-minea.  The  pradneta  of  this  apontanaans  oxidatioil 
are,  ao  long  aa  the  tnoperatare  remafna  moderate,  sali^nrie  add  and  ferrona  anl^te, 
whidi  B^anta  partly  in  dystala,  partly  as  an  effloresoenee  on  the  ani&ce,  bnt  is  fbr 
the  most  part  diaaobad  out  by  the  watar  which  parmsatM  the  mass  (aee  8iTij>BAtss)  ; 
bat  at  hi^ier  lemperatorea,  lalphnroDS  anhydride  ia  evolved,  snd  fnrria  oxide  i< 
Ut,  with  only  a  snail  quantity  of  sulphoric  acid.  This  reaction  renden  iron  pyritea 
•railable  for  the  nann&ctnre  of  sulptinric  acid  ({.  e.).  When  ignited  witb  charcoal, 
it  yields  (olphide  <^  carbon.  Mixed  with  10  per  cent,  charcoal,  and  exposed  to  the 
•etioB  of  a  mixture  of  anperheatsd  steam  and  atmosplieric  air,  it  ia  completely  desul- 
pbarifedt  giTiiw  off  solpfani',  snlphydric  add,  and  euTphurons  anhydride,  together  with 
carboaie  Mdmbida  and  carbonic  oxide,  wh3e  the  iron  remaina,  according  to  dr- 
eoBtstaneeit  either  in  the  metallic  state  or  aa  ferric  oxide.  (Brunfsn^  Jonm.  dea 
Xinea,  1881,  No.  S.) 

now,  TAKTAKAXa  or.    SeeTunaun. 

DiOV,  rm^UMMO,  A  teem  apfdied  to  native  matalUe  iron  fonnd  on  the  earth's 
goittea,  to  ili-tingaiTh  it  fKm  meteoric  iion. 

ojomaim  or.    Se«  TBLLusiin& 
See  TtnroaTATna. 

,   Bubiiidenie  add.    (Lanren^ 
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aqacoM  pi>tMh;  empont«^e  >otutiontodryiieM;di«M>lT«ut  aleohol;  mit  tlie  solatiati 
with  B  Tciiy  concmtrBied  solution  of  enlphalfl  of  unnuniinin  (in  ib*  propoitioii  of 
lathir  more  thaa  1  itL  of  that  Kahio  1  M.  iutin);  filter  to  sefarBte  ■alpbale  of  jntu- 
Hoin;  ereporate  tbe  filtered  liquid  u>  drynen,  wheieby  the  iutate  of  amiiioiuitm  ■• 
oonrerted  into  iasmite;  tbea  boil  with  alfohol;  filter  to  Bepuite  iiuoide  tni  eolphjLte 
of  ainiiuHiinin ;  and  Dentislise  the  filtrate  irith  hydnchlono  add,  taking  oat  to  aTOid 
an  exoaaa.  laamic  add  then  sepantes  in  crystals  on  cooling.  If  a  mull  qnanti^  tit 
batin  ahonld  likewise  Kpante,  m  eanieqaenee  of  too  mneh  hTdrodilane  acid  haTing 
liean  added,  or  of  too  great  a  heat  ikaving  been  applied,  or  of  Uie  solution  of  intate  of 
ammonium  not  haTing  been  auffidentlj  eTaporated,  the  erfatals  must  be  treated  with 
weak  ammonia,  which  diMalvee  tJie  iumic  add  and  lAavea  the  iaatin. 

laamio  add  crystallises  in  splendid,  ihining,  rhombic  laminn,  of  the  colour  ol  red 
iodide  of  mereaiy.  Bj  spontaneoos  eTaporation  of  tlie  solution,  rubj-colonred  hex- 
sfonal  tables  wn  tbnned,  with  angles  of  about  1 10°.  It  diasolvea  spanndy  in  bmling 
water,  tonang  a  yrllow  solution,  easi^  solnble  in  hot  alcohol,  somewhat  leas  in  ether. 

Imnie  add  diwolTes  widi  fine  riolet  colour  in  hydrochloric  add.  By  boQina  with 
dilnts  ftdds,  tt  ia  eoiiTUted  into  ammonia  and  isatiii.  Bromine  attaiskB  it  Tioleiidy, 
finrning  imUiiivmt,  C"H9i*N^)*,  a  reUow  aobatance  inaolable  in  water. 

£Mmat4  ifftumiumiim,  C'*B?'(^R'}SHy,  crystallises  in  snail  needles  or  Tory  acuta 
nuaraea^  ittonba.    When  aamewhatstniiigly  heated,  it  givM  off  water,  and  is  ooo' 


Terted  into  isamide.    Its  solution  does  not  precioitate  the  aalta  of  bariom,  caldnm,  oi 

magvnum.     It  fbrms  a  yellow  predpHjite  with  ac i-  .  - .       .      .., 

eklaridt,  yellow  with  nitraU  o/tilncr. 


mdpitat .  _ .  .  . 

BoiBartiosibiis  of  sboat  119°.  .  _._ 

ether,  and  fbnns  yellow  solDtiona.  It  is  decompoeed  bj  distillation.  Strong  oeida 
ditsohe  it,  with  Tielet  oolonr,  at  ordinary  tampeiatnrea ;  but  at  the  billing  heat,  the; 
contnt  it  into  tmmoni*  and  chlorisatin. 

Ttlratklgritamie  aeid.CB.'d.'S'O'. — Tebaehloriiamida  is  eonTcrted  by  boiling 
•leoho)  into  tvtnehloTisamate  of  ammonium ;  and  on  adding  nilnte  of  cilYsr  to  this 
salt,  a  floocDlsnt  predpilate  is  formed  containing  C"H*AgCl*Ii*0*. 

XMAMHam.  C"Hi'IT'0*.  AmoMiin.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  4SS.) 
Prodneed  by  heating  isamate  of  ammonium  till  water  is  giren  atC,  and  wuhing  tbe 
reaidns  with  water.  It  is  pulTsrulent,  of  a  fine  yellow  colour,  tuteless,  ioodcsDas, 
uuolnble  in  water,  nearly  insoluble  in  ether,  veiy  sparingly  soluble  in  utoohol,  mode- 
ratdy  soluble  in  boiling  alcohol  containing  ammoiua.  Potash  dissolTea  it  with  yelloW 
colour,  with  elimination  of  ammonia ;  the  solution  contains  isatin. 


C»H'^(ro>7    (Laurent,  J.  pr.  Chem.  zzviiL  346.)— Hiis  body  is 

,   .    lead  when  diaulphisatyde  is  boiled  with  add  sulphite  of  ammonium,  as 

•  i^il*  piae^tat^  which  diasolves  when  boiled  with  a  large  quantity  <d  alcohol,  and 
it  d^onted  on  «ooling  in  etystalo,  which  appear  under  the  mieroaoop«^  either  as  well- 
defined  leotaa^ea,  or  a«  painted  orals,  aoeording  to  the  aide  oa  iriiieh  they  or*, 
viewed.  The  eotnpotmd,  heated  till  it  melts^  turn  nnwnishnd,  and  yields  amnturB 
cf  iMdh  and  iudin : 

Iiatu.  UMlB.  India. 

It  is  decomposed  b*  boiling  nitric  add,  with  fbrma^on  of  a  liolet  powder,  dtniUr  to 
nitiindin.  nith  ahwhoEc  potash  it  fbrms  a  yellow  solution,  ttom  which  water  pred- 
jHtotea  ttydriodin,  and  hydrochloric  add  throws  down  isBtin  mixed  with  a  nainoas 
mbsttuice^ 

Tbs  compositian  «f  isatan  is  equal  to  that  of  2  at  indigo-blue  +  1  at  water 
(SCfHVO  +  HK)>  and  to  that  of  istrtyde  >iwi»s  1  at  oxygen  (C<*H"N*0<  -  O). 

XBATIO  AOXB.  CHTTO".  (Laurent,  Ann.  Ch.  Phya  [3]  iii.  37I.),-'rhe 
patudnm-salt  of  this  acid  is  prodneed  by  the  action  of  caustic  potash  upon  isatin. 
The  add  itself  is  not  easily  obtained  in  the  thw  Stats. 

Tba  solstion  of  the  potassiam-aalt  mixed  with  hydncUorie  add,  dmocita,  after  a 
whib^  oyitals  of  isatin,  which  in  bet  diAn  from  isatic  add,  only  by  the  elomenta  oT 
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diynesBiit  gimdrmtn,  mnd  iaaonmrtedinloiaanuiteof  Mnmoidim(|i.  404).  Th* 
bardtn-talt,  C*H*BftHO*,  produced  br  the  Mtioa  of  tMiyte-water  od  iulm,  ajtUlEtn 
insealM.  Tbe  »teMwn-raa  contauu  CH'ENO'.  IsatiD  dimJTa  in  m  cold  ■troDC 
•idiitkai  dvotalb,  fonning  a  deepriolct-ied  liquid,  irtiicb  dungw  to  pale- jullow  Then 
dilaUd  wil£  water  and  boiled.  Od  erapora^g  tlie  Bolatioii,  tbe  nit  ii  obtained  in 
OTitala  of  a  ttint  yellow  oolaoi.  It  piecipitatei  chloride  of  barium  if  the  lotiitioni  an 
eonceutimtad,  and  forma  with  acetate  of  lead,  a  yellow  floccnlsnt  predpilsla,  which 

rdnallj  toma  red,    Tha  tUvtr^alt,  C*H*AgKO*,  ii  soluble  in  water,  and  ^■talliesa 
beaatifdl  jellov  prinna.    It  it  obtaiaed  aa  a  pradpitate  on  miziiis  the  boiling  and 
nthoc  coDoentiated  wilatidiii  of  iaatate  of  polamum  and  nitrate  of  Btlrer. 

^ro^iaatta  aaU,  ITH'BrNO*,  ia  obtained  aa  a  potMnom-aalt  hj  Hit  action  of 
eold  aqoeoo*  potaah  on  bromiaitiB. 

OiiromuaHe  aeid,  G*H'Br*NO'.  (Erdmann,  J.  pr.  Chen.  zin.  MO.}— Tbii  add 
!•  obtained,  by  adding  hydrodilcno  add  to  a  concenbated  lolntion  of  its  potaadum- 
ialt,  aa  a  li<^  jeUow  pnlmalent  mbatanoat  actable  in  a  larger  quantity  of  water. 
By  deaiccstuin,  even  in  *acno,  at  mean  tampantnree,  it  ia  coaiacUd  into  dibromi- 

DUmmiialt  of  patauiv/m,  OH*EBr'H0*.H*0,  ia  prepared  by  diaiolnng  dibromi- 

latin  in  oold  aqoMiu  potash,  and  laanng  tlie  solutiOD  to  ilaelf  fin  a  while.  It  rayatal- 
li«e  in  pale  yellow,  AJning  Deeding  lees  aoluble  in  walvr  and  in  alcohol  than  the 
dichkiriutatc.  It  gives  wiUi  metallie  saila  thr  aame  tBUtioua  aa  the  diehloriaatate. 
AfipAsmu  aeid  conTerte  it  into  d^inmualottiipUU  qfpoUuthim,  CfH'KBrVO'.250<. 

OUarlBMla  aeid.  C^*C1N0*.  (Erdmann,  Ana.  Ch.  Fhann.  ixziii.  128.— 
Lanrrnt,  Ann  Cb.  Phya.  [3]  iii  378.>— This  uid  ia  not  known  in  the  free  state,  bnt 
BCTenl  of  it!  salts  hare  been  pnpared. 

CUorinttaie  of  potatimnt,  CH'KCINO',  is  obtained  by  mixing  warm,  moderately 
conceotnited  solutions  of  canstic  potash  and  chlorisMin.  The  salt  aapanbw  on  oooUng 
and  may  be  p«rifi«d  by  repeated  cyslallisatioa  from  alcobol.  It  oyatalliHa  in  shiaing 
flattened  quadrilateral  needlea  of  ■  light  yellow  oaloar,  solnble  in  water  and  alcohol, 
and  decompoaed  by  beat.      Hydrodiloric  add  added  to  it>  solution  throws  down 

Ths  other  salts  of  cbloriaatic  add  ara  obtaiaed  by  double  deoompoaition.  Tbs  iomna* 
«all  tepMatM  on  eooling  from  a  miztnre  of  the  hot  solutions  of  ehloriaatate  irfpotaaainia 
and  chloride  of  barium,  lometiinpa  in  pale  yellow  needlea  fonUining  SO'H'BaClNO'.H'O, 
■ometiinM  in  dtsp  yellow,  very  bnUiant  lamina  oontuning  3CB*BaClN0'.SH*0. 
Botli  thoM  kydi^  giTe  off  their  water  between  160°  and  160°.  The  UtiittUk-ti^t 
baa  a  dei^  annge-yfw>w  colour.    The  ealeiitm-iall  rcaembles  the  barium-salt.    The 

'  '  4<lU  is  yellow.  Tbe  eupru  latt,  when  first  precipitated,  is  bulky,  and  of 
;  of  Ibnu  ^drstc^  but  <^uigi«  after  a  while  to  a  heavy  graualar  powder  of  a 
ooloar.  TlMfirne  nil  is  »  brown-nd  pmcuiilate  obtained  by  adding  cblo- 
nsatata  of  potaMinm  to  iron-alnm.  The  Uad-tdtt,  C'H'PbGUKO'.H'O,  ia  produced 
aa  a  brilliant  yellow  gdatinoas  predpitate,  which,  in  a  few  minutaa,  espedallj  if 
agitated,  beetanes  floeenlcst,  and  of  a  sfJeudid  scarlet  oolow,  almost  ■■  bright  aa  that 
(rf  mereuiic  iodide.  Under  the  mioeecopa,  the  yellow  pn>dpitate  appean  pnliaralent, 
withont  any  ttace  (rf  fryrrtslliialTnn.  but  the  red  flocks  present  the  appearance  of  den- 
dritic T^etatioo.  Tbeae  red  flocks 'contain  1  at.  water,  which  they  give  off  at  160°. 
Tbe  juagnaiUTo-  and  aiumwiiiMR-eiittt  appear  to  be  aoluble.  The  mtnwry-taUi  are 
yellow  predpilutes.  The  nickel-tatt  ia  a  yellowish  eryetalliiie  powder.  The  rilver-tait, 
CH'AgClNO',  ia  a  light  yellow  precipitata,  which  diaaolTee  in  boiling  water  and  otb- 
talliaea  on  coating  in  seedles  grooped  in  tijls,  or  ia  dandtitjc  vegetationa  of  jellowuh 
colour.     The  tiacnait  is  a  yellow  predpitate. 

IM^dormtlo  aoM.  C%*a*NO>.  (Erdmano,  Lattreat,  £«. sif.)— Ulis  add 
■eparatee  from  a  concentrated  solution  of  its  potaoainm-iiall,  on  addition  of  a  minaral 
aeid,  in  the  tana  of  a  yellow  predpitate,  which,  howerer,  cannot  be  obtained  pure ; 
tea  by  deeiceatiiM,  aren  m  vacuo  at  mean  tampenture,  it  saparales  into  dichlonsatin 
and  water.  It  diaiolTM  in  water,  forming  a  light  yellow  sidntion,  whidi  beoomcfl 
tnrbid  at  SO",  and  depodta  dichlorisHtJn, 

DicUoriMataU  o/  potanitm,  CH'KCl'NO'.H'O.— DiehlorisaHn  dissolves  in  cold 
aqneona  potash,  fbrming  a  deep  rpd  solntion  which  becomes  colonrlesa  when  heated, 
and  on  cooling  depodta  the  polassium-sait  in  shining  yellow  lamina,  which  may  be 
purified  by  crystJlieatiiHi  from  alcohol  They  contain  I  at.  water  (  ~  fi  per  cent.}, 
which  is  not  completely  expelled  below  130°.  When  eryatallised  from  absolute 
aloohot,  the  salt  appears  to  cootitin  only  half  of  that  ijnanlity  of  water.  It  ia  decom- 
posed by  heat,  wiui  a  kind  of  eiploaion. 

The  bariuai-talt,  I?H^BbC1^O'.H>0,  forms  shining  golden-yellow  needles.- The 
euprk  taU  ia  a  red-bruwn  precipitsU^  which  sow)  becomes  gmniah  yellow  and  alter- 
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natelj  erisiMn,  IIum  Aaltgm  of  eolmz  ■rinng  frem  the  grptifliMtviii  rf  tlie  «dt 
vithui  liie  liquid.  The  ttad-*alt  is  ■  jellow  precipitate.  The  ttivtr-taU  u  ■  tiglit 
jeUow  precipitate,  which  disKlTes  in  ft  Iwge  qumtilfof  boiUuffvater,  tnd  crfitaLisa 
on  cotding  id  tniuRiB»Dt  jelkiwiib  needlia.  grouped  in  tufU.  When  heated  in  contact 
with  tlie  (ir,  it  meUa  hi  a  brown  rnuii  and  jielde  a  snUiniate  of  dichloriasliD. 

IBAnKIM.  C"H"N<0>  —  S  at.  iwtili  +  KH>  —  HK}.— A  ■ubrtanca  lUtad  }>j 
Laorent  (J.  pr.  Cbeiii.  nxv.  121)  to  be  aometiiues  obtained  when  dnr  utuotHua-gM 
ii  paned  ovsr  mtin  moistened  witli  alcohoL  Yellow  non-OTitaUiiie  fl«ek*  tuHj  de- 
oompoaed  by  potaih.    Ita  compoaitioD  ia  rather  donbtfal. 

(7<H"N'0<.     (Laurent,  loe.  cU.)— Obtained  hj  pudna;  drj 
J -j-L  .......   --.. .■ "^-olnta.     When 


IBATnr.    C*H*HO*.    (LaQrent,AnD.Cb.I1i;a.  fS]  iiLSTt.— Erduann,  J.pr. 

Cham.  zziT.  11.— A.  W.  Hafmann,  Ann.  CLFhann.  liii.  11.— am.xii.  61.— Garh.  liL 

6U.) — lUs  body,  which  waa  diacoTiied  simaltaiieoiial;  by  lanrent  and  bj  Erdmann, 

in  1841,  ia  pK>diiced  b;  the  actioD  t^  nitiioor  chromio  aod  t^ion  indigo: 

(?H*KO  +   0     -     CHTTO* 

iBdllO.  IwtlB. 

Prtparation. — I  kilofitBinme  of  flnelj  powdered,  good  comBieroiaJ  indioe  i(  itiRed  w 
in  a  brge  dish  to  s  thin  paste  with  water ;  it  ia  t&n  plaoed  OTir  a  mocUnate  fln,  and 
commeiaal  nitnc  add  ia  gisdnallT-added  (which  canaee  aviolent  efbrreaeoim  withoat 
erolation  of  nitrona  add),  until  the  blue  mlour  haa  diamnaied,  tar  whidii,  bom  000 
to  700  gmu,  of  nitric  add  are  necesaarj.  The  aotntion  ii  bcnlad  with  HTBial  aoarte  of 
wuter,  uid  filtered  at  the  boiling  heat,  aa  ruidlj  aa  poaaible ;  after  13  boma,  the  iMtin 
■eiwnit«  in  reddiih  erpulline  nodulei.  The  mother-liqaor  ia  boiled  with  the  nndia- 
■olTed  naidne  and  filtered,  the  operatian  being  two  or  three  times  repeated :  th«  LuC 
mother^liqnor  itill  lielda  iaatin  on  eTaporation.  The  crTttala  are  moiatened  witll 
water  containing  a  little  ammonia,  in  order  to  temore  a  rsaiiKraa  matter ;  Ihvy  are 
then  washed  with  cold  water,  and  flnallj  reciTstaUiKd  aerenl  times  frran  btuling 
alcohol  (100  pta.  of  indigo  jield  18  pta.  of  iaatm)  (Lanrent).  When  an  bzcmc  <2 
nitrio  amd  ia  emfdojed,  nitroaalicylio  acid  ia  formed.  After  md  addition  of  nitric 
aeid,  it  ia  nteemuj  to  wut  uDtn  Ute  eflhmacenca  ia  over.  If  no  eftcreaeenee  takea 
place,  ID  eoDBBqneoce  of  the  indigo  being  mixed  with  too  mach  water,  and  if  the 
boiling  i<  continoed,  wUlat  more  and  more  nitnc  add  ia  added,  a  nolent  reaction  nid- 
denlv  enBoee  when  the  solution  haa  reached  a  certain  concentmtion,  the  man  orar- 
flowmg  the  vessel   eren  when  it  is  Terv  capadooa :  the  naidne  genenll;  •~^->i— 

nitroeSicylie  add  (Hofmana).— 4.  Indij 

—    ■  it  i»  flltered  Ikot;  intin  .    . 

■,  and  lutl;  from 


■pontaneoDi  eraporatioD  or  in  racno  ;  od  en^ntii 

a  and  a  btown  pcrwder  •epant' 

ition  of  ehromic  add  upon  powd< 

ronue  Mid  being  diacoDtiDiiad  aa 

_  Iteproceaacontinned  asin  (1).  Id  order  to jnirify  < 

ui  reain,  Hofauum  diaaolTea  it  in  potaah,  and  earefUk  ad 


oxide  of  chromiDm  and  a  btown  pcrwder  aepante  (ErdmaDn).    Laurent  dnpa  • 

j;i_. 1-.; r-t. ; .-1 powdered  iwUgc^  and  warmathemxtwi^ 

.  _ .      „ led  aa  bood  aa  the  bloe  colour  haa  diaap- 

pearediand  theproceaacontinned  asin  (1).  Id  order  to  porify  erode  iaatiD,  whidi  stUt 


dilate  atjDeona  aolntion  of  ehnanicaddi^Kni  powdwed  in^gc^  i 
the  addition  of  ehronue  Mid  being  diacoDtiDiiad  aa  sood  aa  tii 


t^  eolutioD,  aa  long  m 
flltering  ia  dr  a  pare  jdlow  colonr,  aod  giTea  a  highlj  red  predpttate  with  hrdrochlana 
add.  the  whole  eolation  is  dlteted  a%  dtaampoaed  with  hydrochLuic  acid,  and  the 
piedfatate  waahed  with  a  litde  water. 

Pnpertia. —  laalin  drstallisea  in  laq^  baoaparent,  btowniah-ted  priima,  or  in 
'  amallei  ;ellowiah-red  pnama,  belonging  to  the  trimettic  mtem ;  the  erratala  are  verj 
bcilliant,  eapeciajly  when  obtained  trom  an  alcoholic  ealution.  They  exhibit  the  com- 
bination »P .  nPoB .  F<B ;  the  beea  ixiPiDanallf  pndominoting.  Inclination  of  the 
fuses  »P  :  oeP  -  133°  SO'  to  133°  66' ;  Pa> :  f  oo  -  137°  16*  to  137°  SO'  (Q.  Boie, 
J.  pr.  Chem.  xsiv.  11).  laatin  ia  inodorooa,  and  hae  a  bitter  tasb-.  It  maltewheo 
heated,  and  aolidiflea  on  cooling  in  a  crystaUiiw  naM  of  oeedlea ;  whcB  heated  aboTC 
its  melting  point  in  contact  with  the  air,  the  greater  part  -n^tiluea,  withotu  deoom* 
position,  in  yellow  and  very  irritating;  vapoon.  It  dieaolTea  sparing  in  ocdd,  moi- 
beeljr  in  binling  laUr,  Ginning  «  i^BtioB  at  a  dadk-nddiih  Tallow  eoloor.    W<n* 
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aM  iSxKim  it  with  tha  aid  of  a  gratia  li«al^  ind  dapomta  it  nndumged  on  coolii^. 
It  diswha  t«adil7  in  aieoioi.  Ink  sbbI;  in  ttier, 

DetDWfotitiont. — latin  dutilled  in  s  retort  Iqnes  *  Urge  reeidu  of  climmoal 
(ErdmiDn,  Lament).  When  thiown  span  glowiug  chaicoal,  it  diOhws  thr  nine 
odoar  la  indigo.  Heated  in  the  aii  apou  pUtinom-tbil,  it  bnma  with  a  briUUnt  dame, 
ud  Uavea  a  foaed  noidne  of  difflculUj  aomboatible  dianMuL — S.  When  iaatin  ia  ma- 
pended  in  hot  watei,  and  a  mrvent  ot  oUnnae  ia  paaaad  throi^  the  aolutitn,  it  ia 
oonTotad  into  chloriaatin ;  no  diehloriaitin  ia  formed,  aVen  If  the  aolntion  ia  expoaed 


I.  Iaatin  heated  ta\W  with  eUorUk  <^fbmuv^jnSAa  a 

haTingUwoompoaitionofbanaoyl-isatiD,  C^'(CrH'0)HO'.— *.  Modentely  warn 
MiMB  ootd  diaaolrea  iaatin  withont  decompoailuni,  bn  mi  bcahn^  a  fulant  action  takea 
place,  attMkded  vith  erolation  of  nidona  ftunee,  oxalic  acid  being  fbnned  tcoether  with 
a  reddiab-brown  □ino-nain,  aoluble  in  unmoniA ;  DO  pime  add  ia  temed. — fi.  leatjn 
h(iat«d  vith  faming  lulpharic  acid,  dinolm  vith  brovniah-nd  coloor;  ■  itnuig 
efferreeoeoce  then  lakee  place,  and  oa  traating  the  aolution  vith  vator  and  alcoluj,  a 
jellov  aabatance  ia  obtained,  which  hu  not  been  further  inveatinted.— 6.  la^in 
mgaolTea  in  cold  poUuh  vithont  nudergoiDa  decompontion,  and  unparta  to  it  a 
browniab  led  colonr :  after  a  time,  or  immediatelj  on  boiling,  the  aolntion  bacomea 
jellow  and  ia  found  to  contain  iaatate  of  poUadmn : 

CNBTO"  +   IPO     -     CMH-O*. 
If  tbii  aolntioa  be  eonesntrated  bj  distillation,  dacmnpontion  nddenlj  tsba  plac^ 
eolonrleae  dropa  of  pheiijUmine  paaaicg  OTer  with  the  itcam,  and  hjdiogen  baing 
aimnhaneinialj  erolved  (Hofmann): 

CH-NO"  +  4KH0  -  CHTT  +  aKXlC  +  ff. 
7.  Ammmia  fbrma  with  atdntiona  of  iaatin,  Tariona  prodacta  of  deeompoailion,  vUdi 
vaiy  according  to  the  ooDcentmtiDn  of  the  ammonia  and  the  aolrent  of  the  iMtin ; 
miztima  of  aerenl  componnda  are  tiwwjw  formed,  Mdi  ifintainlnp  1,  3,  or  3  at  iaatin, 
ftm  t  or  2  at.  aaamonia  niniia  wntcr. — 8.  natj/lamim  beharea  vilh  iaatin  in  a 
~--' <m. — 9.  With  tu^piUnnuaciii  in  pnaence  of  alkalia,  iaatin  forauaalta  of 

_  -  Ji  add  'It  disBolTea  in  mijMlt  qf  amr»onium,  with  formatioii  of  iaatTde. 

ti  tiilp^idric  aeid  ga»  is  paaacd  tluoogh  an  almbolio  eolation  of  iaatin,  di- 
anlphiaatyde  (pi,  412)  ia  foimed. 

laatitaa. — Iaatin  doaa  not  unite  with  adda,  bat  rathei  itaelf  plaji  the  part  of 
an  aod,  wf banging  1  at.  of  ita  hjdiogen  fat  an  eqniralent  qnantitj  of  metil.  Iaatin 
dint^TCB  in  cold  abraig  aqneoBs  potaab,  bnning  B  Tra7  daA  Tiolet--ied  liqnid,  prdbftb^ 
containing  itaHU  iff  potattium,  (>H*EHO*.  On  dilntii«  vith  vatn  and  boOing,  the 
oolonz  cbangea  to  pale  yellow,  and  the  aolntion  ia  then  fbond  to  contain  iaatate  of 
potaaainm.  ItatUa  of  aiprammonbim,  <7H^NE*Ca)N0',  ia  obtained  ai 
precipitate  on  ponring  an  ammoniaeal  aoluf 


—10.  Wbetifi 


acetate  d  ooi^wr.  J*alite  of  niver,  CH'AgNO*,  is  a  vine-red  ciTatalline  necdfatatA, 
obtained  by  DuiiDg  nitrate  of  silres  with  an  alooholio  aolntion  of  iaatin.  It  gaTe  by 
aDalysia42'SBiuI42'2  per  cent,  silrei  (calculated  quantity  42'd2).  On  adding  mtnte  (^ 
ailTPr  to  an  alcoholic  sedation  of  iodine  containing  a  aoniiderabU  qnanti^  of  atmumia, 
a  fed  ctyatalline  precipitate  ia  formed,  oonaiating  of  Uaiilt  of  ofl^ntdinmoMMn, 
(?H'<N^Ag)NO'.  It  saTe  bj  aualyns  3G-23  per  oenb  carbon,  2-66  hydiogen,  wd 
S9'7S  lilTei  (bj  ealcoUtioD,  SS'42  nariioa,  298  hydic^en,  and  3S-8d  ailTsi). 

BrmitinaUd  and  CUi/rinatad  DtriaaHtiei  (ff  AofiM, 
Theae  eomponnda,  which  wme  diaeovered  by  Erdinann,  bere  the  compoaition  of  iMtis, 
in  which  1  or  2  at.  hTdiogen  are  replaced  by  an  eqniTalent  qnantjty  of  bromin*  or 
chlorine.  They  doaely  resemble  iaatin  in  fbirn  and  propeitiei,  and  when  beatad  with 
eanatfe  polaah,  ammonia,  aolphydric  acid,  or  aHaline  mlphitea,  vield  the  chlori- 
nated and  hnmunaled  dmratirea  of  the  bodie*  which  are  prodnced  by  the  action  of 
the  same  reagenta  npon  iaatin. 

"■i  II  Mil— I  111  C'H'BryO*.  (Erdmann,  J  pr.Ohem.rix.3fi8.— HofBiatin,Anii. 
Ch.  Fhann.  liii.  40.) — This  componnd  ia  prodnceil.  together  vith  dibromiastui,  by  the 
action  of  bromine  upon  indigo.  Tbe  prodact  is  exhauted  vith  boiliiig  vater,  and  the 
cryetala  vMch  aepante  on  cooling,  are  purified  by  recryBtollisation  from  alcohol,  the 
tint  portiona  which  aepamte  consiatmg  principally  of  bromiaslin  (Ecdmann). 
Another  mode  of  prepamtion  is  to  mspend  isatin  in  valer,  and  shake  it  np  iu  sonshine 
with  bromine,  vhieh  ia  to  be  gradually  added  till  the  liquid  no  longer  become*  eolour- 
leae  on  agitation.  The  compound  is  Uien  boiled  with  weak  aloohol,  freed  from  hydro- 
biomic  acid  hf  vMhing  with  water,  and  leoTatalliaed  fiimi  boihng  alcohol. 
(Hofmann.) 
*"  '  "'     I  by  cooling  in  ahii 
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ii.(?H'B7*N0'.(Erdic»nn,tor.n<.— Hofniann,iottrit— Lanrent, 

Ann.  Ch.  FbjB.  [3j  Hi.  380.>— Thu  body  remuiu  in  the  al(x>hi;lic  motliei-liqiion 
obtained  in  prepaiing  bromintin,  b;  Uie  fliatof  the  metJioda  above  dsacribed,  ud  may 
be  eniafatad  b;  (ayitallisation  ;  but  a  better  ira;  of  preparing  it  is  to  digest  isMin  or 
bronuaatin  with  bromine  in  soiuhine,  as  long  as  hTdiobromic  acid  continQeB  to  escape^ 
It  is  purified  by  cryatBllisatioD  6vm  tleokol,  from  vhieh  it  Mparates  in  riiiniiig 

aage-coloimd  trimetiie  primus.    Wben  diatillad  with  hydrate  of  potasaism,  it  yields 


of  dihiomisatiD  in  abaolnta  alcobol,  and  pouring  into  it 
potash.    It  oTstoUisea  in  black  icsiea,  blae  b;  tnammtted  light. 

tmiorUMln.  C^'CINO'.  (ErdmsDD,  Ann.  Ch.  Fhann.  ndii.  129.-  Lanrenl, 
Ann.  Ch.  Fhya.  [S]  ill  47S.— Hofmann,  Ann.  Ch.  Fharm.  liii  12.]— Fndnced: 
1.  Bjrpasaiiigcblraiiie  into  tomdwater,  iawhich  iiaCin  is  snspended.'~2.  Bytheacdoa 
ot  chlorine  on  pulverised  indigo  loapended  in  water.  A  lajge  qoaatity  of  a  i«ddisti 
yellow  sabstanes  is  thereby  jnodnced,  consisting  of  a  mixture  of  chlorisatin  and 
diehlorisatin,  'whieh  may  be  separated  by  Boiutioo  in  boiling  alcohol,  the  chlorisatiB 
separating  oat  flnt.    It  is  purified  by  repeated  eiTStallisatioii  fi»m  aloohoL 


-  13*=  12' (G.  Rose), 
irritates  the  organs  of  respiration  and  provoken  aneeiing.  It  is  inaolnbte  in  cold  water, 
but  dissolves  readily  in  boiling  water  and  in  alcohoL  The  solutions  impart  a  dis- 
agreeable odour  to  tbe  skin.  Heated  in  contact  vilii  the  air,  it  meha  to  a  brown 
liquid,  and  ^ves  off  yellow  vapours  havBig  the  odour  (^  burning  indigo.  At  a  high 
temperature,  it  partly  sublimes  and  is  part^  carbociaed. 

Chlorisatin  behaves  with  reagents  like  isatin.  It  dissolves  in  strong  nlphirtc  aeid, 
aod  separalM  on  addition  of  water.  With  nilru)  add  it  yielda  a  resinous  sabstoooe, 
oxalic  acdd,  and  a  small  quantity  of  an  acotised  body,  which  cryitallisea  in  yellow 
grains.  Salpijidric  and  gat  passed  into  an  alcoholic  solution  of  chlorisatin,  forms  a 
white  precipitate  which  incraases  on  addition  of  water.  Erdmann  calls  this  precipi- 
tate sulphoohloriiatia;  according  to  0«rhardt,  it  is  perhaps  chlorinated 
tetraauIphisatydB,  C'Hi'Cl'lTO'  (analysup,  41-7  C,  237  B,  and  31-09  8;  ealcsla- 
tion,  4*7  C,  2-88  H,  29  68  S). 

Caustic  jwCosft  commiinicatea  a  deeper  colour  to  chlorisatin,  eonvrrling  it  into  dilo- 
risatite  of  potassium  ;  on  heating  the  liquid,  the  colour  disappean,  and  t£e  liqnid  con- 
tains chlonsatate  of  potasahim.  

CUorualilt  of  argmtamtnonivm.  C^*(NH*Ag)CINO',  is  a  crystalline  precipitate,  of 
tlie  oolour  of  wine-lees,  obtained  by  pouring  an  ammoniseal  aolution  of  nibata  of 
silver  into  an  alcobolic  solution  of  chlorisaldn  mixed  with  ammonia. 

JHeblmiaMliii  CH'Cl'NO',  is  obtained  from  the  alcoholic  mother- liquor^  whiA 
have  yielded  chlorisatin,  and  is  purified  by  ret^Btaltiaation  boia  almbol.  It  eiys- 
tKlliaas  in  nnall  shining  reddish-yellow  oeedles.  or  slionenpd  lamiine,  fosible,  partly 
volatile  when  heated  in  a  clone  Te«sel,  aolnble  in  wat«r  aod  in  nJeohol. 

Aqaeons  potat\  aftjl  upon  it  in  t^e  eame  manner  as  upon  chlorisatin.  When 
dicbloriutin  is  thrown  upon  solid  poUsh  moistened  witb  absolnte  alcohol,  a  red  s<Ju- 
tion  is  formed,  which  after  a  short  time,  eolidiflee  in  a  violet-blad  magma  conposed 
of  dichlorisatite  of  potassium,  the  solution  of  which  fisma  with  mtrate  of  alver 
a  precipitate  having  the  colour  of  wine-lees. 

Chlorine  does  not  act  upon  chlorisatin  or  diehlorisatin  in  prtsonee  of  watrr,  but 
when  either  of  these  bodies  is  dissolved  in  hot  alcohol  of  80  per  cent.,  and  ehlorine  gaa 
is  passed  through  the  liquid  until  nothing  is  formed  but  products  of  the  dseomposi- 
tion  of  alcohol,  a  bmwmsh  yellow  viscid  masB  ia  depoaited  St  the  bottom  of  the  rewel, 
containing  shining  lamiiue  of  pereUoTo^umoTit  (cbloraiiil).  Water  axiracts  aal- 
ammoniac  from  this  mass,  and  alcohol  dissolves  ddoride  of  ethyl,  pentachlon^crio 
acid,  and  a  resinous  msss  which  fbnns  the  largest  portion  of  the  product.  The  aaper- 
Dstant  yellow  solution  contains  products  of  ue  action  of  ehlorine  i^n  alcohol,  and 
yields  by  distillation,  a  residue  corresponding  to  the  reonous  substance,  bat  not  con- 
taining perchloroqninons.    (Erdmann,  Hofmann.) 

ZBATOSDliVHUaxa  AOt]M.^Q.andA.8chlieper,Ann.Ch.Phann.ciiLl.>— 
Bnlphindigoticadd,  treated  with  ozidiaing  agents,  such  as  uitrio  add  or  chromioacid, 
yields  a  monobatde  acid  oantalnins  the  elemento  ot  iaatin  and  sulphuric  anhydride,  via. 
C*H*K0*.8O* ;  and  the  salts  of  this  acid,  treated  with  alkalis,   yield  a  dtlNwie  acid, 

containing  the  demeDta  of  isatin  and  snlphiuic  add,  vii.  C*H'N(H.80<H'. 
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ISATOSULPHCEIO  ACID. 

To  prepaM  th«  monobasic  u 

in  atirtod  up  to  «  thin  piute  w  ...  .  »  .     

Bcid  Are  added ;  tbe  mass  is  hwted  to  boiling ;  and  1  pt.  of  pnlTerisad  acid  elmnnttte  of 
potAwium  is  added  bj  Email  portions  as  Ions  as  dscoIomtiDD  ensaiiH.  Tha  solation  is 
tben  qnicklj  fUtered  while  hot.  and  mixed  with  nitrate  of  potasuom  (to  fuilitntc  tha 
solution  of  the  inBtosolphate):  the  ci7Stallin«  puts  which  aq)ustes  is  coUscted  on  a 
filter ;  and  the  thick,  dai^-colonred  mother-liquor  is  separatAd  ^  diaplacemuit  vidi 
a  small  qoaotilj  of  watn'.   This  liquid,  flTaporated  and  coded,  Ticlds  a  small  additional 

SnantitT  of  the  poUwinm-salt.  The  iatosnlpfaate  of  poMarinm  Huts  obtained,  in 
le  torm  of  a  browiiiih  yellow,  hea-ry,  Bandj  powder,  is  eoQtamiMatod  willi  a  reiinona 
body,  whieb  adherea  to  it  obetinatelj,  and  cannot  be  separated.  The  acid  and  ils  lalla 
mar,  howernr,  tw  obtaioed  pure  bj  oonTertiiig  them  into  dibasic  isitonilphatM  bjr  the 
■cboD  of  alkalis,  and  Tsconverting  thcee  into  the  monobasic  isatoanlphates  with  acida. 
The  impnre  potaasinm-salt  obtained  aa  abore  is  diseolTed  in  hot  tnuTta-water,  which 
i>  added  tQI  the  aohitioD  is  completely  deeoloriaed,  and  the  cicees  of  buyta  is  precipi- 
tated by  carbonic  add,  the  [Hveipitate  ean-jring  down  all  the  rennooi  imparities  with 
iL    The  reeolting  pale  straw-yellaw  eolation  coatains  a  mixture  of  dibasic  isatosul- 

eate  of  potaeaium  and  dibasic  imtoenlpbale  of  barium ;  and  on  precipitating  the 
lyta  as  exactly  as  possible  with  sulphuric  acid,  an  orange-yellow  solution  dt  tha 
monobasic  salt  is  obtained,  whence  the  anlt  may  be  separated  by  STaporation  and  crys- 
tallisatioa.  If  on  the  other  hand,  the  solution  be  saturated  while  hot,  with  a  quan- 
ti^  of  hydrochloric  add  jnst  sufficient  to  neutralise  the  potash,  the  li<|Did,  which  has 
now  aeqoired  a  duA  orange  colour,  deposits  bulky,  bright  nd,  ihimng  dystallina 
ncalee  c^  monobasic  ieatosnlphals  of  barinm. 

Afonoba^e  I.aiotulpkuric  acid,  CH-NSCaH^  -  VB'S0'S0:2BS>,  may 
be  obtained  in  the  &ee  state  by  decomposiiig  the  solution  of  the  barinm-Mlt  with  an 
equivalent  quantity  of  sulphoric  add. 

The  resulting  orange-red,  strongly  add  solution,  solidifisf^  when  enporated  to  a 
syrup,  into  a  somewhat  sticky,  radio-ciystalline  mass,  drying  up  in  Tacuo  over  aul- 
phone  add  to  a  yellow,  eilky  ctystalline  mas^  which  doce  not  alter  on  sxpoinre  to  the 
air  at  common  temperatorea.  but  oasil;  gires  up  its  water  of  ctjatalliaation  at  100°. 
It  dissolves  in  aJcohoi  leee  eadly  than  in  water,  and  is  insolable  in  ether  and  in  beneene, 

Isatosulphoric  acid  is  a  Btiong  add,  separatiiig  even  the  stronger  mineral  acida  &om 
their  salts.  It  is  not  decomposed  by  strong  mlfhwie  or  vitTicaeid,  ereu  with  the  aid 
of  heat ;  bat  nitromtriatie  acid,  ac  a  mixture  of  kj/droehiorie  acid  and  chioralt  of 
foUuttam  aloiriy  decompose  il^  with  formation  of  chloraniL  The  aqueous  solution 
B^mn  (a  be  eraicely  alt^nd  by  Morau.  The  alcoholic  solntion  treated  with  om- 
numca  gat  yields  visdd,  dork  brown-red  bodies,  piobibl^  amidated  compaiuids.  Tha 
add  is  not  reduced  by  kgdriadic  add,  but  the  reduction  is  eSscted  by  nnc  and  hydro- 
cUoric  or  aalphuric  acid,  the  eolation  being  thereby  completely  decolorised.  Svipky- 
dric  add,  and  eepedally  ndpUde  ofammoidum,  likewise  reduce  the  acid,  yielding  the 
ammoninm-aalt  of  hydrindin-salphuric  acid  (p.  268). 

Baits  of  Honobasic  laatoaulphurio  ii.oi&.^ltoiut-atamintie  itatomdpltale, 
C>H'(SH')NSO'.HK),  is  obtAined  by  decompadnp  any  other  salt  of  the  add  with  an 
nnea  of  an  ammonium-salt  in  which  the  reanltuu;  salt  is  spaiinsly  scduble ;  or  by 
mixing  a  solntion  of  the  &ee  acid  with  excess  of  ■aT-ammoniae,  The  salt  aystallisea 
in  shining,  deep  yellow  needles,  easily  solnble  in  water. 

The  mmaiarytie  tait,  C*H'BaNSO<.iH'0,  is  formed  by  precipitating  a  solution  of 
ehlraide  or  nitrate  of  barinm  with  the  free  add.  It  is  ineolabte  in  alcohol,  spaiin^y 
soluble  in  cold,  somswfaat  more  in  hot  water,  forming  a  light  yellow  solution. 

"Dm  wenoialde  tail,  C*HK;a80*.HH},  is  obtained  t>y  predpitation,  and  ciystallieea 
in  small,  sbining,  gold-yeUow  needlea  which  diaaolve  somewhat  slowly  in  water,  but 
more  canly  than  the  barium-solt- 

The  monopotattic  tall,  CH'KNSO*.H»0,  erystallisea  in  small  gold-yellow  needle* 
which  yield  asandy  powder.  It  is  insoluble  in  akohol,  diseolTn  in  about  20  pts.  of 
cold,  and  eomewhU  teas  of  hat  water,  whence  it  aystellises  slowly.  It  is  not  altered 
by  boiling  with  strong  hydrochloric  add.  It  gives  off  all  its  watv  of  ciystalliaation  at 
a  rathcs  high  temperature ;  indeed  all  the  salts  of  mooobasio  iaUcealphuria  add 
retain  Oksir  wttw  till  heuted  above  100<>. 

1^  moHO-argtttlie  talt,  CH<AgN80'.H*0,  sqiarat«a  slowly  on  mixing  a  solntion  of 
the  Bodinm-aalt  with  nittate  of  silver,  in  hwd,  needle-ah^wd,  honey-yellow  czystala, 
sparin^y  aidnble  in  water. 

The  aenetodie  tall,  C*H'NaIT30*.2HK),  is  obUined  I7  mixing  a  hot^«atunled 
solntion  of  the  potsssiam-aalt  with  two  or  three  times  its  volume  of  a  concentrated 
solntion  of  chloride  of  sodium,  and  oyetallise^  on  leaving  the  liqnidat  rest,  in  deep  Kd 
tabular  crystals. 

Salts  of  JJibatiic  Isatosulphnric  acid,   C>H'M<NSO*   .  (TH'NO'.SOOI*. 
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iqunti^  of  uktii  be  rndded,  a. deep  nd,  or  tomatimi 
colouring  ia  pioaaoed,  which,  thosrii  tiansiflnt,  ii  raffldent  to  indicate  ths  (brmstioii 
of  an  inURMdUte  oampomid.  Tne  bam&nnatioD  ia  likewiae  affected  bj  klkaUae 
earbonttea. 

IKbaau  katemlphnrie  Bsid  bamot  been  isolated ;  when  aspaiated  fiom  the  eolation 
of  either  i^  ita  nll^  it  ia  ooaveitod  in  a  ahoit  time  at  oidinaij  tempentona, 
inmuiliatal;  whan  htated,  intn  the  moiKdtaaio  acid. 

The  AoaMeaw  tatt  ia  pRkdooed  t^  boiling  iaalomlphnrie  add  for  aoma  time  with 
•leea*  of  a"lT*»Jlit  or  bj  daoompoaing  the  dIbaiTtic  aalt  with  anlphate  of  aounonium, 
Tbe-adntiMl  driee  np,  in  Toeno  ovtt  ml  of  Titriol,  to  a  yellow  gnmmj  maaa  exhibiting 
bat  alight  tncee  of  njalalliaalion. 

T\a  lUbaiytk  salt,  C*H*Ba<NSO' .  SHV,  ia  obtained  bj  diaaolring  the  mouobaiTtie 
aalt  in  boilng  batTta-wita,  and  reoonng  tha  taorm  of  batTta  with  eaibomc  acid. 
The  aligfatlj  ookorad  eolntian  jielda,  by  mformtiaa  or  cooling,  (hinius,  lemoa-jellow 
ailW  needle*,  more  eiJiible  than  the  monobaoe  aalt  in  water,  bot  inaolobte  in  aloohoL 

The  dmIwiMc  tall.  CETb'NSO^  .  |HK),  ia  obtained  b;  mixing  a  concentrated  aolo- 
tion  of  the  yellow  potaaeinm-ndt  with  an  eicm  of  a  concentrated  aolntion  of  acetate 
of  lead  i  itoyatalliaea  in  alender,  shining,  daAjeUow  needlee,  which  diaaolve  leadiljin 

The  JipefaawB  aalt,  CfH*E*in30* .  HV,  obtained  by  deccmpooing  the  barinm-aalt 
with  ncabal  ^''r'"**  of  pntawinm,  aratalliaaa  atowly,  by  ^Mmtaneooa  enpoiatioo,  in 
hard,  ehininj^  tianapaient,  wax-yellow  [oiama,  which  diasolTe  leadily  in  witei;  end  giTO 
off  their  water  of  oryitalliaatian  between  H(fi  and  1G0°. 

The  dimgaitia  aad,  OH*A^NS0*  ■  |H^,  aeporatee  on  mixing  a  aolntion  of  the  po- 
taasinni-ult  with  eieeaa  of  nitrate  of  ailTei,  in  eonceatrie  gtoapa  of  hnlky  needk^ 
-,.._,.   _-__  1^.^  .- .._.. ,.„ii ff^         ■__,___,_..    - 


which,  aftoT  diyin^  form  a  light  qnngy  pale  yellow  maaa.     ft  ia  ■wiiigl;  eoloble  in 
watw,  onddoaauotgkTt  ofT  ita  water  SoryatJliaation  till  h«Lt«daboTS  100°. 

XK&TOauXFMZTa>.  (Laurent,  Ber.  adent  x.  SflS.—^lm.  xlii  H.— OortL  iiL 
CM.}— SDlphnioiia  anhydride  doea  not  aetnpon  iaatin  alone;  bat  in  pnaenee of  potaah 
or  ammonia,  paonliar  aalta  an  prodaeed,  oantainingtheelMBontaofiaatateofammMiinm 


aalta  haa  not  berai  ieolatad,  being  decomposed  when  the  oa 

add.    The  chlorinated  and  bnnninated  isatina  yield  oorreapondii^  eompoonda  i 

the  inflnence  of  alkalis  and  anlphDnma  add. 

JtatomhMti  nf  Jmma^tim,  I7H^NE*)IT0'.3S0',  ia  obtained  by  boiliif  iaatin  with 
add  nlpoite  of  ammooimn,  and  eooeeulrating  the  liquid  bj  ewoiation.  It  than 
sqwiateein  amaD  riiomb^idBllablea  of  a  pale  yellow  mlonr,  aparinf^y  aolnble  in  cold, 
but  Toy  aolable  in  boiling  water. 

Imtondpldtt  qf  AtoHAon,  (ffl'EIIO'.SSO*,  ia  prodneed  hj  pa«>i«  sn^nroa*  aa- 
hydride  to  aatomtion  into  a  Bi4ntion  of  iaatin  in  potash,  or  into  a  adslMm  of  isslate  ol 
potasdom,  at  by  boiling  powdered  isatin  with  add  su^)hile  of  potassium,  till  it  ia 
completed  dinolved. 

Tim  sau  is  neutral,  haa  a  fUnt  yellow  oobur,  ia  modoiat^  aolable  in  water,  and 
dystnUises  therefrom  in  alocgated  laminB  jposacsdng  eonddarable  Instis.  It  is 
moderately  soluble  in  boilioe  alcohol,  vecy  Uttle  in  uJd  alocdic^  Ita  solutions  are 
yellow.  When  heated  it  aquirea  an  caange-red  colour,  aw»Ua  np  and  gives  off  water, 
and  at  a  higher  lenipeiBture  bladena,  and  givea  off  a  red  thick  matter,  which  aoliditea 
without  ciyatallising. — Iodine  deoompoaea  it  at  the  boiling  heat,  iaatin  being  pradpi- 
tated  and  snl^raric  add  ramainitig  in  the  liquid.  Chlorine  alao  forma  snlphonc  sod, 
but  at  the  aama  time  throwi  down  diknisatin  or  dichloiisatin,  aocoiding  to  UN  dnntioa 
of  the  action.  Hydrochloric  add  ponred  into  a  boiling  aviation  cf  the  salt  eliminate* 
•ulpbuTooa  au]^drid(^  with  ef&rreseeBee,  and  predintates  isatin. 

The  solution  of  the  potasriam'^alt  doca  not  tbru  any  jreantate  with  dilorids  of 
barinm,  strontiam,  cr^ldum,  or  with  aoetala  irfeopper;  but  with  mtzatoof  silniasd 
acetate  of  lead,  it  forma  precipitatea  oondsting  of  a  metaUie  snlphite,  together  with 

DibronutatoudpUlt  of  PoUutiiuii,  C^*&'ENO'.330*,  ta  a  ydlow  predpitate, 
sp&riDgly  aolable  in  wntar. 

CiloritatotulpkUt  af  PMurixin,  C*SK3KM0>.SS0<,  ia  obtained  by  paadng  rnlphn- 
rami  anhydride  into  a  solulJon  of  chloriaatate  of  potoaBinm.  The  uqnid  yields  \^ 
evaporation  a  atraw-yetlow,  fibro-Lunellar  salt,  sparingly  eatable  in  cold  water.  Adda 
decorapoee  it,  with  predpitalion  of  ahlarisatin  and  erolnlion  of  aulphnioua  anl^drids. 

DicUorUalott^Uu  of  PoUutitoii,  (7H*C1*KN0*.2S0>.  Yellow  naedlea  obtained  by 
boiling  diehloriaatin  with  odd  snlphile  of  potMiiiun. 
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XBArwum.  C"H"NH)<  -  {(?H'NO^'.H".  (L»Br«B^  Am.  CL  Phj*  [«]  iK. 
U3.— O-m.  xiii  9B. — Oerh.  ilL  SSI.) — AaubtUucc  pradneed  bj  tlw  actioD  of  ndncu^ 
•gonts,  muk  u  nueant  hjdiogen,  mlphjdrie  Mid,  nlphide  of  mmmomiuD,  &c  on 
iutm;  eg.: 

XmtlO'   +   H^     -     (CH'NO')>,H'   +    8. 
iHtlii.  IialKl*. 

It  bean  to  iaatin  tba  lune  rdation  that  indigo-whita  bMti  to  indigo-blna. 

The  bfst  mod*  of  pt«piuiiig  it  u  to  mix  powdsmd  iattin  in  a  flaik  with  a  Urge 
qoantitT  of  water  and  a  liuls  Bulphnric  kcid,  then  add  a  piece  of  pun  aine-ibil,  and 
heat  the  liqaid.  A*  tbe  iaatio  dinoliea,  it  takes  ug  tha  luioeat  hjcungen,  and  ii  oim- 
mted  into  pnlTeralent  iwtjde,  which  nun  be  waahad  with  water,  uid  then  boiled  with 
sicobd  to  ramove  uidecompoaed  ieatia.  Iiatjde  a»j  likcwiae  be  obtaiiMd  bj  d^wolr- 
iw  iaatin  in  hot  alcohol,  and  adding  a  uudl  qnaotit;  of  sahihide  of  anuuoniam.  The 
■uxtura  left  to  itaelf  for  a  week  d^maite  laminated  and  piumatie  tmtala  of  JMtjde, 
■lixed  with  oetahednJ  ajMala  of  aDlphnr,  which  miuit  be  nnoTed  bj  digMlion  with 
diao^ihide  of  caibon. 

In^yde  ia  wbi(#,  with  a  ili^t  gnsyiah  tint,  taetcleaa,  and  iDodorona,  and  appean  to 
be  insolnblB  in  water.  It  diEaolvaa  in  Terj  imall  quantity,  in  alcohol  aod  ether,  at  the 
boiling  beat,  and  wpant«B  on  cooling  in  mifroacopLc  acalea,  haTing  the  form  of  obliqiu 
jffjama  with  mctangsLir  baas. 

laa^de  eofteu  when  heated,  and  then  tuma  riolet-brown  (being  perbwpa  con-rnted 
into  a  mixton  of  indin  and  iaatin) ;  if  the  heat  be  increaied  tiU  the  bodj  i>  half 
meltRd,  it  BoBen  fnithHr  deeomposition,  jiplding  a  nibMance  which  diwolne  in  alcohol 
and  ra^ataUisea  in  brown-red  needlea  bj  evaporation. 

Boiling  nitric  acid  deconjpoeea  isa^jda,  ptodacing  a  violet  powder  whidi  nltimatalj 
diaeolTcs.  Fotaih  likewiae  decompoaw  it,  forming  ieatate  of  potaaaiiun  and  indin- 
potaaainm,  whieh  nltimatelj  cbaogea  to  hjdrindin-potaadmn  uid  other  prodncta  dI 
nnboown  oonstitntion  (eee  p.  2tU). 

Erdmann  (J.  pr.  Chem.  xziv.  19)  givea  the  name  of  itatyde  to  a  nibatanoe  which 
he  obtuned  bj  diiaolnng  iaatin  in  Imt  inlphide  of  ammoninm.    Thia  anbatance  gave 


bj  analjaia  nambeia  agreeing  approiimalek  with  the  fiumola  CH'^n}*. 
wliitr^  Teiy  alishtlT  enatalline,  euicely  aolnbla  in  water,  but  soluble  in  ammonia,  with 
nd  coloor  graduullj  Aaamag  to  jfHow,  Potaah  diaaolved  it  with  deefK-red  colour,  dia- 
appeaiing  when  the  liquid  was  heated  ;  the  eolatioit,  tti  cooling  deposited  a  ctTBtalline 
aalt,  and  jirlded  jdlow  fiocks  with  hjdTochbna  add. 

cnioitoatrdM  and  BramlaMirdM.  (Erdmann,  Ann.  Ch-Phsno.  zzziii.  129. 
—Laurent,  Ann.  Ch.  Phys.  [3]  iiL  382.)— i>ie4iori»ii(.v<I«,  C^'^'UW,  is  pro- 
duced by  the  action  of  sulpbide  of  ammonium  on  chloriiatin.  It  is  white,  cnstallis- 
ablfl,  iaaoluble  in  cold  water,  sparingly  aoluble  io  hot  water ;  modeialelj  aolnble  in 
boiling  aletdicl,  aolnbla  alao,  apparenUy  without  alteration,  in  a  hot  solalJon  of  mlphide 
(ifpotMsinni.    Heated  to  180°,  it  is  nsolved  into  chlorisatin  and  dilorindin : 

aC«H'^n*NW     -     CH^nilK?  +   2CH*C1N0'  +   2H»0 

CtllartiMfda.  Chloiliidla.  ClilailHXls. 

Chloriaal^pda  ia  eoknned  red  bf  animottia,  and  partiallj  diaaolTed.  It  diaaolTaa  in 
boiling  aqnroua  potaik,  being  converted  into  ehloriaatate  of  potasainm,  whidl 
mjitaniira  on  cooling.  The  mother-liquor,  treated  with  hf/drvenorio  add,  jielda  ■ 
eopiona  light-jBlknr  jiredpitate,  w^iich  ia  partialh  disaolved  by  boiling  water,  the  inao- 
Inbla  part  conaiating  of  cUorindin,  and  the  diaaoired  portioa  of  ohloriaat^die  aeii^ 
[Robably  a  [mdnct  of  the  deoompoaition  of  chlorindin.  Thit  acid  ia  depoaited  fhna 
the  aqueous  solotion  in  tie  form  of  a  lemon-yellow  nbstanoe,  which  fiuma,  with 
potash,  a  soluble  salt  having  Uttle  tmden^  to  ciyatallisB.  The  solution  gives,  with 
■alia  of  Ind,  sapper  and  baiiom,  yellow  precipitatea  which  rediaaolve  in  the  bqnid 
wfaailMatwL 

Tttraektoritatgde,   C>^*n'N>0>.— Frodnod  by  the  action    of  aolphide  ct 


Tttraehtoritatgde,  C>^*n'I(>0>.— Frodnod  by  the  action  of  (olphide  < 
anunoninm  <»  tetra^oriaatin.  It  resemUss  the  preceding  componnd,  and  ia  dseoi 
poaed  in  like  manner  by  heat  into  tetradilariBatm  and  tetiaehlarindiu.  It  likewi 
behavea  in  a  similar  manner  when  boiled  with  potash,  yielding,  among  other  prodncta, 
probably  tiy  a  lecondaiy  deeompoaition  of  dicblorindin,  the  potasstum-salt  of  a  peenliar 
add  {dielUoruatydie  add)  which,  aa  tlie  liquid  coola,  ia  deposited  in  yellow,  ii*''"'"g 


■tUpblsMrd*,  C"H."S'OV.    Btilpiatall^di.    (Lfturent^  Ann.  Oh.  Phys.  [3] 
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C"H»N'0^   +   KH8. 

DlmlpbluUd*.  Bnlphlullda. 

The  liquid  tnnu  red,  and  iftir  k  fov  woiHidi  depodta  >  vhite  cnitiUine  jseeipilate 
of  snlphuatjde,  which  mnrt  be  wuhrd  with  boiluig  alcohol  and  dried.  It  gmianllj 
hai  ■  uiot  roae  tint,  doe  to  the  preMnce  of  s  am&ll  qnsnti^  of  iodine. 

Bulphimtjde  wbeo  pure  ia  s  white,  oiTiitalliiie,  inodorooa,  and  taateleaa  powdei ;  it 
OTaluliaea  from  hot  alcohol  in  micioacopic  rectangnlar  aealea.  It  ia  inaolable  io  water. 
Boiling  ^oohol  dianlTe*  odW  Ctacee.  which  vepaisto  ont  on  oooling  in  small  OTataUins 
scalm.    It  it  not  more  solnble  in  elker  th&n  in  alcohoL 

Sulphiialyde,  when  heated,  melts,  tnma  red.  iwelLa  up,  and  deoompoaea,  while  anl- 
phuretCed  hjdiogen  ia  erolTed,  and  n  R«e-colonred  ail  diJrtili  otbt,  togethnr  with  the 
Tmpour  of  a  aubfftaJic«  whidi  cryBtalliaefl  in  needln ;  flnallj,  tJlere  reniiiiDB  b  bulkj 
reeidQe  of  chaicoal.  It  io  conTertad  b^  nitric  aaid  into  ai  nolet  powder,  irtlich, 
in  mil  probability,  ia  nitrindin;  the  Hilation  containa  Bulpbnric  add.  It  ia  decoippowd 
by  oold  potaiK  with  formntion  of  Tarioos  modncts,  unong  which  ia  indin  ;  th«  aoIutiMi 
nolTea  aolphuratted  hydrogen  on  the  addition  of  hydiochlorio  add,  and  gina  s  pc«- 
cipitata  GonaiitinB  of  anlphnr  and  a  little  nddiah  matter.  On  beating  an^ihiaa^da 
with  warm  potash,  hydricdin  is  formed. 

UsBtrAe.  C"H"NK)^.      Bvlfltitathgi*.  (Erdmann,  J.  p.  ChniuniT. 
■ent,  Ann.  Chim.  Phyi.  [S]  iii.  4e3.)~Pn)diiaed  by  the  action  of  aulpbydrie 
acid  npon  iiatiii. 

The  decompoaition  takea  place  in  two  itagce,  mlphur  being  firat  daposit«d,  and 
iaatjde  prodaced,  and  this  compound  being  afteiwaraa  oonTartod  into  disulph^de, 
with  formatioD  of  water : 

aCH'NO'  +  H^    -    CH'ino*  +  8. 

iHlln,  lullll, 

C'fH"NK)'  +   2H^     -     C'H'inO'S'  +   aH«0. 


deposit,  which  increasea  on  ooolinfF,  and  conaiate  of  midoacofoe  aulphnr-cryatala  simI 
■cales  (iaatyde).  The  BolntioD  is  ln%  to  itself  for  a  week,  that  the  g^tar  part  of  the 
salphor  may  erystallisa  ont ;  it  is  then  poured  off  and  mixed  with  a  little  watar,  and 
the  resulting  pncipitate  is  removed,  as  it  contains  sulphur ;  it  is  than  ibaken  up  with 
more  water,  which  predpitatM  the  diaulphiaatyde  aa  a  browniah  grciy  reainoDa  (ub- 
atance.    (Laurent^ 

Disulphiaa^rde,  wben  dried,  ia  a  yellawiBh  grpy,  inodorona.  and  taatelcSB  powder. 
It  does  not  crystallise  &Dni  its  alcoholie  or  ethereal  BOlDtiDU,  either  on  cooling  Or  tf 
BpontanMius  evaporation  (Laurant).  On  drying  at  110°  it  always  becomes  bluish  or 
brick-red ;  if  the  solution  if  expoaed  U>  the  air  for  some  time  h^bra  the  addition  ef 
water,  thepmnpiut*  ia  browniali-red.     (Erdmanu.) 

Diflilphisatyda  awella  up  aMngly  when  heated  in  a  ^lass  tube,  and  melts,  with  endu- 
titm  of  anlphydrie  add ;  at  the  aame  time  a  brown  oil  and  a  needle-shaped  mblinuta 
an  formed,  aad  there  nmaina  a  bulky  roatdna  of  charM)aL  When  boiled  wit^  strong 
nifric  aeid,  it  puffii  up,  eTolves  pemitne  oxide,  and  diHatrea;  water  predpitatea  yelkrw 
flakeg  &om  the  snlution.  In  boiling  nitric  add  diluted  wilJi  ila  own  bn&  of  wstK,  it 
pnffa  np  and  giTea  off  nitrous  flunea.  If  the  reddish-brown  (wtdlsn  maaa  ia  treatad, 
ailer  a  few  minntea,  with  alcohol,  the  latter  ts^  np  a  reddiih  aubataiKC^  iHlidi  ia 
insoluble  in  water,  bnt  solable  in  potash,  from  which  it  is  precipitated  Yij  acids.  The 
portion  insoluble  in  alcohol  diesolves  in  potash,  and  on  nenlraliaing  the  aolntion  with 


1,  a  white  predpitale,  insoluble  in  water,  is  fbrmed,  consisting  of  nuooaec^ie 
I.    The  liquid  obtained  W  the  action  of  nitric  add  oontains  snlidiuric  add,  but 

lie  add.    ihvmtiw  acta  Tiolently  npon  diinlphisatyde,  witJi  evolution  of  Iffomide 

of  sulphur  and  hydrobromic  add,  and  forms  a  yellow  maia  contaiBJng  bnouudin,  aa 
aranre-yellow  oyatalline  msas,  and  a  little  resin.  Diaulphisatyde  diasolvM  in  atrmg 
su^Jkr^  ostd^  with  the  aid  of  a  gentle  heat ;  the  red  aolotioD  ia  not  predpitated  ^ 
water ;  potaah  eoloora  it  graen,  but  doea  not  predpitale  it  On  treating  disaJphiaa^da 
with  potath,  mlphiaatyde  and  various  other  products  (amonast  othera,  indin)  ara 
fbrmed,  iriuch,  however,  cannot  be  produced  at  wilL  (Accoidiug  to  Erdmaon.  the 
folntion  depoaita  a  eryatslline  salt.)  Ammotaa  behaves  in  a  similar  manner.  V^lh 
add  t\dfh^  of  onunoni'inn,  at  mean  temperature,  disnlphisa'yde  iKodacea  varioua 
compounds,  among  which  ia  fbund  the  ammouinm-aalt  of  a  pecnliar  add,  called 
anlphiiatanouB  acid.     Thit  aa)t  is  cryntOlisable,  aolnble  in  water  and  aloolud,  tnd 
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ISER[N_ISOBIURET.  4 1 3 

ita  fi><"V'*'''  wliition  IbmiB,  with  dicUoride  of  platinam,  ■  jtUow  precipit&tp,  which, 
vh«a  daeomposad  bj  Bulphjdric  uid,  yields  the  free  aeid. 

Wbni,  on  tlie  other  hand,  diralphim^de  ii  treated  with  ttcid  mlphiM  of  smnwDinin 
at  the  boQing  heat,  there  ii  groenllT  deposited  a  mixture  of  indio  with  a  white  Bnl>- 
■tanca  whidi  hu  not  heen  exaniiiied ;  lometimee,  howerer,  a  diffiuent  reaction  takes 
plae^  rcsaltiiig  in  the  pTOdoetion  of  itatan  (p.  401). 

nMMMM.    Titanifteons  iron.     Sea  TirutATU. 

XBSmoaWZO  AOm,  CH^SO*  -  CHVSO'H'.  (Om.  viii.  428.~aerh.  u.  SS4.) 
— Thia  acid,  wbicb  is  isomerio  with  ethyl-snlphoric  (ndphoTiiiie)  acid,  and  msv  be  re- 

carded  as  ethjLsna^DlFhiinnia  acid,   (90)'  tO',  was  diacorenid  bv  Hagnns  in  18SS 

H'  ) 
^ogg.  Aim.  xzrii.  878),  and  has  been  fiitthar  examined  bj  Ltebig,  Begnanlt, 
WoskTeBansky,  Bs»eliDS,Kalbe(Aiui.Ch.Fbanii.ciii.341),andCBriuB(tMiJ. 
CDJT.  aST).  It  is  pn>diiced:_l.  B;  the  ebullition  of  etbionic  add  (iL  £23).— 2.  Bj 
ths  prolonged  action  of  Btntng  inlphuric  acid,  or  of  sulphnric  anhydride  on  alcohol  or 
ether,  and  u  fbnnd  among  the  rendues  of  the  ptepaiation  of  ether. — S.  B;  the  action 
of  nitrons  add  npOD  taurine,  CH^SO*,  which  maj  be  n^;aided  as  the  amio  acid  of 
isethionic  add.  A  sohitioD  of  taorias  in  dilute  nitric  acid,  treated  with  nitrite  of  potas- 
•imn,  JscoDTerted  into  isethionate  of  potassinm.  (W.  Oibbe,  SilL  Am.  J.  [2j  zxt.  30.) 

I^tparoHtm. — I.  Tumnr  of  snlphuric  anhydride  is  passed  into  abeolute  alcohol 
Moled  hj  a  miztnTS  of  ice  and  aalt ;  and  the  reenlting  Tellowish  oilj  liquid  is  mixed 
with  vatw,  boiled  for  aoau  &ae,  and  then  aatntatad  with  taibouste  of  barium.  The 
piadoet  thnadbtaiMdisiMtbioiMteofbariami  if  the  water  were  added  ^nduallj,  and 
thaUqiaidwwetratboiled,«tliiMMUof  baiiiunwoaldbeprDdiiCMl,I>iitDoiBethioDate. — 
S.  Tapoor  of  snlpbnrie  aohTdnde  is  passed  for  some  lime  into  ttih;dToiu  ether ;  water 
is  IhsB  added,  which  s^wntas  the  excess  of  etiier  containing  heavy  oil  of  wine ;  and 
the  sohition  is  heated  to  ebnllitioo ;  it  then  gives  o^  flnt  ether,  then  alcohol,  and 
altimatdy  amtains  nothing  bat  solphnric  and  isethionic  acids,  which  maj  be  separated 
by  saNiralion  with  carbonate  of  barinm. 

To  obtain  the  free  acid,  the  barinm-salt  is  cantioiuly  decompoaed  with  the  exact, 
qnantitj  of  sulphuric  add  reqiured.  and  the  filtrate  i*  eraporated,  first  by  gentla 
healins,  then  in  a  Tacnnm  over  oil  of  ritiiol. 

Isethionic  add  is  a  viscid,  stroagly  add  liquid,  which  dfcomposes  acetxtea  and  common 
salt.    It  bean  without  decomposition  a  heat  of  160°,  bnt  blsckens  at  higher  tempeta- 

The  iietkionatti,  (?H'MBO<,  are  obtained  by  decomposing  the  beiinm-salt  with 


distingaished  fmni  the  alhyl^anlphatea,  with  which  they  are  ieomeric,  by  their  mnch 
matar  sl«bility,  most  of  them  snstainlng,  withont  alteration,  a  tempen^mv  of  S00°. 
wiian  an  isethionate  is  h««ted  with  canstle  potash,  hjdnwen  ie  evolved,  and  there 
mnain*  a  mixture  of  earbouri^  osalste,  sniphate.  and  lulphite,  the  proportion  of  these 
prodactsvaryingwilh  the  dtgcee  of  heat  which  baa  been  applied.  Isethionate  of  potHs- 
sinm,  distilled  with  pentachloride  of  phospboros,  yields  <?H*S0K71*,  or  'S^<"  [  qji 
rilieb,  when  heated  in  sealed  tnbes  with  ammonia,  yields  tamine  (Kolbe): 
(?H<80KI'  +   HH"  +   HK)     -     (?H'N80'   +   2Ha 

beMauU  of  munomum,  C>H>(yH')SO*,  fbrms  well-defined  octahedrons,  which 
yiMtin  their  traneparenCT  in  a  vaenom,  and  do  not  lose  weight  at  120°. 

The  baritm-»ali,  VU.'aaSO',  enstallum  in  tranaparent  aix-dded  phitee.  which  may 
b«  twated  to  300^  withont  loas  of  weisht.  They  melt  at  SSO",  and  decompose  at  a 
stronger  heat,  the  lolt  blackening,  swuling  up  to  more  than  100  times  ita  original 
T^om^  and  giving  tX  a  liquid  of  very  pungent  odour. 

The  amfr-mJI,  CH'CdSO'  ■  H-0,  forms  pale-green  right  prinni  with  riiombio 
base,  and  bavelled  with  two  &cea  mtdoB  upon  l£e  acuta  edges.  At  140°  it  tun* 
wlata,  and  gives  ofF  19-7  per  cent  water  of  eryataUisatioa. 

The  petaiiJHm  tali,  CH'KSO*,  forms  ihomboidal  prisms  which  are  nnaltcrabla  in 
the  air,  and  bear  without  decomposition  a  heat  of  300°.  It  melts  between  300°  and 
SM°,  fbrming  a  Hqvid  irtdch,  on  cooling,  solidiflea  into  a  flbroos  man  having  the 
appsaranea  ai  pcocelain,  and  undimttuihed  in  we^t    The  salt  crystallises  rradily 

ZSOBZmUiV.  CH^NK)*.— A  compound  isomeric  with  biuret  (i.  600),  produced 
\j  the  action  ^  ammonia  on  tribtom-acetyl-earbamide : 

CHV<?BrK))N«0  +  KH"     -     CH1P0*  +   CHBr« 
TrlW«n-«MTh  iHUnet.  Blaaio- 
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4H  ISOBSOMOMAIEIO— ISODIGLTCOL-ETHTLENIC  ACID. 

It  dinolTM  ipuin^T  in  oold,  eodlj  in  hot  wattr,  »nd  ciTitalliBM  from  the  lolDtioD  in 
kmff  Dfsdlei  CDDtaiiiiiig  C^'NH^.SH'O,  uid  melting  at  185°,  vhareu  biont  forma 
isdutiiiet  aystalliiie  ugregstionB,  and  melt<  tt  177°.  In  ail  other  rwpceta,  the  tro 
— "--^--le  reeemble  eaSoOia  mmcUj.  (A.  Baeyer,  Ann.  Oh.  Pbann.  era.  16*.) 
See  Muint  U3n. 
See  CuTUTDn  (L  311). 
IXII&    Bee  the  next  article. 

AOXS.    0"H*H>*.— An  add  diKMrered  in  IBM  bj  Bonis  (Compt 
1).    It  ii  piodnced  bj  e^Mnifying  the  oil  at  Jatropha  Cnrau  (hnile  de 

,,  .      qoantitj  obtained  being  18  or  30  per  cent,  of  the  veight  of  the  oil. 

AAer  MpantiMi  ^  tiwwiMo  from  oleio  add,  and  eiTBtallimtitm  from  aleohol,  it  forms 
•hining  scale*  iriua  melt  at  Sfi°,  and  solJdiFr  again  at  H'Sf.  Its  lUvtr-tall  is  soloble 
in  water,  jm  salnUe  in  alcohi^  melte  when  heated,  and  bnnu  eaaity  wiUwul  odonr, 
karing  *  reaidns  of  metallic  siItW. 

Iioettatt  of  EO^  C"H^L'^H')0*,pTepind bj the nsnalmethods, Ig odourless, melta 
at  the  heat  of  the  hand,  and  stdidiflee  at  21°,  ramaining  perfsetlj  transpamnt,  and 
asemniiig  a  OTatalline  atracture. 

/ncvtanufa,  C"H"NO,  is  obtained  bf  heating  the  oil  abora  mentioned  with  ammonia 
inasnledtabiL  It  ie  whit^  na«teDns,  melts  at  67°,  and  ia  not  attw^ed  by  strong  potash. 
tXO  AOSD-    Syn.  with  Fuumrmia  Acm. 
Sea  Suconno  acid. 

a 

i  96).— An  acid  is 

imdtioed  by  tmating  milk-sugar  with  bromine  and  the  prodact  with  oxids  el  stlTa: 
A  bmnine'eamMsnd  of  milk-sugar,  C'H"0'Bi',  (not  isolated)  sppean  to  be  lln 
fonud ;  and  thu  irtien  treated  with  nunat  oxide  mT  tilnr  yialdB  bromide  of  ailvw 
and  die  acKl,  C^»0*. 

The  Mid  is  prepared  bi 
bromine  and  half  a  litre "  .  ^ 

dihte  raUowieh  Bolntioa  ii  nentnliBed  with  moist  oxide  of  ^^^(orarideoflnd);  and 
the  filtered  sclidion  is  dMompoaed  bjBnlpbydncscid,  eTtuwratedatagentle  heat,  mixed 
with  alcohol  to  remove  a  little  lime,  &e«d  from  alcohol  bj  distillation,  and  aattlnited, 
vhila  still  bo^  with  carbonate  of  cadmium.  The  slightly  acid  BolatJon,  decoloriiied 
wUi  Munul  dwKOtl,  yidd*  the  csdminm-salt  in  groups  of  grannlai  cryst^la.  To 
obtain  the  free  add,  the  cadminm-ult  is  rabb«l  op  to  a  thin  paste  with  water,  and  de- 
eompoMd  while  hot  by  snlphjdiie  add,  and  the  filtnte  is  eraporatAd  to  a  syrap,  which 
grsmalh-  dries  np  to  a  soft,  hygroecopic,  eryetalline  diimi. — This  add  muj  also  be 
obtaineo,  witliont  the  fbrmatioa  of  the  intenaediste  bromine-oomponnd,  by  lieating 
Bulk-aogar  with  half  the  preceding  quanlitj  of  biomin^  nentzalidng  the  aolutiim  with 
caibonste  of  nodinm,  and  bailing. 

An  add,  agredng  with  the  prseeding  in  erery  respect  excepting  the  amount  of  ita 
intatory  power,  is  obtained  in  like  manonr  from  gum-arabic.  V^th  starch  only,  a 
amall  quantity  of  an  nnci^iitalliiBble  acid  mass  is  obl&ined.  Mannite,  eane-sogar  and 
^acoM^  tMBted  with  bromine  and  wvter,  Ibnn  hydrabromic  add,  which  then  girea  liae 
to  the  formation  of  homns-like  products. 

Isodiglyool-ethylenio  add  dncd  over  oil  of  vitriol  contains  IS'6  p«r  cant,  water, 
peeing  nca^  with  the  formnl^  2C^>*0'.3HK),  It  has  a  stnmg  add  reaction,  mdCs 
below  100°,  and  bums  on  platinum-foil,  giving  off  the  odour  of  burnt  angar.  It 
disBoIvai  in  slotdiol  and  is  precipitated  mim  the  nlntion  in  flocks  by  ether.  The 
aqneoiHBolntionis  not  predpitatad  by  neutral  or  bade  acetate  of  lead,  mercuric  nitrate, 
eaottia  batyta,  ex  lime-water,  but  fonoi  a  white  predpitate  with  ammoniacal  sogar  of 
lead.  The  amnonium-^alt  mdnoes  an  alkalina  cnpric  solution,  and  Ibnns  a  qwcoliuii 
when  haatad  with  mtiBte  of  silver.    The  add  poaseseae  cntical  rotatory  powar. 

Itod^hfoot^Oylenatc  of  osraumtiMt,  <>E*(HE*)0'.n*O,  cnstallises  in  lai^  trane- 
paien^  glasBy  crystals  of  t^  numoelinic  system.  It  diasolves  in  watar,  is  nearly 
inaohible  in  aloonol,  and  give*  off  all  its  water  at  120°. 

The  eadmitan'taU  ciTStalliwa  from  a  hot-eatorated  aolntion  in  granular  anregate* 
of  monodinioneedlee  containing  2C^'CdO*.3HK);  from  dilate  aolntiona,  or  from  tha 
Diother-liqaor  by  alow  erapoiatian,  in  well-develiqied  monodinic  cryitala,  mostl; 
united  in  tofts.  BoUi  theas  hydratds,  eepeeially  the  (brmir,  are  sparingly  soluble  in 
watar,  and  both  retain  all  their  water  of  cryataliiaation  till  heatad  to  1S0°. 

The  ooMiM-salf,  aC•fl^}aO•.7H*0,  ctystalliaea  in  enuta,  or  from  more  dilute 
wdnliaai  in  laiga  shining  platea;  it  giretMFtat  water  at  100°,  and  ther«etat  llO'. 
TbmaiaalMacaldnm-nltoantaining  only  half  as  much  water  as  the  ptecediiv. 

na  btriwm  and  *tro%iium-*aUt  an  pimmy. 
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The  ecpptr  latt  is  lalBUe  and  unnphoiu. 

A  lead-talt  hmring  ■pfmndnuM;  tlie  ooimioaitioii,  U'M'PbO*,3PbV.lHH)^  i«  oUamad 
M  >  white  {incipiUto  on  troUiiig  the  lolntjon  of  the  aoid  with  ncntnl  uetate  at  lead 

•nok  jinbaiiium  tail  fawM  m.  wiMjil  Tiiin.j^.lli.^H»  ni^^  ftfjly  r*hMr  in  wMe^and 
[recipilstad  hj  aloohoL 

The(iI«BF-«attiiagelatisona,eaaQjd*aoB)po«jblepraaipitat«,  ftmned  ulj  in  nmoeii* 
tratad  Btdationa. 

The  lodiitm-^tM  finnu  tnfta  of  priani,  irttlA  ia  llie  air^iied  atate  oontain 
CHWaO'JIHV,  and  gin  off  half  their  watar  at  100°. 

nMiSMmS.  Thia  term  ia  detiTsd  from  Ini  eqnal,  and  itifi  part,  and  iti  emplaj- 
meot  V  ehemijrta  ia  an  szpreaeiou  of  the  bet  that  verj  diffirent  i-hmii-l  oompoimda 
hSTe  aoinatiinea  identicallj  the  same  nltimat*  compoaition. 

Two  (T  more  different  bodlsa  vhich  are  compoaed  of  Qxe  aame  elementa,  and  of  the 
aame  praportionB  of  tliose  elementa  (C<.  which  hare  the  aame  penentaga  oompodtion) 


a  nied  in  a  nairower  bmui^  being  mad*  to  aigniiy  eqoalit;  of 

nlar  wll^t,  at  wall  aa  identity  in  peieenlage  eompoaition.  When  the  oomponuda 

hare  the  amM  ptMentajn  composition  bat  difieient  moleralar  weidita,  Uie  tern  polj- 

e  ia  eapkjad.    fiiDa  there  an  the  teima  Jtonwris  (in  ita  vide  Hme),  aigmiying 


that  the  difltoent  bodiea  hare  the  aame  percentage  oampoaitlon ;  Folymmc,  aignifjing 
that  thaaa  difbnnt  bodies  have  the  eame  percentage  compontiaii,  bnt  diSbrent  mole- 
vnlai  WBghta;  bemeric  (in  ita  laatliulad  aenae),  aranelimea  called  Mttamerie,  that  llie 
todLaa  hne  the  aame  pmcentage  compoailaon  and  likewiae  the  same  moUcnkr  weight. 
Aamigfat  natnraHjbe  topected,  caaaa  of  iaouetiam  abooDd  io  organic  ehemisfxy, 
whan  an  enormotia  nnmbei  of  eomponuda  temlt  from  the  oombination  of  rsi;  few 
elementa.  The  fijllowin^  oi^aiiie  eoMlsnece  maj  be  dted  bj  WBj  of  illnitratiDg  the 
emplojtnsDl  of  the  term  laomeric  and  ill  cogenera. 

Bntjiicadd "^^hI®  ~  ^''^H)' 


Acetdo  ether O-ff^t"  "  ^^^ 

Aldehyde ^^{^   -  ^^^*° 


Oxide  of  ethylene (C?H')"0  -  (?H*0 

Hum  fbnr  bodiea  an  qnita  different,  and  hafa  the  tame  pereentags  eompoaition,  JJM, : 
Caibon 6*-SS 


Oxygen »a-86 

10000 
Tbay  are  Jiraurin,  la  bontrt,  oaing  the  tarm  in  ita  wideet  aenae. 
Again,  butyric  add  and  aldehjda  have  i^iffjrint  moleenlat  we^bta : — 

Bo^ricadd CHK)<  -  S8 

Aldehyde C>B*0    -  44 

Bntftte  add  and  aldehyde  are  tbenftm  Ptijiimtria. 

Similariy  acetic  ether  and  aldrhTde  arp  FetyTneru,  at  aectie  ether  and  ond«  of  etbylelM 
•re  Potymtrie,  or  batnic  acid  and  oxide  of  sthjlena  an  Folgintrie. 

Again,  bn^iic  addend  acetic  etiier  hftre  the  >*me  moleoilar  weighle,  via.: 

Butyric  add CH-O'  -   BB 

Acetic  ether CHK)*  ~  88 

Hw  an  therafon  iaomma  (in  the  reetrided  aeoae)  or  Sletaatne.     Aldehyde  and 
caide  of  ethylene  are  alao  metameric  bodiee. 

Ckmly  related  to  the  term  iaomeriam  la  the  term  alio  tropy.  Both  of  them  hare 
refisnim  to  the  aame  aobatantial  fhct,  na.  that  djlhientanbatukceahaTseometimaa  the 
nme  nltimate  omiponticai ;  but  they  difier  in  tbeii  mumar  of  atnting  it.  laomeric  and 
allottopie  an  in  fiutt  eom[demeDtaiT  ternu,  "  iaonuvio  "  being  eniplc^ed  to  predicate 
identity  ol  MmpodtioD  between  diffeient  bodiea,  whilat  "  allotrapic  "  ezpieaaea  diftb. 
renoe  betnra  bodiea  of  identioal  eompceilion. 

SikAbrang  the  force  of  these  wotds,  thcreia  acertwn  proprie^  in  their  naags;  thne 
whilat  it  ia  correct  to  ray,  "  BotTtie  acid  and  acetde  ether  are  iiommc,"  it  shoold  be 
"  TI>M«  are  alhtrvpie  bodiaa  of  the  Ibrmnla,  CH'N."  The  nme  reaaon  which  eqjoina 
the  iwe  <^'*allotrcfBc"  in  thia  cue,  pnaeriba  it  in  the  inxtanDe  of  aingle  elementa; 
thin  frr  tiTamplw,  wit  rrad  of  "tUotrOtoc  kinda  of  aolpbar,"  bat  nerer  of  iaomeric  hinda.- 
It  ia  wiatby  of  remark  that  caeca  of  iaomeiiBm  occurring  in  inorgamc  chemiatiy,  ai« 
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oBiudly  dtacribed  hj  smi^ojuig  the  word  itlkitnmy  or  anotrt^c,  whilat  the  m*«tm 
obtaiiu  in  amine  ohemutiy.  This  ma?  be  psitly  >acnb«d  to  thnn  bnng  slwsT*  a 
Teij  wide  diffinmce — oi  else  no  difference  at  all — in  tlie  sum^iiitioD  of  an;  debiite 
inoiganie  snbstaDOCB ;  and  Iwnce  the  fkct  of  identitj  or  Don-identity  of  eonipoaitioD 
being  BO  aaalj  aaontainable,  it  i>  implied  in  the  form  of  «xp]fWiion,  irhilet  the  Act  of 
difteenea  of  propartiea  alone  needn  to  be  made  tbe  mbjcct  ctf  foimal  piedication. 
Amiaig  oiRanic  bodiea,on  the  other  hand,  it  continnallf  happens  that  the  difference* 


B  aflb 


ion  are  quite  decided,  and  ret  bo  tot  minnte  aa  to  tai 
anatfBiB  tor  theii  RMwnition ;  and  hence  the  Nperio 
tation  of  identily  of  nUiiiata  oonqmaitfon  aoqnilea  in 


then! 


nentaftbeae 

The  principal  azampUa  of  allotrapf  oi  iaameriam,  ij,  of  the  coeziatsnce  ti  identical 
vUiBiate  Mu^oMtiDii  with  diffioenoe  of  pnpmtiea,  ir* 


it  Bhonldbep 


Ftopvlene C*H<  145 

Bnqrlene CH*  1-91 

Amjlnne CH»  2-43  SfiO 

Heiylene (?H"  2-Bl  69" 

Heptylena CW  339  BS" 

Octjfene (?H"  887  126° 

Decatjlnw  (paramrlene)  .  C»H*  484  IBS" 

Cetylene CfH«  rjfi  276°. 

3j  the  deatmetiTa  diatillatioa  of  mx,  Brodie  obtained  eerotcne,  fbr  Thiob  the  fbnnnia 
K^H"  haa  been  gma ;  but  then  b  in  nalitj  no  maon  irhaterer  why  CH",  lather 
than  anj  other  cot  of  a  conndeiable  number  of  fbrmnlje^  ahoold  be  aangDod  b>  it. 
The  pereentige  eompoaiticai  of  the  oleflnea  is 

Carbon      -  SS'T! 

Hjdrogen-  U-38 

lOO-OO 

in  gemnl  dieinioal  diaiaet«r.    All  of  them  combine  with  chlo- 


line  and  brcanine  with  grwt  leadineos.  They  diSbr  in  Tapoai^eiuilT,  thoi 
beginning  of  theliat  IncreaaiiigregalarljinTapour^^nsity  b;  0'4844.  The  flnt  two  am 
gaseous  atordinBijtempsralim.and  preBiare;  the  third  u  a  Ter;  volatile  li^nid  boiling 
atabont  0°  C. ;  the  othen  on  the  list  are  liqnids  of  which  the  boiling-paint  risei  as  the 
fonnnla  increaael ;  and  the  very  complex  oleflnes  which,  being  oncertam,  are  not  on  tho 
list  are  oaoally  beared  to  be  aotids.  It  will  be  obeerred  that  the  increment  in  boiling 
point  tot  tlie  additioD  of  CB7  to  the  Ibnnnla  is  large  ;  between  amjlene  and  heijtens, 
for  instance,  it  ia  84°.  As  the  aeriea  is  ascended,  the  increment  becomes,  no  donb^ 
wecewiTdy  amaller  and  amaller, 
The  specifle  ptritj  of  the  diScmnt  oleflnea  in  the  liquid  atate  seenu  to  increase  as 


There  am  certain  well  aacsttained  chemical  difiiaencee  between  the  oleflnea.  Tkn* 
theamonntofoleflne  which  will  satoratsa  giTen  qnanti^  of  cblonne,  or  of  bromine 
difiri  amording  to  the  olcdne  taken,  being  proportional  to  the  n^oornleuBitT.  The 
molecnlar weight*  of  the  di&r«nt oleflnea  e^mas  their  aatnrating  eaftdty:  beonse 
the  TlnMir-densitin  are  piDportdonal  to  die  molMnlar  wnghta. 

Each  (deflne  mi^  be  prepared  from  a  peodiar  alcohol,  imd  in  general  mij  be  made 
to  yield  tliatpecnliar  alcohol  by  oartain  ample  pnKeMea,e.;..' 
BU>Tllcikebol.  KMjiH. 

0^*0     —     HV         —        c™* 
ADTllsaloakoL  Amilciie, 

&H"0   -     HK)         -         ok" 
Mtdagdn: 

St^Tl<».  Kllirlle  •leDboL 

C*H*       +     HK)        -        OB-O 

ABTtone.  Aayttc  il»bol. 

PH-      +     HS>         -        i?WO. 
If  the  alcohol  and  the  olefina  itanding  in  these  lelations  to  it  be  eorapaMd,  it  will 
be  seen  that  they  tesemUe  one  another  in  the  nnmbw  of  earbon-atooui  contained  in  their 
molecnlei. 
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The  ncplaiution  th&tchnnuts  gire  of  the  difl^miee  between  the  olellnet  ii  tbatthrir 
nobeilei  an  at  diftrent  degieM  of  oomplexitf ,  and  tbftt,  in  bet,  diftreot  ciAoa- 
ladielei  m  eontuned  in  them.  Thna  in  Mto'lena  we  htve  the  CBrbon  ndide,  C,  uid 
Bocoidaiglj,  athjleiie  ii  euil;  obtained  fhim  esitlin  eompouidi  oODtaining  the  radicle 
C,  ud  eMilv  jieldi  deiivatiTee  coatAining  the  ndicle  C.  <M^  '"  amTrene  them  IM 
the  radicle  O',  and  amylene  ii  obtained  from  aomponadi  of  C*,  vhich  it  in  tun  may 
b«  made  to  regenerate. 

TIn  oleflne*  pteaent  a  Terj  mrioaa  example  of  pol^eriam,  being  at  one  and  the 
■aoe  time  p^iaene  and  homologotu.  Seiwnt  inveetigations  nnder  it  probable  tliat 
there  i»  id>»  uomeriim  in  ita  reatrieted  aauM  (or  aetamennn)  among  tkt  oleflnM.  It 
appean  tbat  Ihme  ia  more  than  one  bodj  having  the  fbrmnla,  C*E",  the  hezjlene  de- 


nnd  bom  maimitei^ipMring  to  be  alloCropie  with  that  got  from  othmBoiirMB(p.  Itf), 
It  would  eeam  abo  that  thete  are  diatlnet  Tarietiaa  of  amflene. 
(B)  AiBoi^oompaniidaof  the^enoslftmnila,  OH^^',  tWeii  a  wide  Said  Ibrnie- 


polrmaoMn  ia  obnoaalj  an  impoaaibililj. 
Two  elaasM  of  eomponnda  are  commonly  recogniMd  la  poaseaaing  this  ^eneial 
fetmola.    Theaearetha  alcohol-radialeianduealcobol-hydridei. 
Hetl^l,  the  aimpleat  alcohol-radiele  ia  metamerie  with  rthyl-hj^de. 

Methjd ^1    -  (m* 

Ethyl-hydrHa °^*(    -  (?H' 

And,  advaaeing  ^^ur  in  the  aeriea,  the  poam'bilHy  of  eaaea  of  metanMrim  beeomM 
mack  greater.  Thna  patting  n  ••  S  in  tlie  formnla,  OH^**,  we  have  the  following 
metamerio  eompoond^  all  indadad  by  the  expreanona  hydride  and  alcohol-mdiela ; 

Hoythydrida O^t  ~  ^'^' 

M«thyl*nyl OT-|  "  C^" 

Ethyl-tabjl ^  I  -  C^* 

Trit^-trityl ^  I  -  <?H» 

"nure  ia,  howerar,  no  reaaon  fin-  beliering  diat  aleohol-redielea  and  aloohol-hydrides 
fena  the  only  i  laania  of  eomponnda  embtaeed  by  the  fbrmnla,  OH*''*'*.  Nothing  that 
we  know  woiild  lend  to  the  rejectian  at,  Sa  ina^nce^  the  fallowing  additional  ollntiopio 
eouponadi  baring  the  iarmnla,  CE". 

/(?H*         f  C^ff        fCH'         /C"H»         (C^ 
-JCH*.    pi  CH».    nJo^'-   Ci'^^- 


tipon  melbyl  and  hydride  of  ethyli  haabeen  obaerrad  bf  Franlland,  methyl  yielding 
<?H*C1*  M  a  gaaeona  compound,  whereaa  ethyl-hydride  ghee  CHKyl*  ai  a  liqmd. 

Bchorlemmer,  on  theothar  hand,  who  hu  experimented  under  difhient  conditiona, 
obtainBfrommethylBbody*hiehhaatJi«oompodtion,TapoBiHleDaitT,Bnd  boiling  point 
of  oblorida  of  ethyL  He  ua  not;  bowerec,  obtained  common  alcohol  from  it,  and  whether 
it  be  or  be  not  identaial  with  chlotide  of  eth^  lemaina,  for  the  preaeut,  nndecided. 

Tiu  l^dride  of  Uitrjl,  iriiidi  ooeioa  in  palrolenm.  ia  a  Toiy  volatile  lianid,  boiling 
ataboatO°;  ethyl  ia  agaa  which  doea  not  condenae  at  —18°,  nndar  the  oidinaiy 

Hydride  of  ttfiyl  and  ctl^l  are  metamerie.        g>    —    iofg^ 
The  banl-hydridaderiTedttommaDnitely  the  acting  flrat  of  hydriodis  add,  and  thm 
of  dncudakoholiiaremariuibly  inaenaible  to  theaotion  of  ehlorinek  evm  in  thepro- 
Mooe  of  io£ne  and  water.    TIm  nydrida  of  hexyl  oeonrring  in  peliolenm,  on  the  other 
hand,  •eama  to  be  readily  atladied  ty  that  agent. 

The  dranawtaDsa  that  thoae  9  hrayl  eomponnda  from 
Btannlte  ii  more  iaimediately  dwired,  tend  to  «|ilit  np  oi 
of  tapgiat  to  tlM  notion  tJiat  the  finmnla  fbr  the  nuuuiit«-hydiide  ia 
(CTH* 
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bat  much  Tenwi'iu  to  ba  dons  b«fbre  id;  vtnj  ^oaltlTe  opinioD  o»n  be  formed  of  die 
DHbiTC  of  themetuneriam  Mibculiiig  between  t^uaiuaiuiite-'hydride  ftnd  the  commonar 
bn^-bTdiide. 

S.  Tin  ocmpoond*  vith  Uie  empiiieal  ftonnlft  OH,  na.  beuetie  moA  moB^lene,  pi»> 

Th«M  compomide  have  a  eertein  likeneea^  both  being  pmda«t«  of  the  Mdon  dm 

rj  elented  tnnMmtare,  but  in  other  reepeeti  thsf  an  toj  unlike. 

* «,C!*H*,itsliqiiia,andiszelstedtobenzouMidaBdplMD7laniIne.  Ao^Iene, 


4.  A  tug*  number  of  ToUtile  oils  diffitting  mueh  in  Bmell,  taste,  boiling-jpoin^ 
Mtion  with  raegenta,  and  in  other  important  particiilan,  hare  had  the  fonnula  C"H** 
aatigned  to  them.  To  Ihia  daaa  belong  the  difieieat  Idnda  of  oil  of  Onpentin^  oil  of 
lemony  nentraloil  of  cIotm,  oil  of  elemi-nain,  carveoe,  and  aoma  otharc  Benefiting 
thMe  bodiM,  the  remark  nun  ba  mada  that  we  are,  toi  tba  moat  part,  quite  igoo- 
not  rf  Oairine  fonnnla:  for,  in  the  almoat  entirs  abseoce  of  deriTatiTee,  the  mere 
■nelnii  of  aoch  hjdrocarhoiu  \3j  onr  prcaant  methods  ii  totaUy  inadequate  to  diatin- 
guiah  between  a  Tazietj  of  aou-iaooienc  AjnuolK,  oil  eqnall  j  probable, 

Aon«r«  cotOciltlng  Carbon,  S^mgm,  and  Otygtu, 


(1.)  The  ethers  i^the  organic  aoida  afiord  n 
^fiaMDt  on  a  little  couidmtion, 

AceUteafnieth7l,^^^|o,i4netamericwithformateofetli]rl,  ^j^[o,  uid  with 
propionic  add,  ^  1 0.  It  itohriona  that  if  vGsabtnetnCH*&am  Iheadd-fbrm- 
ing  ndide  and  add  nCH'  to  the  aleohol-fbrming  ndide,  or  «k8  MrtS,  we  miut  get  a 
metuner.  Henee  it  fbtlowi  that  an;  ether  of  an  organic  add  mnst  hare  manj  nutamera, 
if  its  molecnlai  weight  he  toleraU;  high.  Hereuaneunqile: — 
CH^{0 


Taleiateof  ai^l 
Bn^iateof  hexyl 
Kopionate  of  h^trl  . 
AcnCatflof  oetjl . 
Formate  of  nouyl 
Capioate  of  tetrjl 
<Rnanthat«oftrit]rl  . 
Cq^lateofathjl 

ta  of  methyl 


C*HK)[, 

l?H*0[, 
C'H"  t 
C'HH>(, 
CH"  (■■ 
CHO  }(■ 

C*H*     ('■ 

awotf 
t^H-   p 

OH*  r 
C''H"OJ, 


CH-O" 

0"H»<P 
C"H"0» 
C»H-0" 
C'*H*0' 


Thna  then  are  no  fewer  than  nine  metameni  of  Talarate  of  amrL  Tba  iiHrrtBm 
betwaen  metamara  of  thia  kind  ia  rsij  neati;  defined  bj  mctioni,  B^>ouifieation 
with  polaih  yielding  a  diSerent  alcohol  and  a  potaaainm-salt  of  a  difhrent  add  in  each 
eaae.  For  cKample,  valerate  of  amrl  giTaa  amjl-aludiri  and  Talarate  of  pi  — 
wliilat  bo^iate  ixF  hflxjl  givaa  hexyI-«loDhol  and  bntTTT  '     * 

Thi*  kind  of  netameriam  i^  of  coorae,  notconSnadt 
there  are  hoaolognea  of  theacida — no  matter  what  the  aaiiea  to  vhieh  theadd  bi 


and  bntvrate  of  potaadnn 
oonSnadto  tllefitljHMid 
F  what  the  aaiiea  to  vhiel 
nerint  ia  poadbla.    Andof  coureatheaameramaik^^iM  to 
and  tha  allylie  aetiea  admitting  of  jnat  du  Mine  kina  of  me 


idbdoon 


ia  mstuutnc  with  one  la  u 
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M«tl.jlH*h« gH;|0        -        CH-O- 

r  hlgho  dp  in  til*  Mftle;— 

Aj^;1-Blc(dioI ^'^'Jo        -        CH"0 


TatrytiMU^eawe 'jH.Jo        -        CH»0 


Tri^l-crthyl  ediw cm'i^         ~        C»H»0. 

Tlwaelknof  iodida  of  i^MiplionunpMi  these  dUbraDtaomponndBeiuhlMii*  Ic  d» 

Jl.)  Vie  •Uelq'dM  tre  metanerio  with  ketoBM,  -with  aleohok  of  the  illjlio  (erie^ 
.  witli«thn««f  thaglTcol  wriea,  Qai»: 

riogjSe  tldebrdo ^'h^I  -        <?H^ 

Comwm  MrtoM ^I°!  -        CHO 

AOf lie  tliAhol ^*   [o        .       CfH*0 

Oxido  of  tri^eDe (CTH')''0  -        PH^). 

ThcM  fimr  iiinnpoiuidi  tre  veij  euilj  dutiDeoiihed  trom  one  another :  the  flnt  !• 
eaaflj  oxidiecd  to  prqnomc  acid ;  the  seeand  gives  no  propioDio  acid  on  oxidation,  bat 
lower  U^  addi  imtead ;  tlie  thitd  girea  acrolein  and  actjlie  add;  the  fbmth  lactia 


(4.)  EetoDca  ere  netamwie  with  othn  ketones  and  with  aldol^dee  and  oon^otinda 
netamerio  thenwith. 

The  metamatim  vith  othcc  ketone*  ii  veiy  ntj  to  nndentand.  The  ratloDal  fonoala 
nf  all  ketones  ooniiieting  of  an  aeid-fbnning  Tadide  c(H\joined  with  an  alcohol-fomiinz 
ladid^  itlollowi  that  tiaaifereaM  of  nCXP,  from  one  isdide  to  the  otkcc  will  ;iei4 
iaomnie  hodies.    Ihoe,  for  inatanca,  ws  have  isranen  b 

Methjl-Tsleryl        .        .  "^j  and  Ethyl-bn^ijl        .        .  ^°^ 

Onr  knowledss  of  the  kttonr*  ii  ytrj  aUght,  but  it  ii  to  be  expected  that  tbm  two 
OOtnpoiuida  voiud  givo  diffannt  produotfl  on  being  azidiaed. 

Metaiiitrie  McMoU. — It  bol  reoeutl;  been  dismrvred  that  theie  are  at  leut  two 
Bniea  of  alediole,  the  oonHpanding  tenua  of  whicli  are  metamerio,  well-mailed  difler- 
•DMs  hanng  been  recognised  betveen  onnpoiuida  with  the  oompositiaB  of  he^lio 
sIcoIk^  and  also  between  componnda  with  the  rompceition  of  smyhc  alcohoL    It  ii  at 

Csnttiitceitaiii  what  the  Dstnre  of  thii  metamerisni  is  (see  Saxn^auiDaou,  p.  tS2), 
it  mil  III  II I  to  al&ct  the  total  oomtitDtioa  of  the  two  seta  of  componndi. 
A  mom  sDpeiflcial  kind  of  diflerenca  was  notieed  \sj  Faatenr,  some  7etn  ago,  be- 
tween Tsristieaaf  wnjliealcoh<d,  OnUna^Aisel-oil  was  fbnnd  l»  Put«iir  to  be  made 
np  A  two  Bqnida  luTlng  the  compoaition  of  amylie  aleohd,  bnt  ilightl;  diffbrent  in 
ptopotlcit  (he  one  being  without  action  on  polaiiied  lij^t,  whilst  the  oHmv  tamed  the 
plane  ^  a  pdUriied  t»j  to  the  left  The  derivatiTea  of  each  of  these  varieties  of 
•B^lie  aloond  poN«M  the  same  action  <»i  polarised  light  u  the  sloihols  themselves, 
MM  ptesent  some  difltawDesain  soluhttitf,AEe.,  baton  the  whole  tlM?  are  mwelhmslj 
Mntilar.  Oluuiiti  an  not  mteA  how  these  varieties  are  to  be  regsided,  it  being  etiU 
nneettaiD  Esther  aEMreffinrmwebiadMmnponpabrisedUt^pointatoanyEnttha 
v<n  slightest  dUKmeo  ia  oonatltiition. 

Mrtamine  Mub^-Tban  ii  some  mmod  tot  believing  Ihu  the  ^tj  adds,  when 
they  an  in  the  Uqnid  state,  have  t«ica  the  moleeolar  wnl^it  wliieh  their  vaponn  hava 
whan  heated  up  to  lOO"  and  higher.    Tbat  great  tendo^  to  form  double  ealte,  lai 
the  fkct  that  their  vi^ons  at  low  ten^Mntors — whether  nndei  gieat  or  email  pneiiiue 
have  a  double  densi^,  point  to  this  oandnsion. 

Admitting  the  doDbu  fiowinla  for  the  iht^  adds,  some  veiy  interesting  esses  of 
ns(am«ism  aristh    Thai,  ptopioiM  add  is  metamaris  -With  biitfp«Mtla  add; — 
CHTO  1 
.     PHK)  \<y  m  (>H'>0', 
H-J 
OWO  1 


D-vcctvGoot^le 
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and,  in  like  mHuier,  (ad  tarm  of  tlia  leriM,  eiMpt  the  uid  MM*,  ii  mrtanme  with  a 
oompound  add  formed  of  the  next  belov  onited  with  tha  next  abors.  It  ia  wonhj 
ot  lemaA,  u  a  fiut  ia  th«  histo^  of  oigama  chemist^,  that  bntjPHWdio  aoid  ww 
inirrtiitaii  for,  and  deacribvd  la,  jftaptmie  uid. 
Thsanhydrideaof  theanuatteudbltjaddioflhr  alJ■temadelneU^uriIIn,(.f,.■ 
Ae«to'n:MJ1  anl^drida .  .  ^^|o-(7H»0', 
3  .  OrH'*0*, 

•n  mataMBJe.  In  ftat  there  ii,  •moog  tluae  a&kfdrid«vi™t  a  nMitioD  of  the  aat 
if  the  ethanal-oalta  of  the  oipoic  tdai ;  bj  making  nC^  mora  from  the  one  ndide 

No  ease  at  metamiriam  betwera  two  ain^eifit^  aeida  haa  jet  been  made  ont;  but 
In  the  azomatic  aariea,  theraiaie  encb  eaaea :  thua  tnere  are  two  bancoie  adda. 

A  veij  remaAaUa  example  of  metsinariam  is  afbrdnl  bv  the  diStrmt  rariatiM  of 
tartarie  add  and  lacemie  add.  ^lae  i*  a  tartaric  add  which  polaiiaea  to  tha  right 
(tha  eoDunoneat),  another  which  polaiuea  to  tlia  left ;  racemie  add,  from  which  both 
Tariatiea  of  tartBiic  add  maj  lie  obtained ;  and,  flnallj,  a  taitanc  add  without  anj 
action  npoo  polariMd  lig^  All  these  aabetanoei  are  met«m«nc,  baring  tha  fbrnmla 
C'H'O'. 

^Ifatomta  ^InJU*.— Mannite  and  melaapjan  are  nMtamm<^  %oth  of  them  hanng 
the  finrnnla  CWKy* 

^e  moat  itiiking  diffbrenoe  'bebraem  theae  bodiea  ia  to  be  fbnnd  in  their  degreM  of 
■idnbilitf  in  water — mannita  being  comparatiTalj  aolabls,  melampjrin  compontiTefy 
inaolable,    b  reaetionB  thegr  are,  ao  br  aa  i*  knowi^  toj  aimilHr. 

lliare  aama  to  be  manj  metamwa  both  of  gnpe^n^r  and  of  CMie-fngar,  bnt  little 
ia  known  with  certain^  reelecting  tham. 

Ttramplf  of  pdjmenam  are  not  by  any  meana  so  nutRnnu  among  lie  eompomidt 
of  carbon,  hjdrc^ien,  and  oi^gen,  as  we  hare  bond  the  exunpln  of  mrtuoariam  to  Inl 

There  can  be  no  paljmen  either  of  the  rinio  alcohoLi  or  vinic  Mhere. 

Tha'.itt^  adda,  and  the  ethera  of  the  bctj  adds,  are  polTmerio  with  noie  ootnplex 
aoda,  er  with  componitda  ot  the  sn^aiwJus;  but  eren  among  them,  there  ii  nothing 


4(CHK))   -  (ra<0«,  acetio  add, 
8(CHK))   -  CTH'C.  Udie  add. 
8(CHH))  -  ■CWKf,  grape^iigar. 
la  of  an;  aldehTda,  weget  thefonnnlaof  a&t^add,  thna: 
ITH-O,   DOmmon  aldahTde, 
C*HK>',  botTiio  add. 
a  tf  an  aldabjda,  va  gM  the  fotmok  of  an  aoid  o(  the  laelie 


QiMa  mgaria  pdjmeiia  with  ethrl-carbMiio  add:  Qwaa  mat  ■ 

CO) 
cdIm  of  Mlt^-eaihanla  Add  -  3.CH' 1 0<  -  aCHH)' -  C^<0<. 


ig  oompotmd  aaimoiiiaa 

hare  the  tomntaCWW:— 

Btajkmk.    .        . 

H  / 

,       :    CH-  |h  -  OWW 

.    VB}  [N  -  OW 
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CH*) 
TMnrl-dimettvUaiiM  .     CH*  ^N  - 

CH") 

Di-taritjUmiiw        .  .    CH*  ^N  - 

H  J 

ItitTl-tthrl'iiutlijluiiiia        .    C^'  iR  - 
CH'J 


■  icid,  thej  give  np  thai  diffhrmt  ■loobcJ- 
'-  'lie  tin  bate  on  our  lurt,  ho^lamiDa^ 

. , , , ,    _■  Mecod,  amjl-aleohol  Kid  nMtbjl- 

mlDohol ;  tba  thnd,  Mijl-alMhal  uid  «th;rl-alool><^  ^■ 
Aceomliiig  to  dia  ftmgDJng,  tiisthjluiuiie  hu  dx  dutinet  mBtamsn :  but  i(  ■■  is 

llT  no  bmh*  nnUkdj,  each  one  of  tils  thraa  slom*  of  hvdrDgsn  in  «ini>w<^i«  tua  a 

diitbrait  hiw**™*!  tlun  the  Betsnun  of  li  ■alijleiiiiiiii  Till  tMoome  mj  maucow 

It  win  be  obrioai  fiiat  tlw  higgler  we  go— tlie  hi^ier  the  moleenUr  waigfat  at  a  baw 
—the  more  moDaoiu  an  tha  po«iI>I>  netMMai.  Tltna  tzuMtrlamina,  C>*II">H,  Ihw 
iqiwaidi  of  300  uetaiBtn^  aaeh  cl  which. ahoidd girt  adifltiait  TMmlt  with  mtroni 


Cs  taatanoa,  the  well-known  caaa  of  tha  baaea  panUal  ^tb  pheo^aaiMh 

Hwnjlamina     —     CSnSl     —     Pieolin* 

Bennlamins     -     C^'S     —    Lntidina, 

ke.  &e.  fto. 

The  probable  ezptanalion  of  the  metaintrimi  ia  tbia  aaaa  ii  that  phenylamine  ii  a  deri* 
T*tinalb«DiHA  (C^*)i  whilat  picoUiM  ii  dnived  fiom  a  hjdmanon  CH". 

FhenTUmine  -    (CB^yVB* 

Ficolma  -    \CW)S. 

Kit,  wlMtsTW  m^  ba  the  natm*  of  the  diflktoe*  in  aoMtJlvtiMi  batvaea  thMi  tm 
base^  tha difltMMW  in pn^aitiM  iamjfttiking: 
Phenylamine  boib  at  IW:  Pieoline  boil*  at  ISO°: 

Teij  alight  amdl-: 


ilmoat  inaolnble  in  w«t«rr 
■pedllc  grayitf  at  0°  *•  10361 ; 
giTee  rooniline  or  maiiTBUie,  te.  on 

' ' ^       '-^^ '-- 1        ^WlillWHg 


Tei7  eoloue  in  wmtei: 

■paciflc  grantj  at  0"  b  0'9Stt> 


and  t£e  contiast  might  be  earned  much  tbrtiur. 

A  third  t™»  of  bue^  metamerio  witb  tlie  flwegjinn^  hi*  bean  diteoTwel  ^i* 
bat  iiiT«tigatfld  taim  of  this  amiet  ii  ^-Intidin^  wueh  u  obtained  bjtha  deitiii^TB 
diatillslioii  of  andioBine.  It  ia  leaa  aolobls  in  water  than  eommon  latidine,  boila 
lather  bi^er,  hu  a  diffteent  smell,  jCe. 

It  ii  poeeilje  tar  twu  stoma  of  oitrogMi  to  ooaleaee  andfoim  a  gRntpraqniring  nthcc 
two  oi  6m  hydrogen  lepreaentatiTaa  Sir  ita  latoration.  Three  or  fl*an  fonr  atoms  of 
nitic^en  alao  ooaliwce.    Among  tha  baaea  ao  teanltiDg  thire  mnat  b«  almoit  inflnita 


(2.)   Ftlgm*riM»mwKgatCi>np*imditifCar»(M,Bilingt»,MdSiir«gt». 
C^ranide  of  ethyl  and  oyanethine  an  polymenc^  the  Itarmola  of  the  Utter  baiBg  three 
timrs  that  of  the  fiiimer. 

CH'K       —     Cranida  of  etb^ 
C*H»IC     -     Clyanatluiia, 
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f  tlig  propntua  of  a  WMik  biK. 


It  win  bs  obriotu  that  Uie  ezutraea  of  oonpoimd  unniciiilu  OMtaining  mem  Hum  hub 
■torn  of  nitroggn  in  tbg  malecale  dpciiu  llu  oooi  foi  much  polymsium. 

iMwrt  etmlaimig  Carbon,  Hydrogen,  Nitngtn,  and  Otj/gm. 

Tha  BMlaiMniBi  betWMD  qjwiate  of  anuiiMiiimuMl  ni«a,uoiu  of  iIm  oldest  fcoowni 

CTuiato  of  unmoitiimi ^Jo  -  CH1TO- 

u«* ^\^  -  CHnro. 


gNat  £iB^MiM  betir««ii  the  chanctan  of  the  two  omopoonda.    Ona  atiikingdiSinoM 


una,  jM  than  ia  ■  T«i7 
.....  .  Ona  atiikiogdiSinaiM 

_  _  fftlOTWT"  of  k  ejKaii*  and  a  aolntian  of  mem  ia  the  compaiatiTe  ataUli^  of 
tltalattw. 
O^coaiiw  and  nitrite  of  dJg'l  an  itwtanmrie 

Otroodne    ...... 

KitdtaofEthrl   .        .  .        .        .  Qi^l       -  (?HVO>, 

but  an  nttwly  difierant  in  loopertiBa.    ffljanaue  (aogai  of  gelatin)  ia  a  etTatallina 

aolid.    Ifibrite  of  etb^l  i»  a  Lqnid. 

Anthnnnie  add CBTSO* 

Bemmfe  acid CHiNHt)* 

SaUcrlamide CH'NH'OO 

—    -  •  CPB-KO" 


Beaid«8  theaei  thoe  axe  manr  moN  examplea  of  metemariam  among  KHoponnda  of 
srbon,  hydrogen,  nitngen,  and  oxygen,  but  we  need  not  partieulariie  them. 
Foljmerimt  alao  oocnn  in  abnndaiice.    A  verj  freqnentl;  cited  nxamfJe  of  thia  ia 


afibtdedb; 

OTanicsdd CHNO 

C^orieadd (JH'H'O' 

Fnlminie  add,  CE^S'O',  a  alao  polTinafis  witli  the  aboH,  but  it  la  only  known  in  tlie 

foim  of  ita  lalta — not  in  the  free  atateu 

Orgmtie  Iionurt  Mmtaamig  variout  Anenti  in  aiHtiM  to  tie  to-Mlled  Organie 


apedfle  gtanly  at  17«  -  I-I74 ; 
witb  alcoholicaolntianof  pc'    *- 
baidlj  any  n 
with  pi' 


niej  aM  van  abntidallt.   A  good  example  of  metameriam  between  chlorinated  et 
pounda  ia  aflbided  bj  didiloride  of  ethylene  and  chloride  at  monodiloTethjl ; 
Diehloride  of  ethylaw,  (CFE'TCP, 
boila  at  86° ; 

BpMifle  gn-yitj  at  18°  —  1-34T; 
with  alooholic  nlntion  of  potaali, 
.      giTeeCBKa  +  HCa; 

with  Mditun  in  preaence  of  ether 
girm  C^*  +  SNbCI  ; 
A  Tery  Intonating  ease,  from  the  eztnnw  aimplid^  of  Ike  oompoondi^  ia  to  be  fband 
between  the  chlonne-deriratin  obtained  bj  direct  aetioa  of  chltoine  on  nwnh  gaa,  and 
eoDiinon  chloride  of  melbjL  Both  of  tbeM  componndi  have  the  empiikal  molecnlai 
formnla,  CHVl,  and  both  an  gaaeona  at  ordinary  temperatuRe  and  praaanna,  bnt 
thn'  poaitai  Borne  nnmiatakable  diffitreDcee  in  propertiea. 


Then  an  oonsptrnding  bnminated  compoandi — B  n  i 
hjdntaof  caood^caeid.    naoompositiDnof  the^iauieaameuuiatot  ere 
methyl,  tii.,  OlPJJr;  bnt  whilat  bromide  of  methyl  u  a  liquid  boiling  at  13°,  B 


brominated  gaa  doM  not  liquefy  below— 17°  C, 

Many  more  eaaea  of  iaomeriam  among  tbeM  aemi-oiganic  and  aemi-inoigaiiie  «( 
poondi  Enight  be  dted. 
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ZtMtert  among  tkoiymie  Mtftowew. 

AjlMfcfB»mMA>d,tlialn»Uiio»»of  iaofgiiiie  imnerinn  *n  imimIIj  Mllnd  inatalMe* 

«f  ■Iktoj^.-iMiDario  labatuMM  tnd  klloMida  nbtUneM  being  neadj  sqaiTBleiit  (s- 

The  Blmontary  nbitauioM  tlumadTv  olftr  maiij  azamplM  of  IwndmIhb.    "Diaa 

known  u  ocdinuj  o^gan,  ia  tb*  othar  u  oaooe.  Onna  and  4Hm!«n  ve  iManxte 
bodiw.  FoimBln  tw  tajmn  b  0<;  AinBnl&  tor  aamt  —  0*<n  Bj^Mlmait  hM 
ibown  that  tlw  t^— ^>f  IbnuU  for  on»e  li  hi^w  tlian  that  fbt  oxjgin ;  bnt  how 
Bineh  hitler  remaina  u  open  qwatioD. 

Sti^nr,  phoaphonu,  et/Atou,  and  muj  other  elementa  pNMtt  tomaokai  liiniliii 
ntailm  it  lUobropj  at  iaowwrim. 

Inctginle  samponnda,  aodi  aa  tlt«  tuiona  fbrma  of  aUide  ai^d,  of  Maqoioxide  of  Inii, 
el  aaaonkaida  «f  dmaniom,  i^  aldmina,  Doat  be  rlrnand  among  nliataDccs  aRbrding 

TImm  aeaai  to  be  two  allotiopie  stMbf  of  penoida  ot  nibogcK.  Tb*  Mmpotnid  KO* 
ia  a  deepljr-oolonMd  gaa  ai  100°.  The  oampoand  NK)*  ia  a  liqnid  boiling  a  littla 
balow  so''.  Iti  n^Mmt-deiiaitT  U  double  that  at  the  fonntr  bod*.  Altogethec,  in- 
omaie  iaonMnam  ia  a  vny  wide,  but  aa  ret  a  retj  iU-ezplorad  flekL 

The  azidaiiatioti  of  the  eiistenoe  of  iaomariam  will  haTa  beeome  aofBcientlj  elew 
from  the  e<mn»  iriiidi  has  been  fbllowed  in  deaoibing  th«  difbrant  examplta  ot  \t 
"It  iaof  «0SM^pi*tic«  how  tha  ahnnaof  aooiqwmdare  anaagod  •*  wril  a*  lAat  kind 


eompoaed  of  ths  aame  Bltimate  stoma.    Tbia  it  in  bet  the  irtuiie  philoaodij  of 
ueMD.  J.  A.  W. 

ZBOKOBVMIBM,  (Iiroi,  eqnal,  and  fu^,  fonn.)  CiTMallinafonnaflnd^  aaia 
well  known,  ona  of  the  moat  Tenable  pbyaical  dialinctiona  between  dilbicnt  rabftancoa, 
ioumndi  aa  cadi  element,  and  each  eomponnd,  njntnllinna  for  the  moat  pait  in  fbima 
which  are  redncihle  to  one  or  two  primarv  fbrma.  Hanr,  who  firat  direetad  attention 
to  the  important  of  thia  character,  bid  it  do  wn  aa  a  geneiallaw,  that  eraij  mbatance  hae  a 


•oa  vaa  <n  wtv  laei,  viu  um  UBgmning  ui  uin  pnwiiL  crmuu^,  TBTKHia 
rere  made  tending  to  dianove  the  gmnalil^  t^  thia  low.  The  ainulaii^ 
of  form  betweac  phoephate  of  oaJcinm  (apatite)  ^  phoepkaU  of  lead  (p^ionioTphite) 
waa  noticed  W  Werner.  Lab  lane  in  17B7,  Bhowad  that  a  mixed  eolation  <tf  teuoaa 
and  caprie  aofphatee  dipoeita  cnatala  containiae  both  co^pOT  and  iron,  alwaja  of  tha 
-aaatie  torn,  bnt  with  cooaideraUe  varialioiu  in  ibe  ^opoiilaae  of  tha  two  metala ;  aim 
that  alum  containing  a  conaidereble  qoantity  of  ferrie  oiide  oTstalliset  aacllj  in  the 
■una  form  bb  pnre  ^nmino-potaaaic  anlphate.  Yanqaelia,  in  17S7,  ahowcd  that  the 
le  fvim  ia  exhibitad  hj  alnm,  when  it  oonb  ' 
,>laoe  of  potaah.  Berthier,  in  IS06,  puinti 
ealc-apar,  bittnr  apiir,  and  apathie  iion— a  rcBcmbUnce  conlfamed  bj  the  b 


in  place  of  potaah.   Berthier,  in  IS06,  puinted  out  the  great  simOaritj  in  the  form  ot 

.-I ^  bittnr  apiir,  and  apathie  iion— a  rcBcmblance  conlfamed  bj  the  more  exact 

of  Wollaatoniand  Qaj-Lnaaac^  in  181S,  ahowed  that  a  ctjital  of 


d  b7  alnm,  when  it  oonUins  a  ronaiderablp  qnaiititf  of  ai 
.1  ....  ....  ...»»  _  -  'ed  out  the  great  aimUaritj  in  the 

eeemblance  confir 
aa7-I.nBaac^inI81S,al 
potaah-alnm  immersed  in  a  Bolatkin  of  ammonia-alum  increaua  in  bnlk  without 
alteration  of  form.  Theaa  and  other  iaolated  obaerratioiu  of  aimilar  impoit  taaj  be 
aaid  to  haye  prepared  the  war  for  the  eBlBbliahment,bjMit»eherlich,  of  the  general 
lav  of  iaomorphiaiD,  which  afSnna  that  bodict  having  a  eimilar  ciemiia!  eMutitition 
jbnw  alta  tht  samt  cry taUme form,  at  dtiermnud  hg  tin  ntaturtnent  of  Iheir  anffhi,  or, 
in  other  worda,  that  analoffout  rlemmit  and  group*  of  tlmtntt  may  rrplaet  o<u  a/iolher 
in  AMipMitniK  mthntit  t$MnUal  atleraHon  of  nvitalline  form.  Hitadierileh'a  fint 
obaerratioDa,  mweDt«d  to  the  Berlin  Academy  of  adencea  in  181B,  related  to  the  i«o- 
m  of  toe  pbonihatea  and  anmatea,  and  showed  that  the  eorreaponding  lalta  of 
H  add*  containing  equal  Doiubart  of  aloma  of  water,  cryrtnlliBe  in 

„  .  .  .     to^t"  ,  ,         , 

t,  mn,  niAc],  cobalt,  and  copper,  and  the  aeaqniaalta  of  iron,  ainmininm, 
chrominm,  and  manganese,  the  oOTieaponding  Baits  beii^  (tqipoaed  in  all  eaaea  to  oontain 
•qna!  mmbel*  of  atoms  at  water, 

Sodiea  haring  apparendv  an  exactl7  aimilar  cooatitntion  are  not  nenesaarily  iao- 
tnorphona,  bnt  are  rather  diiiaible  into  two  or  luore  groap^  of  which  the  reapeetiT* 
mambva  are  iaomorphona;  on  the  other  hand,  the  poaaeaaion  of  an  equal  numbra 
of  atom*  ia  not  essential  to  isomorijusni,  finr  two  atoms  of  one  element  are  not  nnfre- 
qnentl^  isomorphona  with  one  atom  of  anothn  element;  and  eometimn  a  moleeohir 
group  IS  iaomotphoua  in  ita  combinations  with  an  elementaiy  atom — NH'  with  K,  Ibr 
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example,  'niere  an  ilso  muonon*  •zimplea  of  bodies  oyitaUuiiig  in  the  nma  form% 
bat  withont  ezhibiliiig  sut  nmibrit;  of  chemical  coaatiUitioD. 

The  ooneeponding  angles  of  isomorphona  bodiet  an  not  alwoyi  predMl;  equal,  bnt 
Duj  di&r  team  saSi  other  by  one  or  two  degrses.  This  diaoiqianej,  howert^,  ig 
rendsrad  nsiinpDrtuit  hj  the  cucninataaae,  that  the  an^ss  of  diS^nt  erjataU  of  oM 
and  the  saliM  inbatanee  can  praent  Bunilar  Tariationi,  nndai  the  iufluonce  of  ceitua 
modil^ing  cauwa. 

It  will  of  cotuae  ba  nndsiatood  that  the  eimilaiitT  of  ftrm  in  taunotTJxmt  bodii* 
niatas  to  the  {ffiiDSiy  tanan  to  which  the;  are  reducible;  two  erjEttim  mmj  be  reaU; 
itomoiphMii,  uid  ;et  Tcn  difbrent  in  azt^nal  ftom,  in  cQuaequaDoe  of  beiiig  diffbrent^ 
nodifled ;  Unu  calo-ipar,  oitta  tfi,  and  epstbic  iron  h&Te  the  aame  primary  fonn ;  bat 
eaoh  exhiUts  nDmraOQ*  modification^  some  of  which  pramil  tiaeOj  in  one,  some  in 
ynotber,  of  these  componndf. 

The  fUJowing  table  exhibits  tlie  moat  important  and  best  estaUished  exan^das  of 
''      ^0  the  etyatalkignphio  STstema.   Bodies  etjstaliiidiig 


in  the  same  ibnus?)-  <-  lediudble  to  the  some  piiraai;  [com)  an  ananged  ii.  „ . .. 

nnmbend  uoneeeotiTelf,  vithont  nnrd  to  the  nstem  to  which  the  aerenl  fbciM 
belong  J  the  sabdiTinotii  a,  A,  o,  &c^  mchids  those  Jso  which  oom^oud  in  atomieeon- 
■ritatuuL* 

TuLgl. 
MonomeMc  or  Stgvlar  %ftt«m. 
Qiaup  1.    (Holohednl  fbrma.) 
A  Diamond, — ?lioiq>himi^ — Potaaeinni, — Sodium, — Titanjnm, — (^dmloiii, — Leai, 
— Coppar, — SiWer, —  Odd,— Platinnm, — ftJUdinm, — Izidinm, — Tin   (Fran* 
kenheim),— Zinc  (NickUs). 
b.  ZmS,— HmnS,— FpbS,— PpbSe,— A^— KniS-SFfeS  (ScheererX— UmgO 
(peiidaae,  amording  to  Scacehi), — NuO  (fbimed  in  a  meCaUoigic  process), — 
PpbO,— CcnO  (tetnhednl),— UqO. 
ft  KO,— NaCl,— LiCl— KHtCl,— AgCl,— CcaCl,— KI,— Nal,— KB*,_IlaBr.— 

KF,— KaF.— Kpr.HaC7.— HH*Cy  (Gay-Lnssae). 
«".  ZedI',— CctP,— EAgCy*,— KniAS*  (anenieal  nickel),— (Coo;  lSm)Aif  (etAalt- 

(L  CcoAv*  (tCMoal  pjrito,  according  t«  W5hler  and  Seheei«r). 
s.  Cen'O, — Coa^  (nd  eoppa  and  copper-^aiiee). 
/.  AaW.-SbKl'.-CeoS'  (eobalt-pyiitei). 

f-  ^J0'('P'^-*'*^r'*  j°-  (pl«M<t),^^jo*  (chk«ii4nJ),- 

^)  Zdi)  FJ^) 

^[O*   (g*hnite),-^jO*(franklinit«),— ^CC    (dhcmUo    im   <w),— 

M,  ^O*(diiome  iion  on,  aowcdingto  Abiob). 
K  BbalW,— SarNK)*,— PpbinO*.    (Beraelina.) 

*.  K'^)ta',— KOffCP,— KKiiCP,— <HH')Tpt01',— (HH'^fia'.  (Beraeliis.) 

k.  Mimi:   (NH')A!il(80<)'iaH«,— (HH')(^80')'.I2HV.  — (MH»)M£n(SO^. 

12:^0,— (HH')Ei{80")'.12HV, —KAll(80")».ISHK>,—K<a(80T».iaH!«,  — 

KHmn(80*)M2H*0,— EFfi(80^.12HK),— KaAfi(SO<)'.lSH?0    (Hitsehar- 

lieh),'--Ii^(80<)'.13H^  (ErsloTanikrX— AgAl[(80')*.12HV  (ChnrebX 

IX4ll(SO*)'.12HK)  (Cpooket). 

ffi'  I  ^\ 

L  QanuU:    (Jm  [ 

^  }  jSp  } 

■  Tbg  lirnr  itank  wdibti  nenLl}  wlinid  lo  tba  inaur  DDBlnr  nl  tba 
an  OMd  ti  lbt>  ud  tb*  Mlovliic  tibiu,  u  to  mur  ImtancH  tbn  nhlUi  itaa  i 
■erakeuBgapnuiti  man  iIibiiIt  Itau  Oh  oUar  atcak  wrfifaN.    Thoai  mHali 

arabmrasvMiadgablriidboaaflran'- -■-'--^'- ---'---'-      — 

VmboU,  t.g.  hviHM  tUn,  U«t  FfIi,  In. 


^\         a?!         sP"v  BEf\ 

ig[o".  — I?e  to",— Min  lo»,  —  Oilo' 
?)  Ali-J  AH')  B^J 


nta  Dm  labia  ofab 


ntcMa  (I.  Ht),  an  duiM4  bir  *»i^ 


D,i,:cc.;,C00gIC 


isoHOEpmsH.  ta 

Coa  VO'shnna-ganiet  (iccoidiiigloEoiionAB), 

^•\  '&') 

n.   £  lO'   (iBueita).  —  n.   NftlO'.HK)  (anileiiiiB). 

Oroi^  2.    (Hanihfdnl  toiaa.') 
A.  GwAi'.CeoS'  (wtttlt-gUBOe),— KniAa'JIiuS'    (niokd-f^iBee),  —  NiuSb>jrBiSi 

^udel-^Dtimony-slukce}. 
1,  ftaS'  (iiDD-pTiite^ 

JXawfTM  ^wtn^ 
Gttoup  S, 

^jinmtenV — ?!*■.■« 

Lery),— Ppb'C 

lImSO*.7HS),~Siu3eO«.7HK),-an8rt*.7H»0.    (MiHeherlich.) 

Oionp  S. 
KH»PO*,-EH»A*0<,-(KH*)BPPO',-<NH*)H'AiO'.    (HitBeh.rlieh.) 

38H>.Ag«0<,-2NH'.VB(>0«,— 3im>.^^CrO*.    (H  it  a  oh  ail  i  eh.) 

Qronp  7. 
CcaTW.a  [(tfBO)TH)12*HW(eopp«r-n»wte),  —  CcrfPK)'.2[(niO)TK)lMHK) 
(lime-nmnteV 

a.  HmiiH)'  Qnniiite).    (t.  Xob«U.) 
-   b.  Oc^SJfcffi^ooppar  pTritM). 

GFnti^  0. 
mo*  (niiila),— BuO"  (tin-»toiie> 


Qnnp  10. 
Anem^ — Autimai^, —  Tcllnniim  (BrcithkBpt^— OmitDD, —  Iridnm,— Falte> 
3iBm,_BiBnnth.    (Q.  Eoi«.) 

Groiqi  IL 
a.  CcaCO'(caliBpar),— UmgCO'(lDBgDMita),— i?^|cO*  (dolomite),— HnmCC 

,JMf 

Qioap  la. 
AlPO*,— FftfO',-C<a*0'. 

Qroup  13. 
^ywrijAUiw:  8*i6K)'.tHK>,— C«S>0'.4HW,-PpbSK)'.4HK).    (Haaren.) 

Oionp  14. 
CcBOP.SCea^PW    (^Oito),— Ppba'.SF^bfPV    (pjramvphite],— FjMa'.Sflib'. 
Aa*0*  (nuEwtaM). 


AaK>»,-Sl«)«. 
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Oronp  n. 
n.  CesCC  (uwgomte),— Bl*CO«  (wMwrite),— SirfX)*  (rtrontUnits).- PpbCO* 
(eenuitB),— FfeCO'(jiiiik«riU;Dnfiiiior.) 
b.  KSO'. 
c  (CDa<S.2]^bS)A)«'  {bannuMitai  O.  Boa«). 

OTtnip  IS, 

-,MC   j_.p 

(Mitlcherliob.) 

GroDp  IB. 

,    .   -Aa^O*.- 

i,  BtaUmira*.    (Miti 

Oroap  SO. 
a.  EBC—K'SeO',— KK)ciO*,— KTMrnnO'.    (Uitiehailioli.) 
».  (SR'fBO'S'O.    (MitachBrlieh.) 

Oronp  21. 
KTffO,—  anSO'.THKI,— NoiSO'.TH^,—  MmgSeO'.THK),-  ZaiSeO*. 
(HittaherlioL) 

J"  (T.  Kobell),-AaW. 

Om^  32. 
KtF0'.2H*0,~NkA>0*JH'0.    (Mitachftrlieh.) 

Oronp  38. 
0.  Snlphiir.— i.  EHSO*,— EHSeO<.    (MUieheilieh.) 

Otoup  M. 
CcaS0'.3H>0,— CcBSeO<.SH<0  (UitBcheiliehJ,— Fft80*.3H<0.    (Orkham.) 

OnHip  3fi. 
llill8M^7HX),— Z«i80'.7H»0.— CooSO'.THK),— NIuSO^TH^,— FfoSO^TIPO,— 
^£ng8eO',7H»0,-CcoSeO'.7H'0.    (Miticberlieh.) 

Oronp  S3. 
7fbS0<.6HK>,— CooSCemO,— MinnSO*.SirV,— Coaa>0<.eHK).      Qlitfeher- 
lieh.) 

Oronp  37. 


Oioi^  39. 
Na^SOMOSPO,— ITft«eO<.10HK),— Na>CarO<.I0H*0.    (Uitiehsrlieh.) 

Onnip  39. 
(HH')^HPO',-<HH*)*EA«0'.    (Mit.cherlteh.) 

Oronp  SO. 
St.'HF0*.UBK>.—VimA»0\l2H?0.    (MitidherlicK) 

QroDp  SI. 
■.  Ha'B'OMDHK)  (bonz).        i.  (Co ;  Mmg)  SO*  (Ngh«>. 

Oronp  32. 
HinnS0<.4H<0,— MmaSeO'.lH^),— ZiiiS«0'.4&K),— Ci!0Se0'.«H<O.  (Hitiohar- 
lich.) 

Group  S3. 
OeB80*.fHK),— CenSeO'.fiHK>,— MnmSMV^HK).    (Hitiehftrlieh.) 


DigmzedbyGoOglc 
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tridinie  tnt^wm,  dMM  QHraapoodi  s  partionlu  p^nmid  with  ita  pnami  and  donMi, 
mndtoMdipoiqtiD  thBhezagoaalmtem,  •  pwtienlw  itiOBib(diedioiL 

A  pofeet^  exact  aceoidance  of  Om  eiTftoUiiM  fbima  o(  two  ohamioll;  diflbnnt 
liodiea,  ooean  pMi>q>  onlj  in  the  mmMnuCno  qrMe&L  Bodiai  ol  the  Mme  gtovp 
whidi  OTlttltiie  in  DtheF  mteBU  seBtnDr  co^bit  imall  diflbnocee  in  the  com^Oiid- 
ing  i^^eu.  Hum,  the  bo^m  of  us  tanmoal  edgaa  of  the  rtumbidiedioiie  of  eaiaipv, 
diallogite,  end  t^  othw  iKnnoiphaiu  caibonatH  of  poop  11,  exhibit  (he  Ulowing 


Diallc^te 

Elmthiciioii 

Hagnerite 


CcaCO"    .        .        .    IWP   ff 
S^JCO'    .        .        .    106"  15 

jfonccp  .  .  Kwer 

FfeCO*    .        .        .    107"   0* 
Kiiu(CO*    ,  .     107°  M* 

&nco«  .  .   mow. 

In  airapmite  and  Am  eaibonatM  {BomoiphoaB  thtmritli  (grmip  IT,  a\  the  ai^M 
aP :  cbP  id  the  mactodiagonal  jmneipal'  aectioii,  and  Fa> :  Poi  in  the  baial  ptincitnl 
MdiML,  bare  the  tbUowii^  Tahiea : — 

AiTwrnite  .  .  .  CmCO*  03°  U'  71°  8S' 

Witharit*   .  .  .  BbaCO*  61°  SC  73°    6' 

SBontianita  .  SerCO*  68°  4*'  71°  48" 

CovriU  .  .  PpbCO*  82° «'  71°  47'. 

Parftet  eqnality  in  the  coneapanding  angjea  of  crTstahi  ia  not  alwaji  flxind,  ana  In 
the  nuaKmutrie  ajatem.  1^  aunplm  finma  of  that  ijatem,  namelj,  the  cube,  octa- 
hednm,  and  dumbiG  dadeeabednx^  do  not,  of  ooorae,  admit  of  anj  Tariation  in  the 
»af^ ;  tot  the  nmaining  fima,  which  aie  eipreaaed  bj  fonnaln  containing  Unite 
nDmerieal  ooefflrienta,  tie.  xOm,  «0,  mOo:  >  and  mOn,  hare  diSarent  an^es,  according 
to  the  nnmerical  ralnea  of  those  eosffldenta ;  and,  conMqnsutlf ,  errstala  of  two  d^ 
ferent  salataDccfl  errntalliidi^  in  one  t£  th«e  fonna  maj  exhibit  slight  diffbnncea  in 
th«r  angles,  «■  well  ■■  ieomOTphoaB  erratals  belongiDK  to  other  ■vateniB,  With  regaid 
to  the  thtrK  rimpler  forma  oF  the  monometric  ayatem,  it  ma^  be  OHerred  that  all  braiea 
which  enstalliee  in  them  maj  be  regarded  aa  isamorphomi  m  a  certun  eenae,  inaamndi 
aa  all  these  fbnna  are  drrivible  one  from  the  other ;  neierthsleas,  aume  bodies  are 
mora  dinoaed  to  erTataUiae  in  one  fbnn  than  in  the  other,  and  a  Anther  diatinctlon  ia 
■flbrded  by  the  ckaTage ;  thus,  iinc-blcad(^  ZmS,  deaTca  psntllel  to  the  fuet  of  a 
rhombic  dodecahedmni  ealena,  ^ib£^  puaHcl  tc  die  ftces  Maenbe.  Sach  bodies,  in 
■pite  of  theii  aimilari^  <u  fonn  and  at<anie  conatitation,  cannot  ha  ngaided  aa  sbictlj 
tBomorphoDB,  at  leaat  in  the  same  degree  aa  NaCl  and  ECl.  irtiidi  agree  in  the  directaon 
of  their  deavage  aa  wall  aa  in  their  locm. 

Piom  the  similarit;  of  Ibrm  of  two  oomponnd^  the  laomoiphlnn  of  certain  of  their 
oonstitacnta  maj  often  be  inferred.  If  a  eomponnd,  a+b  +  e,  ia  iaomorphona  with 
another,  conaiatiiig  of  a  +  A  +  if,  it  ma;  be  ooaeliided  that  e  ia  iaomoiphoiu  with  d.  For 
example,  the  iaomorpbun  of  E^PptO'  and  E*IrTCI*,  leads  to  the  eaDdnaion  that 
platinam  and  iridium  are  iaomorphona,  In  thi*  mannev,  the  iaMootpbiam  of  the  Al- 
lowing groDpa  of  elements  tokj  be  inferred : 

1.  Ifonimutrie  itttaU  and  l/rtatloid».  Carbon  (diamond),  phosphoms,  potaannm, 
sodinm,  titanium,  eadmitim,  lead,  iron,  copper,  silTer,  gold,  platinum,  paUadinm,  iridinm, 
tin,  line  (Tablx  I,  group  1,  a), — manganeac^  '^1"""',  lithium,  ammonium,  nickel,  cobalt 
(l,*,andl,i.),-<«ninm(l,0- 

2.  Hangtmal  JtttaU,    Ataenii^  antimim?,  tellnrinm,  oaminm,  iridimn,  palladion, 

S.  8alpbnr,selenimn  (1,  ft),— clilorine,iodina, bromine,  flDaTina,e;anogen,araenie(r) 

{1,  e),— o^grai  (1,  e). 

In  like  manner,  the  isomorphism  of  certain  groups  of  elements  maj  be  intored  from 
Uiat  of  eompoimda  in  which  thej  ma;  be  anppued  to  exist ;  thus,  from  the  isomorpbism 
of  the  eorreaponding  pboaphatee  and  anwuiitea,  regarded  as  compoauds  of  metallic  oxides, 
with  PK)*  and  AsHS*,  t  o.  SNa'O.H'O.PK)' +  24H'0  and  2Nb'0.HK).A^0*  +  34^0, 
the  iaomotphism  of  phosphoric  and  arsenic  anbjdrides  ma;  be  inferred. 

Tbe  inomorphiam  of  different  elements  and  gronpa  of  elements  i(,  bowerer,  most 
complclelj  shown  by  their  cafability  of  replacing  one  another  in  oompoaitiiHi  in  rarioia 


ubjGoogIc 
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[Topoitiaii^  and  vitbont  unr  tltatatioii  of  OTaUUuie  feniL    Thni,lQ  tfaa  ahimi^  wbow 
Bananl  fbnnala  ii  U3''(30']^.I2HK>,  the  monitoiiiie  ndide,  H,  iut  ba  oomuaid  of 
H,  todiom,  aannaaimii,  4Ea,  ud  tbe  trittomie  ndidc^  B,  ^  il' 

o  potaih-alnin,  S 


(oamtOMof 


.  itTanlj  lliat  uj  minsnl  ii  fbmtd  in  iriiieh  Iba  pna^al  emRiCiuiiti  an  not 
mum  or  Um  raplaeed  bj  iMnnaqihoiu  nbituicaB.  Sfarikiiia  ezsn^dM  of  it  an  aflbided 
ij  tlw  quell  (p.  SOT.  and  p<rap  1,  f.  Table  I,  p.  424X  ■ndl;?  tlie  guuta  (1,  i;  p.  t24)." 

BdaHeiu  kfaMm  OijitaiUiu  Am  and  J<i»mv  roAMu,— Conpbto  JwaigapliiMi 
between  t*o  oamponndi  implia  die  ftdfilmant  of  tbrea  omditjaoiy  vk, : 
1.  SimiW  atomie  coudtation. 
3,  Similur  erjMAlliiie  form. 
>.  Eqnal  atomie  TolnmM  of  the  aeveral  oon«titneDt  elamenta. 

"Bj  the  Tolnms  of  as  tXaia,  ire  andontand,  t»  ozplamed  in  the  iitiela  Atomd) 
ToLim  (L  440),  tlu  Bpace  oixnipied  bj  the  aolid  atom  itAal£  together  with  a  portion 
of  the  apace  which  eepaiatca  it  from  the  interreiiing  atomi :  that  la  to  laT,  the  die,  or 
rather  the  radina,  of  Mie  atom  (regarded  u  epheriol)  ii  roppoead  to  inclnds  half  the 
diitanoe  which  separat«e  it  &om  the  contigaoiis  atonu.  The  aiomie  toIdids  of  a  luh- 
■tanea^  aooordiog  to  thii  deflnition,  ia  pioportumal  to  itj  atomie  wdght  dinded  bj 
ita  qieeide  graTit^  -.  It  ii  dear  that  equal  nntnben  of  atonu  aimilarlj  di^osed  will 
not  meaiarily  prodnee  the  same  eztanal  (brm,  nnltai  the  oarreaponding  atonu  in  the 
two  bodiea  are  eqnal  or  at  least  proportional  in  Tolnme. 

Two  or  mon  bodiea  in  which  all  three  of  the  aboTe  eonditioB»  of  eqnali^  an  fol- 
filled,  are  iaomorphooi  in  the  abricter  uiue.     The  AiMlmeut  or  noa-ftiliUment  of  all  or 

aome  of  these  eonditiona  girea  riae  to  eight  diffbrentoMa  of  ainulaii^ori' 

-' ■-■'-'^1,  whieh  m^  he  enomeiated  aa  followe; 


CiTKaUllH         AbHnkai 


lao 
&  eqnal  eqnal  imeqtial  ^     „ 

e.  equal  nneqnal        equ^       I-     ^^ 

i.  equal  nneqiial         nnequal   ) 

•^'^   ,    1      He 


t.  imequal  equal 
/.  nneqnal  equal 
g.  nnsqnal        ousqnal        eqnal 


nneqnal       nneqnal         Anisomor- 
pkonainUw 

Aniaotomoni 

^le  (Ulowing  table  exhibita  the  atomic  Tolnmea  of  a  nnmhar  of  bodies  ananged 
■Mending  to  nmilaiilj  of  OTStalline  form  and  atomio  omatitntian.  The  flnt  eolnmn 
of  flgorea  beaded  -,  gfTea  the  quotient  of  the  atomio  weij^t  divided  bj  tha  apeciSo 
those  of  the  (nygei 
to  that  of  carbtm  4' 

"  theoretical,"  ihowa  what  the  Talna  of  -  wonld  be  in  each  ease  if  it  wan  an  exact 
mnlliple  of  44. 

■  Csmpouiidi  eonlilalBtlBdeAiilUiinpoi'thmiiflHniaivliolM  elenenu  m  raprodited  tai  thk  vwk 
br  tonDuln,  Jn  wtalch  Lb*  bGuatiibsni  (IrhiU  in  Miiuiud  tn  HBilcalo»  i  u-  •lum.  hi  vUcfalli* 
{BtBilun  UfuUy  i<|ilM»dbj»woDlaB,lieipc«M*db)<luloraiiil*,(X;  H%<)AU[S04)>.l*n>0. 
In  emy  Torfci  inch  eawpoundi  m  repmaawd  ^tarmvim  Hki  y^,  I  AU(80<AltH'O|  tol    Ibk 

li  otaleettDubla,  itBce,  eeeardhit  to  etdliuiT  ■«■•.  II  nald  \m^r  thai  -^ ' — ' '-' — — 

gf  paUHJnn  ■*  w«lL  n  ui  Atom  of  ■maobinm,  ilmiai  lb*  net  mw 
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Tabu  It 


L  Blsmaata. 


UangBiicM   . 
Nickel. 
Colult  . 


P&lUdiam    . 
OraumiL 
Iridiam 
Bhodinin  (T) 
TiUnium 


,iG<ild     . 
0  Fbot^om  . 


^ 


to   Antiinonj E 

"    Bbmnth ] 

B.  Sodu*  prcb(^fy  erj/italUmig  in  imilar  Jarmi, 

iBromins -     1 

Chlorine ' 

Iodine 

Qranogan ( 

n.  FiotO'ehloiiAei,  bromide^  ud  Iodide*. 


3/bnamelrie, 


.,<CUi>rideof  nhw  . 
{ Chloride  of  aodiiun 

14  Bramide  of  rilTar .        . 
16   Chloride  of  ammoniiim  , 

15  Chloride  of  potaMiom   . 
IT   Iodide  of  ulTer 


IS   Iodide  of  poUMdnm 


UL  Fiotoiide^  HmO. 


23  Lead-ozid*  . 


HmgO 
CraO 

KmnO 
ZmhO 
CedO 

BUO 
HiK) 


«— '  1 

7 

«... 

rMkal. 

44 

1 

^^ 

M 

2 

8S 

88 

2 

88 

88 

2 

88 

88 

3 

88 

3 

88 

114 

i 

114 

a 

1L4 

i 

114 

i 

114 

i 

112 

i 

116 

i 

110 

328 

B 

220 

138 

> 

133 

ISO 

8 

132 

32> 

6 

330 

m 

.5} 

297 

6SS 

694 

180 

»t 

186 

210 

242 

270 

A 

276 

836 

7 

S30 

320 

7 

330 

320 

7 

330 

316 

7 

330 

ISO 

7 

330 

326 

7 

330 

367 

8 

863 

487 

10 

440 

481 

It 

484 

622 

13 

62« 

608 

14 

618 

M7 

16 

660 

166 

51 

164 

leo 

164 

18S 

ISO 

2S0 

306 

380 

Ti 

330 

402 

362 

862 

378 

264 

449 

10 

440 
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IV.  Freto-anlpbid«B  and  Seleoidta. 
Ximomttrio. 

30  TSa^&nAe ZmS 

.CSslflnideoflMd ^bSe 

4(M«>K FpbS 

A«« 

V.  Diosidsa. 

.-JTIUniB  BiibydridB "HO' 

"JStuiiueul^diide SnO' 

VL  8«iqnioxid«a. 

a.  ManemiMa. 

,.  (Antimonie  taide BbH^ 

J  Ancmoas  o»d« A^O* 

h.  jBtxagatiai. 

MAhiraui*       .                AlPO* 

'iFsmcaride.        ......  FfeW 

as   Chnnnie  osida Ccr*0* 

TIL  0»boa»teB. 
s.  TrwuMo. 

ST   Aingimito CcaCO* 

.jStioiitUiuto .  BmCV 

3S  TTitliMito BbfrfJO* 

b,£«n;rmal. 

.JHne-mw aiiCO« 

'jMil^to MmgCO* 

(1   8p^hic  iioQ  cm FftCO* 

IBiallogite HmnCO* 

Dolomite |C^|C0* 

43   CWoq>« OaCO- 

Tin.  NittJitea. 
^  HaxagoHoL    . 

A   Nitnteofpotwiun KBO* 

16  Nilzate  of  aodiiim NaNO' 

b.  JTmummMa 

..(KitiatBofstKintiiim S«rN»0« 

"jNit»teoflatd PphlW 

41   HitMtBofbiriimi.        .....  BbaNKJ* 

IS.  HagaeiisD  SnlptaUi,  mSo'.7HK). 
Trimetrie. 

{SohAats  <tf  m^d  ....  NdISO*.TH% 
Solidiato  of  dne ZdiSO<.7H*0 
Sn^hMcfm^iiaBniB                •        ■     HingSO<.TH<0 


^"— -■    i 

«... 

5!S. 

873 
2S6 

4pe 

8S6 
433 

< 

? 

S 
10 

264 
286 

s»e 

3B6 
440 

270 

0 

a 

264 
264 

663 

664 

IB 
IS 

600 
«60 

362 
372 
884 

? 

874 
874 
3»6 

426 
Mi 
fit6 
676 

10 

■1' 

440 
606 
606 
672 

362 
366 

878 
400 

8 
B 

363 
363 
874 
396 

402 

B 

306 

460 

lOJ 

463 

802 
484 

1? 

6S4 
484 

eie 

043 

1024 

21 

924 
948 
1012 

1734 
1760 
1786 

30 

40 
40* 

1716 
1760 
178S 
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Tahl*  n, 

Jtemte  Feimmtt  iff  Jimorpioat  £«rftM— eentiiiMd. 

Double  HagneiiKii  Salpbktei, 
m4(90')'.«H«. 
itottodinie. 


(HH')«Img(S(W.aHW 
,  (I(H<}Vcn(SO*)<ftHK> 


XL  Alnmi,  kfi(SO*)<.llHK>. 


(MH<)AJl(gO')'.13HK)  . 


Xn.  TuiODB  Metsllis  Snlphidai  and  Araenidei. 
Inm-p7ritea FfeS" 


.(ColMJt-OTlit 


CcoAi* 

n   IVunenida  of  cobalt CcoAi' 

"iCobiltiM CeoAaS" 


M  Ancmical  pjxitM  . 


AMUcntaH        j 

a 

«... 

Tb«. 

• 

Wteol. 

2S3S 

<71 

2SSD 

3S7S 

csl 

2fi74 

3GSS 

mI 

3S74 

mJ 

3074 

38S2 

2940 

2S04 

» 

3«BS 

3SM 

M* 

B83B 

»»IIO 

77 

33B8 

U73 

76 

»4Te 

U73 

78 

8475 

M7a 

7B 

B92 

^ 

286 

424 

^ 

418 

414 

4 

41S 

630 

828 

6t8 

15 

860 

eao 

IS 

660 

SM 

7 

US 

in 

IS 

704 

lfl£ 

:j 

IBS 

aoi-8 

lae 

A  GompaTHoa  of  Um  aBmlMn  in  thii  table  lead*  to  thii  fbllowing  gencml  ameliinoML 

1,  Oi^r  thoae  bodieB  which  are  bracketed  together  in  the  lat&  can  be  legardpd  as 

■liiellj  innMphov^  w  iaotonuHii;  and  eren  BBoog  tlieae,  thare  an  aome  whoee 

iaoloii^  {■  denbtftl,  «.;.  nitiata  of  ationtiuni  and  mlmte  of  lead  (44);  magneeio- 

aauMNiie  nlphate  and  enprieo-animanie  snlphate  (4V). 

S.  Hmuj  Mbataaeea  eonawnlj  Ngudtid  aa  iaono^ihoiu  are  in  nali^  only  bomoo- 
motphcmt  inawaiieh  at  their  atMnM  Tdnmea  difite  oonsidenUy.  Swih  ia  the  osaa 
with  pho^horna and  aiaenie;  magneda and  mai^tanons  oxide ;  aoda  and  ratTer-oside ; 
bad-ooidg^  baqrta,  andatntitia;  Baagaseae-blaMe  and  cino-bkBda;  nitntaof  potaa- 
■ivm  and  nitiBte  of  aodiam.  ^eatomo  vdnnMiof  thaMboDMeomorpbDnabodiei  arc^ 
howmr,rdatad  to  i»e  another  l^cimple  ptopottiiMi^M  in  the  following  examplaa: — 
(Sodinm    ....     1        |        JAnenio  .        .        ,        ,    8 


JAntinumj  .  .  .  8  |  Jsilreixudde  .  .  .4 
>.  Bodiea  wbiaii  are  iaomraphoiu  in  the  fine  atate,  ar*  not  almjv  m  in  oomtonation. 
CopfMC  ia  iaontnphoua  with  mm,  maiigaii»a,  nickel,  ftc ;  bat  nun;  cot^eHwlta  are 
not  iadDUKphow  with  the  oarreepoodiag  aalta  of  the  other  mstak  jnat  meotioiMd. 
Zina,  titamnn,  and  [datinnm  are  isomoi^hoiu  in  the  fkee  sUt«,  bat  b;  no  neaiia  in 
their  Hlta.    to  the  other  hand,  man;  bodiea  are  iaranoiphoaa  in  their  oraaponnd^  but 

'' —  *  1  betoomoipboB^  in  the  tt««  atate:  thoa  phoqihonia  and 

oga  in  the  free  itat^  b>t  iaomapbona  in  Ifitir  oomponnda; 

d  m»,  araanie  and  antimoiy,  mapiaaia  and  maaginnna  ond^  potaa- 

i  waikat,  aoda  and  lilTer^xida,  are  homiBoinuiihoaa  in  Um  Mparatt  atata^ 
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but  iMnnorpHoiu  in  some  of  tJudr  eomponnda.  ThiM  ajipanntlj  partdimod  rgUtioD 
miij  aiu«  pithei  from  dimorphum — Uie  robatanca  in  qoection  eryBUllinng  in  tha 
fCB*  State  in  a  fcnm  differaat  from  that  irrtueh  tbej  aimma  in  combiimtion — or  ftcm 
vuution  of  ■tomic  Tolame.  In  &et,  the  atomio  volome  of  a  oomponnd  is,  in  nearlj 
all  ouea,  less  than  ths  sam  of  the  atomia  Tolomef  of  its  elenunts  in  tb»  free  »tate,  the 
coadauaalion  being  greatar  as  the  affinity  ii  atrongHr.  Hence  it  ma;  happen  that 
elementa  whoee  atomia  TcJnmea  in  llie  tree  itata  an  unequal,  ma7  aMome  equal 
Tolmnea  in  combination,  and  thraefore  yield  iaomorphona  eomponada. 

4,  Bodice  of  diiTereni  atomic  Tolome  often  ayHatliae  in  the  same  form,  and  h« 
eapabla  of  OTitallinng  .tc^CjieT.  Gold  and  ailTet.  vhoee  atomic  Tolnmee  an  neariy 
as  I  :  3,  enstalliae  together  in  Ten  noable  pnportiiuu;  *o  likewise  do  diloride  of 
sodium,  ehlonde  of  anunoninvi,  and  iodide  of.  ^otatnum,  vboM  atonie  Tolnnea  an  to 
one  anothm  as  3  ;  4  :  6.  It  is  only,  horern ,  id  tile  nuQMnetrio  system  that  pesfect 
similari^  of  crystalline  fbrm  js  exbibited  I?  mbstaueei  of  dil&ra&t  atomic  Tolame;  in 
cijstAla  belonging  to  other  syslanii,  dil^nnee  of  Uouie  volume  in  bodiea  of  aimilar 
atomic  eonstitiition,  is  &l«ay*  accompanied  by  a  sli^t  difference  In  tlie  magnitnde  of 
certain  ai^ea,  as  may  bs  aeen  by  comparing  the  lugles  and  atomic  Toltunes  of  tlie 
SerctBl  memban  of  the  calcspar  and  amgcmite  groapa  (pp.  427,  430),  the  obtnse  ter- 
minal aiq^ee  in  the  farmer,  and  the  angles  Pso  :  fas  in  tbe  latter  r^iltl^t^illhi^lg  aa  the 
atomic  Tolnme  inereasea.  This  relation  beCveea  atomic  Tolmne  and  crralalline  ibrm 
is  ftarther  sfaowD  b^  the  obaecratioit  of  Uilaoherlich,  tliat  t^  angle  of  a  Miombt^edion 
of  ealD-qiar  diminuhe*  iriien.Um  ctyatAl  is  heated :  fbr  the  ^ecuSe  gravitf  is  thnnhy 


0.  An  iDteresting  example  of  homooinorphism  is  afibrded  by  nitnte  of  potassinm, 
whioli  is  dimorohons,  hanng  a  riiombohedial  fbrm  similar  to  that  of  calcnar,  and  k 
trimetdc' form  Uba  that  of  arcigonite.    Its  angtea  in  these  two  (brms  an  as  foUowa : 


Hexagonal  Bitn  KITO'       ....    27  10«°  30' 

bF     Pb 

Trimstzic  intn  ENC         ....     37  61 -0*  70°  4' 

In  ill  rhombobednl  fbnn,  this  sobstance  agWM  Toy  neariy  with  dolomite  and  dial- 
logitc^  the  tominal  aAgles  of  whidi  an  106°  Ifi'  and  106°  fil' reepectiTely,and  iriioee 
•loqie  ndnmes  are  eqnal  to  El :  hence  it  appears  that  two  snbstsnees  whose  atomii] 
lolnmet  an  as  I :  S  may  crystallisa  nearlj  in  the  same  form.  Bimilar  relatione, 
though  not  quite  so  dose,  may  be  tisced  between  the  atomic  Tolnmea  and  eryitalliae 
fcnns  of  Aombic  nitn  and  am^oDite.    - 

The  nlationi  between  the  atomic  Tolnmea  and  mystallinc  fbims  of  difiennt  snb- 
*     *        '   '  t  established  on  a  perfectly  aatistadoiy  basia ; 


•spemsbi 


from  tlie  want  of  exact  detcrmiiuitiona  of  crystalline  fbim,  and 
ij  at  tpudie  grni^. 


„  ,  are  mainly  dne,  has  reeently  made  further  experiments  oi 
reUliana  between  dumical  eonsatation  and  apecifle  gravity,  and  hu  amTed  at  the 
following  oondnsiMu  laspecting  the  atomio  volamee  of  ieomorphooa  bodies.  When 
two  diSoent  eleoieDtB  or  groups  of  elemeoU,  A  and  B,  Dnite  with  other  elemeata  or 
groups  of  elements,  O,  D,  E,  &c^  forming  the  compoonds  ACani  BO,  JJ)  and  BD, 
AE  and  BE,  Ac,  bdonging  to  the  same  lypq  and  isomorphous  by  pain,  the  difleniHxa 
of  the  atconic  nJnma*  ot  AC  tad  BC.  AD  and  BD,  AE  and  BE,  &c,  are  alwaya  eqnal ; 
bntif  tbe  pairs  of  OMnponnds  thus  formed  are  not  isomorphons,  or  if  they  an  isomoi- 
phoaa,  but  Belong  to  diflbnnt  typea,  then  the  diAnnoee  of  atomic  Tahune  are  nneqnal, 
and  difierent  tnm  what  they  irauld  be  if  the  pain  wen  isomorphoiis  or  belonged  to 
the  same  ^fp«>  If  bodies  of  eqnal  aton^  ndome  be  denominated  isosteric,  ud 
Bnalogons^praln  of  compounila  exhlblUng  equal  difAreneea  of  atomle  lolonu^  paral- 
leloaterii!,  ths  preceding  law  may  be  more  aboltly  atstad  as  fallows: — Potn  iff 
MHmimdt  tnUit  on  lM«on>A<>M  and  amtlogmu  art  liitmitt  paraUdoiltrie,  TIlii  law 
has'^Men  oonBrmed  l^  Tsehermak,    (Wlen.  Akad.  Ber.  xlv,  [21  flOa.J 

SehiSdw  further  oandndes  that  the  volume  of  any  element,  which,  u  the  isomor- 
pbona  llitntes,  diluides,  bromides,  iodides  or  sulpbidss,  is  tbe  greater  of  the  two  con- 
stituting a  pair,  is  condensed  in  the  iaomocphoua  sulphates,  carbonates,  silicates,  and 
alumiuates,  to  a  oomparatiTely  greats  amonnt,  so  as  often  tit  beoome  the  leeaer  of  the 
two.  Thus  the  atomic  Tolumes  of  chloride,  bromide,  and  nitraU  of  potassinm  (calcu- 
lated on  the  hydngcD-scale)  of  atomic  weights,  are  greater  by  £'7  ta  3*fi  than  those  of 
the  ooiraipotiaing  smmaninm  ssltii,  whereas  that  of  sulphMe  of  unmOMHn  is  pe*tw 
by  3'S  than  that  of  sulphate  of  polassinm. 
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th  regard  to  the  element^  SclirSdsr  flndi  that  isiwtsruia  u  Mmmpuiied  qoits  u 

.   mtlj,  if  not  mora  ao,  bj  heteroinorpliuBi  w  )ij  isamorphima ;  bnt  tiut  clemeiita 

liion  ateioic  Tolomai  an  to  ona  uroUiar  u  1  :  2  (like  aiiTer  and  gold]   an  oft«n 


uomoipboiu.  In  oiidn  and  sgjti  also,  Scltr5d«r  flnda  Uiat  iwxtvium  u  aaodated  with 
imnorphiam  IrM  freqaesUj  than  vith  hBtncomoiphiiniu 

The  lelatiotu  beti^ea  uxe  atomic  Tcdninw  ud  the  piopoitiotii  of  the  axsa  f wbieh 
detennine  Uu  ukglea)  in  tmee  of  bonKeomorphmui  docUm,  are  alio,  acooiding  to 
SchiSdei'B  wceat  obMirationi,  1«m  coniluit  Uun  wai  fonned;  mp^oaed.  It  a  tnu 
Out  th«  limil&ig  nwinben  of  eac^  eerics  with  irnid  to  thr  propmfaoiu  between  tha 
axes,  are  also  tlie  limiting  membei*  witll  legud  to  the  atomio  volumea ;  but  the 
intennediale  temu  do  not  geneially  exhibit  Qm  legnlar  iclation  between  axial  ptopoi^ 
tjoni  and  lite  atomic  Tolnmea  irtiieh  haa  been  nodced  in  the  cakapar  and  arragonlte 
nonpa.  Aecoidii^to  Tecbermak,  on  the  contrair  (Wien.  Akad.  Ber.  xIt.  [2],  003; 
JahnabcK  186^  p.  9),  homcBomonhoiiB  bodies  of  analogoua  composition  form  the 
■ame  saries  with  ngaid  to  thsir  axial  lelationi,  aa  with  reapect  to  than  atomio  Tolnmee. 
(Conqien  L  MS-4fi3.) 

g^lywrln  laaaMgpMsm.  Thii  twm  is  applied  faj  Scheerertosipresathebct 
that  1  at  of  an  element  ma;  in  noon  eana  be  npUced  faj  two  or  more  stoma  of 
another,  or,  generallj,  m  atonu  of  oae  element  bj  n  ttona  td  another,  or  by  a  group 
of  atona  of  ether  elnneata,  withont  eeeanljal  alteralJon  of  crTataUine  form.  Inataneis 
of  this  kind  of  iaomorpbism  are  sAirded  br  tha  nibhidea  of  lead  and  ailrer  (Ppb8 
and  A{^),  hj  the  enl^iide  sod  cUoride  of  atlve;  (^f^  and  Jfj^'),  bj  nnmamna 
isomrapboiu  diloiidet  and  (TaoidM,  in  wUch  tha  aiji^  atom  CT  and  the  gnmp  CS 


dischai^  eq^ralaDt  fbnetioDi;  and  b;  the  iaomoiphona  salts  rfpotaaaian 

-liom,  in  which  NH*  is  eqaiTslent  to  K.    Nuntenma  othai'  examples  m»  »  wuuu 

Lmoiwst  oiganic  compounds :  thus  Uie  acetate  and  hotjiate  of  copper,  C^'O'Cn,  and 


CH'd'Cu,  aie  iaomorphoos,  and  the  solpbatee  of  manj  otguiie  bu«s,  t.g.  elhjlamina, 
methjlamlne,  eonine,  units  with  sulphate  <J  alumimum,  Ibrming  alums  isomoiphou* 
with  common  potash-alum. 

Natonkl  minerals  likewiae  affbrd  examples  of  this  kind  of  isomorpbism,  to  which 
attention  has  been  tierticalai'I}'  dii«ct«d  bv  Scheerer.     Thai,  certain  varieties  of 
sugite  and  bomblrade  contain  alumina,  while  othm,  which  are  &ee  from  alanuoa, 
contain  a  larger  proportiOD  of  nlioL.  the  subBtitatioD  taking  place,  aococding  to  Scheeier, 
in  the  prcportion  1  at  AU'O*  to  1  at  SiO*  (or  iJPCf  to  S^f  C),  bat.  aeoording  to 
BammdaUqb  ">  the  ratio  rf  2A1I*0*  to  SSiO*  (p.  169).   Another  instance  is  afforded 
bj  the  minerals  eoidierite  (dichioita),  and  aspasitdite,  which  are  ieomorphoDi  and 
•gne  in  oompoaitMn,  esetptiag  tha^  aconding  to  Scbeer«r,  1  at.  magnesia  in  the 
former  i*  r^aeed  b;  S  at  water  in  the  latter.    According  to  the  formula  given  bj 
BammelsSarg,  howam  (S/iiuraUkmtu,  pp.  T6S,  S34),  nx., 
Ccndierite,    6Umg0.e(AUi  Fie}>0'.lfSiO'. 
Aapaaiolite,  4Xmg0.6(AIl;  Fie)'O'.lSSiO<.BH'0, 
It  nipeaia  that  4  at  water  in  the  latter  take  the  place  of  I  at.  magnesia  in  the  fbrmer. 

Bar  a  fnU  development  of  the  theory  of  poljimenc  isomorphism  aa  applied  to  minerals, 
Bee8eheerar(Handw.  d.  Chem.iv.  ITO). — On  isomorphinn  in  general,  MeHi  tscher- 
tteh{Ann.C3i.Fh7s.  [3],  xiv.  17!;  xix.  3S0 ;  xxi*.  2fl4aadS6S).— Brsitbanpt  J.pr. 
Cham.  i*.  349).— PeiBOE,  Ann.  Ch.  Fbja.  [2]tlx.  119).— Brooke  (Phil.  Mag.  [3],xii. 

406) Jobnaton  (iMA  xiL  SSfi  and  480;  xiii.  40fi).— Sebaffgotach  (Pogg.  Ann. 

xlviii.  SSS).— H.  Eopp  {Oid.  ]m.  446).— Hankel  (Oid.  It.  479).— Prankenheim 
(J.  pr.  Cbem.  xm.  SG7  and  26SV— Wallmark  (Md.  xxxL  169\— NiekUs  (Conpt 
rend,  xxrii.  BU>— Faatenr  (aid.  xxviiL  477).— O.  Boae  (Fogg.  Ann.  lixvi.  7G; 
IxviL  14S). 

ZSOWX^MOVMBVIO  AOa>    Bee  Pesnic  Acn>. 

nomiAMS.    Sjn.  with  F>Junuiiin(iL  707). 

XMWKBMm  CH*. — A  rerj  volatile  hvdiocarboD,  pol^erio  with  eaoutchin 
(L  7G7),  obtuned,  tMsther  witli  the  latter  and  otber  leaa  volatile  products,  bj  the  dry 
distillation  of  eaoDt(£oue  and  gntta  pereha.  Aitsr  r^>ea(ed  lectiflcation  over  sodium, 
it  boils  between  87°  and  SB°,  has  a  ipeeiBc  gravity  of  0-6833  at  30°,  and  vapour- 
denaity  ■m  3'40  oka. ;  2-36  calc.  Afta  keeping  &r  a  moulli,  it  became  thiiiened,  and 
aoquind  a  blaaohiog  action,  ia  conaeqnenee  of  the  absorption  of  oione :  on  enbae- 
quently  <ti«>iliiT.g  n^  the  oione  acted  violantlj  on  the  hjdrocaibon,  and  the  residue 
snddenlv  a^idUed  to  a  while  amoridKnu  maaa  having  the  eompoaition  G>^"0. 
(Or.  Williami,  Fme.  Boy.  8oc,  z.  S16.) 

BMWmvmzo  AOm.  Pieroegamic  aeid.  Cf^W.  (Hlaiiweta.  Ann.  Ch. 
Fharm.  ck  289;  Jahreaber.  IBSO,  p.  4fifi.  Bayer,  Bull  Acad.  roj.  Bslg^ne,  [3]  viL 
Vo;  8.)— An  add,  iaomerio  with  purpuric  acid,  liiit,  like  the  latter,  not  known  in  Uis  frea 

Tot.  in  F  F 
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■tate.    The  potaautun-Eolt  is  obtained  bj  tlie  action  of  ejiaaidc  of  potaauum  on  pinia 

C«H1iTO'  +   ZCSK  +  SBK>     =     CTH'KN'O'  +  C0»  +   NH*  +   3KH0. 

When  ■  eolation  of  3  pta.  cfanida  of  potasainm  (prapared  by  Li«big^E  pKCesa,  ii. 

216),  in  4  pta.  irator,  wanned  to  abont  6(fi,  ia  mixed  with  a  auation  of  1  pt.  peric 

acid  in  9  pta.  mter,  the  mixture  being  conatoutlj  itirred,  a  strong  odoar  of  ammonia 
and  hjdrocTanic  acid  ia  eiTea  off,  and  the  liquid  eolidifiee  on  cooling  to  a  soft  dTatal- 
line  pulp ;  and  on  (training  this  mass  apon  Unen,  ptessing  it  iHttween  bibnlona  p^iar, 
heating  and  triturating  the  ted-broira  oystalline  reeidae  with  a  small  quantitj  of 
water,  then  tluowing  it  on  a  Sltar,  w«ahing  it  with  fiold  water,  again  preoain^  dis- 
BolTing  it  in  a  larg«  qoanlit;  of  boiling  water,  and  leaving  the  hot-Bltered  aolntion  to 
cryataniae^  (K>piiT|iwrati  q^poftuaittnaeuratoa,  aa  a  metal-^ieen  film,  and  in  brown-red 
ctyatallina  aoalea,  exhibitina  a  green  colour  hj  reflected  light.  It  diBHOlrM  aparinglj 
in  eold,  nune  laailj  in  boiBng  water,  impartdng  a  verj  deep  porple  colour,  and  la 
prcdpitMed  ftom  a  umcenttated  aolntion  b;  carbonate  at  potaaainm, — which  drcom- 
•tanee  nu^  be  taken  adrantaoe  of  in  the  preparatian  of  the  ealt,  it,  in  cooMquoioe  of 
the  preeenceofimfisritiBi,  it  doee  Dot  wpaiate  spontaneoasl;  ta  above  deecrib«cL  The 
aalt  diawdvea  alao  in  dilute  eUohol.  "Wtieabeated  to  about  21fi'>,  it  decompoeeo,  wiUi 
somewhat  itamg  iBtont-titm,  slight  ap^waranee  of  Ore,  and  formation  of  a  gray  olond : 

caleinm,  atrontiom, 
of  eyaoogen. — The 

The  ammonium-tait,  CH'(MH')N>0'  fat  100°),  separates  in  metalUo-shining,  dark- 
green  crystaU,  on  adding  a  solution  of  diloride  of  ammoDtum  to  a  very  concentmted 
solutkon  of  the  pot^aaiam-Balt,  It  it  easily  reOTStaUisad,  and  then  forms  gmall  wedge- 
ahaped  crystalB,  brown-red  hj  transmitted  and  green  by  reflected  light.  It  is  very 
slightly  soluble  in  eold  watn,  mon  mrily  in  boiling  water,  forming  a  deep-porple 
Rolntioo.     When  heated  on  platinum-fbil,  it  deflagrate*  like  (rnnpowder. 


daflagistes  with  a  dBmling  green  lighL 

On  mixing  the  hot  concentrated  solntionB  of  cyanide  of  barium  and  picric  acid,  the 
liquid  acquires  a  blood-red  colonr,  and  depoeite  a  dack-coloored  precipitate  which  ia 
tsKlved  by  hot  water  into  a  red-brown  powder  with  green  Instr^  soluble  in  wata,  and 
s  lubatanee  eontaininga  larae  quantity  of  carbonate  of  barium,  insoinble  thendn. 

The  caMun-Ki/f,  2&H<C^K>*.3EK),  separatee,  after  24  honn,  from  a  niiitnre  of  * 
hot-saturated  solution  of  the  ammonium -salt  with  chloride  of  calcium,  in  green  metallic- 
shining  needles,  which  give  off  their  water  at  110°. 

LeaS-Mlt,  0*H'FbNK)*. — The  solution  of  the  potaasiBm-salt  is  completely  preapi- 
tated  by  neobal  acetate  of  lead ;  the  precipitate,  which  is  at  first  brown  red  and  xei; 
biLU^,  aoon  b»eomas  daA  Tiolet-bmwn  and  pnlTcmlent;  it  diasolvea  with  purple 
trAaaz  in  boiling  wMw,  and  the  oolntiou  depoaUs  slender  mieroscopia  needles,  which, 
aflw  diyinib  ai«  lig^  tvown-red  with  peaush  iridcKence,  and  detonate  very  sharply 
when  heated.  It  is  not  eouidelely  decomnosed  bj  sulphydiie  add,  and  on  boiling  the 
Temaining  man  with  water,  a  yellowiah-red  solution  is  obtuned,  which  depoaitB  ahming 
Inown  ciyst^line  tofts  having  the  composition  of  the  original  salt. 

The  potoaiilon-Mtn,  CfH*^*0*  (CB'EN'O*,  acsording  to  BSyer),  hu  been  already 

The  lUver-talt,  CH'AgNH)'  (at  100°),  sepamte*  flvm  a  solution  of  the  potasaium- 
■all^  OD  addition  of  nitiate  of  silver,  as  a  brown  precipitate,  which  dri«<  up  to  a  dark- 
N  poasesaing  mstallic  lustre.    It  detonalM  when  heated,  and  diawlTea  with 
lonr  in  a  lanre  quantity  of  boiling  water. 

■HaN'O*,  is  ohtMned.  like  the  potassinm-aalt,  I7  the  at 


eyanide  tit  sodiUBi  on  picric  add.     it  is  dait-uieun  witb  metallic  lustre. 

water  mndi  more  easily  than  the  prtsiwinm  iwlti  and  ia  more  difficult  to  ci;stallisa : 

the  idtiion  is  red. 

The  atrmMm-soU  is  obtained  by  adding  nitrate  of  strontium  to  a  solution  of  the 
poUa^nm-salt,  as  a  gimn,  pnlvenilent,  indietinctlf  erystalline  precipitate,  which 
defl^rates  with  a  red  flame  when  heated. 

HUsiweti  regards  isopurpnric  acid  aa  d 

described  as  acid  salts.    The  neutral  salt , 

but  the  Bolutioii  of  the  monopotasaic  salt,  mixed  with  caustic  potaah,  acquires  a  itA- 
violet  colour,  and  yields  a  precipitate  which  soon  decomposes  and  tarns  brown.  A. 
similar  change  of  colour,  followed  by  rapid  decomposition,  is  produced  on  triturating 

,     „.C,oi)gl, 
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tba  barinm-ult  with  bc^ta-water.  AH  the  BaJt«  am  tsi?  mncli  like  the  coiTeipraidiiw 
parpaaOai;  the  ■Bunonitun-Ml^  ncoordiiig  to  Qrailich's  determiiutioiu;  ezaetlj  »- 
■nmbln  pmpnntn  of  unmoDiiuii  (imutKui),   in  its   cijBt^liiM  fbnn  and  optical 

XMOWTMM  (from  Ir«t,  equal,  and  viip,  Are,  became  its  appearancs  when  fiued  is 
the  wna  as  in  the  natural  state).  A  nlieats  of  ealeinnt,  alamininm,  and  iron,  found 
at  St.  Jut,  near  Fenaanee,  in  Cominll,  in  a  qnaiteoee  gratiite,  with  tonrmalin  and  tin 
on ;  alw  in  breMia,  on  the  CaHon  Hill,  Edinburgh.  It  bean  eontiderable  rMomblance 
to  olnidian,  hsTing;  a  eondundal  fractme,  no  eleavaee,  a  gnTieh-black  to  TelTet-black 
coloor,  and  Titrtom  Inatre.  Specific  STavitf,  2-BI2;  hudnea  9  to  SS,  neaitj  equal  to 
that  of  orthoclaae.  Kelts  beftu^  the  blowpipe  to  a  black  nugnetic  globnle.  Coutaio^ 
•ecoidins  to  Turner's  ansljns  (Ed.  K.  PM.  J.  iit  2fi3),  iT«»  sifica,  18-91  per  cent 
alumina,  16-43  lime,  20-07  feme  oxide,  and  I'Bl  cupnc  oxide  (lo«  l'£6  per  cent.), 
agreong  nearW  with  the  fimnnla  0a*O.  Al*0*.3SiO*,  whidi  is  eesenUall;  the  Bsnie  as 
that  of  labradorite;  bat  pait  of  the  iron  in  the  mineral  apprars  to  be  in  the  Mate  of 
protoxide,  and  as  long  u  thii  amount  remains  nndsCemined,  the  *w"ii|lii  cannot  be 
llied  with  eeitaintf. 

ZSOTABTAmXO  AOZB   and   ISOTAWnUBIO   AOZIM.     See    TuTABIC 

ACID,  DSKITATITW  Of, 


i  nannlar 


n  Qeoi|^  and  North  Carolina,  where  a  few 

n  found.    (Dana,  ii  24.) 

Loxs,  CH*0'.^An  acid  obtained,  togFtho'  with  dtraconie  add 
(i.  S02},  b;  the  dn  distillation  of  eitrio  add.  It  bears  a  doae  nwmblance  to  eitiaconio 
add,  bnt  diffo*  from  it  in  aolnbility  and  in  its  reacdous  with  nitric  add  and  with 
bnHnitie.  It  is  prefMied  l^  beating  dbie  add  in  a  retort  by  a  spirit-lamp,  care  being 
token  that  the  beat  is  appbed  at  the  bottom,  and  not  on  the  (idea,  as  in  the  latter  cass 
a  portion  woold  hs  conTcrled  into  eitraoonie  add.    The  distillation  is  eontimied  nntil 


water,  and  evaporated  to  dystBllisation :  the  crjstalii  which  are  firat  formed 
of  itaconie  add ;  dtraconie  add,  which  is  alwajs  fbrmed  at  the  same  time, 
remains  diasolred  in  the  motlur  liqnor.  Frei]nentl7  the  distillate  oolidiflee  on  cooling. 
In  this  ease  the  erTBtals  are  preesed  between  bibulous  paper  on  aplata  at  1IK>°,  and f  hen 
between  paper  moutened  with  abaolnte  aloohol,  and  laeuy  reerTBtalliBod  &om  wat<r. 

Ilaeoaio  add  is  inodonMS,  and  ha*  a  strong^  add  taste :  when  -Tjrriillitml  fiom 
water,  ft  has  the  Ibnn  of  a  riiambia  oetehedion.  It  dioiolves  in  17  pt*.  of  water  at  20°, 
and  is  nudi  more  solnhls  at  a  highM  tempentnre.  ItiesolnbleiDafcoiMandin  e(Jl<r. 
It  melts  at  161°  to  a  etdoodess  liquid  which  cijstalllwe  on  cooling;  when  further 
heated,  it  decompoaes  into  dtraconio  anltTdride  and  water.  Unlike  dtraconie  add, 
it  does  not  jitJd  meeaeonie  add  when  tinted  with  nitric  add.  When  treated  with 
broBiiiu  and  vster,  it  tiikes  up  3  at.  bromine  without  evolntioa  of  bjdrabNmic  adi^ 
and  forms  an  add  having  Uie  compodtion  of  dibromo-pjrotartoric  add,  C'HfBr*0*, 
(Keknli,  Ann.  Ch.  Phann.  Snpp.  l  S38 ;  iL  111;  CahonTa,Ann.  Ch.  Phys.  [8], 
'     '■■  ■"     "  " toiiio 


lifil  12Bi  and  called  ttadibroiBotueeinie  aoid  by  Kekuli,  dibrc 
aeid  by  Cabonii  (see  Ftbotabtabic  acm,  DaaiviTins  or).     Citraconic  add  yields 
the  same  or  an  isomeric  acid  (Cabonra).    Itaoonic  add  treated  with  (at{itu]i-.a«a£;ant 
takes  up  2  at  hydrogen  and  tbrma  pTiotartaric  add,  C*BK)<  (Kekali). 

Itaconates.  Itaconie  add  is  dibadc,  fbrmiiu  add  ntits,  CHIlO*,  and  neutral 
Baits,  Cfl'UK)'.  The  neutral  itaconates  of  the  aUali-metaU  do  not  ciystallise.  The 
add  fflnttntm  salt  is  Tery  aolnble  in  watar,  and  tarstalliBca  in  hutitms  lamina.  It  is 
obtained!^  nentiBliaiDg  th«  add  with  po^dij  addiBgaqnantityof  add  equal  to  that 
already  taken,  and  evaporating  to  emtallisation.  The  alkalizie  salts  are  solnbls,  and 
give  white  predpitatei  with  &  ai^ible  aalta  of  lead,  maicniy,  and  silTer. 

^"riflits  af  nautaln  anMi  The  amides  of  itaconie  acid  are  not  known,  excepting 
pt^am  ilamnamie  aoid,  whidi  wpearatobe  formed  byhealingitaeanateof  ammonium 
to  \W',  whereby  a  browniah  add  mass  is  obtained  which  ftnna  a  very  aolnble  salt 
with  ammoninm.  Bnt  some  of  the  oorre^onding  ^enylamine.e(napouiids  haTe  bean 
inrastiaaled  by  Qottlieb  (Ann.  Ch.  Pham.  Izxrii.  21f),  to  whoae  i«Kaiehe8  the 
reader  w  roCeired  fiw  f^irtber  details. 

Pilnqriitewmnitiib,  CH'tlM)*,  is  derived  fromnsntnldtnoonateof  phenylamineby 
the  loM  of  two  atoms  of  water: 


byGoogIc 


4S6  ITTNEEITE.— JALAPIC  ACID. 

It  Ii  obtained  bv  heating  itai»iuo  add  vith  ezcew  of  pheajUmine  in  a  retort  at  a 
tempBrature  a  UtUs  ibaie  130°.    It  OTalalliaea  in  luge  thin  platea  with  a  pairij 

pief^lUamnaBue  add,  0"H"NO',it  derived  from  Uis  acid  itacoDat«of  pluiDjIaiiiiDB 
by  loaa  of  water: 

C"H"NO*  -  ffO     -     C"H"NO'. 
It  U  obtained  \tj  eytpomting  phBDjlamina  to  di7n«ei  with  an  eio««i  of  ItMonic  acid, 
Bod  heating  the  reridue  a  litils  above  100°.     It  forma  Uige  coloorlesa  needlea,  moie 
eolnble  ia  alcohol  than  in  water.    HeaUd  to  160°  it  ia  decomposed. 

Xteoonle  Btbar,  CXH''0<  -  C*H<(C^H'J>0<.  Itaconic  acid  ia  mixed  wiHi  alcohol 
and  Iijdiochloric  wid,  and  the  mixtnre  diitilled  nntil  abont  a  third  of  the  alcohol  has 
paaaea  orer :  water  ia  Uien  added  to  the  Teaidoe,  which  aepaiatea  the  ether.  It  ia  a 
eolonrleaa,  inodorona  oil  with  a  ali^t  BKUMtia  odonr  and  Utter  taite.  Itboilaat22G°, 
hut  begina  to  decompoae  at  this  point.  £.  A. 

TnwMRSTM.  A  ailicate  oocarring  in  monomatiic  cryvtala,  with  dodecahedial 
deeTag^  also  granoIailT  maoaiTe,  in  the  doleiite  of  the  Kaiseistuhl,  near  Freiberg ;  in 
haaallie  dolmtte  at  fiaabach ;  in  phonolitic  dolertte,  with  pjritea,  titanic  iron,  and  apa- 
tite at  Endii^en.  Hardneea  —  SS.  Specific  e»^^  —  ^'37  to  2'iO.  Colonr  d&rk- 
Unlgh  or  aah  pay,  or  amokj  grej.  Lnatn'  reeinoua.  'Aanalneent.  Fiactuie  imperfectl; 
oondliAdaL     When  heated  in  a  tnbc^  it  ^vea  off  a  la^  quantitj  of  water,  sJid  before 

the  blowpipe  melta  etaij,  with  atrong  intnmeecencs  and  endotion  of  snlphor 

hydnde,  finmiag  ft  Uebbf  opftqne  gUn.    Forma  a  dear  glaas  with  borax.    Qeli 
eaajh  with  acida. 

1^  compoaition  of  the  mineral  ia  ahown  by  the  tbllowing  analjiM'.  a.  b;C.  Qmelin 
(Schw.  J.  xxxtL  71),  b.  by  Whitney  (Fogg.  Ann.  Ixx.  413). 

ao>       80>       CI        A1<0>     F*>0>    C*fO     Km*0      K>0  udlou* 

a.  31-03     2-Se     0-78     38*0     0-«l     T-2B     ISIS     I'Se     1076   -      SS'SS 

b.  Sfi'SB    l-es    l'3fi    2B-I1     .     .     G-01     12'G7    1-20      S-B8  -     OS-SI 


According  to  the  latter  analyma,  ittnerits  may  be  Mgaided  aa  a  mixtore  of  hydrated 
aodalite  tud  hanyne  (p.  IS).  (Dana,  iL  319;  Bammelaberg,  Itineraieltema, 
p.  712.) 

TWA^MTTM,  A  blaA  mineral  from  Iwaars  in  Finland,  which  {ryataUiaee  in 
'  uonometiic  fonna,  melta  bafbn  the  blowjupe  to  ■  bla<i  glaat,  aod,  according  to 
ThoreldiCODfiitiof  dlioa,  titenieadd,  lime,  and  ferric  oxide:  pwh^  identical  with 
Bchorlamita.    (Bammelaberg  JfiiunibAtMu,  p.  S8T.) 

IxnraxnL  A  TarieQr  of  tantalite  bom  Eimito  in  Finland,  containing  eonaidei- 
aUe  qnantitiei  of  man^ueae  and  tin. 

ncoUTB.  A  fbaiil  reoin  fbnnd  in  a  bed  of  bitaminona  cool  at  Obohart,  near 
Qlogynita.  It  ia  amnpboiu^  with  a  fctty  Inatre  and  hyacinth-red  colonr,  becoming 
yeUowiah  when  pnlTeiued.  It  la  anbteanalncent  in  thin  fragmenta.  Fracture  im- 
perfectly amchoi'dal  in  the  pnrer  varietiea.    Spaaifla  Bravi^  -•  1-OOS.    Haidneaa  —  I. 


XftXAV.  Thia  name  ia  applied  to  Uie  rmta  and  bibera  of  certain  ^lanta  of  the 
eonTolTnlaoeoQB  order,  which  yield  porgatire  reeinB.  The  tme  or  officinal  jalap 
cooiiita  of  the  tnberi  of  CanvolmUtu  Schitdatuu  (or  ^roffirnia  purga,  acoar£ng  to 
Pereira),  which  eontaia  a  atrongly  purgatiTe  reain  called  conToWnlin,  (^'H^" 
(tL  JB),  Kayaei'a  i-Awfevnh'n. 

Sparione,  woody  or  fneiform  jalap,  jalap-wood,  or  jalap4talka  (8tipitr$ 
JalMa),  the  root  of  OmvoltnJat  oriMhaitii,  ia  Bometimee  miied  with  gennine  jalap. 
Ita  diBiacteriatic  principle  iajalapin,  (7*H'*0>*  (Kayser'a pdnirAod«ar<h'R,  p.  13S).  a 
'    '        '       la  with  coDTobnlui,  and  Idenlieal,  or  nearly  BO,  wither -'-  "■- 


le  of  CbwHiIniflM  ftoMMDM^  (p.  4SB).  The  experimenta  of  W.Mayer 
(Ann.  Ch.  Fharm.  xer.  10!)  aecm  to  ahow  that  both  conTolmlin  and  jalj^n  eiiit  in 
both  kinda  of  jalap. 

fA&AVXOAOtB.  C"H?*0'>?  Scammonie  ac  ScamMoninie  acid,  (W.  Mayer, 
Ann.  Ch.  Fharm.  xcii.  US;  xcv,  129.  Spirgatia,  I'Mif^  eiTi.  2SS.)— Anaddprodnced, 
with  aiwimiUtion  of  water  by  diaaolnng  jal^in  ia  aqneow  •olutiona  of  the  alkali*  or 
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sUbUb*  Mitfu.  Jakpin  is  heated  wilJi  bujta-Tater  to  the  boDiDg  pcnnt,  QBtQ  tha 
irtiole  ia  dilBolTad,  uid  iwidi  no  loagei  foim  a  pram^tate  in  the  lolnticin ;  ths  bsiTta 
b  thao  itmoved  I^  tnlphuio  add ;  the  ezoeM  of  thu  add  bj  hjdnia  of  Jnd  ;  ud  the 
diflsolred  UtA  bj  nb^dric  icid.  The  Sltiate  boiled  to  temoTa  the  ndphydria  acid, 
and  VTWontfd,  oeponia jilspic  acid,  which,  in  t»Me  it  has  become  colound,  ma;  bo  da- 
eoloriaad  trf  tnatment  with  animal  chucoal,  or  b;  boiling  it  with  a  littls  hjdiat*  of 


euily  in  vaitr,  eaailj  ftlab  in  aleoiuil,  inm  eiail;  in  tiitr.    It  aontaina,  accoidiog  to 
Uu  mean  ot  Hajmi'i  analTma,  ei-4  pa  ctnt.  oarbon  lod  S-3  bydi^en ;  ae«ording  to 
■gatia,  fi4'6  carbon  and  8'2  bTdionn :  henoe  Maysi  deduce!  tha  Ibrmnla 


n  of  Ifajei'i  analTma,  ei-4  pa  ctnt.  oarbon  lod  S-3  bydiogen ;  ae«ording  to 
Spirgatia,  54-6  carbon  and  8'2  bTdionn :  henoe  Ma;ei  deduce!  tha  Ibrmnla 
(^H^ff*,  leqniling  54-6  csibon  and  T'O  hjdrogen ;  the  fonnoLk  ahon  giTsn,  which 


loicei  64-0  eaAon  and  SO  hTdrogen,  is  perhapa  more  probable. 

lalspie  acid  dacompoaea  at  about  130° ;  whan  heat«d  on  plj^innm  fbil,  it  bnmB  with 
a  bright  sootT  Same.  When  a  concentrated  aqneoni  solntion  is  stirred  £>r  a  long  time 
with  faming  flStfrooUarw  aaid,  it  splits  np  into  jal^onol  and  glneoae  (Majar) : 

2C«'H^»     +     7H^)  -  C^'O'     -f     6(ra»0'. 
The  jal^HC  add  obtained  from  fcaaimon;  forma  jaUpinoIic  acid,  inatead  of  jal^inol 
(Spiigatis ;  m«  p.  440).    The  Mma  deec«iipo6itwn  i^Feaz*  to  be  caosed  In  emnlain 
nfayer).    Ha^  obtained  alph^ab  '      "■ 


, ^  ._ ,.  -,—,--  add  I7  boilii^  jah^  add  with  dunte  •cids 

B^  lutric  acid  jaluiie  add  ia  cmrgrted  into  Ipanude  and  cnalie  adda.  When  malt«d 
with  hgcbvU  0}  todiitm,  it  giTca  off  hydrogan,  and  fonna  jabqiinolie  and  «aalia  acids. 

Jalapatea.  Jaluie  acid  unitea  with  basea,  Ibnning  salts  in  which  1,  S,  and  8  at. 
hydrogen  an  replaced  b;  the  same  nnmber  c^  atoms  of  met^I :  mixtures  of  thcae 
diSarant  salts  are,  howerer.  Tan  apt  to  fl»m.  It  displaeea  carbonic  add  bom  the  car- 
bcmate*  of  the  aUialia  and  alkaline  e«Hha.  Even  when  ninitralised  with  an  alkali,  it 
gira  no  precipitate  with  anj  metallic  «alt,  «xc«pt  bade  Metata  o!  lead.  The  jalapatas 
are  amoiphona. 

AtHun-soAs.  The  Momhttrstio  lalt,  (T^fBaQi*,  ia  obtained  by  mixing  aqueous 
jalapie  add  with  a  slight  exoras  ef  baryta-water,  removing  tha  excess  of  baryta  with 
earbonio  add,  then  wanning  and  ersporatiiig  the  filtnti.  It  resembles  Iha  triba- 
ijtiesal^  and  contain^  acoordiDg  to  Mayar'a  asalfais,  19'T  pw  cent.  C,  7*6  H,  and 
S-9  Ba,  tha  abora  formula  requinng  4S-1  C,  71  H,  and  S-3  Ba. 

The  MSorjrfM  tall,  C*'H'%'0'^  is  prepared  by  boiling  Jalainn  for  4  to  fl  hour^ 
with  2  pta.  I^drate  of  berinm  and  1  pta.  water  (or  mixing  it  with  an  equal  wdght  of 
hydrateofbanom,  malted  fiirhalf  an  hour  in  an  air-bath,  and  Chen  heated  with  water), 
and  psMii^  carbonic  add  thiougb  the  boiling  eolation,  which  ia  then  Utered  and 
T«pot»*«ddo*n,andtherediine  dried  at  100°  a  a  current  of  air.  It  is  an  amoiphoos, 

atiBl,  sliglitlj-colonred  maas,  having  a  slight] 

100°,  and  decoinposea  with  intnmeacence  w 

'—  uid  alcohol,  and  ia  not  decomposed  by  catbonic  ai 

fl-0  H,  and 
raqnirea  43*4  C,  G-9  H,  and  21-S  Ba.] 

A  nit  <rf  intermediate  oompodtion,  perfaapa  the  dibarytie  lali,  »fpta»  also  to  be 
formed  nnder  certain  drcmnatanoea  (Mayer). 

JalapeU  nf  lead. — Becently  pradpitated  hydrate  of  lead  diasotrea  in  boiling  aqnean« 
jal^qnc  add,  forming  an  amorphous,  ewOy  scJabU  aalt.  When  the  aqneons  scid  is 
boiled  for  a  long  time  with  excess  of  hydiate  of  lead,  a  gnnuny,  tuincfled,  basic  salt  is 
r        J  _j....i r,  and Tfliy  Bparinglr  mIoMb  in  alcohoL  Thaaqueons 


add  gives  no  piedpilate  with  nentrsl  acetate  of  lea^  but  copioua  wl 

bade  acetate  (Mayer,  Spirgatia).  Ammoniscsl  acetate  of  lead,  or  uia  oasic  scetaie, 

throw!  down,  from  tha  aqaeoss  add,  a  floccnlant  predpitata,  which  may  be  purified  by 


re^trd  Solution  in  ■  .       * 

dried  over  oil  of  vitriol,  it  do«  not  lose 
eording  to  Eeller's  asalyBia,  811  per  ci 
SS-l  per  cent    Eeller'a  salt  probably  « 


^H'H)",  (W.  Hayer,  Ann.  Ch.  Pharm.  xcv.  IBB.)— 
nnenouniesqaKiusjalapie  add  is  boiled  for  not  too  long  a  time  with  hydtoehloria 
or  dilute  atilphurio  add,  one  part  of  the  jalapic  edd  is  comfilet«Iv  converted  into 
jalapinol  ma  sugar,  another  imidler  part  into  alph^alapio  acid,  which,  on  coolin^^ 
sepaiatea  oat,  with  Uia  jalapinol,  as  a  kH,  brown,  spmi-crystalUne  moss.    By  boiling 


.  Coiigic 


•M  obtained,  whfle  jal^iiiuite  of  buinin  remainB  in  BolntioD.  Tbs  nredlefl  ue  puri- 
fied by  veoTrtaUiBBdoD  &om  mMr ;  tben  diasolTed  io  boiling  mter,  ud  deeompoBrd 
li;  aMtie  Mid ;  and  tbc  ili^UijaUine  add,  vhieh  eryBtalliBM  out  on  cooling,  ia  oollscted 
■ad  pnrifled  br  wtsfaing,  ndystailiaiDg  (rcim  -water,  addolatioD  witb  acetic  acid,  loln- 
tion  in  alcohol,  uid  preei{«tation  with  hot  water. 

Alpliqjalsfno  acid  frain*  white,  flezibte  needlei,  exhibiting  a  Kiky  lustre  undrr 
watar,  mduig  below  80°  to  a  pale  yellow  thin  oil,  and  fonnina  a  eiTBtilline  solid  on 
cooling.  Ithu  no  nnell.  bat  an  initatiDg  taatf\  witb  sweeuilh  utei-taile,  and  ii 
feeUj  acid.  It  diasdTM  iparinglj  in  cold,  more  beel;  in  boiling  vnUer,  e^dly  in 
•loohol  and  in  ether. 

When  the  barium-nlt  (or  the  acid  itael^  ia  ieaUd,  it 
and  prt»  off  a  brown  acid  oil,  which  lolidiflM  on  cooling,  p  , 
form.  When  tnutod  with  dibile  aeidt,  or  boiled  witJi  titfrte  aad,  or  melted  with 
h/draU  of  potattivtit,  it  eibibita  the  same  noctiona  ai  jalapic  acid.  In  the  decompo- 
aitaon  witti  dilute  aada,  however,  onlj  4  at  si%Kr  an  Ibnned  to  1  at.  jaUpinol,  wheieai 
j^afiic  acid  (jp.  4S7)  yieldi  6  at  angar; 

aC^H-H)"  +   6HK)     -     C^"0'  +   4CrH"0'. 
Jlpk^alt^ttte  of  baritHo,  ppBDored  aa  aboT^  finma  white,  glittering  brittle,  erTstal- 
line  needira,  hanng  a  BweetJBti  irritadog  taate,  and  meltii^  eanlj,  withoat  loss  of 
water,  to  a  thin  oil,  aoluble  in  water  and  la  alcohol.    It  oontaini  lOA  per  ceat.  Iwriiua, 
oorrMponding  with  the  tbimnla  CJcCBaO",  which  reqtures  IO'<l  per  c?nt.  baKnm. 

TJUbAVZW.  C^H^O".  (J.  Johnston,  PhiL  Tiui.  1840,  p.  M3;  Fhil.  Mag. 
m,  zriL  IS3.— A.  Eayser,  Ann.  Ch.  Pbarm.  U.  101.— W.  Mayer,  Hid.  xcT.  13B.— 
OnJal^in/hmtcMnmotiy-rain:  Johnston,  FhiL  Trana.  1840,  p.  StO.—Fr.  Keller, 
Ann,  Ch.  Phum.  dr.  63 ;  further,  with  altered  data,  ibid.  dz.  209.— Spirgatia,  ibid. 
om.  28S.) 

Tbia  ■nbatance  (Eajaer'a  ParariedtorttiH)  oeetan  in  the  i«ot-«talk  of  OOnvettndtu 
(or  Ipomaa)  ariraian«u,  tbe  jalap-et&lka  or  ^alap-wood  of  commerce,  ud  forma  th« 
principal  portion  (adable  in  ether]  of  Uie  jalap-reain  prepared  ther^rom.  [On  the 
miu  of  tnbaraee  jalsp-ioot,  see  ii.  Ifi.] 

The  reain  of  ialajMrtalks  hai  been  examined  also  by  Hinle  (Brpott.  ilriii  MS), 
■ndFlanehe  (J.  Aiann.  zxir.  189).  According  to  Weppen(N.  Br.  Arch.  IzxzTiL 
163),  it  Roemblea  the  reain  of  Convolvulut  antiuii,  which,  like  iaiqiin,  aasnmcB  a  fine 
purple-red  cdour  with  eolphuric  add,  and  te  >oliJ}le  in  ether  (contrary  to  the  etate- 
ment  of  Planche,  J.  Phonn.  xiii.  !6£,  who  fbond  it  insolnble  in  ether).  The  eaae 
redll  has  been  aiamined  by  Chevallier  (J.  Pb&rm.  iz.  SOS).  The  reein  of  Cornolrndta 
BotdaneUa  appean,  accoidmg  to  Planche,  to  be  fredy  sdnble  in  ether  and  alcohol,  as 
■In  the  portion  of  the  taberoee  jal^-root  which  la  soluble  in  ether :  both  these 
rasins  are  therelbre,  perhaps,  jalapin. 

Commercial  acanunany  leam,  &□:□  CbfieoJviJiu  Seammatda,  was  described  some 
years  ago  by  Bonillon-LBgrang,e  and  Voga]  ;.  also  bj  Planehe  (J.  Fharm.  liii 
IflB;  iTiiLiSS).  CI.  Marqoart  (N.  Br.  Ardi. -rii.  248;  t  138)  dawribed  the  reda 
obtdnrdfrom  the  root,  and  believed  be  had  KpBiated&oniitaT(getabIebase(a>nMf- 
vMnt).  Johnston  recognised  the  similantf  between  scammony-rasin  and  the 
resin  of  Uie  jalap-stall:s ;  Spir^atis  showed  that  fcamfflonin,  the  chief  constituent  of 
the  former,  is  either  idButiod  with  joUpin,  or  differs  from  it  only  in  so  far  that,  when 
decomposed  by  adds,  it  at  once  yidds  Bcammonolie (jalapinolic)  add;  whereas  jslapin, 
according  (o  Mayer,  when  trEated  in  a  similar  manner,  jtdda  at  first  jah^iinol  (p-  430). 
These  statements  are,  perhaps,  better  founded  than  the  eonba^etatementaof  Keller 


According  toPlancbe,  the  r«dn  of  CbntnlsuAu  (eptum,  and  according  to 

and  Charlard,  that  of  G«b.  7i<r»!(A«Bi  ( J.  Ph  ""   ■"" 

ether,  and  xaAj  thue  be  difltdngnished  from  jalapin. 


and  Charlard,  that  of  Conv.  Tarvethum_  (3.  Phann.  dii.  Ill),  are  not  soluble  in 


•ad-EoBmann(ik  44(>). 

ccording  toPlan 
iTTard,    - 

.    d™«rti: 

In  whst  foUowB,  the  stsUments  of  Eayser  and  Mayer  ■'date  to  jalapin  from 
jalap  stalks;  those  of  Keller  and  Spirgat  is,  to  that  &om  scammony. 

Preparatiim. — a.  From  commordd  Retina  jaliatpa  w  ttipitibui.  To  a  solution  of 
the  resLn  in  a  laige  quantity  of  alcohol,  walei  is  a^ed,  until  it  beoomee  alightW  tolbld ; 
the  whole  ia  repeatedly  bailed  with  animd  charcoal,  and  the  slill-eotonnd  nitrate  is 
predpitsted  by  neutral  acetate  of  lead  and  a  little  ammonia,  which  produeea  a  amall 
gresnisb-biowii  predpitate.  The  liquid  is  filtered,  and  the  filtrate  freed  froin  lead 
bj  passing  snlpbydric  add  through  it,  then  beating  and  filtering;  the  alcohol  is  again  die- 
tuled  ofil  and  the  resinous  teeidua  repeatedly  kneaded  in  boi£ng  water,  then  diasolTed 
in  ether,  from  which  it  may  be  recovered  by  evapomtion  (Uayer).  Or  the  alcobolic 
resin,  after  treatment  with  animal  diorcoal.  is  boiled  for  a  long  time  witb  freshly-pre- 
d^tated  bydrated  odde  of  lead  ;  tbe  lead  is  sepaisted  fiiim  tbe  filtmte  by  snlphydric 
and ;  and  the.redn  is  throe  times  separated  by  water  from  tlie  ale^idic  aolntian,'thfii 
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wdlboiMui  mtar  and  duBolred  in  etber  (Mk^si).  KsyBsiexluiiitfltlterootwiCli 
•loofaol ;  ertnmtM  the  tinetoie  ;  wMhea  tha  leauunu  reeidae  with  hot  mter,  diBsolvM 
it  in  ^cohol,  Had  treaU  the  Bolation  with  uiinul  charcoal ;  distils  off  the  alcohol ; 
boili  the  roddne  again  with  vater ;  and  diisa  it  ovet  a  wftt«r-bath.  Johnston  ei- 
uniusd  a  reeiD  that  was  obtained  either  b;  dhwolving  the  commercial  rasis  in  ethnr 
at>d  erapontJiig  the  aolution;  ai  hj  azhaiiBting  the  ground  root  of  commerce  with  hot 
alcohol,  er^Kvating  the  brown  tinetam,  and  extiacting  the  reeidne  with  ethcv ;  nr  bj 


b.  From  Seammonj/, — CoartalT-powdered  acammonj  is  eilisDHt«d  with  cold  alcohol 
rbcoliiK,  acoordin^  to  Keller) ;  the  tincture  is  dilated  with  water  till  it  beeomoa  tnrbid, 
deeolonsed  by  anunr'  "' '  — '  "i-— -j     "-- ■ .  -»  .l.  _._.i._i  j_  i-. 


diaMltod  in  ether  and  recoTered  by  er^antion.    <Spirgatis.^ 

The  jalapin  (obtained  aeoOT^ng  to  a  or  i)  still  containa  asmaUoi         ,  . 
acid  (i^erumic  add,  accnding  to  Keller),  which  cannot  be  completely  remortd 


by  Toy  low  washing.    It  betrays  itself  by  the  smell  which  thejalqiin  emits  when  it 

ted  by  bases  into  jalspic  add,  and  the  resolIJDg  solution  supersaturated  with 

'     '   "      '  which  passes  off  in  the  water 

isiegarditai 


soft«n  at  1S3°,  and  melts  at  l(l)°toa  transpurenl^  colourless,  or  pale-yellow  syru^.   It 
is  tasteless  and  inodorous  ;  in  alcoholic  solutiou  it  gives  a  scaicely  pcrceptibls  acid  re- 


in (Mayer,  Spirgatis).  It  is  but  aUghtly  soluble  in  loaiar,  but  dlsst^ves  TeiT 
«asilj  and  without  decomposition  in  aleoiol,  looad-mrit,  ttlur,  sjid  MoToform,  It 
ditawTe*  also  in  beiizaie,  M  of  tatptnliiu,  and  petroUum. 


Tbe  eoiopoailion  of  jalqiin  dried  at  100°,  or  in  a  Taenom  at  common  tempesatore*, 
-"■ by  the  Ibllowuig  analyse*. 
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Johnston  found  in  the  resin  obtained  from  jalap-stalb,  60-76  to  66-S6  per  cent.,  in 
•canuDOny-rMtn  M-OS  to  6S'33  per  cent,  carbon.    Keller  giTM  the  fbrmola  (7"£P>0*, 

Deampontioiu.—l.  Jalapin  kiaUd  ahove  137°  gi™«  olT  carbon  and  h^diomn  in 
the  Dnni  of  a  volatile  compound,  which  contains  Ipbs  oxygen  than  the  residual  i«sin 
(Johnston).  Jala^an  which  meltB  at  160°,  becomes  brown  when  further  heated,  and 
■eauicea  a  pungent  empyreumatic  edour  (Spirgatie). — 2.  'When  heated  on  platinum- 
foU,  it  takes  Are,  barns  with  a  bright  sooty  flame  and  empyreumatic  odour,  and  leaves 
iJiBreoal. — 3.  It  disaolvee  slowly  in  cold  strong  ruifharK  add,  the  solutioi^  in  five  or 
ten  minutes,  acquiring  a  beantifut  purple  or  maroon-red  colour,  then  becoming  brown, 
and  finally  faladi.  On  standing,  or  after  dilution,  a  blown  reain  or  a  brown  tallowy 
body  lepuatee  traia  the  liquid,  while  sugar  remains  dissolved  (Eayser,  flayer, 
Spirgatis). — t.  By  heating  with  dilute  mineral  aeidt,  jalapin  (even  that  which  has 
been  diaaolved  in  aUulis  and  thereby  converted  into  jaUpic  add)  is  decomposed  into 
jalapinol  and  sugar  (Hayer).  When  jalapin  from  Mammony  is  beatad  in  the  same 
way,  jaltpinolic  add  is  obtained  in  pUca  of  jalapinol  (Spirgatis).    Formatioa  cf 

'     ^™'^'  2C»H"0"  +   IIHK)     =     0^-0'   +   eCffK)"    (Mayer). 
Of  jal^nolie  add : 


Quin  is  treated  wUh  stnuy^  inlphnrie  add  or  vHh 

_, o_, ft  to  ito^  three  deeompomtlMi-^adneta  rwnlt,  and 

the  fennation  Ol  a  fourth  (fbrmie  add  or  fonnic  aldriijKte)  appean  probable  from  the 
formolB.  The  pradnds  of  this  decomposition  an— n.  A  neutrai  body,  C^S^O*.  alto 
separaUa  by  alkalis  into  seanuoonolic  aeid  (jal^inolic  mA),  ud  an  aloMid,  C"S"0*.— 
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h.  An^Ue  aldtig^-w^iiiifUM*  onr  aa  Talsriame  ndd  irhm  k  ,  .... 

with  potaah-ley,  idiI  then  with  dUnta  mljiinrio  add.— «,  A  earbo-hgdraU,  C"fl'0', 
which,  howerer,  ii  oaoTeitad  into  wagtr  hy  mnplfl  boihng  wilh  dilute  inlfdniiic  acid. 
Kdler  girM  the  equatim : 

C'H-CF'     -     a*B''0'   +   e»fl»0"   +   tC"B*(P  +   CB-lf. 
"Bat,  aeeordiDg  to  Spiigatus  tJie  neutral  bod;  «  mnM  b*  Mowcled  aa  •th^l-acaumo- 
Dolic  ether :  moreorsr,  the  Talerianic  acid  ia  obtained  ool;  DMd  impora  acamnioniiL 
,nn  (J.  Fbann.  [3],  zxiriii  83),  fay  bdling  MunmuiT-niDn  with  dilate  aol- 


pbnric  acid,  oMaina  aogar  aod  hia  teamnumtol,  aa  a  soft,  jcUowiah-wbite  mbatanop. 
n4*ing  a  aiik'  '    '  '      ''         ■'--    —'  .^__  »       .l_  i..  _.i._.j         i_^-._ 

on  cooling^^] 
fonnnla  (^'H'K)''  lor  acammonin,  aiia 


aiikv  Inatie  and  add  reMtioD,  and  SEparating  fiom  the  hot  alkaline  aolntion 
He  f«1iMi1«tj»^  aceoidina  to  Johniton'a  anal^iia  of  acamnumj-Temn,  the 


0"H-0"  +   6WO     -  SCH-O*  +  CWtf. 
• — 6.  Wheo  jaUton  ia  diaaolTed  in  aqneoiu  aolntiiTna  of  eauttie  oUoUm,  amnuniia,  or 
baryta-Koltr,  or  in  bmling  oUaJttu  carionatti,  water  ie  aaaimilat«d,  and  jaUpie  Mid, 
■olable  in  watai,  ia  tormtS  (Mayer,  Spiigatia),  probablj  thoa : 

(?tH"0'"  +   2HH>     -     C!"H^'»  V 

Eren  the  pgwat  j'alapin  jielda  alio  tnoM  of  jalujndie  add  ndafidatile  add,  hut  do 
ensBi  (Ha;er).  mien  jal^dn  is  ntelted  with  fydraU  of  todimit,  hjdmgeii  ii  giTcn 
oCandjal>pin<JicandoulieBdd«aTefbnned(Ha]rer}.  Eellar, ^bcwngacaaimaain. 
with  ala^houepotaah,  obtained  daA  flakea  (on  aeeoont  of  impniitiaiiiidie  scsnunonin, 
according  to  ^liTgatia);  and  on  sabaKinentl^  adding  water  to  the  aolntion,  the  com- 
pound, (P'H'(^or  C'ii^iWaspredmtateduiirtiiteflBkeBiWliileTalenteof  potasdom 
remained  in  eolntioii.  The  bod;^  C"a"0,  regarded  b;  Eeller  aa  an  alcohol,  is  hkewise 
formed,  on  boiling  commercial  jalapin  (obtained  trata  the  reein  of  jaJap-atalka)  or 
acommon;  with  boiTts-water,  or  aolutioa  of  potash  ;  it  eisptovtea  with  the  water,  and 
aeparatea  in  gelatinoiu  flak»  from  the  distilkte.  At  iV  it  mdu  to  an  oil,  {XTstatliHa 
on  cooling  and  contain^  rai  the  aTOi^  78  per  cent  C,  14- 13  H,  and  788  O.  Keller 
regarda  t£ii  bodj  as  a  raodoct  of  the  detompodtion  of  Kammonin  (or  more  eiactlj 
oftbenentnlbddr,  C"J9"0*mO<<H'0';  8p&j^  k<^  it  aa  a  nuxtnie  of  reeine, 
■inea  the  greats  pmtioa  of  it  la  obtained  on  '*''™H'"g  me  impure  redn  with  water. 

0.  Bj  «j(m  aoid,  jalafon  ia  at  Aral  deoonwoMd  inta  jal^ool  and  (agar,  and  theae 
poducte,  when  Andier  nbiected  to  the  aenon  of  tlie  nitno  add,  sm  «anTwtfld  into 
ipomuc  and  oxalie  adds  (MaferX  ^  small  qnantinr  of  nitcie  add  does  not  odour 
jaUpin;  bn^  in preaanee of  gnaiac-rsain, a yesn adorn M prodneed (Boll,  Spirgatie). 
— 7.  When  tulpkmnu  anl^ride  is  paoaad  through  an  anunouiaeal  aleoludic  aolutitni 
of  soanUDonr  reain,  ailTerj-uining  pl^ea  are  separated,  containing  perii^a  an  aldehpie 
in  eombinstiOD  with  add  sulphite  of  ammonium.    (Keller.) 

jAI,MnMOIt.  CPH'K)'.  (W.  Ms7er,  Ann.  Ch.  Phann.  zcv.  IM.)— Jslairin 
aod  jalapie  add  are  reaolTed,  bj  contact  with  mineral  adds,  bIowIt  at  ordJnaij,  more 
qiuekly  at  elevated  temperatnies,  into  jalapinol  and  angar  (pp.  4S7,  1S9).  Jaluonol 
•nd  sngar  were  also  piodnced,  in  one  instuMW,  lAtn  aqueous  jalapie  add  was  Wt  ft>r 
24  hours  in  contact  with  emnlsioD of  slmonds  at  36°  to  88° ;  ■liiiiiisa  in  a  aaoond  expe- 
riment pore  emulnn  did  not  efisct  the  deoompodtion,  perhaps  beeuua  the  adutioti  was 

dd  is 
„ . ...  JTtai 

....  e  has  solidified  to  B  thick  ciTBtalline  palp ;  and  the  prodoct,  after 

being  washed  on  a  filMr  with  cold  water,  is  repeatedly  melted  under  warm  water,  and 
purinsd  b;  reeiTit&lliution  from  alcohol,  with  nelp  of  animal  -IijiwijI 

Jalapinol  fbnna  while,  eanliflower-like  irjBala,  which  melt  at  63°  or  S2*S°,  and 
Bolidi^  at  C9'G°  to  A  hold,  brittle,  cryatAlline  mass.  It  makes  grease-spots  on  p^er; 
is  inodDTOOB ;  has  an  irritating  taste,  and  week  add  readion.    It  it  aolable  in  aleoM 

In  oontaot  with  eamtie  alkaUt,  aqueous  ammonia,  or  baryta,  it  ii  eoDTertcd,  with 
elimination  of  water,  into  a  salt  of  jidapinolic  add : 

CH^'  +   2BaH0     -     2C"HfBaO'    +   8IP0. 

TA&&rarO&XO  Aom.  C"H"0*.— An  add  produced— l.  Br  trMlina  jal^nol 
with  canetic  «1V«li«|  or  with  ba^ta  (Mayer). — 2.  B;  the  action  of  meldng  njdrate  of 
ootassiuin  on  jalaptn  or  jalapio  add  (Major).  Jalqiin  and  jslapic  ado,  prepared 
from  aoammoof,  are  resolTBd  by  mineral  adds  into  jalapinolie  add  and  sogar.  (Spir- 
gatis.) 

iVsporatfim.— 1.  Jalapin  is  added  gnduaUy  and  hj  niBll  portions  to  bytlnt«  of 
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JALAPINOLIO  ACID.  «1 

■^'"■n  melted  villi  |th  pt.  of  wmter  (the  matt  then  frothins  up  TuJmtlj,  Kinng  off 
bjtdmgen  uidtoiiiuig  browa);  the  mixtnie  ia  haat^  and  stirrad  ulong  u  nydiogeii 
conlilniM  ta  mc^w;  the  crombliiiK  light'jFalloir  bimb  ii  diuolTed  in  water  after  oool- 
ing  1  B>>d  th*  greater  part  of  the  alluji  is  nmtnliied  with  add.  The  jalapinolate  of 
Bodinm,  vhieb  separatee  after  aone  bonie,  ia  coUeetod,  mahed,  uid  decoiiip(i«d  bj 
hot  addnlatcd  vater;  tha  lepanted  aod  ie  man  rcpntodl;  melted  with  pu« 
water,  then  diteolved  is  alcohol  and  treated  wiUi  Bnimal  duitooal;  the  somewhat 
coneenbatedfiltiateiaiDiMd  with  a  large  qnanli^  of  warm  wat<Ti  and  the  solid  acid 
which  sspaiBtea  on  eoolioR  is  collected  (Mkrer).  ?rom  the  mother-liqDcr  filtered 
from  the  jalsfnnidale  of  eadiom,  excess  of  acid  atill  aqarstee  a  small  qoantity  of  im- 
ponjalijuMilio  add  (Mayer). — 2,  The  hot  ftqneons  solntion  of  jal^iic  and  (from 
BCBmnony)  is  digested  in  the  water-bath  tor  a  fortnight  with  dilute  snlphnrie  acid; 
and  the  tallowy  mass  which  separatna  on  cooling;  ia  tk«ed  from  snlpharic  add  by 
washing  with  hot  water,  and  ecyitAlliwd  from  ether  with  help  of  anlnml  chanoU 
(Spirsatia). — 3.  Jal^nD  from  scanunon;  is  added  to  hoilinK  barrta-wiiter ;  the 
Uqnid  is  heaUd  dll  the  whole  is  dissolved,  and  ■  sample  of  the  wtrale  is  not  rendered 
torbid,  either  by  water  or  by  hydrodilorie  add ;  and  the  solntiOD,  after  flltntion,  is 
mixed  with  taie-third  cf  its  TOlnme  of  ftmiing  hjdrodiloric  add.  The  Uqnid  becomes 
turbid  in  abont  20  hours,  and  solidifies  in  the  conrse  of  ID  days  to  a  thick  palp,  which 
is  delected,  washed  with  cold  water,  nmelted  with  hot  water,  and  redystallised  fbnr 
or  flre  times  from  aqueoDi  alcohoL 

Proptriit4.    Jal^ioolic  add  flmns  white  tufts  of  needles,  appearing  under  a  magni- 
JVing  po««r  of  300,  aa  this  4-sided   priooA     It  melts  at  M°  or  M'S°  (60°  lo  fll". 


accOTduig  to  Kflllar,)  and  solidifln  «t  el'6°  or  68°  (Haver), 

to  a  wtiite  ndto-cryitslline^  hard  and  brittle  mass.    It  makea  grwio  »pot»  on  paper ; 

is  lighter  than  watei;  inodorous,  bnt  has  an  initating  taste  and  acid  reaction  (Mayer, 


Bpirgstie).    It  is  insidaUe  in  water,  bat  soluble  in  aleoioi  and  in  elker. 

wbm  Healed  abore  its  melting  point,  it  decomposes  with  intumescence,  emitting  s 
pongeut  odonr  which  «**"■*•«  the  eyes  snd  throM. — Kitrie  add  oxidises  it  ta  ipomaeic 
•dd  aod  oxalic  add  (Hsyer,  Spirgatii). 

Jalapinolatsa.  The  add  is  monobuie,  the  general  tbrmola  of  its  neutral  salts 
being  a'S'UO: 

j2apm>late  of  AmmoniUM,  C'^^lIH*)0'.CfH*K)».— By  dissolnng  jalspiool  or 
jalapinolic  add  in  aqneons  ammonia,  an  opalescent  liquid  is  obtained  which  gives  off 
ammonia  when  evapOTatad,  solidifies  to  a  cijstaUine  mass  when  coneeotnbed  to  a, 
certain  point,  but  if  completely  eruiorated,  leavee  an  amorphous  nentral  jelly  aoluble 
in  watei.  The  ei^itals  are  gtmiped  like  cauliflower-head^  and  when  stnmglj  magtu- 
ficd,  appaK  as  long  colooriesi  needles.    (Haver.) 

Jai^nalale  of  Barimm,  CECBaO*,  is  obtained  by  predpitating  jala}>inolate  of 
smmoniom  with  chloride  of  barium,  or  by  boiling  jalapmol  or  alcoholic  jslapinolia 
add  with  boiyta,  and  CTystullisee  out  on  cooling,  in  miooaoopii^  thii^  white,  luitralesa 
needles,  melting  to  a  colourless  liquid  when  heated.  It  is  nearly  ineolable  in  cold, 
sparingly  aoluMe  in  boiling  water,  more  easily  in  boiling  aquMoa  alcohol.    (Mayer, 

I  solution  of 

„       ,  1        -       .  *  '*  obtained,  which 

melts,  without  loss  of  water,  to  a  dai^  green  liquid,  and  solidifles  to  a  traniluceat 
brittle  mass.  It  is  insolnUe  in  water,  nearly  soluble  in  alcohol,  contains  at  100", 
1871  per  cent,  cnpiic  oxide,  and  is  therefore  2C"H'*CuO*.CaHO  (calc.  18-24  per  cent. 
Cu'Oj.     (Mayer.) 

b.  Seulrat. — C^'CaO'.    A  hot  aqueous  solution  of  jalapinolste  of  ndium  fonns 
with  hot  aqueous  cuprie  sulphate,  a  green-blue  predpitate,  which  dries  up  to  a  li^t 
" —  — —  amorphous  powder,  melting  tosdark  green  liquidwhen  heated.  (Splrgatia.) 
■   Cu«0,  t' " 


"ffi 


by  analysis  13'21  per  cent.  CuK),  the  ^mula  requiring  18'2S  per  cent 
Fal^iinolate  of  ammooinm  predpitatte  tron-talU. 


Jal^iinolate  of  ammooinm  precipitatte  tnm-talU. 

JalafmolaU  of  Lead,  CH'PbO*,  is  obtained  by  predpitating  alcoholic  jaUianiJia 
add  mixed  with  a  little  ammonia,  with  neatial  acetate  of  lead,  uid  washing  the  white 
amorphona  predpitate  with  dilute  alcohol  and  water.  It  sinters  together  to  an  opaque 
maas  at  130°.    It  is  sparingly  soluble  in  «al«r  and  aleoboL 

Jaiapinalaie  of  Polattium  is  obtained  by  diaaolving  jalapinol  in  boiling  aqueous 
polaah.  The  solution  on  cooling  solidifles  to  a  aystalline  puPi  vhich,  aft«r  washin^g 
and  redystallisBtion  from  water  or  alcohol,  forms  slender,  white,  «lky  needles,  melting 
without  decomposition  when  heated.  It  is  neutxol,  fbrms  an  opaleecent  solution  with 
water,  even  wtwn  &ee  alkali  is  present,  and  is  soluble  in  olcohoL 

Jalafinalate  of  aUter,  C'fH'AgO*. — The  idwholie  solution  of  the  Md  nmitnlisod 
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with  unmoma  ii  predpitst«d  bj  >  warm  lolation  of  nitrate  of  ulfer,  in  flakes  vhidi 
havs  a  icarealj  pereeptibls  cnBtalline  character.    (Keller.) 

jalapiiiolal«  at  Sadiuni,  C"E'KaO',  dyatallira  in  alender  damling-white  tnAa 
of  needlM,  ^lidi  form  a  turbid  solutioD  with  s  (mall  qonDtity  of  hot  vatoT,  a  dear 
neatml  aohitian  with  ■  targor  quanti^,  and  ara  likewise  BoLable  in  alcohol.  (Spirgatis.) 

maytaoUe  Btbar,  CH'K)*  —  C"H"(CH')0*.  Seammonolie  tOn-.—When 
hydroehlcsTie  add  gas  is  passed  into  a  lohition  of  jalqiiiiolie  acid  in  abMdnte  alooht^ 
and  tlie  naoltin^  liquid  is  mixed  with  water,  a  jellmr  oil  sepanUto,  whiek  mnst  be 
vshed,  after  sohdifioatioB,  with  cold  ilcohd,  dissolred  in  boiling  ak^ral,  mind  with 


earbonateof  sodinm,  and  after  it  has  aapwated  ovt  on  coding  lepeatadly  predptated 
from  the  aleoholifl  solntJon  hj  water.    It  maT  also  be  obtained  tram  aounmoi 
bjpasnng  hjdiooblorie  add  gas  into  the  alcoDOlio  scdntion.    (Spirgatis.) 


cupriferous  dlTsi^^ance  trom  Jalpa  in  Hezioo.  It  hat  a 
blackish  Uad-gre;  colour,  is  malleable  like  ordinaiy  dlTer-^nce,  and  has  a  apedflc 
gravit;  of  S-87T  to  S'SSO.  According  to  an  analjaia  by  S.  Richter,  it  contains 
I4-3S  per  cent  solphnr,  71'51  siIvbt,  lS-13  copper,  and  070  Iran,  agreeing  neaii;  with 
thefonnala.l^l'SL    (Breithanpt,  Jahresber.  18Sg,  p.  662.) 

*  *  "*  *  'fl^T  An  olkalind  odd  lo  be  contained  in  the  baik  of  Gt<fffroj/amtrmii, 
a  legaminons  (zee  growing  in  Jamaica  and  in  Sarinani.  (Huttenschmidt,  Geiger's 
Mag.  Phann.  Sept.  1824.— Winekler,  Pbamu  Centi.  1840,  p.  120.) 

TAanNOVXTM.  A  rolphantimonite  of  lead  oocnrring  in  trimetric  eijstsls. 
aV:  oiP  —  101°  30'  and  78°  40'.  Obaerred  planes  aP,  »P« .  Clearage  basal, 
Terr  distinct ;  parallel  to  obP  and  ooPio  leas  diatiaet.  Sometimes  cqdllai; ;  also  mssdve 
with  colomnar  structnre  ;  pattielee  dplicate,  straight  and  parallel  or  diretgent.  Hard- 
ceaa  •>  2  to  2  fi.  Spnaflc  gravity  —  fi-fi  lo  S'S  (Eaidiagsr).  Lustre  metallic 
Colour  and  streak  steel-grey.     Opaque.    Sectile. 

When  heated  in  an  open  tobe,  it  girea  off  dense  white  fames  of  aotimilnioDS  oxide  ; 
on  charcoal  before  the  blowpipe  it  decrepitates,  fuses  readily,  and  passes  off  almost 
wholly  in  ftamea. 

Ajudyia. — a.  fiom  Cornwall,  mean  of  three  analyses  by  H.  Rose  (Pcgg.  Ann.  riii. 
eS) — h.  bam  ^tremadnra,  by  Sehaffgotscb  (tMd.  xxxriiL403).~^;  from  Tuscany, 
'     "      ■  ■  '"■"    '       '  ■""'     'v.  60).— 3.  ftom  Arany,  Idks,  by  Lowe  (Haidingtt'* 


22-84         8429  .     .       89-S4 

2178        82-62        1-06      8S'97 
20<63        8216         .    .      43-iB 
18-69        83-10        0-22      40-82 
These  anslysea  lead  to  the  coudusion  that 


.  .  -  S9-36 
.  .  =  99-47 
.  .  -10000 
t'48  -  99-83 
ramceonite  is  an  isomorphous  mixture  of 


dnc,  and  sOtct).  Such  a  mixture  <rf  one  molecule  <UF  the  IroD-aalt  and  three  molecules 
of  the  lead-salt,  ria.  2Fe^Sb^.3(2Pb^.3b*a*)  or  (FePb«b')-a'  ironld  cont«n  21-64 
per  oent:  S,  82'fi5  8b,  42-02  Pb,  and  379  Fe. 

Jamnonite  occurs  prindpally  in  Cornwall,  ssaocialfld  with  qnarti  end  minnte  crvetals 
of  bDanionit«  ;  occaaionallj  also  in  Siberia,  Hungary,  Spain,  and  Bratil.  (Dana,  ii.  7G; 
Bammelaberg,  p.  68). 

JMXQMXO  AOn>.  C"H'*0'. — Ad  acid  prodnced  by  exposing  to  the  air  a  solu- 
tion of  cstecbin  in  caustic  potash.  The  liquid  slowly  blackens,  and  on  adding  hydra- 
chloric  acid,  a  black  precipitate  of  japonic  add  is  jmdnoed.  The  add  is  solnble  in 
water,  but  insolable  in  alcofaoL  it  (bnns  with  potash,  a  black  salt  which  pvdaces 
black  predpitotes  with  metallic  solutions.     (STanberg,  Ann.  Ch.  Phann.  mv.  21S.) 

r^lt^'""*''"*  A  Turiety  of  galena,  ciystallised  in  octahedrans.  Specific  gravity 
6-982. 

VAaoOjr.    Syc  with  ZiBooK. 

JASOBKT&  A  nativB  ferroeo-potaasio  sulphate  from  Baranco  Jaroso  near  Sierra 
AmagKia  in  Spain.  Ciystsllisea  in  yellowish  rhombohedrons  with  basal  dea'nge. 
(Dana,ii  389.) 

JASFBM*  A  snb-spedes  of  quarts  of  which  the  tbllowing  varieties  are  enume- 
latad  by  Jameson. 

1.  ^ypHan  jatptr,  which  is  red  or  brown.  The  first  is  flesh-red,  blood-red,  yellow 
and  brown,  iii  ring-shaped  delineations ;  in  ranndish  pieces,  dnll,  with  conchoidsl  frac- 
ture. Feebly  translQCcnt  on  the  edgw.  Hard;  easily  franpible,  Spedflc  gravity,  2-63. 
it  is  found  imbedded  in  red  day-ironstone  at  Saden,  and  is  cut  into  ornaments. 
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The  broam  Tiriety  has  its  vaiions  (hades  of  coIoiit  dtapaBsd  in  coneentric  ilripea, 
alternating  with  YAaek  Unpea.  It  neetin  in  the  sandi  of  Egrpt,  in  Bpbetotd&l  mnnnnn. 
with  Simmering  liutre.  Fractora  conchoidal.  Fe«bl;  tnnuac«nt  cm  the  edgea.  Aa 
haid  u  horn-etoDC.    Sp«ciflc  gravity  2*6.    Inftambla.    It  ia  cut  into  onaments. 

a.  SIrmd  ^atper.  Colonn  grey,  green,  jeltov,  nd,  amiiged  in  stripes,  in  flamed 
oc  apotted  delineations.  Uassiye,  in  whole  beds.  DoU.  Fnctnrs  conchoidaL  Opaque. 
I«as  haid  than  Egntian  JHBpei;  rather  easily  fninKible.  Specific  jtravity  2-6.  It 
ocean  in  secondary  day-pot^ihyTy  in  the  Pentland  hiUa,  and  neai  Fiibnig  in  Saiony. 
-  lepoliah. 

tun  craicht^daL  Opaqai.  Baail;  frangible  and  not  Tery  hard.  Sp^iflc  gravity.  2-S, 
fbaea  into  a  white  or  grej  glus.  It  is  always  found  along  with  burnt  claj  and  eaith 
slags.  According  to  Wemet,  it  is  slate-clay'conTeTted  into  a  kjad  of  poicelaio,  by  the 
best  of  a  poendo-TDlcano  &om  beds  of  binning  coal.  It  is  fooikl  on  the  eoaat  of  Fife- 
■hire,  in  Shzc^ahiie,  and  Warwiekahii^  and  soms  puts  of  Germany,  when  immense 
beds  of  coel  amiear. 

4.  Commimjamr. 

Fiaetiue  concboIaaL   -,-, a---. ■ i  — 

gnvTl7  I'd.    Infusible  before  the  blowjape,  beetoiiiug  at  last  white. 

pally  in  Tflins  as  a  constitnent  of  agate.    It  is  tbondis  the  Pentland  hills,  imd  mtrap 

and  tninsitioii  rocks  in  Ayrshiie  and  DnmfriMahire, 

6.  Agate  jamr.  Colonn  ydlowish-  and  leddish-white.  Massire,  doll.  Fnetnre 
flat,  cwchoidsl.    Opsqne.    Bather  hard.    It  oceora  in  layen  in  agate-balls  in  many 

The  iaipU  ot  the  ancients,  whence  our  word  jasper  is  derived,  sppean  to  have  ict- 
elnded  the  green  or  bine  variety,  together  with  some  other  stones  not  of  the  janper 

'  TAnwVKA.  A  genu  of  ei^horlnaceons  plants,  some  of  which  contain  in* 
tensely  poJMmonsjnieea:  the  seed*  ^  sevccal  ^eeiei  yi^  flzed  oil. 

Theknaelsof  the  aeeda  ol  Jatrepia  Curtiu  were  found  by  Arnandon  and  Ubal- 
dini  (CimentOiTiL  481)  to  oontain  7*2  percent  water,  37'5  oil,  SS'3  sugar,  starch, 
albnmin,  casein  and  inorganic  matters.  The  kemds  yielded  4'8  per  cent,  ash,  and 
4'3  percent,  nilzogen;  the  kernels  and  hnsks  together,  d  per  cent,  ash  and  2'9  per  cent, 
nitrogen.  The  ml  yielded  br  aaponiflcation.  glycerin,  and  an  acid  which,  as  well  as 
the  onsapooifled  oil,  prodoted  octflie  alcohol  by  diatillatiou  with  hydrate  of  potas- 

Tbe  oil  of  the  fniit  of  Jairopiaglavea  and  of  J.  glandulota  is  yrilow,  has  a  spedfio 
gravity  of  0-963  and  B<didities  at  S°.    (J.  Lepine,  J.  Pharm.  [3]  iL  16.) 

nie  root  of  JatmpMa  Maniiot  contains  a  large  quantity  of  starch,  which  when  freed 
from  the  poisonous  juice  of  the  plant  by  washing  and  torrefaction,  constitotcs  Brazilian 
attow-TOOt  (i  US.) 

iMVWaMaOtnVM,  A  dark-green,  eryatalliied,  foliated  varie^  of  aogile,  con- 
taining sine,  from  Mine  Hill,  Frariklir,  Kev  Jersey.  Sped&c  gravity  3*6.  Formula 
(Ca;  le;  iig;  Zn)<3iO*. 

JMKItMTt.'TM,  An  altered  form  of  garnet,  said  to  occur  in  rhombic  prismil  with 
angles  of  60°.  the  anpplsment  of  which,  120°,  is  the  angle  of  the  riiombie  dodecahedron. 
Specific  gravity  —  8-741.  Hardness  above  7.  Occurs  as  a  yellowish,  sligbtly^reenisii 
incrustation,  and  is  compact  in  its  texture.  Composition,  BCf?»nltng  to  Wright 
(J.  OeoL  Soc  Dublin,  v.  US),  SB-OS  SiO*.  33-41  Fe'O*  28'St  CafO  -  (10011),  which 
if  a  small  part  of  the  iron  is  regarded  as  protoxide  give*  the  formiUa  of  garnet. 
(Dana,  ii.  184). 

WMTMMIMOWWTTM  or  JWWttMTWWTTgM.  A  variety  of  vpsuviau  th)in 
Elnland,  oontaining,  according  to  Ivanhoff,  37-41  9iO>,  84-20  Ca'O,  20-00  WO*,  4-60 
FeK),  MSS%,  andl-70NaK)(-  96-07).  It  is  nsnally  yellowish-brown,  bat  some- 
times colaorlnH.     (Dana,!!.  SM.) 

JMWXIMUTTM.     Syn.  vrith  HtdbOPBTT*  (p.  212). 

jmM-VJMM.  An  alkaloid  discovered  byE.  Simon  (Fogg.  Ann.  xlL  GSB),  in  the 
root  of  white  hellebore  (  Veratrvm  album)  in  which  it  eEsts,  tfwether  with  reratrine. 
It  is  ezbacted  by  nixing  the  alcoholic  extract  of  the  root  with  dilate  hydrochloric 
acid  and  precipitating  with  carbonate  of  sodinm.  The  pree^tate  is  dissolved  in 
alcohol,  the  aolntiiai  decolorised  with  duNoal,  and  the  sleohel  remored  by  distillation. 
The  greater  part  of  the  raidiie  then  solidifies  in  a  cnit*lline  mass,  from  vbieh  the 
Teratiine,  beii^  nnmyatallisBUe,  may  be  almoet  entire^  letnoved  by  anbmittitig  it  to 
pressure,  mtutening  the  nsoUii^  eskewith  alcohol,  and  preanng  ^lin.    In  this 
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mumarjerniie  U  oUained  bmtIj  pun.  A  fluther  qnautit^  nuy  b«  obtsiaed,  in  tli« 
farm  of  BulptiAte,  by  BT«pontiii^  to  drTiiew  tbs  enrMMd  liquid,  wtiicb  coataioi  bolli 
jerriae  and  ventrine,  oiul  tnftting  the  naidne  with  dilate  snlpbiiric  ftcid,  which  takes 
up  sulphate  of  veratrine,  and  leavn  inilphato  of  jerriae. 

Jerrineia  ooloorleoa  aod  crystaUine ;  givM  offS'S  per  oeat  water  of  eryttalliaatifni 
(2  at.)  at  11)0°,  and  melti  at  a  higher  temperatiue  to  a  oolooilesa  oil,  wbich  decom- 
posea  when  heated  aboTe  200°.  It  i»  inaolnble  in  water,  solnhla  in  oloohol,  Tffiy 
marin^y  solnble  in  ammonia. 

Acootdlng  to  Will's  aoalyiil  (Ann.  Ch.  Fhann.  zxzr.  116),  it  contain*  71-91— 
74'65  per  cent  carbon,  B'ST — 974  hydrogen,  and  fi-SS  nitiogen,  whence  Will  deduced 
the  fbimtda  CB^N^O'  for  which  Gcrhardt  anbetiCaled  C-EP'lf*0'  or  C"HrNK)* 
(calculation  HI  per  cent.  C,  9-6  H,  67  N,  and  lO'I  0). 

Jeirine  givea  off  ammonia  when  fused  with  potatK 

AcstaU  ofjenme  is  soluble  in  water.  The  tfdfiait,  nilrait,  and  kgdroeiionOi  are 
'ngt  Bolable  in  water  and  in  mineral  acids.  The  chlBroflaiitiaU  forme  li[-^* 
cwi  which  give  by  analysiB  14-C 

'H"NK)".HCLPta'  requiring  HZ  per  « 

tWS.  A  Tarietj  of  bitnminous  coal,  reaembling  cannel  ooal,  but  blocker,  and  with 
a  Btionger  lustre.  Specific  gravity  r3.  It  occurs,  together  wil^  lignite,  in  beda,  in 
floeti,  trap,  and  limestone  ro^s,  and  in  bitnminous  ahala.  It  is  fgnnd  on  the  coast  of 
Whitby,  m  Todshire,  in  the  lalM  of  Skye  aud  Farae,  in  Heeeia,  Bavaria,  Bohemia, 
and  Styria.    It  is  used  for  foal  and  for  making  Taiioos  ornamental  arciclea. 

It  is  the  Gagata  of  Dioscoridea  and  Pliuy,  a  name  deiiTed  from  the  rivar  Qagas,  in 
Syria,  near  the  month  of  which  it  was  found.  U. 

J  M  W  ASKWO  vrrrBi    Byn.  with  JarBntnomn. 

TOSAH  ■  1TB.    Native  nranons  sulphate.    See  UBainuv. 

TOMVrrK    Syn.  with  Tunqnois. 

VTOKAXnxv.  A  snbstance  contained  in  the  jnice  Bxpresaed  from  the  green  shell 
of  the  walnut  (Julians  rtgia).  The  fresh  jnice  is  neariy  limpid,  has  a  rough  bitter 
taste,  turns  brown  rapidly  in  contact  with  the  air,  and  then  loses  its  Strang  taste.  By 
prolouged  contact  wiui  the  air,  tt  deposits  brown  tasteleea  fiocks,  inaoluble  in  waiter 
and  alcohol,  the  Juice  at  the  same  time  losing  its  bitterness.  The  ft'eeh  jnice  redncea 
inin-sslts ;  the  browned  jnice,  when  mixed  witli  potaah,  precipitatea  ferrons  sulphate, 
losing  its  colour  at  the  same  time.  With  uitrete  of  silver  it  fbims  a  precipitate 
which  blackens  rapidly,  and  contains  meUllic  silver. 

Thp  extract  of  green  walnut-shells  conaiata  of  impnrr  jng^din.  It  is  used  aa  • 
remedy  in  cutaneous  and  acrophnlous  diseases,  also  for  dyeing  the  hair  black.  {Gerk. 
Traili,  iv.  307). 

JUMItaK.  The  berries  of  the  Jumper  ( Jwnjunu  eonununu),  which  are  used  tor 
flavouring  giu,  and  in  the  fbrm  of  wjueoua  decoction,  aUo  in  medimns  as  a  dinretii^ 
contain,  according  to  Tronmiadorff',  I'O  per  cent,  essential  oil  of  juniper,  4-0  wax,  lO'O 
reuD,  33'8  aogBr,  together  with  acetate  and  malate  of  ctlcinm,  7*0  gum  and  vegetable 
salts,  S5-0  woody  fibre,  and  129  Wat^r. 

The  eMMoilial  oil  of  jatiiper,  obtained  by  distilling  ths  berries  with  water,  has  the 
composition  and  vapour-densi^  of  oil  of  tuipentine  (C"H");  boils  at  160°;  tDma  the 
plane  of  polarisation  to  the  Idt,  bat  lesa  strongly  than  oil  of  torpentinB.  It  is  veir 
little  solnble  in  alcohol  of  ordinary  stiength.  It  does  not  form  a  solid  camphor  with 
hydrochloric  acid ;  but  aAer  the  complet«  absorption  of  the  gas,  a  liquid  la  formed 
which  appears  to  contain  a(?'R".2E(X 

The  MO  and  moist  essence  deposits  OTBtalB  whidi  ^pear  to  be  identical  with  hydiata 
of  totpentine.  It  is  add  and  contoina  (bnnie  add- 
By  distilling  unripe  Juniper-berriee  with  aalt-water,  Blanchet  obtained  another  oil, 
which  boiled  at  20S°,  bat  appeared  to  have  the  same  compotition  aa  that  just  described. 
{Gerh.  TraiU,  iii.  687.) 

J  UHUi  XT&    Syn.  with  Bbooxitk 

K 

wm  WBBBITM,  A  variety  of  pyiosderite  containing  a  couidaMble  quantity 
of  chromiiun.     (See  Ftbosolxbitb.) 

M^MWrmmxnm,  A  substance  contained  in  the  root  of  Kmtjtfefia  Balanga. 
It  mt^  b«  mliaetAd  by  alhsr,  together  with  »  bMWC,  vicd^  anuutie  ftiMinw.  whwh 
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n  tXesAuA,  the  brown  ral>- 

B  yeUowiili  luurreoas  laminc,  witbont  tub  or  noelL  It 
-memm  m  »  temparahm  mbore  100°,  dinolvea  in  26  pU.  of  ether  at  16°,  is  Icm 
■doble  in  alcohol,  and  neailj  ii)ac4iibl«  in  mter.  It  diwolrM  in  warm  acetic  acid, 
and  lh«  Mlalion  jialda  whh  uunoeia  a  piodpitat«  soluble  in  eiceu  of  Out  leageot. 
Snlphniic  adil  in^iaits  to  it  a  fine  blaish-gTeeD  colour.  Caiutic  potaah  diuolyes  it 
with  yellow  colour;  caibonate  of  potaMiun  with  eBemtaewx. 

KKmpferide  gave  by  aoalyna  (calcaJated  with  the  old  atomic  weight  of  oarbou) 
S6-S  per  dcdL  C  4-3  H  and  80-1  O.    (Brandea,  Ann.  Ch.  Fharm.  zxni.  S13.} 
^rn.  with  GLnaa  Acib  (iL  U8.} 
_     ._  Kiven  by  Shepard  (fSlL  Am.  J.  [3],sii.2I0)  to 

1  U«^-ln>wn  eryrtals  from  Hadduo,  Connscticnt,  r^irded  by  him  ai  a 

new  minonL    Dana,  however,  regaida  then  ti  ganieta. 

WftTIf  ^fl     A  iDbetaiMMt  obtained  from  Uie  fruit  of  RotStria  tamloria,  and  used 
at  an  anthelminCle  (Me  BoTTUSu). 
XAWBZ^B.    AnenioU  Manganeee.    (See  TCxsauaa.) 
KAOKZK.    The  CluDeM  name  of  porcelain  day  (i  1024). 

KAMXTBi  A  larie^  of  calamine  containing  more  than  IS  per  cent,  of  ferrona 
ojdde.    The  angle  of  the  chombohedron  R  ;  B  is  107°  7  (Breithanpt). 

**™"-"*"*"  An  oirmlphide  of  biamnth  ocfmrinK  together  with  teUoric 
•ilTm,  in  the  Sawodiiuk  nine  ja  the  Alt^  It  tormi  crude  lamps,  having  a  metallic 
•^leet.  a  decidedly  cryitaUine  fractuR^  with  preniling  cleavage  in  one  dit«ctioa,  stiong 
metallic  Instie  on  the  fractund  mi&ce,  and  lead-^y  coloar.  HutdDess  ■>  i  ;  apedflc 
gtavi^  —  SHSO.  On  treating  the  puhenard  mmenl  with  hydioclikiric  odd,  a  smill 
quntity  of  admixed  biamntite  (L  S9T)  diaaolvea  and  pure  karelinile  mnBiiu  ondigsolTed. 
The  lattc*  beatcd  in  a  tcM-tabs  gives  off  mlphmona  anhydride,  but  no  free  Eolpbar, 
andfbnntagrtv ala^  tram iriiieh ^obnlei of  metaUio  Uamnlhooceoiit;  heated  man 
open  tnlM^  &  u«o  gives  off  mlphnrDO*  anl^Mk  and  leav«s  a  metallie  regnlna  an^ 
rannded  by  a  bnnni  «a«ly  ftitibts  odde.  Hitiie  add  eaeily  decomposes  tlu  mineral, 
with  aepsntiau  of  rali^m!.  The  minetal  gives  l^  analysia  01-26  mf  oenl.  biamnth, 
1-68  ralphar,  and  S-2I  o^gen,  agreeing  with  bbe  foimnla  Bi'SO*  oc  Bi*3.Bi'0'. 
(B.  Hermann,  J.  pr.  Chem.  Izxv.  448.) 

See  CUFBOLin  (L  80S). 

Bee  CABrBOBmnan  (L  S07). 
Syn.  with  Axwronrra  (i,  296). 
KAITA^WOT.  The  root  of  Piorr  metl^/ftieum  (Foriter),  When  dried  be- 
tween 110^  and  120°,  it  leaves  a  residiie  amonnting  to  86  per  cent:  after  exhanstion 
with  alcolwl  and  with  water,  it  leaves  76  per  cent,  of  reddne  eontntning  26  pte.  woody 
fibre  and  49  itaidi.  By  ezhaiuting  tba  root  with  alcotud  of  80  per  cent,  an  eztnet 
having  a  pesnliar  smell  and  taste  is  obtained,  the  solution  of  which  is  wana  alcohol 
deponta  needle-ahspsd  cryAals,  while  a  resin  lemaiiw  dimdved. 

The  ayftalline  snbstaaos  called  msthyaticin,  forms,  when  pnrifled  by  repeated 
oystalliaatioii,  inudl  whits  nO^  needles,  destitute  of  taste  and  smell.  It  is  insoluble 
in wBt«,Bparin^yBolnUe  in  cold  alcohol  and  ether;  nacta  neutral;  melts  at  130°,  and 
deoonpOBM  at  a  tbamoBt  heat ;  is  dinohed  by  nitric  acid  with  orange-ydlow  oolonr, 
by  pore  enl^orie  ada  with  violet  colour.  It  yields  by  analysis  02'03  pe:r  cent  carbon, 
S'lO  hydrogen,  and  112  nitrogen. 

TIm  nain  kawiik,  contained,  together  with  myriatidn,  in  tlie  alcoholic  extract  of 
the  rooli  is  a  soft  neeniah-yellow  snbstanoe^  which  has  a  strong  aromatic  taste  and 
odour,  Bielts  at  £0*%  deeonposea  at  a  strcsigeF  beat,  and  produces  a  deep  red  coloar 
with  snlphnrie  add.     100  pta.  of  kawa-root  contain  16  pta.  water,  26  woody  fibrf>, 

■9  stanA,  1  methyst'  "      *         "  "'         ' 

"    "b  of  potaasiuj  .  „        .  . 

1.  [3],  xxxvii.  IS.— O'Borke,  Compt.  rend.  L  498.) 
XA'WAIH.  A  djatallisable  DOD-aaolia«d  substance, from  kawa-root ;  iteontain 
16-86  per  cent,  carbon  and  6-64  hydrogen.  (Cniert,  Compt.  rend.  L  436;  liL  S06.) 
n  of  kawa-rooL     (See  above.) 

Barbadoee  tar.    (See  Brnman.) 
Syn.  with  YTmoTrriinTa. 
Indnrrated  sea-weed.    (See  8iA-naD.) 

A  hydrated  iul^tat«  of  alaminnin  from  nsar  ESnig«b«g 


,  1  methystidn,  3  acrid  sromatio  nain,  3  exiradive  and  gnnuny  mat 
1  chloride  of  potassium,  and  8  magnesia,  silica,  alamina,  and  ferric  oxide.    (Oobley. 
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in  HoDgu;,  haviog  tiie  ume  campoaitioD  as  klDnogeu  (i.  161).  It  ocean  in  emtal* 
line  cnulH,  ud  lix-aided  tablet  of  the  moaoclinie  wrabBO,  with  two  vigleB  of  62°,  and 
four  at  134°.  Spedflc  giaiitj  —  I'S  to  IT.  Contsiiu  14-30  per  oeat  Blnmina, 
2'lfi  famnu  oxide,  SBTE  mlphnrio  anliydiidt^  44'60  vrnter,  uid  3-01  iiuoloble  matUr 
(—  99-81)^  agneing  appnzimatelj  with  tho  fonnnl*  A1<(S0')*.18B*0. 
Sjn.  with  Cunrrmn  (i.  804). 
ir  ifi>ra-n/iier.     NoUts  eUoride  of  uItbc  (Sm  Suvkb). 

.,   C^raiini,   or  Eom-lead.     A  tutive  eompound  of  chloride  and 

CArbonata  of  lead.    <Se«  Lus.) 

KBSATB.    Syn.  with  ESBUtOTun. 

XSBMWi  (Opcctu  tUmt,  lin.)  ia  an  insect  found  in  maoj  paita  of  Aaia,  and  ths 
Bouth  at  Eonpe.  On  aoconat  of  thmr  flgnn^  thnaa  inaeeta  vera  a  loi^  tima  taien  for 
thaaeeda  of  tbe  tree  on  which  th^  live:  irtunce  the j  wn«  called ^ronu^  ktrmit. 
Thej  ako  bora  the  name  of  TenniUion. 

To  dye  apnn  wonted  with  kennes,  it  ia  flnt  boiled  Ibr  half  ae  hoar  in  witer  with  bran, 
then  for  two  honia  in  a  ftoah  both  with  one-fifth  of  BomBD  alnm  and  one-tenth  of  tartai, 
to  which  tour  tcattr  ia  commonlj  addad ;  after  which  it  ia  t«ken  out,  tied  np  in  a  linen 
bag  ftnd  earned  to  a  oool  places  wh««  it  i«  lefl:  aome  daja.  To  obtain  a  ftall  ooloor, 
■B  mnch  kemee  aa  eqnala  three-fbortba,  or  eren  the  whole  of  the  weight  of  the  wool,  ia 
put  into  a  wum  bath,  and  the  wool  ia  pat  in  at  the  flist  boiling.  Aa  cloth  is  nuaa 
dpoae  than  wool,  either  spun  or  in  the  fieece,  it  required  one-£Darth  le«s  of  the  salts  in 
the  boiling,  and  of  kennes  in  the  bath. 

The  coloor  that  kermee  imparts  to  wool  has  mnch  leas  bloom  thae  the  »eaiiet  mads 
with  cochineal ;  whence  the  latter  has  generallj  been  prefaRed,  sinoa  the  art  of  heighti- 
eoing  its  colonr  by  means  of  solution  of  tin  has  been  koown.  U. 

,    Amorphona  trisaJphide  of  antimonj.    (See  AjirmoiiT, 
i.  330.) 

■01C&   Etd  Antimony.    AnHvioiij/-hlaiie.    Pynm- 

timoniU,  ^/rotlilbiie.  BotkapUa^iajuerr. — A  nstiTe  ozTSolpltide  ol  aotimonjr,  oo- 
earring  in  monoclinic  crvicals,  cleanng  parallel  to  the  base;  osoallf  in  tufts  of  capillacj 
dystala,  connatiag  of  elongUed,  slender,  aix-sided  prisms.  Hsjdnese  —  I  to  I  '&. 
Spe<dflc  gnritf  —  4'S  to  I'S.  Lns^  ad»tnantine,  inclining  to  metallic  Coloor, 
cheny-red!  Streak,  browniah-red.  Feebl;  translucent.  Sectile.  Thin  leaves  alightlj 
fleiible.  Contains  7i'4fi — 75'66  antimonj,  S  SS— 1-2T  oxygen,  and  20-49  ai^hur 
(H.  HoBB,  Pogg.  Ann.  iil  463),  answering  to'  the  formula  §bK)S'  or  SbW.2SW. 
Before  the  blow-pipe  ondiarcoe],  it  ftiBesiMdily.atid  is  at  last  enttralj  volatilised.  In 
nitric  add  it  beeomw  covered  with  a  white  coating. 

This  mineral,  which  resnlts  from  the  alteration  of  native  sulphide  of  antimony,  ocean 
ID  veins  in  qoart^  acmmpanying  ney  and  white  antimony,  at  Malaekia  near  Poeiu 
in  Hnngaij,  at  BiinnadofT  near  Freiberg  in  Saxony,  and  at  Allenonl  is  Daophinf 
(Dana,  iL  141.) 

XKBOXZTB.     Bee  CiBOLin  (L  836). 

XBTOnS.    See  Aoroinu  <L  31). 

XKATA.  The  bark  of  the  €^S-cedra  {KXaya  imtffaUiuu  or  BwietelUa  tattgaU 
tvti*\  nsed  in  Senegal  aa  a  remedy  against  fever,  coctaLna  a  bitter  principle,  eail- 
ecdrin,  together  with  green  fat,  Md  and  yellow  coioarii^  matter,  gam,  March,  a  «a^ 
snbataDCe,  woody  flhra,  salphate  and  phoijiliatA  of  caleinm,  and  chloride  of  potaaaiiua. 
CaO-cedrin,  which  may  be  extracted  trota  the  ooneenbated  aqneooa  extract  of  the 
bait  by  ehlonrfbrm,  ia  a  reaioona  maaa  emtaioing  04'9  par  cent  carbon,  7-S  hydivgen, 
mod  27'5  m^gen.    (Caventoi),  }.  Fhann.  [3]xvi.  %Ki  xxxiii  128.) 

XIBBa&OVBAJni  or  Axotirmnu*  Inm  or*.  A  Tarie^  of  titaniftomia  iron,  oe- 
earring  aometimee  in  ciTatels,  bat  usoslly  massive,  ot  in  thin  platea  or  lamims.  B  :  it 
-80^19*.  Hardneea  -  6  to  e<5.  ^eciflcgnvity  -  4-Ml  (Moha];  4723  (o4'73t>. 
(BreithaDp,t.) 

See  UxxnacHACM. 

IS  qiplisd  by  Bei 
a  Bolphate  of  magneeinm,  occnrring  in  the  a 


Hagdeborg  and  containine,  according  to  hia  analysis;  21-60  pn  cent.  1^0,  49-06 
SOT   and    34-£3    water    (—   09-27),    agreeii^   approximatdj  with    the   fbrmnU 
2Mk^0*.3H'O.— Siewart  (ZeitAcbr.  f,  d.  gee.  ITatDrw.  xvii  49)  fonnd  in  a  moeh 
'  HK)),  twether  with 
ning  to  us  fbrmolk 
bid.  p.  61),  irtM>  also 
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.  . __'t  (ZeitBchr.  td„._    .      

!r  opaqne  spedmea  (mean)  li-B6  MoK),  58'_94  SO*,  and  18-47  HK)),  twether  with 
iiuin  0-26  to  0-63  of  matter  insolab^  in  nikic  aeid)^  atmrering  to  us  fbrmol* 
SMg'SO'.H'O.    Similar  resalts  were  obluned  by  B.  Leopold  {IMi.  p.  61),  irtw  also 
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found  thnt  the  Mlt  ronUined  fion  O'S  fo  I '2  per  cent  of  an  inaolubla  bonte  (im 
SuLFU-na)  ;  wiaa  prericnulj  by  BamasUbsrg  {MinemlolUiitie,  p.  364). 

»ra»»  JnWMM  wm  a«oaaiut«  boa  Kflbiicken,  Clare  ConntT,  IrelvuL  (3m 
GEOCBOHm,  ii  831.) 

MX^IiAM,    The  Condih  minenT  Dsme  tor  cUj-ilate. 

KTti^  I » ITMi  A  mineral  haying  the  appsanuioe  of  Bpodtuncne;  fonnd  at  Kfl- 
line;  Bay,  nui  Dublin.  According  to  Mallet,  it  aSbrdi  b;  deanM  a  priim  of  136°, 
«hidi  is  rerj  nearij  the  an^e  between  the  dugonal  and  priBmatic  dearagu  of  epo- 
dnmsne,  both  of  which  are  perfect.  Uardnen  —  i,  Spflciflc  gnTity  —  3'S6.  Lustre, 
Titieona,  weak.  Colonr.  greemah-grOT,  bnnmiah,  or  jellowish.  It  haa  been  ansljaed 
by  Lebnnt,  Blythe,  Hallst,  and  aalbraith  (Dana,  li.  170  ;  Bam  m  slab  erg*! 
MiMttaleitmit,  p.  837.) 

SlCf  *1<01        rdO        C»0       H(*0    MnK)      KH>   LF>0        HIQ 

49-08  30-60  a-27  0-S8  1-08  —  0-72  —  1000  —  100-43  Ldmot. 
47-93  31'M  2-33  072  0'4fl  1-26  SOO  ~  10-00  —  99-80  Bljthr. 
63-89      33-24      S-27       1-46        —       —      4-94  040      3'87   -     S9'S2  Hallet. 

60-45      30-13      3-53        —       109      —      4-81  0-95     T'6S   -     98'fi4  Gklbiaith. 

60-11      29-37      2-23      0-34      103      —      6-71  0-60     803   -     98-42        „ 

According  to  Bannnelaberf^  this  mineral,  and  lihc^sn  piaitn,  grmecliite^  Eig<U>- 
lolite,  iberita,  and  liebenerite,  which  an  of  somnrhat  nmilar  constitation,  are  not 
deftnite  componnda,  bnt  prodncta  of  decompoailioB  intennediate  betwnn  aa  original 
minenl  and  mica,  which  often  adherea  to  and  paitlj  penetratea  their  toMK, 

XIWXO  AOm.    Sjn.  with  Quudc  Acm. 

XntO.  Thiii  niune  ia  applied  to  fbur  difitrent  druge,  bearing  coniiderable  reaem- 
Uance  to  caleeho,  and  conaisticg  of  dry  brown  lamps  or  graini,  hiiTiag  a  more  or  lesa 
aatringent  taate.  Their  aqaeona  extracts  form  green  preeipitalea  with  ferric  aalts. 
The  four  rarietiea  of  kino  axe  A&ican  kino,  also  called  ffumnii  ganMtnte,  or 
G.  Gambia,  ttran  the  Pta-xarptu  eritiaceaa  (lom.) ;  Aeiatie  kino,  from  Pteroeanit 
Marmvium ;  New  Holland  kino,  from  Eacaiyptm  rt$irtifera  {wblAe) ;  and  Amancan 
kino,  nnin  Coteelo/ia  ut>{/(ra  (L.  j. 

According  to  Vanqnalin,  African  kino  conaiata  of  75  pta.  tanma  and  peculiar  ei- 
tnctiTe  maUer,  24  pta.  red  gam,  and  1  pt.  fibrin. 

Kino  ia  naed  in  medicine  as  an  aatnngent  like  catechu.    (Handw.  d.  Chan.  ir.  863.) 

XXVOV&    8;n.  with  Qumoxa. 

KBrovova  AOZD.  C^H^O*  (?).  An  add  obtained,  togethai  with  •emal 
other  prodocta,  from  the  needlea  of  iVniM  (WeetM*.  (For  the  mode  of  preparation,  eea 
Fun-Bsntia)  It  ia  a  white  or  alightlT  yellow  brittle  maaa,  conrerted  t^  IntnrstioD 
into  a  strongly  electric  powder.  Tbe  ailTer-salt  containa  74-1  par  oeot.  oxida  of  ailTer 
agreeing  nnrly  with  tiw  fi»mnU  6Ag'O.C*'H"0*.  (Kawalier,  Wkn.  Akad.  Ber. 
xi.347.) 

MXWTXaTrM,  Aname  applied  bvH.  Fischer  to  the  miztore  of  red  garnet,  mica, 
and  a  triclinic  foIapar(o1igod>ee),  which  occura  in  reins  in  primitiTe  gneiaa  rocka, 
r,  g,  at  'WiUiohen  in  the  Binzigthal,  ScharEwald,  at  Auerbach  in  the  Bergatraaati,  and 
other  localities,  and  is  regarded  by  him  aa  an  original  fitfmatian.  (Jahrb.  W'"".,  1860, 
p.  796;  ISai,  p.  641.) 

K^B.  A  foeail  reain,  fOnnd,  with  o&en,  on  the  island  of  Teehelekin,  in  the  Caspian 
Sea,  and  in  other  neighbouring  locslitieB. 


■  A  hydratfld silicate  of  alumintnm,  calcium,  andiron,  occuiringin 
u  the  Monme  Uoontain  on  tJie  north-eut  coast  of  Irdand,  in  opaque,  olive- 


green  radifltias  fibrre,  haTing  a  specific  gratity  ~  3-Sll  and  hardnesa  —  2. 
to  aa  analynsV  S.  D.  Thomson,  it  conUias  40-6  per  cent,  ailica,  23-91  ferrons  aiiae, 
19-78  lime,  11'41  alumina,  and  4-35  water  (  —  99-95),  whence  Kammalsbeig  deduces 
the  formula:  2[S(Ca'O.Fo'0).23iO'l.Al'0'.2BiO».2HK) ;  it  is  possible,  however,  tbat 
part  of  the  iron  may  be  in  the  State  of  ferric  oiide. 
The  mineral  blackena  aiwi  ftisea  ptrtislly  before  the  blow-pip^  and  forma  a  brown 

Syn,  with  Ludutb. 
I.    Syn.  with  Asicnrrs. 
A  mineral  of  unknown  locality,  dotrly  related  in  componition  to 
oliTiii,batdiAringfromit  conaiderably  in  ita  properties.  According  to Dobereinei'a 
analysis  (Sehw.  J.  mi.  49),  it  contains  about  325  per  cent,  silica,  3'2-0  f^mjns  oiide, 
and  36-0  manganooa  oxide,   sgreeing  neariy  with  the  Cgrmala  (Mn;  Fe)^BiO\  « 
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2(,Kii'0 ;  F«V).SiO>.— It  is  munre,  vith  an  unerm  and  oeUnJar  mubet,  kod  qdia 
hard.  Speciflc  gnTity,  8714.  Brittie,  with  imperf«tljr  conchoTdal  fraotuTS.  Colour, 
wMt«  to  gTBTuh-gneu,  oi  brown-red  mi  brown.    Lmtn  glutanisg. 

MOMMWCTM.  A.  minenl  ibnnd  in  tfas  eobilt  mioe  of  Hvena  in  SiredNl.  It 
coniiita,  according  to  SeUerberg's  uu];bu  (BeretUiu,  Jairaber.  ix.  2IS),  of  17*80 
■ulpbur,  0-34  utimonj,  27-Ofi  biimnlh,  4013  Istd,  2'9S  iron,  080  copper,  and  r40 
matrix  (  — 99'48),  nnmben  irhieh  mt,j  be  &ppiozimatalj  lepnaented  by  the  fonniila: 
'[sb-l^l  ■  8[|j^-jS'].or(Pb'^trfii')a»ttie  lMdb«nep»Hly»tiUcedbyiton 
and  ooppet.  It  nsembles  grej  antimonf,  but  hat  a  brighter  luatre  and  radiated  slnc- 
toM.  Spedfic  grari^.  fl'2E>~S'32.  Sdtj  of  blackish  lead-gn^  to  iteel-graj  colour, 
with  black  atrak.  Binolvea  in  strong  hydrochloric  acid,  with  erolntion  of  solphjdric 
ludd.  (Dana,ii82iRammelBbeTft  ifiiuniiiiiflnu^p.  104.) 

MMtanUSTU.    Syn.  with  Baocxutrra  (i.  M4). 

&OBMXZTS.  A  fbuQ  nsin  iMemblinf  *cheererit(^  fbund  in  brown  coal  at 
TJmach,  at  Bedwiti  in  Bavaiia,  and  in  the  Fichtelgebiigs.  It  oontains,  accordins  to 
Scbrottai''s  analTsis  (Pogg.  Ann.  liz.  S7),  e2'43  per  cent  C,  and  7'71  E,  agraeing 

with  the  fonnula  nCH.    In  -     i  -  -  ..■ 

gratitjO'SS ;  melts  at  1 140  (T 
Ann.  Ch.  Pharm.  xzi.  13B). 
alcohol,  still  mora  in  ethar. 

XOMSUrXTBi  AfoMiI  resin  from  the  brown  oml of  Faass,  in  the  Eget  TeUsr. 
It  occuia  in  thin  plates,  consisting  of  lui  egmgata  of  errstalline  scales,  perfectly 
solnble  in  alcohol  and  ether,  also  in  stmns  snlpboric  add ;  paitXj  salable  in  amntoiiia 
and  in  oil  of  tuipentina.    (Kenagott,  l/tiuraioguelu  Unltrtuekungen,  ii.  111.') 

XOSTTXaira.    HatiTs  an«n«te  <^  lino,  AsZnO*.4H>0,  or  Zd*O.AsK>'.SH'0, 
ig  also  nickel  and  cobalt,  with  a  tnce  of  lime. 
As*©*  Zn'O  CoK)  Ni'O  HK) 

3717  30-52  6-91  2-00  23-40     -     100 

according  to  NaumsDn,  and  isomorphoas  with  oobalt-Uoom.  Msadve  <a  in  cnsls,  with 


\rogg.  Ann.  uz.  oil,  vi-*o  per  cent,  tj,  sna  rii  n,  agreeing 

It  occurs  in  soft  white  cnetalline  folia  and  grains,  of  spaeifle 

140(Eraus,Fogg.Anii.zMi  141),  at  107'<S°  (Trommsdorfi; 

12B).     Vary  slightly  solnble  in  oold  kleohol,  more  so  in  hot 


gravity - 

Carmine-red  and    peacb-bloesam  red,   of  diflbrent  shades. 

TianslncMt  to  nUransparent.  (ESttig.  3:  pr.  Chem.  xlriiL  183;  KaDmann,  &id. 

2H.— Dana,  ii  418.) 

lOWri'M.    A  crystalline  mineral  occurring  with  nltnunsrine,  and 
~  n  with  it.    It  exhibits  two  very  distinet  direetiinu  of  cleavage, 

.  ,a^o      Ti.j I  ..  I.I      T.  : ^- — ,  oolonrlesa,  with 

it  becomes  du^er 


LsUy  meLte  to  a  wmte  aemitiaiiBparent  giaai  (Dordenskioin 
'.  18fi7,  p.  SSI).— A  spedmtn  from  tbs  Sliidiiak*  TtUej,  near  Lake  Baikal, 
wssfoimdbyB.  Hermann  (Jahcesber.  1862,  p.  726}  to  contain  45-99  per  cent,  silica, 
IS'30  alumina,  2-40  ferrous  oxide,  1278  lime,  16-45  magnesia,  I'06  potash,  1'53  sods, 
and  0-60  mattei  lost  by  ignition  (  —  09-01).    Speciflc  grari^  —  2-97, 

KOBITBt    Sea  Fu.Aeointi. 

XOmass.  A  vinous  liquid,  whidi  the  Tartars  mske  by  fermenting  mare'i  milk. 
A  somswhst  sinilar  bcrcnge  is  prepared  in  Oikne;  and  Shettand. 

monrmoXrXM.    Syn.  with  FnHznn. 

MMAMLJTm.    Syn.  with  Bxnura  (L  520). 

XkAlcnuc  AOZn,  AnaddaaidbyPeachier  (J.  Pharm.  n.  34;  x.  348)  to 
exist  in  rbstony  root  [Krameria  triandra).  It  is  crystalline,  has  a  soar  and  astringent 
txslfl,  and  is  not  rolatila.  Its  slkaline  salta  are  orstallisable,  and  their  solntions 
form  s  wbite  precipitate  with  lead-salts,  yellow  with  tame  salts.  The  barium-salt  is 
said  not  to  be  decompoeed  by  sulphuric  acid  or  salable  sulphates. 

Othsr  chemists  who  hare  looked  for  this  acid  in  rhatany  root  have  not  been  able  to 
Sndit. 

'»»*""™"""  A  Tsriety  of  retinite  bom  the  lignite  of  Lattarf;  near  Bcmbnrg, 
(See  KxTDdTi). 

MMAVmrrm.    Syn.  with  Ddfrbiiixi. 

TOMBMITM.  Kabr-colouredoetahedrslchlorideof  potasnum,  fromTesuviua. 
Coutsin* 56'Ifi  per  opul  cEilorine,  1689  iron,  12'07  potsssinm,  0*16  wxliiun,  15-M 
aiunonla  and  water.    (Eremera,  Fogg.  Ann.  l^uif.  78.) 
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TB.    Biodiaiitita,  &om  Erinnig  ia  lealand. 
Eljv.  with  Caocovara  (iL  lOS.) 
Sjn.  vithTraoLm. 
S711,  widi  CTAMMimaia  (ii.  ISS). 
a  (ii.  189). 

„ . -_ A  InliMtji  nf  alum  in  mm,  Al'O'Sin',  wnwuriiig  in  WiHinin 

piumi,  oF.  aPa .  a>P» .  B,*?  .  aiiF',.2P<s.  Cijstala tunsll; bUded.  AjsIm  oP :  nPlT 
-93°1S';»P:  cx'Pa)  -  100°  60';  oF  :  »T  -  88°SS';oP:  a>F  -  86°  41^;  nPa>: 
»Pgo  -  lOfl^ia";  »T:  o>P'  -  »7' 4';  ootoo  :  ooT  -  146'' 41';  mfm  :  a>V  - 
1310  23'.  „^„  .  3l>„  _  isgd  i^r,  QMnge  perfect  pusUel  to  tlu  imootlin-  Utonl 
plane ;  imperfect  pw^Ul  U>  the  bur.  Trina,  of  tiro  kisds,  with  bee  of  compoeitJOQ 
»f  a ,  uid  plaaea  acPa ,  meedDg  at  An  uigle ;  in  one  kind  the  pUnes  oP  ue  coin- 
cident,  in  tne  otlfT  thej  form  ■  m-eaterin^  uiglO'  Also  coone-bloded,  colamnai ; 
alio  fibrooa.  Hordneaa  —  S  to  7'26.  Specific  graritj  -  3'5£0 ;  of  whit«  knnite 
3-675;  (^  bine  buuparant  iTUUte  from  the  Tj«d,  3-661  (Erdmann).  Ltutn 
Titieon*  to  ptmr^,    Cdoar  geoonllj  palo  blme,  otlea  deeper  along  the  middla  of  the 


iriiite  or  Una,  with  irtiite  mazgina ;  alao  ve;,  graen,  and  black, 

m 1 .  ,_! .. .. -irent     nie  ciTBtsla  maj  often 

an  yerj  hud  at  the  ex- 


la  buunarant 
rhile  tliej  an 


EfBnite  ntuin*  nnaltered  when  daqilj  heated  bef6ra  tbe  blowpipe ;  aeUa  to  b 
tnna^iano^  colomieaa  ^aw  with  boiax,  ud  girea  t,  deep  blue  ooloor  with  cobalt- 
Kilntion. 

Pan  kjaaite  would  eootwn  3T'0  per  cent,  rilica,  and  62-5  alnminh  The  foUowing 
onalfaea  show  that  it  does  not  doriata  mneh  from  thia  aompontion : 


Mmt     t^      Hew  To*.    ^;2**  >"'™^         ""  '"*• 

EEUm         .        .        S«-4        SS-9  37-03        38-60  84-40  37-20 

Almnina   .        .        63-B        64-7)      '   ,,..      (62-6S  61-M  JE8'03 

Feiric  oxide J         '^^"      \   0-84  0-63  308 

Cnpria  oxide .    .  0-19 

W««(      .       .       .    ■        ■    ■  0-85        ■    ■  .    ■  1-08 

liSaa      1M6  »78       108-10         9?5?  99-38 

EjanitB  ocean  nincipallj  in  gnrioi  and  miea-Bl*l«.  Tnmpamnt  oTitkla  tm  fonnd 
at  St.  Oothard,  in^witco^ond ;  at  Oreiner  andPfltsch,  in  thcTTrol;  also  in  S^iio, 
Caiinthio,  and  Bohemia;  at  FontiTj,  in  France;  and  atTilla  Bin,  in  Sonth  Amnica, 
It  occnn  alao  in  many  locslitief  is  the  TTnitad  States ;  the  apecimenj  aaoljied  bj 
Smith  and  Bmoh  wen  from  Homo  Coonty,  New  Yo^ 

Bamlita  (i.  499),  from  Bamlc^  in  Norwi?,  and  xenolite  (q.  t.\  hne  n«ad<r  the  ■BnU> 
compoaition  aa  ^anite.  Woerthite,  from  near  9L  Feteralmf;,  ooDtaining  40-0  p« 
cent  SiO*,  SSSO  A1'0>,  1-00  MgV  and  4-68  water,  and  ThomMD'a  hjdiobnchalcit* 
(probably  from  Bordinia),  which  oontains  41-35  SiO',  49-£S  A1*0>,  4-Sf  water  and  S-13 
gjpami,arepnbabIjh7dional[Tanite&  Ejanite  haa  also  bean  obferred  iltcnd  to  t*le 
and  steatite.    (Dana,  ii  268.) 

KTAVOK.    Syn.  witli  FHmnujfm. 
KTMAVnf •    Qyb.  with  Houni^nn>i. 

m.TArmMMXMm  or  awArmmnrnm   <(?m}')rS'.—A  oomponnd  »ijm«tla 

with  cyanide  of  dieiryl  (bennnitiile),  CSV,  obtained  by  heating  pnlreiiied  granata 
of  potaaainm  wita  cUoride  of  benKiyl; 

idPOa  *   SCHKO     -     C«'H"N'  +   3Ka  +   3C0'. 

It  is  a  hatd  nentral  labatauoc^  exhibiting  a  eryatalline  frscttiK;  melte  at  224°,  and 
diatUa  without  oltflndon  at  or  a  little  aboiia  3fi0° ;  ia  lolnble  in  water,  slightly  aohible 
in  ajodhol  and  ether.  When  heated  with  eanalic  potaah,  It  deoMUDoeea,  with  eopioni 
eroktion  of  ammonia.  Sniphnrio  acid  diaaohea  i^  forming  an  a<ia  wImm  borinm-nlt 
ia  aolnble  in  wat^,  Strong  hydrochlorie  acid  dow  not  diaaidTa  it,  t/no  at  the  boiling 
heat  Bitn«  acid  ot  oidiMi7  dnngth  ia  aloo  withoot  action  npon  it ;  bnt  Aiming 
nitric  add  dinohea  it,  with  gnat  luw  of  tenpoatme,  hut  witbont  erolntion  of  gai ; 
and  by  eva^onting  tiie  eolntion  or  mixiug  it  with  wattr,  nea^r^a  whole  of  the 
cyaphenine  la  precipitated  in  tha  fotni  of  a  nitm-oampaood,  C'^'*(NO')fH',  irtueh 
cryatoUiaea  in  needloa. 

KTJULTnr.     Syn.  with  HoBKblkkdi. 
Vol.  III.  GO 
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KTWUKMMXO  AjOZB.      (Li(bi^  Ann.  Ch.  Phsnn.  Ixutl  12fi;  eriil  351.)— 

An  add  sometimM  depoaited  from  the  orina  of  dogi.  Fnnn  tbs  arins  of  &  dos  which 
hod  b««n  fed  on  fet  alone,  or  OD  fat  mixed  with  H  Btnall  portion  of  iDeat,Llebig  obtained 
it  b;  flvapor&tiiig,  addins  hjdroohlonc  &cid  &nd  leaving  the  liquid  to  stand  far  eome 
time ;  the  arine  trf  dogs  fed  sxcloairslT  on  leao  meat  jielded  only  trams.  The  depodt 
disaolrea  in  Iinie-irat«r,  and  on  dilnting  the  solution  with  witsi,  and  adding  hydro- 
chloric acid,  Igmnrenie  acid  ia  depoaited  in  Teiy  alender,  oolonileaa  n«edl>a ;  bony  oon- 
oentcated  Milationa,  as  a  powder. 

ETnnrenio  aad  reddens  litmns  ;  when  heated  in  a  glaot  tnl)^  it  melts  to  a  brown 
liqnid,  which  then  niblimea  oompletelj,  forming  ■  wUta  silkj  erntaUine  aablimoU^ 
and  Isa-ring  a  trace  of  choreoal.    The  predpitatad  add  ia  inoolnble  in  alcohol  and  in 


dilorio  acid  (wherebj  it  is  distjngai^iad  front  trie  acid),  and  in  oilate  colpht 
mine  adds  fin  the  latter  withoat  «aM«ptiUa  altendion,  eren  on  btnlinA  Cold  eon- 
eantiated  nuphnric  seid  disaotrea  U  wiuiont  altcratjos;  but  on  healing  the  solution,  it 
tnm*  brown,  and,  oa  addition  of  water,  depodti  a  leiDon-jdlow,  anraphoia  praajn- 
tste,  often  mixed  with  crjltals  of  the  nnaltered  add. 

Kjnarenic  odd  is  a  Tory  weak  add.  It  dinolYee  essQy  in  eanstjc  alkalis,  and,  with 
■id  of  heat,  in  alkaline  carbonoUa,  lime-water  and  bar7ta-wat«r,  nentralisinB  the  bases 
and  fanning  aystallisable  salts.  The  barium-4ail  forms  plamose  gronps  erf  nsareons 
needke;  the  oofrnMS-so/i,  steUate  groapa  of  short  hard  needles.  Both  salts  ara  ^oi- 
in^  Bijnbls  in  water. 

¥ba  add  is  predpitated  from  the  adnlion  of  tlw  liaiinm-aalt  t^  eaibonia  add.  It 
gave  by  analysis  SI'S  to  SI'S  per  e«ol.  carbon,  4-7  to  4'4  hydrogen,  and  87  to  9-4 
nitrogen.  Whm  heated  along  or  with  lime,  it  yields  a  Toladle  oil,  having  (he  odom 
of  bansomliile. 

xrruoiiTTM.    Byn.  with  SuFiKTiKX. 

xraoaz^&    White  iron  pyrites  brom  the  nine  Briedns,  near  Aniubrag. 


in  whidi  exndea  in  drops  bota  the  lesTcs 
and  branchefl  of  the  Cittui  entieut  and  C  eyphetu,  shrabs  growing  in  Oreece  and 
Turkey.  It  is  generally  block,  solid,  tsnacioDS,  and  somewhat  moist ;  softens  between 
the  flngen,  ana  exhales  an  odonr  like  that  of  ambergris.  A  sample  analysed  by 
Gnibourt  (fiufs<rt(b>  Drogua,  iii.  SOI)  contained  86  per  cent,  rodn  and  Toliitileoi^ 
7  wa^  I  aQaeouc  eittaet,  and  S  earthy  matter  and  hairs.  Comm^rdal  labdantim  is 
often  laigeh  adnltwated  with  black  aand.  According  to  Johnston,  labdonnm-reein 
contains  7S^  per  cenl^  carbon  and  10-0  hydrogen ;  a  composition  which  may  be  approxi- 
mate r«t«wuited  br  the  formola  C**H^>  (calo.  7e*  C,  84  H,  and  161  0). 

I^bdannm  in  sticks  is  prepared  in  Portngal,  Spain,  and  the  South  of  Flsuoe^  by 
boiling  Uie  learn  and  branches  of  OUtiu  lada)i^fimit. 

•UKnUAJtOWtrrm.  Labrador  Fdtpar.  Anhndrmu  BetUeite.  MavOUt.  00- 
tite,    Beoiexerou. — A  mineral  species  belonging  to  the  fslspar  grcnf^  and  represented 


and  oceadonally  also  nagnedam  and  potasnum. 

Libradorite  ocean  in  tridinie  crystals,  in  which  oP :  nf  b  —  86°  32';  oP  :  u'P 
-114=48";  »P«  :  o=F, -llB^ia'.  It  fbnns  twins  like  those  of  albite  (iL  621). 
Cleavags  perfect  parallel  to  oP ;  distinct  psrallel  to  mFis ,  in  which  direction  also  the 

t.._ .i_  .^j.^.j     !_3._.  ^  pgrgjiai  to  oip'^     iijo  miMiTe,  with  distinct 

,  e  gravity  —  3-87  to  2-T6.  Luste  irf  oP  pearly, 
jpassiug  into  Titnons;  eleewhei*  Titnons  or  sabrcMUons.  Colour  uually  grey,  of 
nrioos  shades  i  also  ^resni^  reddish,  or  yeUowish.  Soma  ntieties,  espeia^  that 
boat  Lalxadar,  sxhilnt  a  beaotifid  pltj  of  mIoom  when  Timrad  In  Mftsiu  diiecdons : 
this  «Aet  is  best  asen  in  cut  sod  poIiiAsd  i^edmens.  Stnak  nnocdoured.  Ptaetnre 
Tiwulneeat  in  a  bnr  itgete.     Less  easilj  frangade  than  oomnon 

the  bhnmpe  on  charcoal  it  taaea,  with  less  difflenlty  than  rathodase,  b 
With  odde  of  nickel  and  borax  it  forma  a  bluB  bead.    When  t 
itirely  dissolved  by  hydrocMorio  odd,  which  doM  not  attack  either 


eolouriess  glasa.    With  odde  of  nickel  and  borax  it  forma  a  Mbb  bead.    When  pal- 

Teristd,  it  Is  entire' 

ortbodsM  or  albitsi 
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AnaljBM:  a.  From  Campsie  in  Sootluii^  vtere  it  oeenn  in  pocpfaTriliB  enenatoiia 
(L»hB  nt^  Bd.  N.  PhiL  J.  1632,  p.  86).  b.  Ki>iii£tiu,«lMMitoaeaaaiaeQiutitaeDt 
<tf  kn  (v.  WkltirahaiiBen.  FiUeamdu  SmMm,  lUS,  p.  M>  e.  Fxnn  FuoS, 
(Folchhamm«r,  J.  pr.Cliem.  zxx.38d).  d.  F^m  Labndtn  (t.  ValtershaaBen 
jbixcit.>  A  Fton  Egerauid,  in  Norway;  nolat-graf  with  brilliant  [Jnof  coloun 
(E«rBt«B,  Pagg.  Ann.  MiL  ISS).  /  Frea  tlw  h;p«ntIwBe-iod  of  Hanioda,  in 
eiMa;bIaii)i-pn^(T.  Bath,  Foffi.  Ana.  KCT.  CS8>  $>.  Ftom  the  gBbbio  of  the  aime 
loeali^;  Untdt-vfutB  (t.  Rath,  StA).  JL  From  Oie  ndaphjM  batweeaBatMB  and 
Ci>llMiM,iB  AaTrmlili^ti  gnyiahgrMD.  (Selasae,  J.  pr.  Cham.  xliiL  447 ;  xl*. 
S18>    i  Fiom  the  tnehTdol^rite  ot  Ouadaloape  (DctiU^  Bammdtbfr&i  Minerai- 

'    '- -  — '   '  "  '-       -   —       ,,,    .^    ■  ..kjgij^ej-    - 
[« iS4a,  p 

aw.  AfO*.  Fe*0>.  Clio.  U^O.  NiiQ.  KM).  HV>. 

a.  M-<T  S7-89  OSl  10-60  B-IS  fi-DS  0-49  .    .   -  n-I9 

b.  Sl-M  Sf-Sl  S'41  11-6S  ft-62  400  0-S4  OSff  -100-48 
&  6352  SO-OS  173  12-eS  0-19  4-Sl  .  .  .  .  -IDl'Efi 
d.    13-75  37-Oe  0^  0-fiS  0-47  1-2C  T'ta  0-01  -101'2« 

«.     12-30        20i>t        0-80      IS-IO        0-IS  470  .    .  -  9S-M 

/     Sl-SS  28-33  3-44       11-61  0-48       4-S)         0-M       0-62   -lOl'lS 


MSI  37-31        1-71       10-67        0-7B      4-81        l-f5      3-20  -  &&-24 

4.     63-31  37-73 

i.    H'26  29-89 

k.    E4-18  29-23 


e3-3l        37-73        1-fO        8-28        MS  T'SS  0-M  -100-00 

H'25        29-89         .    .       11-12        OTO       1-61        0-31       .    .  -  99-93 


L    «4-8  38-4  4  0        124  06     -100-3 

If  tL»  namber  of  mal«nile«  of  lime  be  mppoaed  to  be  thrae  tinn  ai  great  b«  that  of 
the  loda,  the  alioTe  (binmla,  vhieh  then  becomGi|i^iOAl*0*.SffiO*,  gives  63*1  per 
cent.  6iO<,  30-1  Al'O*.  12-8  Ca*0,  and  4'S  Na'O. 

I^btadorite  ii  more  subject  to  altcntion  than  othor  felapara ;  mrhapt  be^anaa  it 
oontaimi  both  potash  and  «oda.  Putial  decompoaitiaa  ia  ihown,  either  bj  the  dimi- 
nialtad  qaanti^  of  theae  baaea,  ar  b;  the  eonseqaeuUf  iaoreaaed  proportion  of  sUica. 
The  bat  azamplea  rf  nnaltered  labndoril«  in  tAe  prMedin^  table  are  prrhapa  t,f,g, 
k,  and*;  A  aad  i^  if  the  audjaea  araconed^  afibid  decided  mdicatiMis  of  deoompoai- 
tioD.  For  nunenma  tiudjaea  of  labiadaBte,  and  of  feliptM  allied  to  it^  lee  Baauitdt- 
heif*  Mintnadmut,  pp.  A97— 80S. 

LahradiMiteiiaeonadtMnt  of  •omeUna,  a>  t&aaeof  Etakand  VaRnioa;  of  many 
porahjriea,  aa  the  oriental  wnl  ootiffM  of  OrecM;  tA  ddcnte;  of  ceri«i&bi»iiblaide- 
ToAm,  giamta^  and  aytnitn ;  of  tMne  pottAjritie  gncnrtOM^  aa  at  Campai*  ia  Scot- 
land ;  of  ndt^l^ica,  aa  in  tha  ^^ftoL  Od  the  coaat  of  "UbaiAat,  rntoM  it  vaa 
origiBalljr  braiwh^  it  ia  aaiioiHiteil  with  homUeDdat  hjprawthep^  and  ■apietio  iioo 
ON.    (Dana,  £  388.) 

&AB1ISXXO  AOnh  An tddiaidtobeeontained,tagetbBrwith7tiaine(iLaiI) 
and  two  nentnl  Ixtter  princfplea,  in  the  aeeda,  baik,  and  other  part*  of  Oj/iitttt 
XdtuniMt.    (T.  Scott  Gra7,  ArdL  Pharm.  [8]  zliL  160.) 

&&0  ia  a  tobatanee  wcU  known  in  Ettropennder  the  diffingit  appellations  of  atick- 
lae;  aheU-Uo,  and  Beed-la&  The  fitat  ia  the  lae  in  it«  natonl  stal<^  enmnating  nnall 
branchea  ot  twi^  Seed-laa  ia  tlie  Midc-Iae  s<$«Mted  from  the  twigs,  qipearing  in  a 
■nnlatBd  finm,  and  ^obablr  depriTrd  of  part  of  ila  eolonring  natter  b;  boilW 
ieU~lae  is  the  aabatuoe  wlueh  tat  undcsp;one  a  aimple  pnrifloation,  as  mention^ 
dow.    Bende  theae  we  aometinMs  meet  with  a  tbmth,  oaU«d  Imnp-lae,  which  is  the 


Iao  is  the  nodnet  of  tlM  Ooemu  laeea,  wliich  dmoaita  its  egp  on  tlie  bran 
bee  called  BOiar,  ia  AasMi,  and  othw  parts  of  India.  It  appean  d«dgned 
the  poipoaa  of  ■*-*>»'<'"p  tlw  tgg>  froa  iiuoij,  and  afibrding  food  for  the  ma 
nxne  aOMMsd  atatat  u  is  tbtmed  into  edb,  finished  with  aa  modi  att  and  regolari^ 
as  a  hoMgpeonbh  bat  diffirently  anuged  i  and  the  inhaUtanta  eoUaetittwiaeaTaa^ 
iathenaMhsoCFebmaiyandAngwt  EWpDiiAeatiMi,ilisfaKdaointOBBaIIfieoe^ 
and  pot  into  aeaBTSabqgof  aboatfoor  feat  l«i^  and  not  abore  aix  indea  in  eiream* 
taoBBt.  Two  of  thMM  b^  are  in  wnttant  qs<^  eadh  of  tbam  bwig  held  bj  two  pmo. 
The  bag  ia  placed  over  a  fire,  and  fMqaenQj  tnnied,  till  the  1m  ia  U^nid  enon^  to 
pas*  thnra^  ita  poiea;  then  taken  off  the  fire,  twisted  in  different  diMctioiis,  and  a 
tba  Mme  bme  dnssed  along  the  oonTsx  part  <i  a  plantain  tree  [repared  for  this  pni^ 
poae;  and  while  u3t  ia  being  done,  the  other  bag  is  being  he^Kl,  to  be  aftwwanb 
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lT«at«d  in  the  same  mj.  The  mndlig^nosa  and  nnaotli  surbca  of  tlie  ntatitain  tir« 
prerentB  it  from  mdheriug ;  and  tbo  degree  nf  preasme  regalatea  the  thidsten  of  the 
costiiig  of  Uc,  at  Uie  same  dme  that  toa  fliMneai  of  the  bag  determiiiM  itg  deanwiM 
and  transpueni^. 

Stick-loc  coDtsioe  in  100  paita,  leain  68,  eolouriiig  ezlnct  10,  vaz  0,  glnten  E-5, 
eitnineoiia  snbatanesa  e-S ;  •aed-lu  eontaina  noin  88-S,  cohmniig  exttact  3'fi,  -wkx  4*5, 
glotea  S :  ahell-Uc  ouiituna  naiii  M-V,  colooriiig  eztnet  0-G,  mui  4,  nitotgeooiu  tnatter 
2-8.    (Hatcbfltt.) 

In  India,  lac  is  fuhioned  into  rinm,  beadi,  and  otIivT  tiinleta ;  aealiiw-vaK,  fsr- 
nishea,  and  lakes  fjr  puinten,  an  nude  item  it ;  it  ia  much  naed  aa  a  red  Sjt,  and  the 
Msinona  part,  melted  and  mixed  with  about  thnoa  it«  wnght  of  Bnaly-jKnrdved  eaod, 
lonaB  pouahingilonsB.    I«pidaiiM  mis  powdar of  amnidnia  withit  in  a  aimilur  maiuwr. 

The  colouring  matter  ia  aolable  in  nter;  bnl  1  pt.  of  borax  to  S  <tf  lae  MndeM  the 
whole  afJnble  )^  digeation  in  water,  neari^  •!>  a  boiling  heat.  Thia  eolation  ii  equal, 
(br  man;  pnrpoeea,  to  apiiit  Tsniali,  and  le  tw  exoellent  Tehicle  tar  walat-toknoB,  as, 
when  once  dned,  watai  naa  no  eSM  *,poa  it.  Aqaeona  potash,  aoda,  and  carbonate  of 
Boda,  likewiae  diaaolve  it;  ao  does  nitnoaad,  if  ogeated  with  it  in  nifficient  ^nanti^ 
for  18  hania. 

The  eotonring  matter  of  lao  loaca  much  of  Its  beanty  hj  kaepiiis ;  bat  iriMD  fivdilj 
eitiactrd,  and  precipitated  aa  a  lake,  it  ia  leai  liable  to  iqjaty.    Mr.  Stcptlena,  a  anr- 


affbcded  a  good  BCaiiet  to  .  .  , 

Iac  ia  ths  baaie  of  the  bt«t  aaaling-wax,  A  good  oomponition  for  red  aealing-wax  la 
48  pta.  of  abelUc,  13  oil  of  tnrpentine,  t  Pani  balnm,  and  S8  TCTmiUion.  U. 

]«AO-9TS.  A  prodact  obtained  from  Im^  and  need  for  prodneins  a  rrd  dye.  eape- 
ciaUf  on  wooL  To  obtain  it,  Mick-lao  freed  from  remaiiu  ot  slalk*  la  pnlTenaed  and 
eihauBtedvitb  warm  water;  and  the  mloaiing  matter  left  on  erapcratiDg  the  aolntian 
ii  made  into  aqaare  cakes,  and  sent  into  the  maiket  aa  lac-d;e.  The  reaidna  yields 
aeed-lae  [Lac  tn  ffranii).  wlucb  ii  worked  up  into  shell-laa  The  proximate  mneti- 
tntion  of  lao-dj*  is  not  exacfly  known  ;  it  mntaina,  however,  a  considerable  qnantitj 
of  resin,  and  a  red  colouring  matter,  darired  frmn  the  insect!  (Cbcctu  taoca\  iriiidi  may 
be  partly  extracted  by  water,  more  completely  by  acida,  eapeoallj  snlphnric  or  hydio- 
chlonc  acid.    The  foUowing  proceBMS  are  adopted  for  rendering  the  dye  fit  for  nae : 

1.  A  mixture  of  4  pta.  lac  with  atnmg  aclphnric  acid  ia  allowed  to  Btandtbr24  honra 


left  to  elaiiPr-     The  dear  liquid  ia  ponred  into  an  iron  pot, 

— . — ..L. .- Tj__.  .V — '-'-'m  ia  mixed  with  a 

.. , , jepnciptaleof  fupaum ^__ 

it  then  ready  ftr  uaa.    lliia  ia  the  mode  of  frc^aiatioti  etd^y  adopted  in  llua  Mootiy. 


1^  the  prenous  reeidoe;  ths  aolation  ia  mixed  with  a  quanti^  of  line  nffleient 
Dentnlisef  of  theanl^<iricacid,andUiepnC!ipWeof  STpaamiaMmored:  theliqoid 


S.  Tl^^-two  pta.  of  lac-dye  are  tritonted  with  10  to  13  pta.  of  ndplMiric  add  of 
apecifle  gnTi^  I'M,  or  hydrodilorio  acid  of  a — '-"-  ~ — '*-  ''*  -  '^^•-'  ~^'- 
t£ree  timaa  ila  w«|a^  at  water.   The  mixtore  ia 


■psoifle  gnTi^  1-S5,  or  hydrodilorio  acid  of  medflo  f^ri^  1-lS,  ea<£  dihUed  widi 

t£ree  timaa  ila  w«is^  <rf  water.   The  mixtore  ia  left  to  itaalfbl  48  hi ' '-~'-~  ~~ 

34  in^nmmer,  ana  than  mixed  with  the  n     '  ~ 


S.  Thirty-two  pta.  of  lac-d;e  are  tntnrated  with  13  pta.  of  hydrodilorie  add  of 
■peciflc  giBTtlj  1'143,  dilnted  with  an  equal  weight  of  water ;  tht  mixtore  ia  JxA  for 

24  boors  and  frequently  atined,  and  then  dilated  with  water. 

To  dye  with  the  colour  thna  prepared,  Mch  ponud  ia  mixed  with  lhree-qoart<TB  of  a 
pint  of  so-called  lac-apirit,  a  aolntion  of  atAnnooa  chloride  prepared  by  dissolrina  one 
poond  of  tin  in  20  p-^™''-  '^  a.—.'"-  i._j— .-ti— j-  *_'j  *i.-  _i_*__  v^__i-a  *-  .k»if 
for  nx  honre  befor 
ArU,  ie.  ii.  620.) 

H«      Is 

Ann.  C9i.  Phya.  [S]lix.lT£.y— Thia  eompoondia  formed  whtndiethylic  lactate  iatfa^led 
with  aqaeont  aminoni*.  and  the  mixtore  ia  left  to  Mand  fiir  one  or  two  daya ;  or  when 
an  alcoholie  eolation  ot  the  ethar  ia  satnratad  with  ammonia  and  heated  in  a  doaa 
Teaael.  The  former  proceea  ia,  aocording  to  Wort^  to  be  preferred.  After  eqielling 
the  Mteeas  ot  ammonia  and  water  by  e*^or*tk>n  in  the  water-bath,  the  laetamethana 
lemaiti*  as  a  liquid,  irtiidi  adidiftea  mi  eo^iu  to  ft  bentiftil  oyatslline  aam,  fbrmed 
nf  hnwd,  brilliant  jUatm,  dightfy  cn*(T  to  tn«  tondL  TheM  aratala  are  aolnble  in 
water,  alooh^  and  ethw;  tluy  mdt  at  63°  or  68°  to  a  ooloorieaa  liquid,  «kd  botl  at 
219°  under  a  baranelzic  preeoore  of  761  mm.,  ''■■Haling  withoot  altmation. 
^le  fcrmation  of  laetamethane  may  be  lepra  acntcd  hy  Uifl  eqution 
CH*       If,  CH"       Ig 

({?H*0)'{      +   HH-     -     (CH'Or;       +   C^»0. 
C<H'      fO  IP       }S 

DMhjlk  UeUM.  I-iMnniaUia  ii.  AlamoL 
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^  etmllitica  willt  poUab,  it  i*  dacxmpoMd  iato  aiiiiiioida  and  ethfUaeUtoof  potu£iiin : 
((?H*0)-'      +  KHO  -  {(yR-Oy'      +  NH». 


O.  C.  F. 

so  Mtmh  Bjn,  vith  AuunHB  (L  93).  It  ia  eJio  raodiiead  by  the 
r  ationg  solnliDa  of  unmoiiia  on  oUoiapiopioiLato  of  Mini  at  lOO". 
.  Ch.  PEum.  diii.  SSO.) 


(jhHiqUo.— Formed  bj 

H«   }0 
u)iD,p.Ul]  (Feloiii«): 
Icohol  vilh  diy  uonionia. 


adoing  dii^oride  of  plAtdcam  to  the  nlatian,  freed  1^  boijine  from  oioeM 

only  put  of  tlie  nltngan  is  firecipitated  u  cUoropUbnate  of  (unmonimn ; 

ling  the  flltnite  for  u  hour,  it  giTn  a  foither  piedpitato  vith  didikcide 

I  m  tlw  form  of  umnoniDm- 

G.  0.  P. 

H        ]0 

KAOTAlODa.     (7HTN0>  -  (C^HK))''     .    (Iiomezia  witli  alanins  oc  lae- 

H-       }N 

tamie  aaid  <l  «BX  O'H^O'  -  (0^<0)"f    .>-Obt^iwd— 1.  Bj  fte  action  of  am- 

H      {0 
mcuk  gai on laetids  (Fclonis;  Wnrti  and  Friedel,  Aim.  CL ]^n.  [3]  Idii lOB). 
— 3.  ^  the  action  of  an  alcohol  aolatioa  of  anunonia  on  Uetide  ^niti  andFrie- 
del,  toe.  eit). — S.  Bj  aatarating  monet^ic  lactate  irith  i'""i'"r'fr  and  leaving  the    - 
liquid  to  stand.    (Brnntn^  Ann.  Ch.  Eliaim.  dr.  197.) 

It  Ibnna  imall  pmni^  which  diMidTs  aaiilj  in  wat^r  and  alaoiol,  but  do  not  com- 
bine either  with  acida  or  baa«a.  It  if  daoompoted,  bj  boiling  with  alkalia  (a  adds, 
into  ammonia  and  lactic  add. 

The  abore  f  oimnla  n 


1^  the  anbatitntion  of  the  ladidla  CH*0  for  H*.  The  aabstancea  daeeribBd  under  tho 
namealaelamethana  (p,lS2),  and  lactethjlamide  (UJ^.  tfl^),  are  etbjlissd  deri- 
vativea  of  lactamide ;  the  former  by  the  anbatitntion  of  0*2'  for  the  IijdrageD-atom  of 
the  valer-nsidue  contained  in  lactamide,  the  Isttai  by  the  aabatitation  of  C'H'  for  one 
of  tie  hydrogen  stoma  of  the  ammonia-naidiuL  These  relationa  are  eipreaaed  in  the 
rational  fbimnlae  by  which  lactamethane,  lactethyluuide,  and  hwtainido  are  respectiTely 
n^irescDtad  at  the  places  zefeEied  to;  O.  0.  F. 

H       Jo 

XAOTVTMTXAKXBM.     CH"NO>  -  ((?H*Or(     •     InmeiM  with  lactama- 

tiiane  rVorti  and  Frjedel,  Ann.  CL  Phya.  [3]  IziiL  110).  Formed  by  tbe  action 
of  etbylaiiiiDe  on  lactide.  When  these  two  anbstancee  are  brought  together,  the  ethyl- 
amine  inmediately  begins  to  boiL  If  the  opera^n  is  peifermed  in  a  close  vessel,  snd 
with  anhydrona  wntt^fil^  the  whole  eolidi&ea  to  a  crystalline  mass.  This  prcdnet, 
when  pnnfled  by  ooft  eiTatUliaation  boat  aluohel,  melts  at  48°,  and  ma;  he  cooled  to 
4(1°  wUhont  freoring ;  but  as  soon  aa  OTitalliiiation  has  commenced,  the  thermometer 
rises  to  ffrfi^.  Lactethylamide  distill  withoat  alteration  at  360°.  Its  formation  is 
lejneented  by  the  eqnMion 

(?B<(P     +     CH^N       -      C*H"NO*. 


AlkaKa  decompoao  it  into  ethylamine  and  alkaline  lactate, 

{c^«<2*(       +     KHO      -     (emH))"*"    +    <?p.ws. 

CH'.H  tUt  S.      jO 

LHtEtt]4uQU*.  LatluaorpNaHlia.  Etkrl>">»- 

KAOnc  AOXD.  JKfa*»5»M^<?H'0' -.'*'^'^*'|0'.  (Gm.  li.  472).— Thia 
add  was  diseovend  by  Seheele  in  aonr  milk,  and  flnt  rensuised  u  »  peculiar  add 
by  BerECliat.  Braconnot  tbnnd  in  the  waah-IiqnoT  of  the  preparatioo  of  wheat- 
starch,  in  the  fermented  juice  of  numgold-wnrtel,  and  other  feiment«a  vegetable  extract^. 
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Ui  moid  iriiieb  be  demgmitcd  iian«i«  iKni,  but  vbidi  wu  afterwuds  shown  tobeiclmti- 
cal  with  Hm  ncid  of  sour  milk.  BenciiiiB  demooatrBted  the  pntewx  at  the  nme  or  an 
iBomeiio  add  in  tbe  jniee  of  Uie  flmh  of  animals  recentl;  tdlled — a  reaijAt  irliidi  ws* 
confiraied  by  Liebig  in  hi*  clasncflLl  invEatigatioD  of  fleafa^*mc«  (see  Saicoiaotio  acid, 

5.  46Tli  More  recentlj,  the  cbanncal  relatiouB  of  Uetic  aiad  haTabem  iuvettigBted  by 
trecker  (Ann.  Ch.  Phaim.  lini.  247 ;  ici.  SS2),  Wnrti  (Ann.  Ch.  Phjs.  [31  lii, 
161),  WnTtE  and  Frtedel  (.ibid.  bdiL  lOli  and  Eolbe  (Chem.  8oe.  Qn.  J.si.  IS); 
and  the  laetatee  bare  been  chiHIratiidiadl^Felonie  (Ami.  Ch.Fli;&  [3]  xiiL  2(7), 
and  hj  Engalhardt  and  Uaddrsll  (Ann.  Cb.  Rmn.  Ixii  83 ;  Izx.  HI). 

Fannation 1.  Bj  a  peculiar  fennentatioii,  the  laetie  aeid  fenntntatiixL,  of  Tarioni 

kindi  td  mgai,  and  of  deztzin :  thia  fannentation  pneedea  the  bn^rie  acid  lennenla- 
tion.  Ai  ul  the  snbatancca  of  Ihe  angu  bribe  hare  the  lame  praportLonal  ecnnpomtion 
aa  Uetic  add,  with  a  few  atoms  of  water  more  or  lata,  the  tiausfomation  is  easily 
«silMned:  thw,  with  milk-ragsr: 

Mnh-niir.  Lactic  leM. 

The  lactic  faniieitlation  reqnira  a  tempenture  between  20°  and  40°  CL,  and  the  pre- 

aenoe  of  -wttm  asd  of  ceztain  ferments,  tiz.,  albuminotdal  aubatancea  in  a  pacoliar  slate 

of  decomposition,  sndi  as  casein,  slnten,  or  animal  membianea,  pkrtiealai^  the  coating 

of  the  stranach  of  the  calf  (rennet),  ta  dog,  and  bladder. 

i.  Tiitjlglyed,  in  pceaenee  c^  pUtinnm-blad^  i*  convetted  into  lactie  add  by  the 
o^gen  of  theair  (Wnrti): 

(?HK)'     +     0»        -         <?HK)»     +     HK) 
Trjljlflrnl-  LteUt  wld. 

3.  Chloiaprofnonie  acid  yiddl  chlonde  of  ulTer  and  laclie  add,  when  it  !•  heated 
with  water  and  oxide  of  nlTW.    (Wnrta,  Ann.  Ch.  Fhys.  [3]  lix.  16fi) : 
CB'CIAgO'     +     HK)         -         CHW     +     AgO 


glycsric  acid)  ^peats  to  field  a  peculiar  modifieation  of  laetie  acid  w 
above.     (Beilstein,  tii^  p.  234.) 

4.  By  the  action  of  nitroDS  acid  apon  alanine ;  aa  when  the  Taponra  ertjved  trrm  a 
nixtnre  of  stanh  and  nitric  aoid,  afbsr  being  peeaad  thrcngfa  a  toA  vtssel  iriiich  stofiB 
any  andecompoBed  nitiic  acid,  are  eotidnct«d  into  aqneons  alanine ;  the  action  ia 
attended  with  eopioaa  erolntion  of  nitrogen : 

(?WS<y    +     HOTH        -        CH'O'     +     HK)    +     W 

Al4DlH.  Nllroni  Kid.  L«tlc  idd. 

E.  ^rnnic  (pyroracenii^  add,  beated  in  aqneona  sidution  with  sodjaa- amalgam 

(Wislicenns,  Ann.  Cb.  Shaxm.  czxvt.  227),  or  with  sine  in  pmence  of  dilute  ace^ 

Bcid(Debss,  Chem.  Soc  J.  zri.  260),  is  conrettcd  into  aaalt  cJlaotio  add: 

0^*0"     +     H*         -        CBK)* 

FTnik  uU.  hmOc  idd. 

e.  Whcm  hydro^^anide  at  ethylene,  ^    H     ( O    (°''^<"'>*^  ^""'^  bydroxychlo- 

lide  of  ethylene  1?  donble  decomposition  with  i^anide  of  potsssinm],  is  boiled  with 
aqueous  alkalia,  it  is  resalTed  into  ammonia  and  (aarco-)  lame  add.  (WislicennSt 
Ann   Ch.  Pharm.  uixviii.  t) '. 

CTB'NO     +     2H^         -         CHK)"     +     HT( 

HTdRHnTIIlUa  LkUc  uU. 

oftSjtMM. 

Ethyloiycyanide  cf  ethylidene,  Qini  [  q  (obtained  by  digesting  ethylozydilo- 
ride  of  ethylidene  [ii.  600]  with  (^nide  of  potssnom  in  a  sealed  tube),  yields  ordinair 
lactic  acid,  and  •  small  qaauti^  of  ethyl-lactic  add,  whan  ainilarly  txHted.  (Wisli- 
cenns,  «7>.  dt.f.  14.) 

7.  Oz^dilodde  of  carbMi  combines  directly  with  ethylene,  foiming  chloride  of  lae^l ; 

coa*  +  cm.*   -   c^H'oci' 

whence  lactic  add  can  be  obtained  by  well-kDown  proeeases.  (Lippmann,  Ann.  Cb. 
Pharm.  cxzix.  81 ;  Ann.  Ch.  Fhys.  [41  i.  4S5.) 


Pnparatitm.—^  From  variout  kind*  of  Sii 
gcape-sngw  (cane-  or  miUc-sngar),  exhibitii 


«f  gcape^lgw  (( 
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iritli  8  or  10  ^  of  fi««h  Mn  ebMMk  •■  pnichawd  in  die  uaAet,  w  100  pis,  of  aogu 
•IB  diaol-ni  m  100  to  IfiO  pti.  at  milk,  and  inch  a  qiMtOiij  of  water  that  the  liqind 
exhibitB  a  densit;  of  10°  Bm. ;  and  eitlMT  </|Jmm  mixbina  ia  plaoed,  togalhn  inl£  60 
pta.  of  clulk,  in  an  open  reeMltUdatpaind  to  tlianmfcrMTetalwMk^  with  frequent 
a^tetioD.tai  tikereaultinataettteof  Eddnmbaginetoeliaiiaeinto  bo^r'ote  (Feloi 
and  Gelie^k  Aa  lactate  of  oloiBmii  meh  le«  HfaiUe  thaiibatgrr-' 
the  tarma  into  tba  latter  m^  ~ 
bj  the  diBinstion  oftlia  c^it 


a  tMMatan  between  80°  and  Sfio,  and  wdlatined  erar^tOli  ™  t^Mec 

[  or  ei|ditdni,  it  iaeonmtad  into  ■itiffpaita<tf  lactate  ^ouciwu;  thii  parte  iibdled 
.  ._.. :.v..-« Tf  quioHune  a: 


theedt^an-MUllMreie  thanaddedamiztnraof  TptiK^afnliioletidTpt*.  w 

tli>  lactic  add,  wUIe  itill  hot,  iietnined  thmo^hlinen  toMpanteitfromMlphi 

Uine;  the  Slb^  obtained  fhm  7  pta.«f  oilof  TitzkliBboiled  with  I|{rti.eai(wnateof 
dnc  tat  a  quarter  of  an  hour  (bj  lonaat  boiling  a  tot;  ^arindj  lolnUe  bene  nit  ii 
Ibnnsd);  the  liquid  iaflbaredbouing  hot;  the  cokxirieeeciTitalHiw  grain*  of  lactate  rf 
nne  Web  Mfttnt*  on  eodinc^  are  ftaed  from  ralphuio  andb;  waidiiiig  with  odd  water ; 


and  additimal  quantitiw  of  OTrtalline  grains  aie  obtained  t^  ev«p»tiiw  the  motber- 
liqoor,  almort  to  the  end.  iMlr,  1  pb  of  tbe  rin»«alt  ii  disaolTed  in  7}  pta.  of  boil- 
ing water;  nilpbiiTetted  hydii^i)  paued  thiongh  the  »dnli<ni  aa  long  •■  n^iide  of 
lino  ia  pieeipitatfd;  and  Qa  tUtata  boilad  and  evaporated  on  the  water-bath  to  a 

Ep,  MMRmpon  8  pta.  of  the  nno-ialt  jield  5  pta.  ot  tjiapj  ladae  acid  (Beneob, 
.  Ch.  fhtnn.  Ixi  174).  Bj  tbia  proceaa,  100  pts.  of  can^annr  jiM  117  pta-  of 
laetntsirfealaum,  vbich,  if  the  nigar  waa  white,  iaeidooriea^  aiiado«i  not  require  t« 
be  pnriBed  b;  prewnra.  If  the  earbonate  of  linc  containa  lime  end  magieaia,  th<M 
baaea  poe*  orer  to  the  lactie  add,  wfatdi,  after  ^"^'^  er^orated  to  a  »jnp,  moat  be 
diseolTCd  in  ether,  and  aenrated  from  the  laetatea  ^caleinmandnugnMinBil^flltra- 
•  a.    Tika  caldam-eatt  may,  bpwero^  withoat  Snt  prepanng  the 


.._^ ,,    ..  .  It  prepanng  tL. 

line-Mlt  fnan  it,  be  freed  br  repealed  OTitalliiatiMi  from  a  nttrogmooi  anbatance 
Weh  obatinateljr  adherea  to  it ;  ilaaolntiiminthafmaUeitp«MU«qiiantit7of  water, 
mixed  with  a  qnantl^  of  pnrenliAnric  acid  not  quite  mffieuot  to  decompose  it;  the 
miztnie  heated  with  aloohol  till  tne  inlphate  of  »<■■■'""  ia  eompletdj  sepanited ;  the 
flltcate  enpcnatad  to  a  ajnip;  tbeajrapdiaaclTedinelher;  and  the  etheraal  Kilntion 
flltemd  ud  OT^aated.    (Engelhardt  and  HaddrelL) 

Lantemann  (Ann.  Cb.  Fbarm.  odii  243)  lecommende  the  Iblloviiig  modification 
of  B  enacb'a  pioeeee  of  {mpaiation ; — Betaimng the  proportioni  of  ragar,  tartaric  add, 
milk,  and  cheeae  indietrted  1^  the  latter,  be  takea  oue-thiid  more  water,  uaee  1,300 
grmi.  oxide  of  one  (commercul  nne-white)  instead  of  lerigated  chalk,  and  keeps  the  , 
temperature  as  oonatantlj  as  pounble  between  40°  and  4E°  during  the  termeDtatian. 
^tez  ei^htcrten  daja,  the  inddeof  the  Teesal  is  lined  with  wMte  crjitale  of  lactate  of 
ana,  whidi  can  be  obtained  pure  b;  one  or  two  ciTvtaUijatiotui  from  boiling  water. 
The  lactic  acid  prepared  from  the  dnc-aalt  genersllj  contaim  matiiute,  which  does  not 
com[detelf  ojitallMe  ont  from  the  <!oneentiat«d  add.  To  separate  thi^  the  a^neoni 
addiaihakeniqiwiQi  ether,  and  then  the  ethereal  lajeria  pipetted  idf  and  erapoiated: 
it  then  laarea  poie  lactio  acid. 

S.  TheeoIMioiiof  SOOgma.  of  milk-ragar  in4litMeof  milkis^aeed  in  the  open  air 
at  a  temperatUM  of  2£°  to  80°,  and  nantr^ised  with  add  earbonate  of  aodiom  aa  often 
ia  it  baeomaa  aour,  pcrhiqia  ereiT  two  daya ;  boiled  when  it  m  longer  tnma  add ;  fll< 


of  aodinm  with  ciilphnrie  Mid  to  piredpitate  the  aodinm,  and  aatarating  the  filtered 


J.  FranmulkvlucAIUutKnwdtinir.—i.  Scheele  er^nmilea  eourwhejto  \;  flllrai 
the  liquid  from  the  curd;  predpitatea  the  phoephoric  add  from  it  with  limei  fllten; 
dilntea  with  8  pta.  water  ;  precipitatea  the  lime  by  careful  addition  of  oxalic  add  ; 
ftll<n  j  erapazatea  to  the  conaiatecGe  of  honej ;  cxtrada  the  lactic  add  with  alcohol ; 

,     u  ..Coogic 
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lUtsn ;  dihitM  witli  «Bt«r,  ud  aT^oratea.  Beitdiu  t&^i  tin  aekl  thiH  Obhimd 
witli  carbonata  oT  lead ;  filtsn ;  pndputca  the  dind*sa  I«ad  with  antphjdrie  add, 
filMn,  and  Sfapontn. — S.The  illtand  aolution  of  aonr  Thn  atuonted  uesriy  to  6ij- 
nesi,  in  atnmg  dcohol,  ia  mixed  vith  aleoholJe  taitarie  add,  as  kiDg  as  any  pndptate 
«f  taitrate  of  potMaJnm,  aodinin,  and  -«l"m"  ii  fbnnad ;  the  liquid  daeuited  after  21 
lioim,  and  traporated ;  the  rraidae  diaatdTed  in  water ;  the  eolation  digeated  with  car- 
bonate of  1m4  till  lead  diiKilTn  in  it;  the fllMte OT^anted,  nentnliaed  with  carbo- 
nate of  baiiBDi,  again  filtored,  and  diluted  with  nter ;  tlw  yiboU  Ot  iba  baiinni 
predpilated  with  mJ^ta  of  lina ;  and  the  filtrate  evaporated  till  lactate  of  dno 
arataUiMi  «nt  (Barislina,  Lshrt).  Aneg.  S,  t.  241.  Pot  the  earlitr  methods  of 
BeneUnl^  tee  Pogg.  Ann.  six.  34).  W.  Engelhardt  (ZeitaEhr.  (%em.  Pharm.  1861, 
p.  613)  giTn  the  following  pTDcen  fbithe  prepantion  a  lactate  of  liiie,  from  which  he 
then  obtuQB  lactic  wnd  1^  deconporing  the  hot  solDtioD  of  the  Eino-aalt  with  Bnlphjdric 
"    "     '  "        whe7.  to  which  ^  of  ita  weight  of  powdned 

^         .  .  ,  D  tbe  proper  temperatare  for  the  lactam  frr- 

mentatian,  and  orer;  one  or  two  days  the  free  acid  it  nentialiaed  with  croihed  carbonate 
of  sodiam  Intern  term  a  prenondj  weighed  qnantin.  When  at  laM  the  add  reaction 
doee  not  relbpear  after  two  or  three  daja,  tbeliqidd  ii  batted  to  boiling,  and  oilpharie 
acid  ■■  added,  drop  bv  drop,  ao  aa  to  prodnee  •  dietinot  add  MCtion.    A  tjnantil^r  of 


i  water,  and  mixed  with  the  othar  boiliiw  lunid ;  the  cheei 
uationa  iriiidi  immediately  aeparate  at  the  siirfBee  are  ramorad  by  utratioQ  thnnu 
flanael-bag  and  the  clear  Ucpid  ii  let  aaide  to  oyatalliae.    Altar  a  day  or  two,  ue 


enatalline'  d^nnt  of  laetkte  of  aiaii  may  be  removed  and  washed  with  cold  i  .  . 
The  qnanti^  remidning  in  the  mother-liqnoriiinsigniAeanL  (For  Capand  0.  Henry's 
pneeoa,  see  J.  Fbarm.  xxT.  138;  also  Ann.  Ch.  Pharm.  xxx.  lOS.) 

Praptrtia. — Lactic  add  is  s  coloorlaea  liquid  of  sympy  consistenec^  and  ipeciflo 
gnritj  l-2ia  St  20-S°  C.  It  is  inodonnis,  bat  has  an  iutetiteh  eonr  taste.  It  abwirlM 
•ooistan  from  the  air ;  dissolTes  in  all  pcoportioos  in  water  and  alcohol,  sotEwwlist  less 
&eely  in  ether.    It  doe*  not  stdidify  at  -  21°  C. 

Deeinimarmont.—l.  Dry  tU$tmation.  The  add,  i 
leaaTisod;  ginaoffat  1311°,  aknriy  and  withonter 
ther  with  a  amall  qnantfly  of  lactie  add,  and  learei  a  pale  jellov,  solid,  easily  fusible, 
estNmely  hitter  reaidBe  of  AkHii iui%iM<iii  (dilaetiB  acid),  C'E"0*-2C*H'0'- H*0. 
This  nddtw  temains  iinalt<a«d  up  to  250°,  bnt  from  250"  to  300°,  at  iriiieh  tempen- 
tnre  the,d«MmM«itiM]  is  complete,  giTea  off  carbonio  odds  gu,  mixed  «t  tint  with 
4  or  A,  ud  at  last  with  10  per  cent  of  its  Tolome  of  carbonio  anlofAMe  (altogether  a 
quantity  of  gas  amonnUng  to  831  per  oent.  of  the  Isctia  anhydride]^  and  yields  a 
dittillate  amounting  to  SO  per  cent,  of  the  anhydride,  and  eoDSisling  of  iaeiide, 
CH'0*-3(?H>0>-2H'0  (p.  464),  which  oystallisee  out  on  oooling  and  likewise 
■ablimM^  of  taetotu  (p  464),  with  small  qosnCitice  of  acetone,  and  an  odorifnons  oil 
insoluble  in  water,  whilst  a  quantity  of  difllenltly  oombostible  charcoal  remains, 
•monnting  to  6'9  per  ceuL  of  the  anhydride  (Pelonse).  The  anhydride,  irtiich 
remains  nndeconinoBed  after  hMling  to  240°,  gives  tX,  whm  'koft  for  some  time 
between  1U0°  and  260°,  carbonic  oxide  mixed  with  9  or  4  per  cent  ot  its  bulk  of 
carbonic  anhydride  (without  any  earbnretted  hydrogen);  yields  a  yellowish  disHllatt^ 
which  depodls  crystals  of  lactide,  and  contains,  in  addition  to  Ihe  Uetide  (amoontir^ 
to  14'S  per  cent,  of  the  anhydride),  nothing  bnt  ordinaiT  laelie  acid,  dtiMoaia  adC 
aldehyde  (amounting  to  12-2  par  c«nL  of  the  anhydride),  bnt  neither  aeetMie  nor 
'    '       ;  and  leaTM  1  or  2  per  cent,  of  shining,  easily  combnstible  chareoaL    Th| 


the  laetids,  (."UM*  -  St^UH)  *■  SCO.     The  ordinary  lacbc  scid 

m  of  the  anhydride  by  addition  of  the  water  set  ft«e  by  the  convei _ . 

tnaiader  into  lactide.  If  the  anhydride  be  distilled  at  300°  instead  of  260°,  leas  lactia 
icid  and  lactide  are  obtained,  and  more  alddiyde  (Engelhardt).  lactic  add,  when 
heated,  gives  off  pnngentTaponrswhiehexdte  coughing,  and  yields  abrownempyrenmatic 
oil,  together  with  an  acid  liquid,  the  add  of  which  is  neither  tactic  nor  aceae  add,  but 
foimsa  visddnncrystallisable  salt  with  axideofdno  (Bra  eon  no  t^  Ann.  Ch.  Phys.l.STf). 
It  yields  a  watery  distillate  eantinnally  becoming  more  acid,  the  flnt  portion  of  which, 
bowsTer,  assumes  a  nmpy  consistence  whan  evaporated  in  taato,  and  it  then  gently 
heated  in  contact  with  the  air,  deposits  crystals  of  lactide;  it  afterwards  yields  ao  oil 
and  then  a  buUeiy  mass,  which  solidiflea  in  the  neck  of  the  retort,  and  lAen  exhausted 
with  cold  ether,  leaves  scales  and  ultimate^  rhombic  lamina^  LastW,  there  remains  a. 
shining  tamefled  ohareoaL  The  add  which  remains  ailer  partial  distilUtion  likewise 
contains  a  certain  quantity  of  lacdde ;  and  on  boiliiur  this  add  with  ether  and  cooling 
the  liquid,  the  lactide  er^stallisea  out  (Corriol).  fiy  continued  heMing  to  betweon 
180°  and  300^,  the  add  is  much  mora  qnidlyoonvnted  into  the  anhydride,  and  yields 
a  much  more  copious  distillsU  of  the  unaltered  odd,  tlun  between  130°  and  140°; 

.,)oglc 


SAECOLACnC  ACID— LACTATES. 

uid  If  s  ^a^l 

qniU  nnutered,  and  irith  nvolu  el  .      c 

t»i>i«  ■  mn&ll  qoantity  of  sii^nne  add,  il  pelds  oolj  CBrbouic  ixddfl  gu.  no  caibonie 

uihTdrids  (Pelonia).     If  it  eonUina  the  Bmsllat  qnantitj  of  impnritj,  albumen  tot 

example,  it  dota  nK  yield  mj  anbliiDats  of  Uetide  (Qay -LaBiae  uid  Pelonie). 

Lactic  acid,  heated  bIovI;  in  oostact  with  the  air,  bcala  geolJy,  emiEting  a  BaSbcaCiiig 

odoor.  cwella  i^  blackmo,  and  leavet  a  tpocgy  chamial.    (Berieliaa.) 

3.  Laetio  acMl  (m  fbmnia  ladata),  miud  with  a  aixfbtd  qnantilf  ot  oSof  vilriol, 
and  gvntW  hiato^  ftotha  up  biiikl/,  acqnireB  a  daik-bmwn  eoloor ;  giTna  oiF  ahoot  4 
of  itawcipitof  pmccaibrauoaEidegaaj  a^  at  a  higher  tvcDpantiire,  jielda  aboat  }  of 
ita  WAght  of  a  bniBii^like  nbaUiioa.    ^elonis.) 

3.  filing mfris  actrf  BonTBiti  lartie  mto  oxaliG  aotd.  (Jalei  Qav-LiiBiaa  and 
Pelon.e.; 

4.  luetic  amd  and  its  aalts,  diatiUGd  with  amall  qnantitieB  of  cvbhooi  talt,  tKTWcida 
qf  mamgioutt,  nUvkime  aeid,  taiwttKr,jUld  dueB;  alddijd*;  '' 
piinciiallj  ehloi^    (Stideler,  Ann.  tih.  Fharm.  bi~  ~-" '■ 

5.  With  ai^neona  aUaMu  i^poeUmfaf,    -  " 

into  ozalicamd,  then,  with  cdbFTGaoanee,  in 

fl.  Whm  treated  mthjMnc" 
add.    fCapandHenij.) 

7.  Dutilled  with  dihitt tuMmrie  aeid  taA^tntiitqfvumgaiutiarftrOfidtofltai, 
itjielda  •  iMge  quandty  of  aldelTd^  togetbei  with  canonie  anl^diide.    (Liebig.) 

B.  Lactate  of  ealeiiiiB  di«tall«d  irith  pattaMoridt  t(f  piotptona,  jiddi  ohloriM  of 
la<*yl(t?H'0)'.Ca': 

^^Ity  +  pa-     -     <?H'OCP  +  PCPO  +  HK>. 

9,  ^/drioUe  aeid,  or  a  mixtnre  of  di-iodide  of  pbo^hoina  with  a  imal]  qtumlitj  of 

Ons.'O'  +  2H»    —    CH*0»  +  HTO. 


r  iMtate  of  ealmom  pn>- 
,  exriiL  291.) 

»MB»l«nBB  or  WmratmmliiB  MMi,  In  ISOfl,  Benelins  diacorerad  an  add  in 
mnanlar  Beah  which  he  bdiercd  ta  be  identical  with  tfas  Uctic  acid  prepared  from 
milk.  In  1M7,  Liebig  (Ann.  Ch.  Fharm.  Ixii.  278  and  8SS)  showed  that  tUs  add, 
though  dmilar  to  the  add  of  aom  mitk  in  compssition  and  in  manj  oUier  raapecti, 
neTOTtheleai  aihibitad  diatinct  difilTaicea  from  it  in  aome  of  ita  aalta.  He  therefore 
diitingnishad  it  by  the  name  Saroolactic  acid  {FUiKknHeluSlir«\  in  place  of 
whichParalBctieaadwaaprcpoaedbjHeinti(Pogg.  Ann.  Ixir.  391).  In  1868,  it 
waa  found  by  Strseker  (Aim  Go.  Fharm.  cr.  313)  that,  by  heating  paralactio  add  ft?  a 
lonK  time  to  130°  or  140°  and  diiaiJniu;  the  leenltiQg  lactic  anhydride  in  wat«r,  thia 
■dd  tatij  be  Izanafoimad  into  oniinaix  uetie  add. 

PrtparaHon. — Chopped  Seah  is  exhansted  with  cotd  wator  or  dilnt^  aloohol ;  the  in- 
ftuion  is  mixed  with  Dsiyta-water ;  the  elbnimn  ia  coagnlated  by  boiling,  and  removed 
by  filtration;  and  the  clear  liquid  ia  concentrated  by  eraporation.  Snlphiuric  add  ia 
added  to  the  eyrtqiy  rasidnc^  and  it  ia  ahaken  with  ether,  which  then  learea  paraliic> 
tic  add  when  etumratad. 

TbedUftrtOM  betweMt  aaioolaetia  and  ordinaiy  lactic  adda  iamoatdiatinetly  marked 
tn  their  caldnm-  and  cine-«aIti(Bee  below,  Lactate  of  calcium  and  Lactate  of 
line):  theaddathenaelveatrehanllTtobediatinguiehad. 

ThakstaMto  *«M<  Thiti  ia  another  modification  of  iat^c  add  found,  bj  T.  and 
H.  Smith,  of  Edinbo^,  b  the  nother-liqnon  of  the  preparation  of  monliine.  Some 
of  ita  aalta  are  aaid  to  diSer  in  certain  rcspecta  from  oidinory  lactic  add  (sea  Tsano- 

KMcMtea.  The  beet  known  aalta  of  lactic  aod  are  of  the  form  CfH*HO* :  there 
are  alao  add  ealU  eont^nine  CH*MO<.C-H^)<  and  double  salts,  CH'MO'.CH^'O'. 
The  ezielflnea  of  theee  add  and  double  aalta  led  Oeriiardt  and  other  chemiata  to 
double  the  fomuU  of  lactic  add,  mating  it  C*H''0*,  and  rwarding  the  neutral  aalta  aa 
O^Q<fUK)*,  and  the  add  aalta  aa  C^'iMO*.  Bnt  the  Telationa  between  lactic  and  pro- 
pionic ad^haToindoceddiemiBtBin  geoenllo  return  to  the  lower  formula  of  Uetie 
add,  and  to  regard  the  add  lactates  as  conatitnted  like  the  add  acetate  of  potaawiun 
(L  17).  Ktaaover,  Wnrt^s  diaeorery  of  the  diethjUc  lactate  would  render  it  neceeaaiy 
tom^id  the  add  with  the  higher  fonnula  aa  tetiabadc,  fofwhich  there  is  no  warrant. 

The  dyatalline  laetataa  do  not  efBoresoe  on  (oqioanre  to  the  air,  but  give  off  wal^r 
■n  eamie,  and  the  whole  of  it  at  100°,  sxceptiittthe  add  nickel-salt  which  retaiiu  it  till 
heated  t«  180°.    They  sustain  a  heat  of  iSV  to  170°  without  deoMDpoailMn;  the 
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■mC'^tlt  m&j  be  heated  eren  to  S00°.    They  are  fcrthe  noat  part  tptxiBfijmAMein 


pBKBttiii  etjatale  which  deliqMMe  and  glTe  off  ammania  when  ntpnand  to  the  air. 

LiOTAn  or  Ajmnom. — Oxide  of  antimoDv  diMOlrea  in  lac^  add  or  in  add 
ladaM  of  potaaiDin,  but  doea  not  fonn  a  ciTitalliDe  ealt. 

L^CTAn  or  Babick. — The  luutrat  aalt  is  aiici7<talliaabU  and  very  solable  in 
water.  Tha  aad  tait,  C^'BaO*.(?H<0',  la  obtained  bj|  adding  to  a  wjotion  of  the 
nentral  salt  n  quantity  of  lacti«  acid  equal  to  that  which  it  alnady  eontaina.  It  i> 
then  depoaited  in  cryMali  vhieb  may  be  purified  by  waahinc  with  alctdioL  It  ia  not 
altered  by  expoenrs  to  the  air  OT  lit  vacuo.  It  diwolTea  eaai^  in  water.  Qivei  off  an 
•romatici  odonr  at  100°. 

LiOTiTB  or  BismTTH.— Only  two  banie  lalta  are  known  ;  a.  a(?tttiO".bi'0[bi  — 
f Bi].  Thii  salt  ii  obtained  in  needln  by  tcMting  hvdiato  or  carbonate  of  binaath 
with  lactie  add,  aod  cTapoialuig.  A  better  mode  a  preparing  it  i<  to  nix  tha  con- 
centrated eolationa  of  nitrate  fd  biimuth  and  laetaU  of  aodinm — the  lattor  in  ilig^t 
exeeoi,  vhenbj  a  oyatalline  palp  ia  precipitated  CMudating  of  lactate  of  binnuth  mixed 
with  ni&e.  On  rediaaolring  liiia  in  a  amdl  quantity  of  water,  and  Iwvio^  the  eolntion 
at  nat,  the  lactate  of  biamnth'  ia  dcooaitad  in  oyitBUine  snuta. 

#.  (?HlH0*.2bi*O.— By  fntoeedin^  in  the  manner  just  deaeribed,  bat  with  boOing 
■olntionB,  as  b;  ailing  nitnte  cf  biamnth  drop  by  dn^  to  a  eolntion  al  lactate  irf 
aodinm,  the  aalt  $  i»  pieeipitatad  aa  a  powder  nnab^abU  in  binliiig  water.  It  ^^leara 
also  to  be  [viduced  by  tha  eolatioa  of  b. 

LiCTATB  or  CiDMiDiri,  CH'CdO'. — Obtained  in  small  needlea  by  diaadring  eeibo- 
note  of  cadminm  in  the  acid.  When  deposited  bom  a  baling  aidution,  it  ia  aohydrooa. 
Inaolnbla  in  alconol. 

LAcrATBs  or  Cuxamc— The  tuutnd  aedatt,  CEKaO'SBK  and  C'H'CaO'^H'O,  is 
obtained  b;  aatorating  a  boiling  aolTition  of  lactic  add  with  carbonate  of  calanm,  and 
eTsponting  the  filtered  liquid.  It  ia  alao  produced  abundant];  when  a  nlntion  of 
■Dgu  mixM  with  cheeee  and  carbonate  of  caldum  ie  left  to  itaelf  for  eome  vn^  at  a 
teuq)«t*tnrerf20°to  80°  C  Accrading  to  Corriol,  the  aame  talt  ia  depoaitad  from  an 
infludon  of  mar  fmntea  which  baa  fermented  for  a  few  daya.  It  ia  depoaited  from 
an  •qneooa  or  alcohdic  eolntion  in  nnall,  raj  white,  mammdJated  ajetala.  It 
diaedTM  in  all  propoMionB  in  water  and  in  alcohol  at  the  boiling  heat,  but  ooLd  water 
diaaolrea  only  tiaeaa  of  it. 

The  characten  of  thii  salt  diffW  somewhat  aeooiding  as  it  haa  been  pnpit«d  with 
Uctie  acid  a  extracted  ftom  muscular  flesh  (sarcolactic  add)^  or  from  tactio  acid  0, 
pmdaced  by  the  fermentation  of  sogar. 

The  salt  of  the  add  a,  d^iodted  &om  an  aqueooa  solution,  contains  2  at.  mier ;  that 
of  the  acid  $  dystalUsed  in  the  lame  way  amtains  21  at.  (2C*H'CB0*.eH*0). 
The  lactate  a  rotaini  ita  water  of  crystaDisation  at  100°  longer  thim  the  aalt  P 
Iiastly,  the  salt  a  requires  12-1  pta.  of  water  to  dissolre  it;  whersaa  the  0  diseolTCS 
in  9-6  pta.  Pore  Uctats  of  ca]ciiim,  dried  at  100°,  and  containing  (THHIkO*,  loses 
water  at  2SD°,  and  is  conTertad  into  dicalcic  diUctate.  C*H*C&<0*  (Dii.lono  acw, 
p.  461).    (Wurti  and  FriedeL) 

Add  lactate  of  eaUium,  l7H'CaO'.(7H*0'.)HK>,  obtained  by  mixing  a  solution 
of  the  nentrol  lactate  with  aa  much  lactic  add  as  it  alieady  contains,  forma  eryatallina 
msBMB  resembling  warellite.  It  diaaolTee  in  absolute  aloohol,  givee  off  its  watRr  of 
cryatallisBtion  at  80°,  and  rapidly  tarns  brown  at  a  higher  temperatnre. 

Lactate  of  caleium  and  potamam.—O'iABiiaA.  hj  iucampletaly  predpilatii^  B  eola- 
tion of  iMtate  of  caldom  with  carbonate  of  potaaemuL    It  forttu  hard  dystals  soluble 

LactaU  ailh  eUoride  of  calcium,  (?H'CaO'.OBC1.3HK>.— Obtained  in  prisma  by 
mixing  the  aololions  of  the  two  salta,  and  ooncenbating  the  liquid  considerably. 

Lactati  or  Chbomiuii  is  an  onrarslallisable  salt. 

LiCTiTS  or  CoBiLT,  C'H?CoO".3H'0.— Pcsch-bloBsom-coloured  needles,  nearty  in- 
soluble in  cold  water,  moderat«ly  soluble  in  boiling  water,  insoluble  in  akohoL  Its 
solution  has  a  sligbt  acid  reaction. 

LAtTrara  or  Cofpsh,  C*E'CaO*.|HH)  and  H*0,  is  obtuned  by  predpitating  ml- 
phate  of  COTiper  with  lactate  of  banam,  or  by  boiling  carbonate  ca  copper  with  lactic 
add  "Bj  the  latter  method  a  baaie  aalt  ia  also  pniduced,  bota  which  the  product 
must  be  purified  by  rccryEtsIlisation  or  by  addition  of  lactic  add 

Lactate  of  copper  a  (aarcolactate)  aTStaUises  in  sky-blue  nodules  containing  IJ  at. 
water,  whidi  it  does  not  give  up  at  100^  till  after  a  considerable  time;  whereas  i9  forms 
larger  crystals,  of  a  green  or  very  dark  blue  oolour,  and  containing  1  at.  water,  which 
they  give  off  by  simple  desiccation  over  sulphuric  add.  The  mlt  ■  exposed  to  a 
gradnnlly  increasing  heat  does  not  exhibit  any  change  below  210°  ;  bnt  at  tbat  tem- 
peratu^  it  takes  firu  and  bums,  leuting  a  residue  of  metallic  copper,    fi  heated  in  like 
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, _;iDl'34[it 

wh«—  $  nqniTM  fo 
•kohol,  ud  2fl  pta.  b 
Lactaiw   or   Ibc 
dccompoaiiig  tticcBlci  ... 

vitii  tuKHU  eUoride  in  picaence  of  ikohol;  iIki  by  bailing  dilota  lactic  aod  with 


lUMC  ilceompow*  at  140°,  l««Tiii^  •  leakiiw  of  enpmiu  caid«^    I^lij,  "  duulTW 

l-9Spt  cdd  THter,  in  l'34pt  bodina  wBt«r,  and  in  ■  imaU  ^xapor&m  of  abohol; 

\trtm»  $  nqniTM  fn'  MhiliMi  S  pb.  <tf  cold  water,  22  pta.  boili^vatw,  IIS  pU,cold 
•kohol,  and  219  pta.  boilins  aleolua.  

LuTTAiw  or  lunr.— Amwf  ImIo^  2(7S'?eO*.SHH),  may  be  nvpand  b; 
dccompoaiiig  tti«CBlciiiin-nlt  irith  femnu  inlphata,  or  br  misinB  Uelata  of  ammoniom 

..._., ...  -  sail. 


Fnrie  laatatt  is  a  bnwn  aaMiplMHii  uai^  daliqtKWeiit,  ai 

nmpnwri*  in  tsctie  acid.  CiyatalliMa  in  priima  permanent  in  tiie  air,  solnbla  in  vater, 
inaolnble  in  alcohol  llie  uilt  a  (aaieolaetitte)  eonlaiiu  2  at.  nteri  Ihe  nit  /i  con- 
Uina  I  at.    Tha  salt  b  is  also  mneh  mow  >olnhto  in  water  and  alcohol  thin  B- 

LunjLTK  or  Hunuxnai,  SCE'UnO'.SB'O.^-lArge,  brilliant,  ametfajat-oalonKd 
eiptal^  modaimtal;  poloble  in  cold  water,  tbij  solnble  in  hot  water;  aolnbU  alio  in 


Mtrairie  iaeiaU.—Tia  neutral  nit  ia  not  known.  A  baoo  nit,  2(?H*H^.BgK), 
or  C*H"BhgO'.HligO,  ia  obteiaed  b;  boiling  mcRiiric  oxide  with  dilide  lacbe  acid  tUl 
the  liipud  U  Mtnnted.  The  solntiou  jielda  b;  erapcrration  a  yellow  rait,  inaolnble  in 
water,  and  a  cokuien  Mlt  which  ia  Tecy  wlnble.  The  latter,  which  bu  the  eompo- 
mtioD  above  given,  cryitalliMe  in  ihining  priama  which  afBoieaoe  rapidly  in  the  air,  and 
an  rery  apaiin^y  ecdnble  in  alcohoL 

Luiu.Ta  or  HioKnL,  2C*H>NtO'.3S*0. — Af^lr-green  nndlee,  very  aolnble  in 
cold  water,  more  lolnbte  in  hot  water,  ituolnble  in  alcohol.  The  solution  haa  a  alight 
acid  reaction.  According  to  Engelhardt,  the  salt  ■  givea  off  the  whole  of  iti  water 
at  100°,  but  0  doee  DOt  part  with  the  third  atom  before  130°. 

Lactatb  or  PoTUsimc— Very  soluble,  and  cryetalliaea  with  difflcolly. 

Lactatb  of  SiLTut. — CH'AgO*.S*0.  Obtained  by  boiling  carbonate  of  gilver 
with  lactic  acid.     It  forms  ailky  needles  grouped  in  nodules,  neutral  to  test-paper, 


It  gives  offtn  vacve, 

LwiTATBa  or  Sonnm. — Monmodic  lactate,  CHtlaO*.  An  amorphous,  deliquMcent 
Diass,  vBiy Bolabte in  water  and  absolute  alcohol;  ether predpitatee  it  from  itatJcoholic 
solution.    Dried  at  140°,  it  possesses  the  above  composition.  (Wislicenui.) 

DUodic  lactate — MonoBoJic  lactate  heated  to  130°  ia  acted  on  by  sodium,  hydrogen 
being  libeiatKl  and  a  Bodiam-salt  formed,  which,  together  with  onalteied  monosodie 
lactate,  oontuns  disodic  lactate.  The  prodact  thiu  obt^ed  ii  a  bright  yellow,  very 
hari  and  brittle  mass.  It  deliquesces  qoickly  in  the  air.  When  covered  with  water, 
it  is  decomposed,  with  veiy  perceptible  development  of  heat,  into  monosodie  lactate 
and  hydrate  of  sodium.  The  debquesced  salt  absorbs  carbonic  anhydride  bom  the 
air;  BO  that  when  it  haa  baen  long  exposed,  absolute  aleohol  dissolves  outmonosodio 
lactate,  leaving  a  residue  of  carbonate  of  sodium.  Bisodic  lactate  appears  to  dissolve 
without  alteratian  in  perfectly  anhydrous  alcohol  With  iodide  of  meth]d,  it  yields 
iodide  of  sodium  and  metbyl-lactate  of  sodiom.  (Wialtcenna,  Ann.  Ch.  Fhann. 
CUV.  i9.) 

LocTATi  or  STBOBTnm,  2(?H*8rO'.3HK).— Nentia]  and  very  solnble. 

Locta™  of  Tm.  Siannoia  lactate.  C*H"SnO'5nO.— This  basic  salt  is  obtained 
by  mixing  an  acid  eolutioit  of  stannous  cboride  with  lactate  of  sodium.  It  is  a  white 
crystalline  powder,  insoluble  in  cold  water,  very  soluble  in  hydrochloric  acid ;  solnbls 
also  in  acetic  acid  oiler  prolonged  ebullitioii. 

Stannic  chloride  mixed  with  lactate  of  sodiom  doea  not  yield  cryatali;  or  a  precipi- 
tate even  after  concentration  to  a  syrup. 

LACTan  OF  Dbamiuk. — Uranic  lactate,  C^*(tT'0)0*,  is  obtained  in  yellow  crystal- 
line crusts  by  evaporating  a  solution  of  uranic  oxide  in  lactic  acid. 

liicTATB  or  Zrao,  C*H'ZnO'.|H'0  and  HH).— Prepared  by  boiling  carbonate  of 
xiac  with  lactic  acid.  The  salt  a  (sarcolaetate)  ia  deposited,  as  the  sMation  cools,  in 
very  dilute  needles,  incgularly  grouped ;  on  tondung  the  vessel,  these  groop*  separate, 
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The  ulta  aoatuns  1  aL,  the  «b]C  ^  I  at  water,  wMdi  it  fprf  ofF^nicUy  at  100°  ; 
irhereaa  n  requirea  heititig  ftx  Bdrenil  hours  to  deb jdrata  it  complttelj.  $  Buy  b« 
he>tad  without  alteration  to  210°,  Tbereu  ■  b<g^  to  giTe  off  snqiTieBmatae  Tapoon 
betveen  100°  and  1S0°. 

The  twoaalta  alao  differ  gmtlj  in  M^obili^.  ■  ^nohn  in  iiSjtt.  «f  boiling  and 
G-T  pta.  of  eoldwatAr;  in  2-33  pti.  ot  odd  alcohol,  and  in  aboat  the  aanw  quantity 
irith  brriting  hnt.  The  aalt  $  leqairM  Ibr  tidntion  6  pta.  of  boiling  vUor,  6'B  pta.  of 
cold  mt«T,  and  it  neai4y  inflolnble  in  aleohoL 

Aecradingto  Liebig,  tb«  oantnl  aalt  prepared  with  lactic  wid  from  Mnrovnt  iplits 
np,T]ien  its  aolnlionia  mixed  with  aloohol,  into  a  banc  and  an  acid  salt,  Engelhard  t 
did  not  obaerre  thia  decompoeitioii  of  the  soeialt  prepared  with  lactic  add  obtauned 
bj  the  ffenneutation  of  tagu. 

Derivativtt  ofLatHe  aai, 
PHK)    Jo 

AeetoUMlCMM.  CHKt*  -  (C^'Oy  .  CWialiaeuv^  Ann.  Ch.  Pham. 
S  }0 
cxzT.  SO.)— Obtuiwd  (tarn  afeltdaetato  of  t«l^l  (tAt.  A(/)  Ij  heating  it  witli  w«t«r  to 
ISO^for  twoortbreahonr*.  It  iea  tliidc,BTit^liqiiidiTayea*iljei>lnbli>iD  witw; 
and  has  an  agreeaUt^  purely  acid  taste,  wiUunit  any  irritstina  aftsr-taete.  It  ia  not 
Tolaidta  without  decomporition,  but  i«  ewritd  orco-  to  a  eonaiaerable  extent  bj  watra- 
vapour ;  eron  then,  hcnrerer,  it  U  pMti*!^  deomn^OBod  into  acetic  and  laetie  acida. 
Under  lUI  ORnunitaneea,  indeed,  both  the  add  ud  ita  aalla  readily  nndaqia  decompo- 
■ition  into  theae  two  acida. 

Aeitolaetatt  of  baritm,  C>H'BaO'.2EK>.— AeetoUetie  acid  disaolTM  carbonate 
of  barium,  with  eTolution  of  caiboolc  tnt^diide.  The  eolation  ia  wanned  fbr  a  rvry 
•hott  tine  with  ezaesa  of  the  carbmitte,  in  lader  to  compltte  Uie  neatndiaation  (longer 
healing  woold  outas  decomposition  into  lactate  and  carbonate);  thai  filtiired,  and 
nnonted  to  a  lyn^  on  the  water-bath,  Thia  ayrnp  becomes  a  too^maaa  on  cooling^ 
and  dries  ysp  orer  mlphnric  add  in  vonto  to  a  brittle  and  pnlTeriaabls  substance 
resembling  gnm.  It  then  still  retains  2  molecules  of  water,  one  of  which  is  given  off  at 
10D°,  the  second  only  at  140°.  Acetolaetate  of  bsrinm  ia  tot  eduble  in  water,  and 
dioolTes  also  in  absolnte  aloohoL  Ether  produces  in  the  alsobolL;  solution  a  floccnlent 
predpitate,  which  soon  onitas  into  a  tough,  sticky  mas*. 

Aceielactai*  e/  aopper, — Obtained  as  a  blus-graen,  amorphosa,  gummy  mass,  by 
decomposing  the  barium-salt  with  sulphate  of  copper,  and  er^nrating.  It  dissolTcs 
easily  m  water  and  alcohol,  and  beeomea  moist  wlum  exposed  to  the  air. 

Aeetolaetttit  of  Mitio,  CH'ZnO*. — A  cold  aolution  of  acetolaetate  of  barium  ia 
decon^nsed  with  an  exactly  equivalent  quanti^  of  snlphate  of  ant^  and  the  liquid  is 
erap^nated  over  solphnnc  add  wilhont  the  aid  t&  healL  The  gnuuny  maas'tbna 
obtained  contains  imbedded  erystsls  of  lactate  and  acetate  of  sine  To  acpaiste  these, 
the  aeetidactate  of  linc  is  dissolved  out  by  a  small  quanti^  of  absolute  alcohoL  By 
evaporating  t^e  solution  in  oocuo,  the  salt  is  left  as  a  gummy  mass,  which,  when 
thMOB^ilj  dried  over  sulphuric  add,  is  not  decomposed  at  110°.  Its  aolutioni,  both 
aqueous  and  alcoholic,  become  quickly  add,  owing  to  the  extraoidinaty  ease  with  which 
the  salt  decompoMi  into  acetate  and  lactate  of  liac,  and  acetic  and  lactic  acidii 
0^*0    Jo 

Ae*tolaotaUef  tt\yl,Q^E^Ki^  —  {SfEfOT\    .—Formed  by  the  action  of  chloride 
C?H'      }0 
of  acetyl  on  monethylic  lactate  (p.  4S3).    This  reaction,  whidi  was  first  meetionod  by 
Perkin  (Zeitschr.  Chem.  Phaan.  1S61,  p^  166),  bas  been  ftirther  investigated  I7 
Wislieenns  (fcc  nt  p.  M). 

AeetoUdate  of  ethyl  is  a  eolonilees,  mobile  liquid,  of  an  agreeably  aromatic  smell, 
recalling  that  of  Catvills-applM.    It  is  neatral,  and  insolable  in  water,  but  is  STadually 
decomposed  In  it  into  alcottol  and  acetolactic  add  (see  above).    It  diisolvee  in  alcohol 
and  ether  in  all  proportions,  and  is  piedpitated  I7  water  irom  ila  alcoholic  aolutiona. 
Boiling  point  177°,  under  738  mm.  pressure.    Speciflc  gravity,  1-0468  at  17^  water  at 
the  Mme  temperature  being  taken  as  unity;  vaponr-densi^,  fbimd  670,  calculated  S-S4. 
C»H''0'.    (SeovoLI-p,  (81.) 
CIPO    lo 
<rH»0*  -  (C^'O)';    .    (See  voL  L  (L  667.— To  the  de- 
H       }0 
•criptioQ  there  given  of  bu^roloctate  of  ethyl,  wa  add  tlia  following  puticBlaia.) 
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Boiling  point,  SOS°.  T^Mur-ddnritj,  foaiid  6'73,  ealeilUtcd  6-SI.  Hmtodiritli  CKtadc 
potub  in  ft  sealed  tube,  it  ii  deoompooed  into  dMhol,  and  Uotato  ud  bntfimte  of 
pcftavioBi.  (Varti,  Aon.  Ch.  Phjs.  [S]  lis.  177.— Thii  mod«  of  dMompodtion  ii 
important,  lince,  wen  Kolbe's  view  (rfUie  eoiutitntioD  of  batjniUetie  taiaomck,  it 
ought  to  yUM  propionate  and  bntrlaetata  (ratjbn^rate)  of  potannni  i^ien  decompceed 
by  potash.  (OompareAim,  Ch-^uno.  cxiii  281,  2S5,  alaoroL  ii.  p.  701  of  thia  toA.) 
niMUa    MM.     Anl^roia  laetie  aoid  IFtlonae),  Add*  laeHtUq^  (I^nrait). 

{awo)-\ 

C'H<*0'    -    (CTHH)}'  \  0*.    Tbia  anbatance  nmaiiu  u  a  pale-ralloT,  amoiphona, 

H"  J 
eaailj  fbable  maaa,  whea  laetio  acid  ii  aipoced  for  aome  tims  to  a  tempentan 
between  130°  and  200°.  It  >«  oonreited  into  lactic  add,  dowl;  b;  ebullitioo  with 
water,  qniekly  bj  the  action  of  aqneona  alkalii.  B;  diy  diatillation,  it  h  eoDTertnl 
into  laotide  (a,  481).  With  gtatooa  ammonia  it  jietda  the  compound  CWSH)*, 
commonlj  <»lled  Udamate  of  smmoninnl,  bn  t  Eiora  anrectl J  dilacQlaniate  of  anuDoninm 
(p.  «3> 

Dilaelatfi  of  ealeium,  C^HHTa'O'.— Obtained  b;^  heating  laetate  of  ealdon), 
prerionalfdriedatlOO^,  to280°.  It  ia  mnchlair  wlnblain  ab«olnt«akoliolthanlactate 
<d  calciom.  (Wnrta  and  FrisdeL) 
itaUofttkgl.  Honethjlicdil 
o  cd  lAloropiopionate  of  ethjl  on  Uctata  of  potawigm : 
((?HH)r)a  ((WO)"|q.  _  ((WOJM 
CH*  fO  +  HK  ("^  "  OfH'.H  "^ 
CUonpiapkBUa  st       Leetair  of  MoaMbrlle 


It  ia  dMtaapaoDd,  wnen  oe^«d  with  irater  m  sealed  tnbaa,  into  akohol  and  lactic 

!niia  iMiid  was  obtained  aa  tbe  prodoct  of  aa  oprntioD  eoDdaelad  witb  a  Tiew  to  the 
piepMaticn  of  tnli^iolactic  acid  (p.  4S3).  Instaad  of  nentnliaiBg  the  aqneoiu  aoln- 
tion  of  tbe  onule  piodoct  i«™t»iTiing  ndntiolaclata  of  potassinm  (see  p.  IflS)  with 
ImlioiAlariB  acid,  it  waa  nentialiBMl  with  dilnta  snlphmie  and,  and  «  Auuei  qoanti^ 
of  snlphiiiie  a<9dwaa  then  added,  snfflcieottodeoomposetheBiilpholactateonlj.  Uono- 
snlphodilactie  sidd  than  separated  at  the  aaibea  of  the  conoenlzated  aalina  solalioli, 
and  waa  obtained  pnn  bf  aohilion  in  ether  and  erapontion  onder  the  air-pomp. 

Honoaolphodilaotie  acid  ia  sohibla  in  water,  alcohol,  and  ethsi,  bnt  doea  not  otb- 
talhse.  Iloont^DsIhe  fllMnantscftwomdeenbaof  an^holadieaadai^mttonemda- 
cnle  of  nlphydrie  acid : 

ac^sws  -  H*s   -   OfH"o<a 

Bj  oxidation  with  dOnte  nitzie  add,  it  yield*  dilaetylanl^hnToni  aeid.  C*H"SO' 
(JMpnpumseAtw/cbSi^f,  Sebacht),  the  baritUQ-salt  of  which  is  ■  while  amoiphona 
powdsr  contaioing  CH'^Ba'BO'. 

Btb7l-4aatla  aald.    See  Lactki  Bmna  (p.  403). 

KaAtylaolpbaraua  ftold.  Bu^Ju^roftome  add,  CHSO*. — ThiB  add  b  fimned  b; 
the  action  <d  faming  tolphnrie  add  on  cranide  of  ethjl,  or  on  propionamidc,  in  the 
proOBW  Ibr  preparing  ^supluitholie  add  (Bncktoo  and  Hofmann,  Cbaa,  fioe.  Qo.  J. 
IX.  361)  J  abo  when  anlphalactia  add  is  oxidised  with  dilute  nitric  add.  (Schscht) 

Laelflinlpiitt  af  Ammonitim  is  exceedinslj  solnble  in  watm,  and  nnciTstal- 
liaaUe.    Abaolnte  alcohol  throwa  it  down  as  a  thi<±  treaclj  maa. 

LaelfttuIpkiU  of  Bariuin,  C^'Ba'SO',  eiTstallisee  from  a  aatorated  boiling 
Bohition  in  flne  silkr  erjstals,  axraiiged  in  aphencu  gmnpl.  It  msj  be  dried  at  170° 
irithrat  deeompodtion. 

Dtucmacuv  uuoca  Aom.    See  abore. 

Lac^l-  and  dilac^lsnlphnrons  adds  may  be  regarded  as  oontaining  the  ladidn  of 
laetia  and  an^onnis  adds,  and  maj  be  repreaented  by  the  fc^wing  rational 
formnlB: 

(C>B'0)-t  fl?H*0)M 

(SOJ^  O-  (tra-Oi'lQ. 


1.    See  Lu;nc  Enmas  (p.  4fl4). 
•OMlKO-lMetio  kaUai    Thn  oiAj  known  n^reaentatins  of  these  sabatsiwei  ire 
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dirthyliemiceiiipUctaUt  C"H''0',>nd  dieUiTlie mwnnodnoeUto,  CH^O*.  Ditlkolit 

(CH'O')-l 
wueeino  laotatt,  (l7H*0)"tO',  iBMoilfUqaid,  inidable  in  wat«r,  boiling  at  SSO", 

C(?H')'J 
and  of  BpAcifle  gnvibr  1'119  at  0°,  fbmted  bj  tha  metion  of  dilortqiKqiioiiie  eUier  on 
BQCcinate  of  eth;!  uid  potassinai  in  pnacoM  ^  sIootiaL  It  is  decompowd,  when  he&ted 
irith  baiyta-iralei,  into  AloohiJ  oad  iDccinate  uid  l&etata  of  buium, 
CH'O'  1 
Dittkylie  jueisiiiaiiiaafatt:  (C^'0)*tO*,  !■  a  liquid  boilinslittwaen  250°  and 
(C?Hy  J  ^ 

270°,  pioduced  b;  the  Mtion  of  dilofopropionate  of  Bth;l  upon  medoate  of  potaoinm. 
(Wnrti  and  FiiedsL) 

'  aolvtwUetle  Mid,  C*EK)>8  •-  ^^'^^^Jq-  (Sehaeht;  Aim.  Ch.  Fhoim. 
ezzix.  1.)— His  potaiBium-ealt  of  Uiia  odd  i*  formed  when  on  intimate  mixCon  of 
chloropiopionato  (^  potaniom  and  to^^diate  of  potaMinm  i«  heated  for  four  oi  fire 
hwm  to  alittle  abora  100°: 

CfHiaO*  +  HZ8    -    CH»KCffi  +  KCl 

Chlanvnplanata  SulpkolacUM 

of  pOtuitHD.  or  pgtuilum. 

To  pwpon  the  odd,  the  mixture  of  chloride,  phosphate  and  chloropropionate, 
obtained  by  nentialising  with  carbonate  of  sodinm  the  cnide  prodoct  of  the  distillation 
of  lactate  of  e^nm  with  pentachloride  of  phoaphonu,  is  mixed  irilh  mlphjdnte  of 
|KiUasiam  (I  molecole  of  the  lattar  for  each  molecule  of  lactate  naed^,  and  the  eolatioa 
u  araponted  and  the  icaidne  heated  as  above.  The  product  of  thu  opeiMion  ii  dis- 
•olTed  in  water,  satmated  with  hydrodilorio  add,  warmed  t«  


e  I^drodilalic 

'  hetf  with  call 
barhim,  mile  ndpboladiate  of  barium  remaini  in  the  wdation.    From  this  aolntioi 
tha  a(Uii  again  thrown  down  as  lead-salt;  thepredpitate  ia  decompowd  bj  sulphydiii 
odd;  and  the  iMXltiiia  MlatJon  of  the  free  odd  U  ooncentiatad  bj  anporation  on  thi 


the  iMiling  heat  with  eaibonato  of  boiiimi,  wbidi  cansw  a  predpitote  of  phosphate  of 
•     !. —   _s.?i.  _i_i._i__._._  _*  i_j j__  i_  .!._  __i_^__      ■■^-^n  Qjjji  Bolntion 


le  iMXltiiig  solation  of  the  free  odd  U  ooncentiatad  bj  anpontion  on  the 
water-batfa. 

Sulpholactie  add  e^Wallises  in  brood  needlm,  gmnped  twether  in  bundles  or 
brushes;  it  melts  withoat  deeompodtion  below  100°,  and  soliiliflea  in  the  OTstalline 
fonn.  It  dissolTes  in  water,  alcohol,  and  ether,  and  may  be  boiled  in  dilate  solnHon 
witboDt  dsGompodnc.  Nitzie  add,  not  in  lacnm,  oxidises  it  to  lactylsulphurous 
acid,  C^'80' (m^Anmipuin*; onif,  Bucktonond  Hofmann).    (ncf.np.) 

Svlphalaetatt  of  iariuvt,  C*H*BaO^— CryatalliBet  in  eauMowerah^ed 
massee ;  disMilres  aasilf  in  water,  insoluble  in  aloohol ;  it  is  not  alteied  when  dried 
at  100°. 

BulpJmlaetatt  of  Itnd. — Amorphous,  and  becomes  brown  on  keeping. 

Sulpiolaelate  of  pafaitium  ia  obtained  bj  donble  deoompodtian  firom 
Bulpholadale  of  buinm  and  nilpha(«  of  patwuam.  Tha  aolntion  erHwated  tn  tucHo 
to  a  tjmp  depodts  broad  plates  which  are  vary  deliquescent. 

Bulpkataelati  of  lilver,  CH'AgO'S. — A  white,  amarphons  pradntate  obtaiiMd 
by  addjDB  nitrate  of  direr  to  a  solntion  d  tulphobttate  of  banum.  It  is  solnUa  in 
nitric  ado,  and  deoomposas  below  100°. 

TrilSratlo  BoM.  The  diethylie  ether  corresponding  to  this  sdd  is  known.  (Sea 
Lionc  EmBs.)  E.  W.  and  O.  C.  F. 

KAOno  AMT9BXSaL  Dilaetio  acid  (p.  i61)  wai  fbRueriy  called  anhydrous 
lactie  add,  or  lactic  anhydride.    The  true  lactic  anhj^ide  is  Iiooiidb  (p.  164). 

KAOTXO  JTIt  MUM  Owing  to  ite  pamliar  eonadtatJou  u  a  mono-bodo  diatomie 
odd,  lactic  add  is  capable  of  fbiming  Ihne  different  ethen  containing  the  same  mona- 
tomie  alcohol-radide.  Thns  there  are  three  lactates  of  ethf  1,  which  niaj  bo  repreaented 
by  the  Killowing  formula : 

(CHK))*/  , 

H       }0  H       }o  (™*      ^ 


--'}0 

MaDMbrlkUnMs. 


OMIiTllcIa 
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Of  tbcM  KaapMindi  it  will  be  leen  that  hro — nimely,  t 
laotkta — an  isomeric,  each  being  repreeented  b;  the  em;, 
natnn  i^  the  didbrence  between  these  bodie*  'mil  become  aptmniit  bom  the  SiUmnng 
coDBidentiont: — lactic  acid  eontaina  one  bIodi  afh^droeeo,  wWh  is  leadily  replaceable 
bj  ila  aqoinlent  of  an  electro-pOeitiTe  metal  by  the  or&iary  procesBCS  of  uline  double 
dscompoaitioD,  the  remit  of  tbii  rBplaoement  being  an  ordinair  metallic  lactate; 
eimilBrlj,  thia  atom  of  hydrogeQ  can  be  replaced  1^  its  eqmTalsDt  of  an  alcohol 
radicle  by  the  ordinary  moeawea  ot  etherification,  the  result  being  a  nentjal  ether, 
whi*^  like  oompoond  ethen  in  general,  can  he  decomposed  into  alKihol  and  alkaline 
lactate  by  the  action  of  alkalis.  Bat  lactic  acid  oontains  also  onothra  atom  of 
'  '  ;en,  which,  b^  TBrions  processes,  can  be  remored,  together  with  as  atom  of 
1,  the  two  being  replaced  by  CI,  HTS,  oi  other  similar  residues,  and  is  thersfbre 
apoKan  i^  in  ths  langriage  of  the  theoij  of  ^pea  as  existing  ontaide  the  radicle  of  tbe 
acid,  altbongh  it  cannot  be  replaced  by  metals  or  alcohol  ladielca  in  the  same  nunnai 
as  the  saline  hydiogen-atomjost  referred  to.  The  replacement  of  thia  arcond  atom  of 
hydrogen  can,  howerer,  be  effected  bj  other  means  tiiau  those  nSDally  employed  fbr 
the  production  of  normal  Bolts  or  ethers ;  and  when  this  ia  done^  the  nsnlting  [noducta 
djffl^  essentially  &om  those  obtaiaed  by  effecting  a  nmilar  substitution  in  the  case  of 
the  saline  atom  of  hydrogeo.  Thus,  monethylic  lactate  results  from  the  substitution 
of  the  radicle  U'U*  for  the  saline  hjdrogen-atom  of  lactic  acid,  and  ethyl-lactic  acid 
from  the  snbalihitioD  of  the  same  radicle  for  the  second  of  the  two  hydrogen-aloms 
"l'^"g  outside  the  radicle  of  the  add.  The  degree  of  di^i«Dce  in  the  properties  of 
tbes*  two  oomiNnuids,  Twmlting  from  the  mods  of  combinatioD  of  die  aleoliol-  and 
add-tendoea  in  each,  will  be  seen  br  the  special  description  <rf  them  which 
follows.     (See  also  Oltcoluo  Zramaa,  u.  ei4-S16.) 

^     )o 
bt«ntM  or«avt>  MomTZTuo  Lix^ATi.   Luetic  Eti«r.   (?S}*0*..(CfS'0)''. 

C^'  to 
rStrecker,  Ann.  Ch.  Pbann.  xd  362.— Wnrta  and  Friedel,  And.  Ch.  Phyi.  [3] 
bdii.  102.)  Prtparaiion. — 1.  One  part  of  lactate  of  caldnm  and  potossinm  (p.  4fi8]  is 
distilled  with  1-4  pt.  etbyl-solphate  of  potosmum;  the  thin,  faintly-smelling  distillatf^ 
whioh  fniiis  OTW  between  IGO°  and  180°,  is  saturated  wi^  chloride  of  ealeinm,  and 
the  syrupy  solatioii  is  cooled.  Crystals  are  then  obtained  consjeting  of  CaCL2(CH'K)') ; 
and  these  bj  distillation  yield  tolerably  pore  lactic  ether  (Strecker). — 2.  Syrupy 
laetie  acid,  heated  to  170°  with  absolute  alcobol,  yields  monethylic  lactate  reiyrradify. 
(WnrtiandFriedel) 

Pniptrtit*. — A  coborless  liquid  of  speciflc  grsTity  1'0U2  at  0°,  and  I-0i2  at  13°. 
It  has  •  faint  smell,  and  boilB  at  196°  under  a  banmetiic  prMsnre  of  7A3  mm.  Vapour- 
d«im^fimnd,«-U(Wurts  and  Friedel);  calculated,  1'07.  Soluble  in  all  proportions 
in  water,  alc^tol,  and  ether. 

Decompotiiion*. — 1.  Lactic  ether  soon  beoomoi  add  by  contact  with  vkOm;  bora  tha 
fbrmation  of  alcohol  and  lactic  adds.  Mtaiit,  aiJbiiiitittartit,»ai  oxiJ*  o/timAeeom- 
pose  it  in  the  wme  mannsr  as  water. — 2.  AifasmHni  dissolTea  in  lactiil  ether  with 
CTolution    of  hydrogen,  and  forms   potassio-lactate  of   ethyl,   C*H*£0*   — 

(C^«Oy{l,iBametio  witb  etbyl-loctata  of  potaannm  («£  i^fr.).    This  snbataiiM 

CH*    1" 
(brms  a  Tisdd  man :  tteated  with  iodide  of  ethyl,  it  yields  iodide  of  potasnnm  anddi- 
ethytic  lactate  (p.  404). — 3.  Laetie  ether,  mixed  yrith  alcoholic  ammoitla,  and  er^o- 
isted,  yields  cijstala  of  lactomide  [p.  4G3).  ^^ 

onp     Jo 

Ethti.-l«to!  ion).  Vaterolaetk  aeid,  C^»0»  ■>  ((^HH))''  .  fWurti,  Ann. 
H  I" 
Ch-Phji.  [3]lii:  ITl— Butlerow,  Ann.  CL  Pharm.  iHtiT.  ao8;  ocyiii.  !M;  BoE 
Soe.  Chim.  Paris,  1861,  p.  9.)  The  potaanum-  and  caldum-salts  of  this  add  are  ob- 
tained as  prodncti  of  the  decompodtion  of  dieth^c  lactate  with  potash  and  milk  of  lime. 
The  add  IS  aim  produced  (together  with  iodide  of  methylene  aiid  aojlic  add)  I7  tlio 
action  of  ethylate  of  sodium  on  iodoform. 

Etbyl-Iactic  add  i«  a  eolDniiegs,  snnevhat  i^tcid  liquid,  of  a  purely  sour  tasta.  It 
boils  between  195°  and  IS8°,  undergoing  partial  decompodtion  at  the  same  time. 
Water,  alcohol,  and  ether  dissolTe  it  in  all  proportions ;  bnt  on  addition  of  chloride  of 
caldum  or  sulphate  of  sodium  to  the  aqueous  solutioo,  it  separated  as  on  oiL  It  be- 
comes more  Tisdd,  bnt  does  not  solidt^,  in  s  mixture  of  salt  and  snow.  Ethyl-lactic 
add  deoompoae*  the  earbonatea  witJi  efitrrescenee.  It  cannot  be  resolved  into  lactic 
add  and  aleohol  hi  tlie  action  (€  alkalis;  bnt  when  heated  with  ooncentratedhydriodio 
add.  It  yidds  laetae  acid  and  iodide  of  ethjL 

Tha  ethjl-lactatea  in  fte  the  moit  port  yvj  scduUe,  and  difflenlt  to  obtain  in  the 
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erjOAUmB  tana.  Tba  ealditM-ta!t,  C'E'CaO*,  ojitAlliBn  by  ilow  erapontloti  of  itt 
Bqneona  Bolntion  in  coloiirleu,  prumutje  crjitala,  nnitod  into  eteUlte  gronpB.  Alcohol 
diBBolfc*  it  len  raadily  ttuo  water,  and  daposiUi  it  in  'wut-ahkpsd  muBM.  The  tilvtr- 
tali,  C*H*AgO*,  OTBtalliMa  from  hot  tratar  in  bnnchei  of  ueedlei  of  a  silk;  InatM : 
tnatxd  witli  iodide  of  othfl,  it  jisldi  duthjlia  laet&ta.    The  nne^ali  drie*  up  to  ft 

o^.-,i  •■'"■'- 

AniLCh.Ph7B.|^3]  liz.  169.— WuTti  and  Friedel,  fU£  biiilD3.-Bntteroir,  Ann. 
Ch.  Pharni.  turn.  838).  Thii  lahstoncs,  which  ma;  be  regarded  aa  the  ether  of  the 
oitidlast  deaeribed,  ii  produced: — 1.  By  die  action  of  ethjUte  of  eodimn  onchloropn- 
[oonate  ot  ethjl  (itier  ehlorolaetigui,  Woiti). — 2.  By  the  action  of  iodide  of  etlijl  on 
ethji-laetate  of  •Utw.^-S.  Bj  tSe  action  of  iodide  of  ethjl  on  potaano-laotate  of 
et^i. 

Diethjlic  lactate  ie  a  tztuupaient,  mobile  liquid,  of  an  isreeable  ethcrcal  odour.  It 
boila  at  lfifl-5°  under  a  preaanre  of  TST  mm.  Ita  ipecifLc  grari^  at  0°  is  0-9208 ; 
VHpoDF-denrity,  found,  6'0B2  (calcnlated,  S-OSS). 

It  ii  inaolnble  in  watM>,  but  aolnble  in  alcohtj  and  ether.  Bj  ebnilitaon  with  «^«Ht_ 
it  ia  banabrmed  into  aloohol  and  an  atl^l-laetate  (vid.  tupr,);  treatment  with  am- 
monia oonreita  it  into  lactunethans  (p.  i62);  it  nnitea  dir«etlj  with  Uetidf,  forming 
diethylio  trilactata. 

Cm:oBOi.*aTio  Ethkb,  Slier  Mortiaetigtie.  Syn.  with  CUerofrofiMiote  of  tOgl 
(we  Fbofiohic  Elvana). 

DtLunLTB  ov  Etetl.    SeeDilactie  acid  (p.  401). 
_  (tTH'O/j, 


DiBTKTUC  tWII.UTCk.Tm,  C"H^' 


'C^*  v(^-     ^   ^^   oolMdeM   liqnid, 
lielhylia  lactate  to  no^finaerenldm  with 


bculing  ahont  370°,  tbrmed  b;  heating  oielhylia  lactate  to  no^finaerenldiTi  with 
betide.  Potash  deeompoaet  it  into  dcobol  and  lactic  add.  A  eobstauee  wbich  ap- 
peantobemonethylie  trilaetate,  C"H"0'  -  ^^^(o\  ii  obtMned  aa  a 
Mcondaiy  prodoct  in  the  pcepantion  of  diethjiic  tnlsetata.    (Wniti  and  Friedel). 


eompannd  belonging  to  this  daw  that  haa  hitherto  been  deacribed.  It  ia  obtaiited  1^ 
heating  diwdic  Uctate  (p.  tfi9)  to  110°  oi  tSO"  with  iodide  of  methyl  Mttftvl-lae- 
tatt  q/  lilver,  C'WAgO',  remaina  aa  a  brittlf^  amorphoua,  gnnunj  maaa,  wlien  ita 
aqueoiu  aolntion  ia  eraporated  in  vaetio.  Xttijll-taetate  of  tine  ia  Ten  eolnble 
ia  water,  and  unerTatalliaable ;  it  diuolns  alao  in  absolnte  olcohd.  (Wiejicenna- 
Ann.  Ch.  Pharm.  cxxt.  SS.  Q.  C.  F. 

&AOTXBJ1    (Tnie)J 
andPeloi  "* 


•xae)  Lactie  anJtydride.  CWK)' -  C^*0.0.  (J.  Qay-Lnaaao 
I.  Ch.  Fbann.Tii.  43;  Felonte,  ibid,  liii.  116  j  Engelhardt, 
.V-..  ..^  «u,  ..  urt*  and  Friedel,  Ann.  Ch.  Fhjn.  [3]  Ixiii.  101.)— Fndaced  hj 
the  diy  diatillation  of  lactic  add.  To  prepare  it,  the  prodnet  obtained  bj  alowlj  dia- 
tilling  ladio  add  is  er^orated  at  100°,  and  the  reaidne  waahed  with  cold  alcolud,  and  - 
orafaillisad  from  boiling  alcohoL  Torfidn  mjrrfnlliana  in  rimmltHilal  plitrairf '^■■■''■"g 
whitenna.    Itiainod<mvr    -'■--'-'■-"  --■^--■--. -■--■>-.  »•»<>  j— ■ »_i.?.- 


nitating  Taponn,  which  aablime  without  a 
bodiM.    It  la  only  elightly  aolnble  ID  liot  wel«,  but  ia  gradnallj  conrened  into  lac^ 
add  by  ebolIitioD  with  water,  and  qnicUy  by  the  e«tion  of  baasa. 

Ammooia  conTerte  it  into  lacUmide  (p.  *63) ;  ethylamin^  into  lactethylamide 
(p.  413).    It  nnitea  with  diethylic  lactate,  fonnins  diethylie  triUetate  (till  mpr.). 
Q.  C.  F. 

^AXrrntza  AOXB.    Laarent't  name  for  Diucnc  Aaai  {p.  461). 

KACTOr  and  JtA-tTTOmM.     Syn.  with  SuoAn  OF  HtLX. 

KAOTOWB,  CHK)', — A  liquid  ponaaaing  an  anmatie  amell,  and  bailing  at  about 
92°,  prodaced,  together  with  lai^de,  by  the  £7  diatiUatiau of  lactic  add.  (Feloa*^ 
Ann.  Ch.  Fhye.  [3]  ziii.  262.) 

KAOnrOA  BATXTA.  The  common  lettuce.  Thii  plant  yielda,  according  to 
T.  RiehacdBon  (Jahresher,  1847-43,  No.  134,  Table  to  p.  1074),  0-8T  per  cent  aah, 
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juice  irtnchsxnde^  bjindnoOifrom  thelcsTMuidttcnuof  certiiii  mdea  t^  Laetuea, 
eapeciall;  Laehua  nrma.  It  hu  >  pcenliu  odoiu  nAembling  >>■«'  of  □[nom,  uid  acta 
u  K  nucotic.  Qermu  UctQcarium  containa,  mcrording  to  Lodwig  (Arch.  Pharm. 
[3],  7,  129;  Jithieaber.  1847-8,  p.  824),  &o<al«'«  to  535  ptr  eeaU  kctacone;  a  toA 
traa;  about  IparcsnL  of  an  ttaj  faable  vtaj  bodj  ;  lactncin,  the  chief  active  prin- 
dplo  of  the  nitwtaDoe  ;  laetodc  acid ;  kboat  1  per  ceaL  of  oxalic  add ;  a  non-ToUtile 
Bot  bittei  acid,  whidi  ndoee*  oxide  of  nihia ;  and  a  Tolatile  add  smelliiig  like  raleri- 
anie  acid,  boUi  in  amaO  qiuiilit;  onlf  i  abont  7  par  cent  of  albuuua ;  at  least 
S  per  cenL  maniuta;  a  tnuul  qaantit^  of  a  neatial,  not  bitter,  unfermeDlable  rah- 
_.  ..»<  ^j^  ^  rhinabie  pjlaoudi;  and  from  3  to  S  per  cent,  ash,  containing 

io  oxide^  fenie  oxide,  and  a  antall  qnanti^  of  lime. 

K&CTDOniW,  A  mbatanea,  inaolable  in  water,  contained  in  laetneaiinm. 
probablj  identical  witli  laetamDe. 

KAAJTUUMI  MXSat.  TMa  nibslaMe  ia  obtained  b;  tritomting  Uctocarium  vith 
an  e^oal  -wofM  (^  dilata  ndpliiirie  add,  addiof  £  pta.  of  ali-ohol  of  8t  per  cent., 
Utenng,  abakuig  np  lite  flttnte  with  aUked  lime,  decoloriiing  with  animal  chftrcoal, 
eraporating  heating  the  remdne  to  boiling  with  a  large  quauti^  of  wato',  and  srapo- 
laUng  the  aqneoni  eolnlion,  after  ■t»"l"""''g  it  with  animal  dmcoaL  k.  miiture  of 
laetneu:  add  and  laetndn  then  remains,  and  on  diaaolniig  this  in  bulling  water,'tbe 
Uetodn  njtttallieri  out  on  aoolin^  and  the  remaining  liqnid  yieldi,  bj  evaporation, 
imnire  lactncu:  Mid. 

I^ctoeie  add  thai  obtained  ia  a  light  yellow  msas,  amoipbou  at  Arst^  bat  beeoming 
cryataUins  after  a  while ;  its  ooloorieae  aqoeons  eolntion  is  coloured  wine-red  hj  alkalia, 
and  when  boiled  with  ennio  mlphate  and  axcen  <d'  soda,  redncea  the  cumie  to  eoproo* 
oxide.  (Lodwig;  JahrMlwr.  1817-48,  p.  824.)  Awarding  to  Wala  (S.  Jahrb.  Pfann. 
XT.  IlS),itiaC-H:"0". 

LAiUTUUlJI.  A  mbatance  contained  in  iBCtDeariam,  and  mpposad  tA  be  ite  actipe 
principle.  It  ia  obtained  bj  tt«ating  the  (xtiact  with  alcohol  containing  2  per  cent,  of 
strong  Tinegar,  diloting  the  aolntion  with  water,  precipitating  with  basic  acetate  of 
lead,  remonng  the  excess  of  lead  from  the  filtrate  bj  aoIphTdne  add,  erwonting  at  a 
genlie  beat,  £geedng  the  rtaidne  in  ether,  and  leaTing  uie  ethereal  solution  to  enuto- 
late.  Ladwig  and  Kromajer  (Arch,  Pbarm.  [2]  cii.  1)  prepare  it  bj  macerating 
itictucaiinm  in  1 1  pt  hot  water  for  fonr  dajs,  thenpreseiDg  the  mass,  again  treating  it 
with  e  litlle  cold  water,  boiling  it  flve  times  with  freah  portions  of  alcohol  (which 
Icarea  lactucone  ncdissolTed),  and  evaporating  the  extract*  to  half  the  balk  of  the 
materia]  nsed.  The  piodnct  t>  then  predpilated  with  basie  aoslala  of  lead,  and  recrjs' 
tallisad  from  alcohol  as  above. 

lactucin  ia  yellowish,  ftisible,  bitter,  aolnbla  in  80  parts  of  cold  water,  moderatelj 
aolnble  in  atcohol  and  in  acetic  acid,  Im  eolnble  in  ether,  which  depoaita  it  by  evapo- 
ration in  tbe  crystalline  atate.  According  to  Kroma;er(Arcb.  Fhano.  [2]  cr.  3),  it 
Crystallisre  in  nacreooa  aealea  or  rhom^c  tables,  probably  eonlainicg  C"H**0'  or 
CH-O*.  According  to  Wala  (N.  Jahrb.  Pharm.  xr.  118),  it  is  C"^0»  Nitric 
acid,  of  ipaciOe  gravity  1-48,  converta  it  into  a  reeinooa  bodj  quite  devoid  of  taate. 
Strong  snlphnric  add  tnms  tactncin  brown.  Lactocin  beat«d  with  potash  gives  olf 
ammoniai^  products  (T).  Ita  solntions  are  not  p«dpitnt«d  by  an;  reagent.  (Bnchner, 
Bep.  Pharm.  xKi,  1,  Qm.  irL  27S.) 

&&OmO<nrH.  C**H*W  (?). — A  crystalline  substance  extracted  from  lactncarinm 
by  boiling  alcohol.  It  forms  mammlllal^d  ccjatals,  which,  after  purification  br  reoTa- 
tallisatioD  and  treatment  with  animal  cbaiawl,  am  colonrleas,  insipid,  melt  cvtwero 
150°  and  IflO°,  are  insoluble  in  water,  bnt  diaaolve  very  easily  in  alcohol,  ether,  sihI 
oils,  both  fixed  and  volatile.  It  yields  acetic  add  in  Urge  quantity  I7  distillation.  It 
may,  however,  be  partly  volatjliaed  without  dncompodtion  in  a  stream  of  carbonic  acid 
gas.  It  jielda  by  analysis  tS0-6i^Sl-25  percent  carbon,  and  lOEIl — II '33  hydrogen, 
numbers  which  agr«e  neariy  irith  the  (bnnula  CU^O*.  It  is  an  indiSerent  substance, 
and  ia  not  afCMed  by  potaah  or  by  chlorine.  ICa  alcoholic  solution  does  not  predpitate 
metallic  aalta  disaolvedin  aleohc^    (Lenoir,  Ann.  Ch.  Pharm.  lix.  83.) 

KAOTVOOVXOM^.  An  nncryatallisable  lubstsnce,  which  remaiu  in  the  nu^ 
ther-liquon  of  the  preparation  of  lactndn  by  Lndwis  and  Eroma^er'a  pmeeas 
(vid.  np.),  after  the  greater  part  of  that  mbstance  has  b»n  predpitated  by  baaie 
acetate  of  lead.  When  freed  from  admixed  laetaciii  and  laetucone  by  ether,  it  forms 
a  brown,  amoirihoiiB,  very  bitter  mass,  having  a  hint  add  reaction,  aolnble  in  water 
and  alcohoL  It  contains  92-6  per  cent,  carbon,  SS  hydrogen,  and  Sfl-fl  oxygen,  agreeing 
nearly  with  tho  formula  C*H"0'*-*,  and  ia  therefore  producedftom  lactocin  by  assumption 
of  waWr  and  oxjgen.  (Kromajer,  flwBi"«er«(>fl?i,Eriftnged,  18ai,p.T».) 
Vol.  ni.  H  H 
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■  or.  CUiin4eo/ehlar<)pro]iioiifL<?R*OCe-(mviO.Cl 
(War tE,  Ann.  Ch.  Phys.  [S]  lix.  163.— Ulrtch,  Cham.  Soc.  Qu.  J.  ziL  23.)— Obtained, 
together  witJi  o^cMoride  of  phtwpliona,  by  gently  heating  a  mixtare  of  veil-dried 
ladiito  of  caldnm  with  twice  ita  weight  of  pentaehloride  of  phoephorna.  It  ii  difficult 
to  B«pante  t^e  whole  of  the  oiydJoride  of  phoaphoraa,  but  the  chloride  of  lactyl  may 
be  obtained  nearly  pars  irf  diatilljng  the  liquid,  whioh  puaea  OTsr  daring  the  reaetioD 
in  email  qnantitiea  at  a  time,  and  collecting  Bflparately  the  portion  which  distill  abore 
140°.  ChLwide  of  Uelyt  ia  alao  formed  by  the  direct  oombiiuition  of  ethylene  and 
ozyehloride  of  eatfooa.    (Lippmann.) 

When  fraahly  fngix*i,  chloride  of  laetyl  ia  a  eoloudea  liquid,  but  it  aoon  becomea 
iaA  coloured,  OTing  oS  hjdrodiloiic  acid.  Ita  boiling  point  eeema  to  be  above  140°, 
bat  it  is  partiaDy  decompoeed  when  diatilled,  tlie  thermometer  riling  to  180°  or  100°. 

It  einka  to  the  bottom  of  aattr  and  gndually  diMoIvea,  fbrmins  hydrochloric  and 
cbloropropionic  acids  (Pxonoioo  iciD,  DlBtT^TlVM  of)  (Ulrich).    With  abeol 
alwhei,  it  reacts  reiy  energetically,  fonnins  I^droeUoric  add,  chloride  of  e&jX  i 
chloropropionale  of  ethjL     (Wnrti^a  ^Jbr  nUnnrfaetffUK)  G.  C.  £ 


Gimiitu^  Floreme,  and  Madder  laka. 

For  the  preparation  of  earmiue-lske,  four  ouncm  of  finely  pnlveriwd  cochinaal 
are  poored  into  4  or  6  qnarta  of  rain  or  diafilled  water  (which  haa  been  preriomly 
boiiro  in  a  pewter  hpttle),  and  boiled  with  it  for  six  minat«B  longfir  (it  is  aometimea 
recommended  to  add,  during  the  boiling,  two  drachma  of  pnlverimd  cream  of  tartar). 
Eight  >cni[Jeii  of  Soman  alum  in  powder  are  then  added,  aad  the  whole  ia  k(^  upon 
the  flie  for  one  minute  longer.  Aa  eoon  as  the  caarae  powder  hai  lulwided,  and  the 
-decoction  has  become  clear,  the  latter  is  careftilly  decanted  into  large  cylindrical  Teaeels, 
corered  o-tez  and  kept  undisturbed,  till  a  fine  powder  settles  to  the  bottom.  From  the 
decanted  Uqaor,  which  ia  atill  much  coloured,  the  reat  of  the  colouring  mnttar  ma?  be 
•eparated  by  &«ans  of  tin-aohuion :  it  then  yields  a  earmine-lake  but  little  inferior  to 
tlte  ot^er. 

For  the  prepsratitui  of  Florentine  lake,  tbe  sediment  of  cochineal  remuning  on 
the  kettle  after  the  preparation  just  described  maybe  boiled  with  the  requisite  quantity 
of  water,  the  red  liquor  which  rumBias  after  tbe  preparatian  of  tlte  carmine  likewise 
mixed  with  it,  and  the  whole  precipitated  with  tire  solution  of  tin.  The  red  precipi- 
tate must  be  freqaenUy  vashed  with  water.  ExcIusiTely  of  this,  two  ounces  of  fr»ih 
eochinoel,  and  one  of  ciyvtals  of  tartar,  nre  to  be  boiled  with  a  sufficient  qnantilj  of 
water,  iiHired  oiT  clear,  and  precipitated  with  the  sotutim  of  tin,  and  tlie  precipitate 
washeiL  At  the  same  time,  two  poirnds  of  alum  are  also  to  be  dissolTed  in  water,  pre- 
cipitated by  cauEtdc  potatb,  and  the  white  earth  repeatedly  washed  with  boiling  water. 
Finally,  both  precipitates  are  to  be  mixed  together  in  the  liquid  stale,  put  upon  a  filter, 
and  dried.  For  the  preparation  of  a  chnaper  sort,  one  pound  of  Brazil  wood  may  be 
employed  in  the  preceding  manner,  initesd  of  cochineal. 

For  the  following  pfocess  for  m-Hfp  a  lake  from  madder,  the  Society  of  Arts  voted 
thmr  gold  medal  to  rar  H.  C.  Engleflsm.  Enclose  two  ooncee  troy  of  the  finest  Dutch 
crop  madder  in  a  bag  of  flue  and  strong  calico,  Urge  enou^  to  bold  three  or  four 

tlmo*  ttfl  innfiK        P„t.  tt  intn    m    Iahx,  tt,^f^|q  (jp  pOTCClaiU  mOTtUT,  SUd    pOnT  OQ  It  a  piUt 

'■     "■  '         '    "  ■    ibitaoDDt 

„    .  rialoaded 

wiUi  colour,  {wur  it  ofC  Repeat  Ibie  process  till  the  water  conwa  off  bat  slightly 
tinged,  for  which  abcat  five  pints  will  be  sufBdent  Heat  all  the  liqnor  in  an  earthen 
or  silTcr  Teeael,  till  it  is  near  boiling,  and  then  poor  it  into  a  large  baain,  into  which  t, 
troy  ounce  of  alum  diBBoWed  in  a  pint  of  boihog  k&  watsr  has  been  previonsly  pat^ 
Stir  the  mixture  toother,  and  while  stirTing,  pour  in  gently  about  an  ounce  and  half 
of  ft  aatDrat«d  solntion  of  caibonate  of  potaaeium.  Let  it  Hand  till  cold  to  settle ;  poor 
off  the  clear  yellow  liquor ;  add  to  the  predpitate  a  qnait  of  boiling  soft  water,  stirring 
it  well ;  and  when  cold,  separate  by  mtralioD  the  Isie,  which  slMold  wcuh  half  an 
ounce.  If  le»  alum  be  employed,  Uie  colour  will  be  somewhat  deeper ;  wiu  less  than 
three-fbortLe  of  an  ounce,  'the  whole  of  the  colouring  matter  will  not  ntiite  with  tbe 
alumina.     !F[«ah  madder  root  is  equal,  if  not  Hnpnrior,  to  the  dry. 

Almost  all  T^^dable  oolonring  matters  mSiy  be  prsdpitated  into  lakec^  more  or  leM 
beaatifol,  by  means  of  alnm  or  oxide  of  tin.  IT. 

Yellow  takes  ore  prepared  chieflr  with  decoctions  of  the  berries  of  Tarkma 
■pedes  of  fiAommu,  also  (^  fliatic,  weM,  qnerdtron,  &a. ;  the  decoctione,  mixed  with 
carbonate  of  potasahun  in  greater  or  smaller  qoanti^  aa  tbecolour  is  to  be  tighter  or 
darker,  being  poured  into  a  hot  solution  of  alum  qtiit«  free  flnta  iron:     I3ie  i»lani 


,:cc.;,C00gIC 
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BU?  be  hcightcwd  b;  tiMtii^  tlio  still  moist  pradpitBte  vith  tio-wlution. — Ai  manj 
of  tite  iBVMdiDZ  •tdotioiia  omtain  s  ttige  qoBiittt;  of  tuuun,  it  ii  jovai,  in  older  to 
otttain  »  flna  Tdlow^hks  from  tham,  to  mix  tb«m,  in  tlic  flnt  iutance,  'with  *  con- 


•idokUa  qnutitj  of  wnii  milk,  wbich  i»«cipitst«a  tbe  Uimii]. 

An  Ofue»-jcUow  lake  ii  obbtiued  in  lika  mnimer  b;  [mnpitatin^  U ._ 

anutto,  diasolved  in  poUah  wiUi  alnoi.  A  common  kind  of  jellow-Iake  ii  obtained  by 
"'•""g  yelloTr-liika,  prepurod  mn  abovo,  with  cUy,  marl,  or  chalk  ;  b"*'"~  "" """ 


I  tormoic  o 


;  better,  b 


boiling  6  pta.  of  cnubed  nllov  beniei  with  26  to  30  pta.  water  containing  1  pt.  oJF 

r  liquid  on  8  or  4  pta.  of  pounded  dulk,  and  learing  it  toi 

id  drying 

le  fredpitate.    If  a  grecBiah  lint  ii  deaired,  a  imall  quintity  of  bnnit  or  alaked  lime 


alnm,  pooring  Uie  clou  liquid  on  8  or  4  pta.  of  pounded  cbalk,  and  learing  it 
aereral  daya,  stirTing  fnqTiently,  then  deeanting  the  liquid,  and  washing  and  dr 


tttty  ba  added. 

Bine  lakea  ara  but  aaldom  pirpared,  ainee  Pnutian-bloe,  nltnunarin^  cobult-blur, 
tec,  and  uidigo-«umina  an«wac  eTv;  pwpow  for  which  they  could  be  required.  If 
indigoHarmine  be  jncpand  by  »tiir«tiiig  the  Mlotioa  of  fnlphindi^tic  acid  with 
magneaia  or  it*  earboutci  iMtaad  of  potMli,  it  is  ob(«nea  ■»  a  attU  finnr  colour. 
Somatimea  a  dilute  aobtion  «l  nJ^inaigDUo  aod  is  mixed  with  alum-solulioo,  and 
the  Btiztnre  ia  invripitatMl  with  carbooato  of  potaMium,  whereby  a  peculiar  blue  Uka 
ii  obtained.  A  aol^ioD  itf  logwood  mixed  witli  alnm  yielda  a  fiolet,  and,  on  addition 
at  anlphata  of  etf)^,  a  bloa-lak^  if  tho  aolationa  are  pradpltated  in  the  cold  with 
raihnnafn  nf  iintaafiiim 

Oreen  lakea  are  uanally  prepared  bj  mixing  bka  and  yellow  lakea.  A  my  good 
green  laka  ia  obtained  directly  bj  axhaaating  1  lb.  of  bmiaed  eofleo-berriei  with  10  Iba. 
of  water,  and  diawlnng  in  the  liquid  from  3^  to  3  Iba.  of  anliAate  of  copper.  Tha 
clear  liquid  ia  predpitated  with  eanatk  p'*'*^  ^  ooflbe-extract  being  kept  in  cxceaa 
to  peeiTent  the  pMopita^on  of  fln«  «apnt  oxide.  Thepredntate,  whiaweigha  about 
a*  nwdi  a«  the  inJaa  baiiw  Med,  is  moiatened  with  a  amall  quantity  of  vinegar,  and 
ytt  tar  soma  time  a^oaed  to  the  air,  trikereb;  it*  oolonr  if  lieightaiMa. 

UUKXV AKZa.    See  &&wnmt. 

*■■■■■  ■liBiil  Findj-diridBd  carbon,  obtained  by  collecting  the  amdie  of  an 
oU-bmp,  ec  that  of  bnming-prtch  or  nain.    (Sea  C^aeoir,  L  7flO.) 

&AJrA  VSXUMOVKIOA.  An  old  name  for  the  anowy  flakea  of  white  oxide 
which  riae  and  float  in  the  air  when  linc  ia  burned  (SO')'l 

l^AMAMXXTm.    A  nbhatiHiarbouBte  of  lead,  Pb^BO<J>b%0<,  or  (CO)'  (o*, 

occurring  aometimea  in  monocliaic  cryatala,  deanUe  in  two  directiona,  aometimee 
BMaaiTe  or  in  flexibU  laminas  at  Leadhilla,  Scotland,  in  Siberia,  at  l^nni  in  the 
Harta,  and  at  Bibcrwaer,  Tynd.  Hoidneaa  -  3  to  21).  Speode  gravity  -  e-3  to  7. 
J.uatn  rfdeavage-beea,  pearly  i  of  otlien,  adamantine,  inclining  to  reainona.  Streak 
white.  Colonr,  gcMoith-iriiite,  pale-jdiow,  or  grer.  Tranaparent  or  tranalucenl. 
Containi,  aeoording  to  Braoke'a  analjni  {M.  FbS.  I.  ili.  IT),  S3-6  per  cent,  anlphate, 
and  IS'Sfi  carbonate  at  lead,  which  la  veiy  near  the  calculated  componlJOD.  Before 
the  bbwpipe  it  melts  to  a  globule,  which  becomea  white  on  eqpling.  Diasolvea  b  nitrio 
add  withoot  pen^lible  enerveaooice. 

Make,  found  near  Iom,  I^ncastw  Connty,  Pumsylvania  (Dana,  ii.  497). 

KjisTAWmtC  AOntu  (LtmfaJti  aeid,  Lnuren  t.)  A  product,  according  to 
8ehIi«per(Ann.Ch.FhanD.lviL  316),  of  the  oxidation  of  on:  add,  by  a  mixture  of 
finiiTuide  ol  potaaaiam  and  potaah.  The  result  at  the  {boccm,  which  ia  aomewbat 
eom^cated,  ia  inipare  lantaowata  tt  potaaniun,  which  is  disaolved  in  water,  mixed 
mth  acetate  of  lead,  and  Altered  from  the  predpitated  oxalate  of  le^ ;  the  lantanunle 
of  lead  then  pradmtatAd  from  tlia  filtrate  by  ammonia,  waahe^  nwpended  in  wnter, 
and  deeompoaed  i?  Bolphnretted  bydtngen.  The  Bllnte,  on  ereporation,  yields  lanta- 
nnne  add  as  a  gummy  maaa^  easily  Mhible  in  water,  inailnble  in  aleiAol ;  its  solntton 
reddens  liUnna  It  appear*  to  be  a  dibanc  add.  It  forma  a  normal-  and  an  add 
notasdnm-Mlt,  the  former  of  which  is  symj^,  tha  latter  crrstaUiaable.  The  solution 
of  either  of  these  salts  givM,  with  smmaniaeal  acetate  of  lead,  •  white  preapitete, 
innolnble  in  cold  water  and  alcohol,  soluUe  in  acetic  add  or  basic  acetate  of  lead.— 
With  ammoniscal  nimte  of  allver,  the  add  potaadum-salt  gives  a  while  predpitate. 


Schlieper  atatas  the  formula  of  the  l^d^alt  to  be  CHTb'NH}',  whence  that  of  the 
addieCH^lW.  LanrBntproposeetodoubletheformnla.  AccopdiM-to  Gerhardt 
(  nmti,  L  688),  lantanuric  aod  ia  probably  identical  with  allanturic  add.       F.  T.  C. 

UUVTKAVIT&  Native  carbonate  ot  lanthannm  (and  didyminmj  (I«*,  I^ 
CO".>HTO,toime^  called  earfwuKao/cmiiM.    (8ee  C*BBaiiiTnB,  i.  786.) 


LASTHANUM. 


I.  Atomic  weight,  4S-1 ;  Bffmbol,  La :  or,  Atamie  maigAt,  92-B ;  i 

'  rs  to  be  eoQsuuitlj  associated  vith  cprinm  and  didymi 

.  dn.  848;  iltii.  807)  that  lie  red-bnnm 


bol,  Ua,     This  metal  i^pears  to  be  eoosuuitlj  associated  vith  cprinm  and  didytmun 


oiido  obtained  from  cerits  in  the  manner  described  onder  Cbeium  (i.  831),  and  originiillT 
regarded  aa  the  oiidfl  of  a  single  metal,  contiined  the  oxide  of  another  metal  whiiji 
he  called  lanthanum  (from  ^x^^ajtw,  becaoae  it  had  pterionslj  been  concealed  in 
the  oxide  of  cwiam);  and  Bnbseqiiently,  in  1841  (Pogg.  Ann.  Iri.  SM).  he  diBcorered 
that  this  anpniBed  oxide  of  a  dngle  metal,  lactiiaiiniD,  was  really  a  mixtnre  of  tbe 
oiidea  ot  two  Oiatinct  metala,  tor  one  of  iriiieti  the  name  lanthaDam  vaa  retained,  vhils 
the  other  waa  called  didyminm  (Iitivuu,  nrJDB]. 

The  separatioii  of  lantluoum  and  didTmiom from  eeriom  may  be  efToeted  ^either of 
the  methods  deacribed  nndsT  cerium  (i.  831,832).  The  second  and  third  are  euler  and 
more  expeditioTU  than  the  flist  If  the  loIatioD  obtained  by  treating  the  erade  red- 
brown  oxide  with  dilute  nitric  add  be  eri^wnUed  to  diyness,  and  the  midoe  treated 
-with  nitric  add  dilnted  with  at  least  200  pta.  of  water,  a  aolntion  will  be  obtained  quite 
free  from  oerium  (Marignac).  BoiUng  the  Md-bnwn  oxide  with  chloride  of  ammo- 
nium also  yields  a  eoinlion  of  lantbaonm  and  didymiam  free  from  cerinm.  In  hoth 
easea,  howBTer,  it  is  beri  to  teat  a  portion  ot  the  acdation  fbr  eeiium  by  prpdpitatiag 
-with  excm  of  caustic  potash,  and  paraing chlorine  thnm^  tbe  solntion.  The  presence 
of  eoium,  even  in  a  Teij  small  qaaatit7,  wiU  be  indicatM  by  the  fbnnation  of  a  yellow 
precipitate^,  after  the  liquid,  anpersatiiiatad  with  chlorine,  has  been  left  in  ■  cloee  ressel 
for  leTprel  hours. 

Holzmtinn,  (J.  pr.  Chem.  Ixxr.  321 ;  lUp.  Chim.  pnr^  i.  241),  pnparee  pare  lan- 
thannm-saltx  from  the  Itqnid  which  remaina  after  the  predpitation  of  baaic  ewte 
sulphate  ia  Bunsen's  proeeas  for  the  separation  of  cerium  ft.  888).  This  liquid,  which 
coutaina  both  lanthanum  and  didymiam,  a  evaporated  (during  which  proceea  a  large 
addid  nal  quantity  of  cerium  separatM  aa  basic  sulphate)  and  heated  till  the  greater 
part  of  the  free  acid  is  inpellei.  The  imlphalm  of  lanthanum  and  didymium.  wtich 
then  separate  out^  aredissolTcd  in  water  containing  s  little  nitric  amd,  and  the  solntioa, 
together  with  the  mother-liquor,  i>  predinlated  with  oxalic  acid;  the  precipitste, 
mixed  with  an  aqnal  weight  of  mamtna  alia,  is  heated  loi  some  time  to  low  red- 
nen ;  the  resnlting  dark  brown  oxide  ia  digested  with  small  qnautilieB  of  dilute  niirio 
add,  whid)  dinolves  acareely  anjtthingbat  the  oxides  of  lanthanum,  didymiam  and 
maguesimn;  and  the  filtrate  is  boiled  for  some  time  with  mn^esii  (o  separate  the  last 
traces  of  cerium.  The  liquid  is  then  again  precipitated  with  oxalic  acid;  the  dried  and 
ivoited  precipitate  dissolved  in  dilute  nitric  acid;  the  solutJon  precipitated  by  sulphate 
of  potassium ;  the  precipitated  lanthouo-  and  didymio-potaBslc  sulpnatea  digested  with 
dilute  carbonate  of  sodium,  and  the  resnltiDgcarbonates  dissolved  in  dilute  sulphuric  add. 

A  solution  free  irom  cerium  hariiia  been  obtained,  the  separation  of  the  lanUianain 
and  didymium  is  effected  by  the  di&rcnt  solnbilitiee  of  their  sulphitee.  To  conTOrt 
them  Into  aolnhates,  if  ndl  slreadj  in  that  ibrm,  the  Bolution  is  treated  with  exoess  of 
a  caustic  alkui,  and  the  washed  precipitate  diM>lTed  in  dilute  imlphuric  add.  The 
mode  of  proceeding  variea  according  as  the  lanthanum  or  the  didymium  is  in  exceas. 

1.  When  the  Ituithanum  is  in  exceai,  in  which  ease  the  solntioD  has  but  a  &iut 


.         „  ,  ,.  g  reduced  I* 

powder  and  added  in  suceeaaiTe  small  portions,  and  the  Teseel  containing  the  liquid 


ling  immened  in  iee-oold  water,     Withont  these  preeautjona,  the  temperatare  of  tbe 

juid  may  be  raised  sereial  degrees,  io  consequence  of  tbe  heat  CTolTed  by  the  oombi- 

n  of  the  anhydrous  Bolphatcs  with  water;  and,  in  that  case,  CTTStsllisation  will 


eommeoce,  and  rapidly  extend  through  the  whole  mass  of  liquid,  as  these  sulphates  ai 
mnch  leM  toluble  in  warm  than  in  cold  water ;  but  if  the  liquid  be  prmierly  cooled,  tho 
whole  dissolvea  completely.  The  aolution  is  next  to  be  healed  ia  the  water-both  la 
■bent  40°  C.  (104°  F.)  ;  the  anlpliate  of  lanthoauni  then  mTHlaUisos  out,  accompanied 
1>y  only  a  amaU  qnanti^  of  sulphate  of  didvmlnm.  To  porif  j  it  completely,  it  is  again 
tendered  anhydrous,  ro^issolTed  in  ice-cold  water.,  &c.,  and  the  entire  process  repeated 
ten  or  twelTe  limes.  The  test  of  purity  is  perfect  wbiteaesB,  the  smallest  qnantil^  of 
didymiam  imparting  an  amethyst  dnge  (Mosander).  This  process  succeeds  best 
when  a  considerable  quantity  of  the  mixed  sulphates  is  operated  on. 

2.  When  the  didymium-salt  ia  in  excess,  in  which  caae  the  liquid  has  a  decided  rose- 
colonr,  separation  may  be  effected  by  tearing  the  solution  containing  excess  of  add,  in 
a  warm  place  for  a  day  or  two.  The  solph^  of  dldjmium  then  separates  in  large 
rliombohedral  crratals  modified  with  namerons  secondary  facee ;  and,  at  the  same  time, 
slender,  needle-sbaped,  Tiijet-colonred  orystalt  are  formed,  containing  the  two  sulphnles 
mixed.    The  ihombohedral  crystals,   which  ore  nearly   free  from  lantbonom,   »re 


LAMTHAKOM:   CHLOBIDE— OXIDES. 


In  boUt  iT«iT.  tha  ■mmtion  maj  be  gmtlj  fajtl^jfail  by  flnt  diaaolTiDg  the  mixed 
oxides  Mt  Uie  two  matau  in  m  laige  trw  id  nibrio  acid,  4nd  pncipitBtiiig  in  laecMure 
portioDB  br  oxalic  add ;  tha  flnt  praci[Htataa  thni  fbriiwd  nave  a  mnoh  deeper  rooe- 
eokrar,  and  <ue  much  richer  in  dit^mioM  than  the  Isttat.  The  aepaiation  thoa  effactnl 
ia  -nrj  imperfect  in  itael(  bat  it  gnatlj  &cilitatea  the  rabaequent  lapaistion  of  the 
■ulphat«a,  i^eh  t»  much  mora  rqod  wlini  one  of  the  (nltibatei  xaingicat  eueaawith 
re^id  to  the  otbai'.    (Haiignae.) 

J&tollicJnUiaiMtMia  obtained  by  decompoainB  tlie  aahjdroni  chlMide  with  lodiiun, 
and  diaaidTing  oat  llie  chloride  of  ndimn  witb  olcobol  of  apeciflc  gravitr  0-833.  It  ia 
»  dai^  lead-gn;  powdre,  wft  to  the  toooh,  aod  adhering  when  prased. 

I«nthannm  uipean  to  (brm  only  one  Khes  of  eompooDd^  in  vhicb  it  ia  mono-  or 
diatomic  according  to  the  atomic  VNght  adopted,  i.g.  the  cMoridt  I^Cl  or  LlaCl*  j 
the  ]>n>fatid«  I«*0  at  UaO. 

KAJmUJiUMf  OBMnunS  OV,  LaCl,  ia  obtuned  in  the  anhjdnmg  itate 
by  ignitjng  the  oxide  in  a  coirMit  t>t  hrdrodilaric  acid  gaa  (Hoaandcr),  or  by  dia- 
aotnng  the  oiida  in  I^diochlorie  aido,  er^xaalina  tike  aolntion,  mixed  vitb  lal- 
aauKmiae,  to  dijuua,  and  healing  llw  reaidne  tall  the  aal-ammoniac  ia  expelled.  It 
thect  remaina  aa  a  radio-OTatalline  maaa,  which  deliqneacea  in  maJaC  air,  and  dinolvea 
eaailyin  aloohoL     (R.  Hermann,  J.  pr.  Chem,  Lxxxii.  386.) 

A  hj/drattd  cUondt,  IaCLSHK),  ia  obtained  aa  a  radio-et^italline  maaa,  by  erapont- 
ing  a  K^ulion  of  IIib  oxide  to  a  iTnip,  and  learing  it  orer  oil  of  TilrioL  When  heated 
in  moiit  aii,  it  fpT«e  offvata  and  hfdrochloric  acid,  leaving  a  mixturo  of  chloride  of 
lanthannm  and  an  onchloride  oontainins  3I«*0.2I«CL 

OUoronemmitt  oj  LarUianiBn,  LaCLSHgCL4H*0,  ia  obtained  b7  ereponting  a 
■ololion  of  the  componeat  chloridca,  in  oolonrleaa  cnbee,  easily  aolnhla  in  water,  bat 
not  deliqneacent    (Marignac,  Ann.  Min.  [fi]  xr.  372.) 

KAJfTKAWmK,  aaSBOTtO*'  and  MTXX&TXOV  OV.  1.  BauHont. 
Fore  laBthaniun-eomptmnda  foaed  witb  borax  be&re  the  blowpipe,  form  a  perfectly 
cdonricaa  bead;  the  alighteat  tinge  of  amethjat  ia  an  iadication  of  the  preaenceirf 

ithanom-aalta  in  solation  are  eobnrlea^  and  kaTe  an  astringent  taat«.    With 
epntati  otioda,  titew  yield  a  while  bnlkr     '  " 
.  which  il  ijuolnUe  in  exceaa  of  the  alkal: 
r,  williout  forming  any  yellow  deposit 


didymrai 

canatte  putati  or  ioda,  titew  yield  a  while  bnlkr  gelalinoas  precipitate  of  the  hydrated 
oxide,  which  ii  inaolnUe  in  exceaa  of  the  alkali,  bnt  dlaBones  completely  in  ehli 
water,  williout  formiag  any  yellow  deposit     Anmoma  throws  down  a  baaic 


2.  Sitimaiien  and  Separation,^- _  . ._    .     .  ^  ...  .  _..  ., 

oxalate  of  ammaninm.  The  predpilated  oxalati^  ignited  in  a  ooreced  plalinnm  cmrible, 
ia  conTerted  ioto  the  anhydrooa  oxide,  Lb*0,  oontaining  8C-4  per  cent  of  the  metaL 

The  methoda  of  sepenting  lanthannm  from  most  other  metala  ue  the  same  as  Uioae 
adt^ited  lor  cerinm  and  didjminm.  The  leparation  of  laoChannm  from  cerium  itself 
mn  be  effected  by  predpitatioo  with  an  alkaline  hypochlorite,  or  by  boiling  the  mixed 
oxidee  in  a  solution  of  aal-ammoniae  (L  8S2).  No  method  of  sepanting  lau- 
tbanom  &am  didyminm,  anffldently  exact  fbr  quantitative  aoalyiis,  hsa  yet  been 
discoTsred, 

8.  Atomic  Weight  of  Latttiaituni. — Moeander,  hj  the  analyaia  of  snlphata  of  lan- 
thanam,  wtimated  tlie  atomic  wo^t  of  the  metal  (monatonuc)  at  16-4.  Marignac 
(Ann.  Ch.  Phya.  [3]  xittL  209),  by  a  nmilar  method,  obtained  a  somewhat  higher 
number,  via.  4T'0«.  HoUmann  (J  pr.  Chem.  Ixzr.  321),  (torn  the  mesji  of  his 
analTaea  of  the  Bnlphate  and  oi  the  iodate,  obtained  Uienamber'16'4;  andK.  Hermann 
{ibid,  luifjii,  S81S),  fimn  his  analyses  of  the  carbonate,  mlpbsti^  and  chloride,  obtained 
46-41.     Uocandor'a  determiziation  may,  therefore,  be  regarded  sa  ftilly  eonSnned. 

LAMTHAMnEi  WImVOMJBM  09.  Sulphate  of  lanthanum  forms,  with  fioorids 
of  sodium,  a  iriiite  floccnient  precipitate,  sparingly  ^luble  in  bydrochlraic  acid. 


.  ,  -  - . 1  e  ia  obtained  by  igniting  the  hydrate,  carbonate,  or  oxalate,  flrst  in 

eontactwitli  the  air,  afterwards  in  contact  with  the  reducing  paaea  of  tbe  flame.  It  then 
forma  white  lumps  having  the  same  textore  aa  the  peroxide,  and  a  apecifla  gravity 
of  S-94.    When  ei^oved  to  the  air,  it  takes  up  water  and  carbwue  add,  and  in  contact 
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with  indFF  [i  eMiT«it«d  into  the  hydrate,  I^IIO,  wliieLi  {■  a  toft  white  powdtr 
naembliog  staked  linu.  Bj  pndpilUmg  a  lalt  of  Untlianiiiii  witli  potaah  or  inda,  tlw 
hydrate  is  obtuDed  ai  a  bol^,  tiamlaoeDt  precipitate,  irindi  lapidly  alMcrbi  oir- 
bonic  add.  Both  the  hjdiato  Bod  the  aafajdnina  pnitozide  diMdre  oaiily  in  acid% 
withoQt  endntirai  of  gaa 

The  peroxide,  eaid  to  hsre  the  oonnpontioD  La'<V*  or  64La*0.0,  ii  obtained  bj 
^itiag  the  eaibonat*,  oxalate^  or  nitiste,  in  eontaet  with  the  air.  It  is  a  light  bitnm 
or  browniidi-grey  aabataoce,  which  dinolTea  in  Bnlphniie;  niliic,  or  aeatio  acid,  with 
evolution  of  oi^en,  and  in  hjdiochlorie  acid  with  erolntico  of  chlorine. 

Tt^wm^MUWa,  OKnm&OSIsa  or,  L^CIK)*  or  Ua'Cl'O'-UaCl'.SLIaO, 
renuini  an  heattng  the  hTdratsd  dilorids  (p.  409),  and  afttr  waahinK  *itb  wator,  foma 
a  irtiite  powder,  Inolabls  in  water,  bnt  diaiolTing  ilowlyb  hydrocUoricoriiitncaoid. 

KAVTMAnM.  BKVOaV-SAlTS  OP,  The  eoloUom  obtained  by  dieeolT- 
ing  eitber  of  the  oxidee  of  Uathuiom  in  add*,  ere  colonrleee  and  hare  an  astringent 
tarte.  Hoet  ealte  of  lanthennoi  ore  eolable  in  water ;  but  tbe  carbonate,  borate,  and 
phoephale  are  ineolable.  Lanthanum  hae  a  great  tendency  to  fbnn  basic  salti,  by  pre- 
cipitation with  ammonia  for  example.  Many  of  these  salts,  the  basic  nitrate  and 
chloride  (onchloride)  for  instance,  mn  throng  the  filter  as  milky  liqnids  during 
waahinff.  If  tbe  precipitate  bo  boiled,  the  whole  rmui  trnmediately  through  the  filter ; 
bnt  if  It  be  left  in  the  moist  state  for  a  few  days,  it  is  eonrerted  into  h  nentral  sal^ 
which  dissolves  in  water,  white  oirbaDBleof  linthannmremaini  an  the  filter.  Sulphate 
of  lanthaDnm  resembles  the  correeponding  salts  of  cerium  and  didymiam,  in  forming 
with  sulpbate  of  potassium  a  crystalline  double  salt,  spariu^y  solnble  in  pure  water, 
and  quite  insoluble  in  water  saturated  with  sulptiste  of  potasslun 


La's,  ii  obtained  by  igniting  the  metal 
iu  vapour  of  snjphide  of  carbon,  as  a  yellow  powder,  which  is  decomposed  by  water, 
with  evolution  of  sulphydric  acid,  and  formation  of  the  white  hydrate  of  lanthanum. 
The  sulphide  may  also  be  obtained  by  iniiling  tbe  oxide  in  vapour  of  sulphide  of 
carbon,  or  by  fusing  it  with  sulphide  of  todinm  ;  bnt  it  is  then  of  a  fiery  yellow  colour, 
and  when  examined  by  the  mieroMope,  is  eeen  to  be  made  np  of  fine  oystals. 
(Mo  Sander.) 

&AVATHXW.  The  name  given  by  Boehner  and  Esrberger  (Bep-Fharm. 
xxxviii  387),  to  a  subetanoe  which  they  obtained  in  a  very  impore  state  from  the  mot 
of  Sujua:  obttit^oiiut  (the  officinal  Badix  lapaiii  aeuli):  it  has  nniw  been  ahown  to 
be  ideatical  with  chiysc^hanie  acid  (I  SfiS), 

KAVZB  ZiAXVZX  Ulfnmiaritu.  Latur»tcin.~A  silicate  of  sodinm,  caldnDi, 
and  alnminiiun  mixed  with  a  ■nlphmsoompound  of  sodinm.  It  occora  lometimea  in 
rhomluc  dodec^iedraoa,  with  iiii{«ifect  dooeeahedr«l  dfarage,  bnt  more  commonly 
nuMiTa  and  compact  Hardnea*  —  dS.  Speeifio  gravity  ~  2'3e  to  S'4£.  Lustre 
Titicons.  Cdonr  ndi  Berlin  or  anre  blue.  Innaluesnl  to  opaqna  Fracture  uneven. 
Bdbre  the  blowiape  it  taam  to  a  white  ^asa,  md  if  oaldnad  and  reduced  to  powder, 
loess  ita  edotir,  and  gelstinisw  in  hy£oddotic  teid.  With  bams,  it  <f arveacea  and 
ftnnaa  ookxirleas  glaaa, 

An^nn: — 1.  From  the  East:  a.  Klaproth  (Btilraga,  i.  189);  b.  L.  O-melin 
(Sehw.  J.  xiv.  329);  r.  Varrentrapp  (Fogg.  Ann.  xlix.  GU) ;  d.  KShltt  [Sam- 
tiult6tr^MMi)wraicimk,^.7lO);  &  BchnUi(<i>d.).— 3.  FromVeanrins:  I<.Qmelin 
{toe.  city—i.  Pma  tha  Anda;  a.  Field  (Ohem.  Soe.  Qn.  J.It.  131);  b.  Sehatti 
(toe.  cU.) :— 
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Ib,  thnvfom,  umIm*  to  tUttuft  th«  eilciilatioa  of  s  ftsmulk  frran  tbt  tnafytm.  On 
'"—'■■"g  tbin  iliM*  of  Um  minanl  oiidic  llie  miemcope,  tha  blue  eolooriug  mattv  U 
•ssn  to  be  diitanbiitad  anidlt  a  whiU  gKNmd.  Tha  iximpoaition  of  utifleial  idti«- 
muioe  veDden  it  probaUe  that  the  eoloDiiiw  mattar  of  the  natonl  miiiwBl  a  crithef 
Iphids  of  aodiom,  on  a  compoimd  of  Iha  jmtoaalphide  with  »  poljthioiuta 

lasuli  ta  omiHj  foud  in  gniiita  or  in  eiTfttUine  Ume-ahiina.    It  ia  biou^ht 

ftom  China,  Siberia,  mi  Bncbaiiai ;  the  apadmroa  often  contain  acalea  of  mica 

andpjiitea.    On  tfaa banka d the Indoa, it  occmi  diawuninated in a^r^iah limeatona. 

1&  liehly  coloimd  nrietiea  an  higUj-  < 
mental  ftumtoie  ;  it  ia  alw  emidojed  in  tl  .  .    _ 

deied  oonatitiitea  the  rich  and  duiable  pigment  called  ultiamarina  (f.v-) 

^Mrwrn  WUnVIM  or  AMnu  ia  ■  eoana  gnnnlaz  daA-ooloond  nriatj  of 
aUatite. 
^-mt"»-    SeeLuiz, 

>ft»'P'MMtitiTT»i    AboratadftnuuoniimLOceDrTijigattfaelagoiHu  of  Tucui7, 
u  >  vhite  afflaraacenoa  compoaed  t^  nucniacopic  myitAla.    It  aontaina,  according  to 
—■i  ^«l^  RB.KK  ,oj  cent  boric  anhydride,  11-73  oxidaof 
.    „        „  >  with  the  (brffliOa  (NH'^.*BHJ'.*H'0. 

IS  hot  aolntion  yielda  anothar  talt^  eanpoaed  of  (NH'}K). 

A  Tsrietj  of  telo  (2.«.) ;  alaoiTn.  withAaujuToura. 
Uk  or  A'hm  Larir.    The  Larch  tree.    Tha  jonng 
if  manna,  ftom  whidi  Berthelot  haa  obtained  a 
angarcaUadnieleEitoae(;.v.)    The  bark  e«>taina  a  peculiar  acid,  to  b«  deacribed  in 
the  next  article. 

fiawlTTWlO  Aont.  CH^O'.  {[Stenhovi^FbaTmna.,  less,  p.  SB;Profl. 
Boy.  Soc  zL  406.) — A  volatile  ajataUiaable  acid  contained  in  the  bark  cj  the  l«vdi- 
bee,  moat  abundantly  in  that  of  tha  amatler  bnoebea  of  treea  bom  20  to  SO  ;•■(• 
old.  It  ia  obtained  bj  whanating  tha  baric  with  wata  at  SO",  eraporating  the  extract 
tOB  i^rapanddiBtillinginTeaadaof  ^aaa,  porodain,  or  ailver.  The  acid  which  paaaM 
orer  aTttalluaa,  putljon  the  inner  auiface  of  the  receirer,  bnt  the  greater  part  la  ob- 
tained  in  the  OTitalliiw  brm  on  evapcaatins  the  diatiUate,  The  btown-yelknr  crystala 
thoB  obtaioed  are  pnrilled  by  reojatalliaatioD  and  anblimation. 

finUimad  laiodnio  aoid  forma  oyatala  reaembling  thoae  of  benzoic  add,  often 
an  indi  long  and  having  a  brilliant  ailvoj  liatic ;  they  are  monoclinic  and  nanaUy 
aeenr  in  twina.  The  cryatala  depoaited  ftam  water  are  alao  monoclinic  The  add 
eablimea  at  93°,  melta  at  153°,  onen  Tolatiliaea  with  v^ionr  of  water,  haa  a  alightfy 
biUar  aatringmt  taate,  and  amella  like  camphor  ar  naphthalene.  The  cryatala  catch  flra 
readily,  and  bum  with  a  bright  flame,  learing  do  rcsidne.  The  acid  reddena  litmna 
ali^tly,  di«olireain87-9[ita.  vattrat  S0°,  man  eaaily  in  boiUiig  water  and  in  ^eokol, 
qnringly  in  tlAer.  Mtrie  acid  conTeria  it  into  oxalic  acid.  Wbea  treated  w^ 
kyJroeUi/ri'i  acid  Bod  cUoraiii  ofpotantwrn  it  doee  not  yield  chloranil. 

The  aqoeona  solntion  of  lariiinic  acid  is  predpitated  by  barj/la-vatir,  forming  an 
eaaih  decompodble  predpitate  which  containa  34'9  per  cent,  baryta.  The  add  ia  not 
precipilaled  by  Ume-vnter  or  mgar^imt,  or  by  lead-,  or  tilver-ialtt ;  ndther  doea  it 
—  '-—"- '-'  "- —  •■--  »-"—  —  •.-!•-■--     JWto  ia/<*  produce,  even  in  dilute  Bola- 


Larituiate  iffpotoMilKm  fbrma  flat  rethrown  cnatala  which  became  darker  on  re- 
oratalliaation,  arid  are  decompoaed,  even  by  earbome  add. 

IdriziniQ  aod  ia  not  found  m  the  baA  of  Abia  aoMor,  or  Finiu  rglttHrit. 

*-*"'"'""""     Syn.  with  WiTKLLm 

&ABin(rT&    Blae  eaibonate  of  coppar  (L  78S). 

IiA»¥X.ZO  AOXS.  (PH*0*.  Aiiacidwh0Bephenyl'ether,C"HK)'-0[H^C!fH*)0<, 
Ib  ptodnced,  together  with  hydioehlorio  add,  1^  the  action  of  oxychloride  of  jAoa- 
phoniB  in  siceaa  on  aolicyUte  of  aodium.  When  the  temppratujre  riaea  hig^  a  nadtl 
bquid  passes  orar,  which,  on  ttanding,  depodta  tabular  crystals  of  the  phenyl-ether, 
leaving  a  motJier-liqaor  which  gmelhi  of  hydrate  of  phenyl  (EolbeandIiBnt«- 
mann,  Ann.  Ch.  Fharm.  exv.  IfiT.) 

&A.TBBZTB  (&am  later,  a  brick)  ia  a  name  applied  by  Indian  geolo^sts  to  a 
fbrmation  common  in  Ceylon  and  India,  and  oonBiaUng  of  nddiah  clay,  more  or  less 
hardened,  and  enclorisg  nodulta  of  qnarti:  the  Cingalese  call  it  cab  o  ok.  True  liifeiite 
ia  a  bard,  denie,  almost  jaspet-like,  reddiah  or  briSc-red  lock,  condslii^  of  hardened 
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cla7  eneloiiiig  qnaita-eryBtsiIi.  A  Mcond  -mietj,  vhich  it  most  common  in  Ceylon,  i4 
■oft«r,  may  be  cat  with  the  fcnifa,  but  iuvdeoa  on  expoeaie  to  the  air.  A  third  kind  ia 
eadimeataiy  or  bnoda-like,  consiBtiiig  of  qnuts-no&ln  loaael;  embedded  in  cLiy,  tixA 
has  been  pioduced  bj  diaintagration  of  troe  Ltterit«,  which  appean  to  be  itself  a  product 
of  the  deeompoeitioD  of  granite  or  gneisi  containuig  hornbumda.  (Jshmber,  ISfiS, 
p.  392.) 

&&TSB>  A  j'luce  vbich  drcnlates  through  planta  by  moons  of  a  set  of  veasels 
called  the  laticifeconi  tisane  or  einenchyma,  sod  coagulates  into  a  Kcplatinoai  snbstance 
called  cambinm,  vhich  precede*  the  formation  of  cells.  The  descending  jnice  is, 
according  to  Frimy,  a  mixture  of  aereral  liqoida,  eome  of  whieli  contain  regetabla 
secretions,  vhQe  others  Berre  for  the  development  of  vegetable  organs.  In 
those  parts  of  the  vegetable  organism  irhich  are  in  praeeM  of  development,  there 
rzists  a  kind  of  juice  c^ed  bj  Frimy,  the  al^vnanifrrom  latex,  irhidi  elonidy  re- 
sembles the  young  organs  in  cnemical  compositioa,  and  forms  the  inatBrial  foe  the 
production  of  the  cambium.  Under  bvOQrable  drenmstances,  this  jnice  maj  be 
obtained  tolerably  pure  by  making  a  slight  ineision  into  the  growing  tisanes  jnet  below 
the  epidermis.  This  juice — whidi  ia  obtained  with  essentiiiily  the  same  pmpertiee  from 
the  InJ-Btalks  of  Colocama  odora,  and  the  banana  tree^  the  stems  of  BtepAanottM  and 
Timghinia,  the  roots  of  the  arum,  and  the  parenchyma  of  the  goord— coagulates  com- 
plel^y  when  heated,  or  on  addition  of  a  trace  of  nitric  or  tannic  acid.  It  nanally 
eihibita  the  alkalinitr  of  semni  or  of  em-albnmin ;  leaves,  when  dried  up,  a  lesido* 
conaistiiig  almost  wholly  of  albumin  (in  net  it  is  as  rich  in  albnmin  as  blood-aeiuin  or 
milk),  ai^  yields  ash  eonnsting  mijnly  of  alkaline  chloridea  and  caiboiiBtes.  (Frimy, 
CompL  rend.  li.  617.) 

&&T111MU>  AJr  a  U  STlfOKm.    In  the  seed  of  this  plants  fieiuch  found  an 
unraystalliaable  bitter  sabBtanc^  vegetable  flbie,  starch,  legumin,  vegetable  albumin, 
gum,  salts,  a  fixed  oil,  a  resinona  and  a  waiy  substance. 
.    KATBOBXTB.     Syu.withA 


of  caldun  and  aluminium,  occurring  in  mouoclinic  < 
orthodiagonal  and  cHnodiagonsl  are  to  one  another  as  0'1SI6 :  I ;  fySJVT,  and  the 
inclined  axes  make  an  angle  of  68°  40'.  Angle  •»?  :  asp*'  88°  16';  oP.(Pgo)  _ 
ISIOfl'.  Observed  planea  oP.  o=P.  (odPoo).  +P.  -P. —2Pao.  Cleavage  pep. 
ffect  paralld  to  aoPos  ,  also  to  »P.  The  mineral  occurs  also  in  colnninar,  radiating,  or 
divergent  fbnns.  Hardness  —  Sfi  to  4.  Spedflo  gravity  ■•  £-29  to  S'SS.  Lnstre 
vitrcans,  inclining  (o  pearly  on  the  deovage-fiices.  Oilour  whiter  passing  into  yellow 
or  grey,  Boraetimes  i«d.  Streak  uncoloured.  Transparent  or  tranalucent;  b^inmea 
opaque,  and  nanall;  polveralent  on  eipoeore.  Fracture  scarcely  observable,  nneven. 
Not  very  brittle.  Betbn  the  blowpipe  it  intnmesces  and  melts  to  a  frothy  mass ; 
fbrms  a  tnuuparent  bead  with  borax.  It  gelatinises  with  nitric  or  hydrochloiio  add, 
but  is  not  afiected  by  aulphnric  acid. 
'  la;  a.  From  Phipsbuig,  9tat( 

..  From   Courmayenr,  Savoy  (1... ^,  ......     .. -.,-    ^ , 

Edinb  J.  of  Sc.  1829,  p.  iS2).—J.  From  Hnelgoet,  Bratsfcoe  (Malaguti  and 
Surocher,  Ann.  SUn.  [1]  ix.  t26).—t.  Bed  vanety  from  Upsala  (Berlin,  Page. 
•  -1.  IzzTiii.  4ia>— /.  From  Fort  George,  Nova  Scotia  (How,  SilL  Am.  J.  [2J  x^. 
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These  analyses  lead  to  the  formula  CaK).Al'0*.lSiO''>-4H^(Kquiriiu;  61-68  SiO>, 
21-61  AliO<,  11-78  Ca*0, 1608  HK)),  orCa(Al')'Bi*0*.2fl*0,  which  is  rei&cible  to  that 

of  a  hydrated  metasilicate,  Ii'3iO*.H*0. 

LanmonCite  occurs  in  the  cavities  of  amygdaloid,  also  in  poiphyry  and  syenite,  and 
occasionally  with  calcepar,  in  veins  travening  day-slate.  Its  pnndpa]  localities  are 
in  the  Faroe  Islands,  at  Diako  in  Oreenland,  at  Etile  in  Bohemia,  in  day-alale  on  the 
8t.  Gothard,  and  in  large  manea  in  the  Faaaa  valley ;  at  Hartfleld  Moss  in  Hen&ewsbire, 
accompanyijigaoaldme;in  the  amygdaliAdrDckB  of  the  Kilpatrick  Hills  near  Olasgow  ; 
and  in  sevend  trap-rocks  of  the  Hebrides  and  the  north  of  Ireland.  Fine  epedmena 
are  found  at  Petir'a  Point,  Nova  Scotia :  it  is  also  abundant  in  many  places  in  the 
copper-veins  of  Lake  Superior,  and  in  sevaial  other  localities  of  North  Amcdea. 
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Lanmonlite  ii  rmiaAable  ibt  ths  fadlit;  with  which  it  sivra  cp  ita  oonbiDed 
wmUr,  in  conMqnciuw  of  which  it  is  oftrai  found  opaque  unTfkiable.    Thii  ohiuigo 

J  it  preranCed  in  cabinet  Kpecimsni  br  dipping  them  in  a  thin  wlntion  of  giun> 
*■'-  Aomduig  to  UidR^li  and  Dnrocher,  it  luei  326  pet  cent,  water  when  kept 
IDC  B  Donlli  in  »  TBontim,  and  3'6A  in  the  exiioeatot  OTer  aalpbuTia  add.  In  damp 
air  it  doea  not  etBonoce  ;  and  the  effloresced  minenl,  when  opoeed  to  aoch  an  atmo> 
aplien^  letoren  the  water  which  it  has  loat. 

Sometime!  1^  alteiatioQ  of  laiimontite  by  natural  proeeaacE  Roea  a  step  farther, 
ud  eaibonate  of  taldom  i>  formed.  A  luimontita  trom  Obenchud,  near  DillenbnTg; 
thoa  altered,  coolsina  (dried  at  100°),  acoording  to  Wildenatain  (Jahreaber.  ISbO, 
V-  73*), 

aoa  APO>  IVO>  Ci>0  B<0  cc 

>»'I2  li-a  2-60  M-IS  «-33  13-4S     -     100 

or,  deducting  carbonate  of  ealciom : 

fi6-33  10-34  873  ll'M  8'9B  .    .      •>     100 

It  haa  therafbre  been  oonverted  into  a  mixture  of  lanmontite  oontaining  only  half 
of  the  origioal  qoanti^  of  WAter,  wiUi  carbonate  of  calcium  and  a  small  qnantity  of 
free  lilics. 

lAomontite  likewiaa  ocean  mon  or  lesa  altered  to  oitiioclaer  (C  Biichof,  Ram- 
vidibeT^i  liinerakhmtit,  ^  S31 ;  Lewinatein,  tind.  p.  997;  JiihreebfT.  18S0, 
p.  771). 

Caportiamit  (L  7*1)  i>  pediape  an  altered  lanmontite. — 8ekne%dmte,  a  lealite  from 
the  gabbn>  of  Toacany,  ud  containing  according  to  Beehi  (Sll.  Am,  J.  [21  xiv. 
64),  47-76  per  cent  nlTer,  IS'98  alaaui%  1S76  lime,  U'M  msgnMia,  1-62  alkali,  and 
3'4 1  water,  ia,  acooiding  to  Braithaopt;  a  deoompOEpd  lanmontite.  Beriia  regards 
td^onUa  (ii  361),  and  similar  minerals  from  Fatahm  and  Uartenberg  in  Sweden,  as 
decomposed  lanmontitea. 

XiAUBSl^XO  ACX9.  An  add  obtained,  according  to  CFroionrdi(JaIireBber. 
1311,  p.  M2\  from  the  berriea  of  Launu  nobUU  (p.  477). 

&&Vm«)  AOXD.  C"H^'-'^"^^|o.  LaunUeano  acid.  Fichurie  eeid. 
(Marason.Ann.  Ch.Pharm.  xli  33.— Sthamar,  i&u{.  Uil  363.— Qorge;,  iUif.  IxtL 
303.— Heicti,  Pogg.  Ann.  xcii.  420  and  S83;  J.  pr.  Cbem.  liri.  l.-A.  C.  Oude- 
mans,  Jnn.,  J.  pr.  Cbem.  Lmi.  SfiS. — Q-m.  St.  43.)— This  acid,  belonging  to  the 
aerial  OHM)*,  occun  in  the  &t  of  the  baj-tree,  Lawnti  nobOu  (MariBOn) ;  in  the  &t 
of  pichnrim-beanB  (Sthamer) ;  also  in  the  Tolatile  oil  of  thc«s  Iwans  (A.  Unller, 
J.  pt.  Cbem.  Iviii.  466) ;  in  small  qnaotity,  togelhar  with  many  otfaar  addi,  in  apermo- 
eeti  (Heinta);  in  eiotoa-oil  (Schlippe,  Aon.  Ch.  Fhann.  cr,  14);  in  the  &nil  of 
CycUeoda^nt  tAiftra  (Oarkom,  Tydachrift  af  Necri.  Indite  1ml  410);  in  the 
eosalled  Dika  bread,  the  fruit  of  Mangifera  gtAontmu,  togetliBr  with  mjiistic  acid, 
but  nnaceompanied  b^  any  other  adds  {Onilemans);  ia  tbe  age  or  exin  of  the 
Uerieans,  aaalvfr-like  &t  obtained  from  Coaaajxia  (Hoppe,  J.  pr.  Chem.  Iixx.  102); 
and  in  «ocoa-nilt  oil  (Oorgey  and  Ondemani).  It  may  be  Komed  artificially  by 
heatinf  ethal  ^etylic  alcohol)  with  potaah-lime  to  376°— 260°  (Seiota,  ScbatlinA 
Ainoi£ng  to  Heint^  it  is  [oodnced  only  from  mixed  (crude)  ethal,  insamuoh  as  tu« 
■nbstauce  contaiiu  lethal : 

0"H^  +  KHO     -     C'^H«KO«  +   2^. 
But,  according  to  Schirling,  it  ia  obtained  from  the  ethal  itad(  CH^H),  which,  accord- 
ing to  him,  ia  decompoeed  by  beating  with  potaah-lime,  in  such  a  manner  as  to  yield 
stearic,  palmitie,  myristic,  lanric,  and  bnlrnc  adda.    (Scbailing,  Ann.  Ch.  Pnami. 
xcvi  236;  Heinta,  Ann.  Ch.  Pharm.  xcni.  271.) 

Freparatiim. — 1.  FromBay-fat.  L|iuio«t«srin  from  conunerdal  oil  of  bay  (p.  476) 
ia  saponified  with  potash-ley;  the  soap  iasepanited  bj  common  salt,  and  ita  hotaqneous 
aoluUOD  is  decompmed  with  tartaric  acid.  The  lanric  add  then  riaee  to  the  cni^ice  in 
the  fbim  of  an  oil  which  solidifisa  on  cooling,  and  ia  freed  from  adhering  tartaric  add 
by  repeated  fusion  with  water.    (Uarsaon.) 

a.  From  Fiekmim  ieojia.- LanrOBtearin  from  Fain  pichurim  maj.  is  aaponifiad 
with  potaah-ley  till  a  clear  Bo^jnlly  is  formed ;  common  salt  ia  added,  and  the  white, 
brittle  aoda-eoap  thus  prodnced  is  diaeolved  in  boiling  Water,  and  anpopsatuiated  at 
the  boiling  heat  with  hydrochloric  add ;  lanric  add  then  riaee  to  the  auriace  aa  a 
c^urUea  oil,  which  on  cooling  solidifies  to  a  white  ciyrtalluie  maaa.  It  is  freed  from 
hydroehlorio  add  by  repeated  vaahing  with  water,  and  purified  by  repeated  ciystalli- 
aation  from  weak  alctjiol.     (Sthamer.) 

8.  From  Comirniit  oO.—l'Oe  oU  ia  sapoDifled  with  weak  potaali-Uy;  tlie  soap 
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dtcompotei  bj  dilate  ralplmiic  acid,  and  tJie  mixtoie  tHjtJlliiJ  ■■  ]ang  u  tkUj  add* 
pMS  OTsr,  the  water  bang  npaatedly  ponied  back.  Hm  diitQlate  nanttalind  with 
potaih,  — l"m*««  ea  erannatioD  to  a  geladnoaa  eoap^  iriudi  ia  aepaiated  by  common 
eatt,  tepoatadlj  duaolnd  in  potaah  aiu  agau  lepaiatad  witb  nit,  to  tttp  it  from  tha 
&tt;  aside  vhnth  oan  be  thna  reBored,  and  arain  daoompoaed  with  dilnbi  aalpliiirio 
add  It  ia  than  nentenlieart  with  ammonia;  Uu  aolntian  pndpitatad  trjr  chlonde  of 
barium ;  the  Uqaid  itrained  off;  and  the  Irannm-ialta  irtoch  reouun  npoitedly  bmled 
with  water.  tiiereaDhingaolaluHia,aBtbei7mnbiimthatannal,  immediately  d^nnt 
locae  flodta  of  laonta  nt  buinm,  and  the  hqnid,  a*  it  oooU  down,  bemmea  tniUd  and 
depcaitipalTtnkciteuiataof  bannm.     (Qoigaj;  bm  alio  iV^.  6.) 

4.  JWn  Bptrmauli. — The  nponifleatioa  dt  thi*  nibaUiice  jielda,  beeidea  atlud, 
consideiable  qnantitiea  of  Meatier  palmitje^  and  myiwtie  adda,  and  smaller  qoantitiM 
of  Unrio  ad£ — The  Bolntion  of  10  Ua.  of  paifl«d  apennaoeti  in  80  Iba.  alcohol  ia 
boiled  for  BOme  time  with  4^  Ibii  canttie  pottah  pnTranalj-  diaaolTrd  in  alcohol ;  the 
adntton  pndpiteted  with  •qoeoiit  dilonda  of  Mrinm,  and  abmined  while  hot ;  the 
•till  warm  reodna  pnaaed  aa  atrong^  as  poMble  in  a  wanned  picaa,  than  well 
nwateMd  with  alccdiol  and  again  imeMd ;  the  aloohol  distilled  off  fiomtbeKdntione; 
the  iceidM  &Md  bom  theiAole  of  the  sfdoble  matter  by  rn)eatedlmatiiwDt  with  ether; 
and  the  portion  inaolable  in  ether  added  to  the  barinm-salta  previoiulj  obtained.  In 
this  maoiMi  are  obtained,  on  Che  one  hand,  mnda  ethol ;  on  the  other,  uie  badum-salta 
of  the  fU^  aeidt  of  spenucetL 

The  bttinm-Mlta  anspended  in  water  an  braled  with  ybcj  dSale  h;dn)chIone 
add,  till  tke  snpcmatant  oilj  lajei  xpffm  perfectly  clear ;  the  &tty  acida  thai 
obtained  are  dissolTsd  in  alcoool ;  the  aolation  is  left  to  cool ;  and  the  cryitals  which 
aepaiate  are  preaaed,  fint  alone,  then  aereral  tijuea  aAer  being  moialaned  with 
■loohol ;  whereby  a  mixtore  of  pabnitu:  and  stearic  adds  is  sepoiBited,  while  a 
poMJon  of  ttieae  two  adds,  and  the  whole  of  the  myriatia  and  Unrio  adda,  remain  in 
solution. 

The  whole  of  the  mixed  alcoholio  solntitHis  are  heeled;  a  concentrated  aqoeotls 
wlntiou  of  acetate  itf  magnesinm  is  added,  eo  as  to  pred[ntate  about  ^  of  the  qnaolity 
of  Uitj  adds  present ;  the  predpilate  which  forms  on  coding  is  separated  I^  filtra- 
tion ;  acetate  of  "g""— ■  added  to  the  flltiate  in  abont  the  aame  qnanti^  aa  beftore, 
and  the  Mune  treatment  repeated  (the  liberated  acetic  add  bemg  nentralifrd  towaida 
the  end  with  amnwnia),  till  acetate  itf  n^sesiam  no  longer  Ibms  any  piedpi- 
tste  eren  in  pireenec  of  exceas  of  amDKnii&  In  this  manner  a  namber  of  magne- 
unm-aalts  (19)  are  obtained,  from  which  stearic,  palmitii^  and  myristie  acids 
nay  be  slanted  by  pcoMssea  to  be  hoeafter  desoilMd  in  connection  with  these 

The  aleoholic  eotntion,  from  which  ereiytliing  predpitable  by  acetate  of  nutgnesinm 
in  pneence  of  oiceaa  of  ammonia  has  l>een  Uius  ramortd,  still  retsine  laniic  add, 
together  with,  myristie  and  oleic  adds.  It  is  predpitated  with  acetate  of  l(«d ;  the 
precipitate  ia  veahed  with  dilate  alcohol,  dried,  and  freed  from  a  small  qniuli^  of  cJMta 
of  lead,  by  treatment  with  ethra' ;  and  the  nndiaaolred  portJOD  is  decompoeed  by 
praloTind  and  repeated  boiling  with  my  dilute  hydrochloric  acid,  wfaei«by  a  mixture 
of  ndSa  melting  at  397°  is  separated.  By  repeatedly  oystalliiing  this  mixtoM  from 
alcohol,  aa  long  as  the  geparatod  acid  exhibita  a  rise  of  melting  point,  lanric  add  is 
ultimately  obtained,  meltmg  at  IS'S",  and  not  capable  of  Airthsr  decompoeition  by 
partial  predpitation  with  acetate  of  barinm,  while  myristie  add  remaina  in  tolntioiL 
(H.i.H) 

6.  From  sjiemiaceti  or  other  fats  vonlaioing  lanric  add,  provided  they  are  frea 
from  oleic  acid,  or  Ihia  add  haa  been  remoTed  by  the  piticeea  to  be  deecribed  below. — 
Tba  &t  is  sapooiAed  with  alcoholic  potaah ;  toe  &tty  adds  are  aeparated  from  the 
ethal  or  the  glycerin,  as  above  dracri^Kd,  and  diaulred  in  10  pte.  of  hot  alcohol ;  the 
solution  ia  left  to  cool  alovly  in  a  cellar ;  and  the  fatly  acids  which  ciystalliae  out  ore 
separated  by  filtration  and  pressure.  The  mother-liqoor  ia  dilated  with  an  equal 
quanti^  of  boiling  alcohol  and  sup«Tsatniated  with  ammonia ;  acetate  of  magneainm 
u  added  in  eiceaa  to  remove  a  certain  portion  of  the  fatty  adde  ;  the  alcohol  distiUed 
off  from  the  flltrate;  the  remaining  Baits  decomposed  1^  boiling  with  dilate  hydio- 
chloric  add ;  the  separated  acida  ro-diasolTed  in  a  quantity  of  hot  alcohol  eidBcient  to 
retain  them  in  aotntion  after  coaling;  and  a  concentiated  scduttoa  of  acetal«  of 
barinm  equal  to  about  A  of  the  wdght  of  ihe  fslty  adds,  is  repeatedly  added,  as  long 
aa  a  precipitate  is  thereby  fbimed  on  cooling.  The  precipilalea  last  obtained,  wl^ch 
contain  chieSy  lanric  add,  are  sepamtely  decompoeed  by  boiling  dilate  hydrochloric 
acid,  and  each  portion  of  add  thereby  liberated,  whose  mdting  point  liee  above  43'S, 
is  separately  and  repeatedly  ciystalliaed  from  dilute  aloohol,  tiO  its  mdting  point  haa 
risen  to  43-6,    (Heinti.) 
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If  the  ttt  eontaina  oleic  add,  it  ii  aspoDified,  the  Ctttj  mad  is  separate  and  mixed 
inth  ■  amall  qnaiilitf  of  hot  alcohol,  and  tlw  totii  porboui  are  muoTed  bj  aubmittiiig 
thpcoolediiiaaatopTgaaBn.  TheiiiatlNr-liqrnor(tog«therwithtbealcoholiiaed fbrwuh- 


ing  the  aipaiBtad  aoda)  ia  pracipiutfd  wi&  ammonia  and  naatcal  aaatat«  rd  lead ; 

'    md  dried  lead^alta  are  eoi^it«tel)r  freed  from  oleate  of  lead  hj  neaiu  .. 
e  Bndiaaolnd  poition  ia  dMompoeed  hj  boiling  bfdNcbloria  add;  and.  the 


sepBiated  btty  aeida  are  treated  aa  ^)Ont(Beinta).    In  thia  manner,  pnre  lanric  aoid 


eaailj  obtained  frran  ooeoe-nDt  oil  (which,  according  to  OndemsDa,  i 

eic  add).  If  tha  addi  dioeolTed  in  alcohol  be  ptedpitated  in  amall  poitioiu  with 
letate  of  bartitiTi,  the  ftrfft  portioiiB  contain  palmitie  and  sojriatio  a«^-  ■  -"'^  frnin  tu* 

nainiiiR  liquid,  lanric  add  maj  be  obtained  b;  repeated  fradioD 


f  bartitiTi,  the  ftret  portjons  contain  palmitie  and  sajristio  acida ;  and  from  tha 

B  liquid,  lanric  add  maj  be  obtained  •---■■- 

bj  ciyrtalliHiiiop  in  the  cold.    (Oodemana.) 


ISvpniiei, — I«iiric add  sohdiflea  after  foaion  to  a  tcaly  onMallins  maaa,  exhibiting 
.  i-«...*.j  ■«-*«»  <™  «L-  t     I      a  ^ — .. .  ^ —  -^Tohol,  in  whit«^  ~" ^^^' 


a  tanunated  lextore  on  the  fractured  inrbce ;  from  aleohol,  in  whiter  ail^r  needlee, 
united  in  tnfta,  or  in  pricklj  glandular  ■ealea.    It  nelta  to  a  otdoniisea  oU  at  4S'a° 

(Heinti),  ii'-AS"  (Maraeon,  QSrgey),   iS"  (Sthamer),  i6°  (Mflller),  4S'8<' 


tinited  in  tnfta,  or  in  pricklj  glandular  ■ealea.    It  nelta  to  a  otdonrisea  oU  at  4S'a° 

(Heinti),  ii'-AS"  (Maraeon,  QSrgey),   iS"  (Sthamer),  i6°  (Mflller)     

(Sohlippe),  48-a  (Ondemane).    The  iJiioholia  eolutioa  haa  a  alight  add  i 


Speeiflc  gravi^  0-889  at  30"  (QSrgey).    When  boiled  with  water  it  Tolatilieei  with 
the  Taponr.    (Qorgey,  Ondemana.) 

It  ia  inaolnble  in  vattr,  bot  diaaolTee  (oaily  in  alcohol  and  in  etier, 

Bj  the  diitillation  of  its  ealdam-aall,  laniio  add  ia  reiidTed  into  l»ii)vatein>nB  and 
carfaonat«  of  caldnm.    (OTerbeck); 

iC"H*Kf     -     C^"0  +   CO"   +   ffO. 

li«ai«tM.  Lamic  add  ia  monoliaaic^  the  genenl  formola  of  ita  aalls  bdnv 
C"H"MO'. 

Tha  barium-nill,  C"H*'BaO,  ia  prepared  as  abore  deacribad  (p.  4T4),  and  eiritaUiaca 
on  cooling  tntni  «,  boiling  eoturated  aqueona  solution  in  maw-i^ite  flskes.  The  sato* 
rated  alcoholic  eolation  becomee  filled,  on  cooling,  with  delicate  cnelalline  apanriea, 
which,  after  drfiiig  at  100°,  resemble  captate  of  barinin  (Gorge;].  It  is  wetted  hj 
alcohol  and  ether,  bat  not  b;  water  (Oorgsr).  Biaeolres  in  10,8S4  pts.  of  water  at 
US",  in  1,982 ptk.  boiling leater,  in  1,468  pts.  eold  and 211  pts.  hot  aieoltol  (Gorge;). 
Deeompoaea  beftire  melting.    (Beinta.) 

The  cnliiiltiM-Mlt  ia  a  white  ^rtapWx,  obtained  by  nuxing  the  aolntion*  of  Usiata  ~ 
of  Bodinm  and  dilorida  of  calanm. 

The  laai-talt,  0'>H'*FbO',  forma  a  snow-white, looae,  amorphoiia  powder  (Heintz): 
lamilMe,  hsrins  a  beantiftil  nacreons  Instae  (HfiUer).  It  melte  between  110°  and 
120°,and  soliditea  to  a  dnll,  amorphous  masa(HeiDlz);  melts  below  100°  to  a 
eolonrlcss  bqnid,  lAidl  Hdidiflea  in  uie  aystalline  fbrm  on  cooling  (Uiiller).  It  ia 
insotnble  in  vofar;  inv^nble  in  cold,  sparingty  eolnble  in  boiling  oMoAo/.    (Hiiller.) 

The  eopper-tdt,  C'^»*OiO»,  i«  obtained  by  pr«dpitating  the  hot  aloohdic  solution 
of  tha  aqneoM  sodinm-Mlt  with  aqaeoua  Bolphite  of  co^^wr. 

The  tilBer-taU,  C'^H"AgO*,  obtainrd  bj  predpitiiHng  the  solotion  of  the  aodinm- 
•alt  in  weak  alo^I  with  nitrute  of  diver,  is  a  white  powder,  eonsisting  of  slender 
niieraMopic  needles  (Heinta).  It  dissolvee  easily  in  anunonia,  and  oystalliMe  from 
the  hot  concentrated  eolation  in  Teiy  small  needlee  (Marssan).  It  ia  scarcely  or  not 
at  all  altered  by  light,  bnt  decompos«  befbre  fnnon  wbeu  heated.    (Eeinti.) 

The  toduan-talt,  C'*H^bO',  prepared  by  nearly  Mtniating  a  bailing  aohition  of 
pme  carbonate  of  eodinm  with  l&uric  acid,  erapontuig  over  the  water-barh,  diiBolTlng 
the  Mmaining  «m^  in  bIcoIidI,  and  erspDnitiiig  the  mtnte  tn  drTneas,  torat  a  white 
pOvdOT,  whoss  alcoholic  solnlion  eaUdiflea  on  cooling  to  a  white  opaque  jelly.  The 
aqnsons  aolntion  becomes  turbid  when  Inrgelj  diluted  with  wat«r. 

bAVBm  UKmmMM.  Lav 
hydiochloiie  add  gas  into  an  ■  =  ■ 

separatea  the  ether,  waehing  firet  with  alkaline,  then  with  pure  water,  and  dijing  c 
chloride  of  caldnm.  It  is  a  colourieas  oil,  haring  a  ft^ty  odonr  and  di^y  tan& 
Spedflc  gravity  (I'M  M  20°  (Oorgey).  Ciystallisea  at  10°.  Boils  at  306°,  when  tbe 
barometer  stands  at  7C0  nun.  (Delffa);  at  2S4°,  with  partial  decomposition. 
(Qorgey.) 

V^Hmr^deumiy  by  experiment  S'l ;  by  calcnlation  (2  vol)  —  7'9. 

Lavralt  of  Qtyetrgl,  oiLauroiteariti.  C^'H)'  [or rather,  perfiapn cH-O* 
—  H  (C"H"01" !  ^' — '^^"'  ^'*'  '"'''  ''  '°°°^  '"  t^*  berries  of  tie  sweet  bay-tree 
(Laitna  natilit)  (Marsson);  alao in  coooa-nnt  oil  (OSrgey),  and  in  pidmim beans. 
(Sthamer.) 

Fr^araUon. — 1.  From  Ms  inrtu  cf  Iht  Bay-fret.— Tbfe  b««riM  are  treatod  with 


rate  of  Ethyl,  C"H"0'.(?H*,  is  prepared  by  paaaioK 
alcoholic  aolntion  of  laaric  acid,  adding  water,  which 
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boiling  Ucoliol ;  the  lalutioa  ii  fllteied  hot ;  the  nrjiA»i»  of  inifiim  IknTDafaBriu  which 
«qiant«  on  EooUng  an  melted  orac  the  water-lnth ;  the  liqaid  thm  obtained  ii  filtered 
to  tepaxtta  •  reauiottB  mbataaee  which  aceompuiiei  iti  and  the  remaining  l>iinHt«ann 


3.  fSvni  CammtrcuU  OUo/Si^. — The  oil  ia  ezpoaed  to  nuuhine  on  pomUin 

BOrered  with  sUn  ibadeg^  whoenpMi  IJie  g ' '"' 

haii  Ismpa  <a  Innwtsvin  eapuste  from  t. 


oorered  with  sUn  ibadeg^  whoenpMi  the  |ne«i  colour  soon  diaappeua,  and  browa 
KM  Innwtsvin  eapwate  from  the  mu~  -''-—'■''     ■' 


.  .  .    ™  white  by 

er^mntion  or  by  [mcipilAtion  with  water.    (Bollej.) 

a.  From  PickimM  team  {FiAapiekitrinnaqior,), — The  beuM  ore  ezhaiuted  with  cold 
ileohol  (which  extracts  volatile  ou,  pichniim-onipbor,  min,  a  bnttery  &t,  and  a  lirown 
colouring  mattei') ;  and  the  exhaoetad  beans  ora  boil«d  with  alcohol  of  81  per  cenU, 
and  picMad  between  hot  plates.  The  ezpraewd  liquid,  as  It  cools,  depoeita  pale  jellow 
lamosleaiin.  only  a  nnall  qoiulitf  of  that  anbatanoe  remaining  dinolrad  in  the  alrahoL 
It  is  porifled  by  woshiu  with  eaXi  alcohol,  premm,  and  reeiystallisatioD  frron  ether- 
alcohol.    (Sthamei.) 

lADiosteaiin  fioma  whits  needlea  hsnng  a  silky  lostie,  meltii^  at  about  44°,  spar- 
ingly  soluble  in  cold  alcohol,  modmlely  lolable  in  boUing  alcobol,  rely  soh^e  in 
ether.  By  dry  distillation,  it  yields  acrolein.  When  tfeatad  with  alkali^  it  is  leaolred 
into  glyeciin  and  laolic  add. 

I^ntostearin  nTes  by  analysis  73-10  lo  73'£S  per  cent  carbon,  and  11-45  to  11-AS 
hydrogen,  agreeing  neorlT  with  the  fonnnla  C"H>^)'  (calc.  73'87  C,  ll'4t  H,  and 
14*63  O),  according  to  which,  laiirost«Bim  contains  the  elemanta  of  2  at  laoric  add 
-I-  I  at  glycerines  at  water: 

aC"H"0'  +   CHKI*  -  !HH)     -     C^"0<. 


fc«H" 


KAinUX.  £ay-&«rry  CifltpAor.— Asnbstance  disoQTeredbyBDnastre  (J.Fharm. 
z.  S3)  in  the  beiriei  of  the  bay-trer,  and  further  examined  by  Marsaon  (Ann.  Ch. 
Fharm.  zli.  SS9)  and  Delffs  (ibid.  Izzzriii.  314).  It  is  prepared  by  boiling  the 
■Unned  and  pounded  berries  with  aloohol  of  6f  to  60  per  cent,  flllering  at  the  boiling 
heat,  and  leanng  the  liquid  to  itself  for  sereral  d»B.  Laurostearin  ia  theo  flrst  depo- 
sited; and  on  filtering  igoia  and  leaving  the  liqnid  to  en^rarate,  laniin  ia  depoait«d  in 
eiystals  contaminated  with  a  viscid  o^  from  which  they  may  be  freed  by  preaenre 
brtween  paper  and  recryatallisation. 

Laurin  foima  crystals  belonging  to  the  dimetria  ey>l«ni,  defititata  of  taste  and  amell, 
insoluble  in  water,  very  aoluble  in  alcohol,  even  in  the  cold — b1k>  in  ethen  Tha  solu- 
tiona  are  neutral  to  tot-popen;    lanrin  does  not  dissolTe  in  alkalis. 

Aeoording  to  the  analysis  by  DcMs,  lanrin  tontoins  TB-S — 77 '1  par  cent  corlxia,  and 
86'92  hydrogen,  numbers  agreeing  approximately  with  the  fbrmulii  C*'H''0*. 

Laorm  cannot  be  diatilkd  wuhout  decomposition.  Its  alooholic  solution  is  not 
preciiHlated  by  acetate  of  lead  or  nitrate  of  silver. 

liADSOWa.  CS'^  -  CB^O.C'B^J  iaKreiteininft— A  snbtitiince  produced 
In  the  dry  distillation  of  lamots  of  caleiom.  It  ciystailisa  from  alcohol  in  shining 
{dates,  which  melt  at  06°.  It  becomes  electric  by  fHction.  Oirce  by  onalyaia  B1'13 
■nd  8104  percent  C,  and  13'B! — U-IO  H,  agreeing  nearly  with  the  preceding  fiumula 
(81-6S  C,  lS-61  H,  and  4-74  0^  which  is  that  of  the  acetone  of  lanrio  acid.  (Over- 
beck,  Togg.  Ann.  Ixxxvi  591.) 

KAUXOBTBASZK'.     See  Lacutb  0>  Oltcxbtl  (p.  47S). 

X.&ITB1JS  OAWaOBA,  OXX  OV.     See  i.  72B. 

&A.vmira  VOBIW.  The  Smtrl  Bay-Ira.— Tbn  fruit  of  this  tree  has  bean 
analysed  by  Orosourdi  (J.  Chim.  nM.  ^3]  viL  2e7, 321, 38fi;  Jahipsbpr.  ISSl,  p.  662). 
Ha  finds  that  in  the  fresh  beiriea,  the  pericarp  oonstitntea  Dearly  a  third  of  the  entire 
weight ;  the  kernels,  frefd  from  episperm,  muke  np  more  than  half  the  weight  of  the 
seed ;  and  the  epispem  amounbi  to  rather  mora  than  ^i^  of  the  weight  of  the  fresh 

100  pts.  of  the  dried  berries  yielded  0*36  silica,  0' IS  carbonate  of  caldnm,  0'12oxidn 
of  iron  and  m^igauMe,  0'S3  caritonate  of  potaauum,  0*07  snlfJiate  of  potaasium,  015 
chloride  potasaiDm :  in  all,  •  I'TS  per  cent  aah. 

The  compoaitioD  of  tike  entire  fieah  flrni^  pericarp  and  keniel  (colylnlons),  is  given 
in  the  following  table : — 
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CemfotUion  of  E^-henut, 

pBrieup.  KwMl.  BntlnBHd.     ' 

WaUr 47-*17  39839  42-2I8 

Btudi 87827  21-920 

IJDnin 82-860  7-783  20524 

Oilofkenwlt fi-976  3-S77 

Oil  from  periearp *-724  .    .  l'S66 

Steuidiariii 0^10  .    .  0-088 

BtMrolanietlD O'lSO  0-008 

Peetiii  w  Fectic  kdd 2-772  .    .  0-S88 

Bonn 2-054  .    .  0-668 

Fbeonn  or Flueonc  add        ....      8318  fi-6SS  S-341 

IwniD 1-428  0'8S3 

Unojatallkable  ntgw 4301  1003  3-08U 

Lsnretiii 0-120  0-009 

Idontiaadd 0-050  0  360  O'lOS 

Albamiaoni  nutter 0-200  0-110  0-320 

Colouring  nuttsr 1-610  .    .  0-488 

VnlUilaoil Q-QOt  traea  traca 

15M20  lOO-OlO  100-729 


lav/r^ie  add  wu  obtained  bj  treBtms  the  perieam  iritb  witar,  pndpitatiDg  the 
neetiu  with  alcohol,  araponting  the  alcoholic  liqnid,  lAndTing  tlM  laniiu  in  mtcr, 
ndpitating  the  aquMiui  solntion  witii  nitrata  of  lead,  and  decompotlng  the  preeipitate 


with  nilphjdnc  acid, 

aUaroloHrin  (?  identical  iritb  laiuo«t«arin)  ia  the  aolid  ht  irtiich  gradoallj  aeperatM 
at  10°  from  tlhe  nrm-preMed  oil  of  the  psricarp, — Piaom  or  Piactie  add  a  ■  brovn 
rabstance  extracted  by  carbonate  of  eodiiuD  from  the  pericarp,  exhanited  mcceaaiTely 
with  water,  aloohol,  and  ether. 

KATA.    See  Yolcamic  Fnosucra. 

&&TSW9BK,  OSb  OV.  LaTBnder  (XaeoHiht*  Spiea,  L)  jield*  ft  ydlowiih 
volatile  oil,  haTing  a  itrong  bnt  agreeable  odonr,  and  an  acrid  aronatic  tasta.  It 
zeddena  litmoa,  and  contuna,  in  rariable  propoitiona,  a  en«talline  anlMlBDee  baring  the 
oompoeitioii  of  common  camphor  (Dnmaa).  The  hqoid  portion  of  the  oil  appears  to 
be  mainly  compoeed  of  two  eabetuicea,  (me  of  which  hai  the  Composition  of  oil  of 
terpentine.    (Garhardt,  Ti^U,  ir.  886.) 

KA'mrnrb&M'.  An  amorphona  mineral  from  Annabers;  in  Buonj,  which 
appean  to  be  an  aisenate  of  cobalt,  mixed  with  the  araeDates  of  mckel  and  copper.  It 
baa  a  grratrr  Initre,  inclining  to  vibeona,  Hatdneai  —  2-S  to  3.  SpMiflc  grarity  — 
S'014.  CoFonr  Uvender-blQe.  Streak  palfff  bhie.  Tmulnoent.  I^actiire  eonehoT- 
dal.  Melts  eanlj  befiirv  the  Uowpipe,  eolonring  the  flame  Vine,  and  becoming 
crystalline  on  cooUng.    (Breitbaapt,  J.  pr.  Chem.  x.  £05.) 

KAXVX2T&  Aj/uriit.  Axvn-tPint.  Bliu  Spar,  Voraidiit.  SlaprotlUn. — A 
bydratsd  phosphate  of  alnmininm,  magnesiiim,  and  iron,  occuning  in  monodinic 
pyramids,  with  troneated  snnunitB  and  several  secondary  Aicee.  The  indined  axes  make 
an  angle  of  88°  It' ;  and  the  ^ndpal  axes,  oithodiagoual  and  cliaodiBgonal,  are  to  one 
another  as  0-86904  :  1  :  1-0260.  Angle  qdP  :  a>F  —  91°  30';  oP  :  Poi  -  139°  4fi'. 
Obaarred  ftcea,  ■i-2Pa>,  — 2Pcd,  ~2F,oP,  +  2P,  -P,  and  otben.  Twin-^nstala 
also  occnr  wit^  &ce  of  composition  aiPa .  Cleavage  lateral,  indistinct  The  mmeral 
also  oeenra  massive. 

Eardnen-  G  to  S.  Speejfle  gravity  -  3-0S7  (Fnche);  3-06T  to  3-121  (PrQfer); 
3122  ^Smitb  and  Brash).  Lustre  vitreona.  Colour  asnra-blne,  commonly  of  A  flue 
deep  tine  when  viewed  aloog  one  axil,  and  a  pale  greenish-blae  along  another. 

When  heated  in  a  tnbc^  it  gives  off  water  sad  tortw  white.  Before  the  blowpipe,  It 
colours  the  flame  &int  green,  swells  np,  becomes  tiunid,  but  does  not  melt ;  givas  a 
fine  blue  colour  with  cobalt  solution. 

Anaiyia. — o.  Li^t  bl-ne  ftom  Krieslach  in  Stjria ;  m«&n  of  two  analyses  (Sam  - 
melaberg,  MiTureuehanif,  p.  340). — S,  Light  blu?  from  near  Werfen  m  Saitzbui^ 
(Fnchs,  Schw.  J.  xxir.  373).— e.  Dark  bine  from  the  FiKbbacb  Alp  in  Stjria :  mean  of 
two  an^yses  (Bam m el g berg,  loe.  dl.). — d.  Dark  blue  from  Sinclair  Conn^,  North 
CwoUna  (Smith  and  Brush,  SilL  Am.  J.  [2]  zvL  36fi). 

P>0>  AfO*  HfW  FifO  Cl'O  H'O 

a.  44-lS        33-14        12'S2        1-77        1-63        638     -     100 

b.  42-70        36-60  9-64        270        .    .         619     -       07'63 
e.     42-68        3289  9-27        611         I'll        604     -     100 

d.    4376        31-70        10  01        817         .     .         6-69     -       99-36 
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FMm  theM  nnmbcn  BAmmeUbaig  dcdncM  the  fiminli,  [B(Mg  ;Fe)*O.P*0'J. 
SAliCF^)*  +  3HH).  The  daAermioliMcoatabBlugei'propottion  of  iron  than  th» 
lidiUr  Tazieties. 

Lftzulite  occnn  in  luurcnr  touib  InTennug  city-slate,  in  the  tOTront  beda  of 
ScbUdmiag  and  Bjidslgrsben,  near  Weriea  in  SaltzboiK  niid  the  othar  localitiM 
abore  mentioned  ;  tiao  at  T^nco  in  Kinoa  Oenea,  BmiL  It  a  abnndaiit  at  Ciawdei'a 
Uouut^  Liacoln  Cono^,  North  Caroliaa.    (Dana,  U.  40S.) 

T-wT*  SjaoDjau):  Bid;  Plonii;  Humbum;  Saturaum.  Symbnb  and  Atonis 
weghta,  Pb  -  103-5  ;  Ppb  -  207, 

^nda  metal  does  not  ofttm  ocenr  in  natnra  in  the  metallia  irtatv;  bnt  of  all  the  in- 
■tancee  in  which  it  i>  recorded  to  have  been  found  aatiTe,  the  moat  reliable  aie  thoee 
in  which  it  waa  diacoreied  among  Tolcaiiic  pcodoctB. 

The  eoloot  of  lead  ia  blniah-grey ;  and  vhen  it  la  ent,  the  fraoh  iniftee  baa  con- 
■idenble  Initre ;  bnt  thia  MlliaDCT  diaappean  in  a  ahort  time,  in  aaoMqimiM  of  the 
(bnnatian  of  a  thin  cniat  of  Boboode. 

The  lend  of  eommerce  ia  nearij  pure,  aa  ahown  by  the  analjau  given  at  p.6tH ;  the 
impnritieH,  often  present  in  rerj'  amall  qnantitiea,  an  ailTer,  copper,  antimony,  and 
■ometimfli  inn  and  manganeae. 

Lead  ia  tbtj  matt,  is  easily  ent  by  a  knife,  and  may  be  (cratched  bj  the  naiL  It 
readily  reMiTeaimpMMOBi^*>>d  lean*  a  Btreak  on  white  p^er.  It  isTsry  malleable  and 
ductile, and  bcapablaof  beugiDllad  intothinahretaotdiBWDinto wire.  Itoccnpieathe 
aiztli  rank  amoi^  matali  aa  to  uallcabililjy,  and  the  oghtb  rank  aa  to  dactHity.  Soiled 
lead  JM  mu*  ductile  than  caat  lead,  in  the  [ooportion  <^  T  to  6.  Its  malleabili^  and 
dnctili^  are  much  affected  by  the  pnacnce  of  impnritiea,  eapeciallf  by  the  oxide  of 
lead,  whieh  it  diasolTea  in  am^  qnantitiea  in  the  melted  atate. 

It  is  Teiy  defleieut  in  tenacitj  ]  a  wire  Xottn  indi  in  diameter  does  not  support 
20  Iba.  In  thia  napect,  rolled  and  cast  lead  are  precisely  alike ;  bnt  with  the  latter, 
the  fracture  takes  place  at  once,  and  the  ends  are  clean  ajid  granolsr. 

Lead  begins  to  melt  at  32S°  C,  and  is  completely  fused  at  33JS°  C,  (635°  F.);  at  a 
ted  heat,  it  gins  iS  Tsponrs.  At  a  lemperntuie  of  S0°  P.,  it  loses  -005  of  its  wei^t 
in  a  diarcoal-linsd  crucible,  which  incresaea  to  -09  as  the  heat  ii*M  to  ISO"  P., 
whereaa  galena  losee  3-71  per  orat. 

It  eryatalliaes  in  regular  octahedrona.  Mongei  obtained  it  in  fbnr-aidad  pyramida 
by  alow  eooling;  and  Mux  procured  it  in  fem-like  forms,  nmilai  to  those  in  which 
aal-ammoaiaa  cratalliaea,  by  allowing  a  cmnidcnble  qnsntit;  of  meltad  lead  t»  cool 
oatilhalf  had  solidifled,  then  piarein^  the  ontt  and  nnning  off  the  Said  poitioD.  By 
the  dectM-ehamioal  action  of  lino  in  a  sohtion  of  scitste  of  lead,  it  is  deposited  in  an 
arborescent  form,  known  under  the  name  nt  Satum'i  ZV«.  Landrin  states  that,  in 
1836,  bn  noticed,  in  a  deep  mine  in  Cornwall,  eabical  ci^stala  of  lead  which  had  been 
deposit«d  on  the  miner'a  tool^  and  had  been  entirely  oxidised.  The  presence  of  silver 
interferes  with  the  crystallisation. 

Lead  emits  a  doll  sound  when  strode  with  a  hammer ;  bat  when  caat  in  the  fbrm  of 
a  mushmom,  it  become*  sonorous. 

The  specific  gravity  of  lead  is,  aoeoiding  to  Kapfller,  11-3305 ;  Brisson  end  Hem- 
path,  1I'3S2;  Monresn,  11-358 ;  Eaoteu,  ll'SSSS;  according  to  Boielins,  when  in  a 
state  ofporitj,  11-416. 

Its  speciGc  heal,  accoidii^  to  Cooke,  is  O-OSItOO.  It  is  sn  inferior  condnetor  of 
heat  and  eleetricity. 

Lead  ia  pyiophoric  in  a  state  of  line  diTision.  It  is  usnsUy  obtained  in  thia  state 
I^  heating  tarb^ite  of  lead  in  a  glass  tube  as  long  aa  any  fOmea  are  erolred,  when  the 
tube  w  aniiliid  by  a  blowpipe.  On  breaking  the  tube  sftar  eooling,  and  acattering  the 
powder  in  the  air,  it  will  bum  with  a  red  £uih. 

When  lead  is  melted  In  contact  with  the  air.  the  surfiuw  is  npidly  eoatad  with  ao 
iridescent  polli^e,  which  then  passes  into  a  yellow  oxide.  When  t^  temperature  is 
high  enough  to  melt  the  oxide,  it  is  absorbed  by  the  lead,  irtiich  loses  ttilnstie  and 
doctilitT  ■  it  baoomes  brittle,  and  all  Om  ftces  of  the  fracture  are  dnlL  It  leoorera  all 
its  original  properties  by  refusion  with  charcoal 

The  action  of  air  and  water  on  lead  has  been  carefully  stodied  by  Prof.  Miller,  from 
whose  acooont  of  chair  combined  action  we  gire  the  following  particnlara : — Thia  metal 
nndergoea  no  change  in  a  perfectly  dry  atmcephere,  nor  when  sealed  up  in  contact  witii 
pure  wat^  from  which  the  air  has  been  expelled  by  boiling.  It  is,  howenr,  an^ject 
to  a  powers  corrosion  when  exposed  to  the  combined  action  of  air  and  vnn  wslaK 
The  snrfMe  of  the  lead  then  becomes  oiidiBed,  the  water  dissolves  the  oxioe,  and  this 
Bcdalional)aaihB  carbonicadd,  when  a  film  of  hyoiated  carbonate  of  lead,  2FbH0J^*C0', 
is  deposited  in  silky  scales.  Ajiother  portion  of  oxide  ia  iDrmed,  iriiich  ia  dissolted  by 
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euerd  S  or  4  ^ruu  in  tlia  galloiL  The  oonoaioD  is  inaeaaed  b;  tlie  preaaoM  of 
eUnidiB  MidDUntea,  but  dimmuhed  byinl^tM,  phoaphktM,  &ad  csrimuatea,  the  0^^ 
of  kad  bsD^  icarcalT  lolnble  in  water  conUiiuiig  thate  aalti  in  lalutioi].  Acid  caibo< 
nats  irf  line  u  lenunabla  for  iU  pmarvBtiTe  inflBenea ;  and  in  consequflin  of  the  p»- 
MBM  (^  Uiii  Mit  in  most  ifnng  wstm,  they  do  not  act  on  lead  to  anj  ceriona  extant, 
«  film  of  OBibonatc  of  lead  being  dapoait«d  on  tha  »aAxit  of  tlie  metal,  and  protecting 
it  from  tai&er  aiBdoa. 

The  actioa  of  nKer  on  lead  ii  mej  important  in  a  BBnitarr  point  of  -riew,  aa  thia 
metal  it  ao  eoDataotl;  emfdoyed  in  ipatina  daterna,  pipea,  &c  for.  domestic  pnipoaea. 
Biun-WHterfrom  the  nnSi  of  boiuea,  oapecially  in  towns,  ta  rafBdentlf  impnn  to  preTent 
its  action  on  the  metaL  The  moat  inaolnble  salt  of  lead  ia  the  hyiuatra  oxjoirbonata 
(p.  178}  iriiieh  ii  onl;  aolnble  to  the  extent  of  abont  1  pt.  ia  4  milhoni  or  Dne-Eixtieth  of 
a  gnin  par  gallon  of  water.  When  a  eolation  of  lead  is  enoaed  to  ths  air,  silkj  ciystala 
of  thia  bjdiated  ozycarbonata  we  fanned,  and  in  a  few  bonis  the  water  does  not  con- 
tain mora  thin  ^_^  jj  of  Ind  in  aolntion.  Water,  however,  whieb  contains  mnelt 
eatbonie  acid  in  •alnt«in,iavei7  dangerous,  aa  it  dinolTM  the  caibonata  of  lead.  When 
such  water  is  boiled,  the  carbonic  acid  escapee,  and  th8  carbonate'  ia  depoaited.  Water 
baa  geuBrallj  ao  much  action  on  lead,  that  elate  cistema  are  mnch  safbr  than  those 
made  with  lead. 

The  mm-oxiditiiiff  acidi  do  not  act  qKo  toad,  ocept  wbeo  in  contact  with  the  air, 
•a  already  explained  in  the  caae  of  carbonio  acid.  Hitrie  acid  eaailj  acta  on  lead,  even 
in  the  cud,  framing  protoxide,  iriuch  ia  then  dinolved.  Strong  n^Km  omdeonTerta 
the  lead  into  aolphat^  when  Uie  add  ia  heatad  to  the  braling  point  ^fdrtxUorie  aeid 
haa  little  or  so  actioI^  but  aqua  regia  eonrerta  the  lead  Into  chloride.  When  arttnie 
or  oramJMu  Be<i{  ia  heated  idth  tead,  aiaenita  and  anndde  of  the  metal  anfinmrd. 

Lead  ia  readily  oxidiaed  b;  cigrric  oxidt,  which  ia  at  the  same  time  rrdaead  to  the 
atate  of  cnprona  oxide :  it  aba  partiallj  redocee  the  cnprona  oxide,  but  the  oxide  of 
lead  which  ia  formed  retains  a  portion  of  the  imde  of  copper  in  combination  and  pre- 
Tenta  any  ftarther  actioD  on  the  metallie  lead. 

Sitn  acta  rapidly  on  lead  at  a  high  temperatnn,  finming  a  fbsible  oomponnd  of 
protoxide  of  lead  and  potarii.  The  ead  ndpMla  alio  oxidise  this  metal ;  bnt  the 
nential  snlphatea  ind  the  alkaline  carbonates  have  no  action. 

3ulpiw,  ttknium,  piotpkonu,  and  artoM  combine  directly  with  Ipud. 

IiSM  also  allojB  with  most  of  thenufn^  ;  bnt  only  imperfeeUj  with  copper,  titaainm, 
1,  eerinm,  oobalt,  nickel,  and  iron, 

EXTSAOTIOIT    OT    IiBAD. 

t  abundant  and  ralnable  area  of  lead  poaseaa  so 
many  pn^iertica  likely  to  attract  the  attention  of  ijncinlised  n^iona,  that  it  ia  not 
aar^siaing  to  And  mu^  mention  of  this  metal.  Eknne  anlhoritiea,  think  that  allaaios 
is  made  to  ita  metallnrsy  in  the  Hebrew  word  opher,  in  ref^mnea  to  the  powder  pro- 
duced by  the  formation  of  the  oxide  on  molten  l^d.  The  earliest  mention  of  lead  ia 
in  the  well-known  paaaure  in  the  Book  of  Job ;  and  it  ia  again  named  aa  one  of  the 
apoils  taken  from  the  AGdianitee  in  the  Book  of  Numbers.  It  is  also  probable  that 
mlsna  was  osed  aa  a  glaze  for  earthenware  in  the  time  of  Solomon,  from  the  notice  in 
Prorerha  xxrl  It  was  also  one  of  tbe  artides  in  which  the  Phoniciana  traded,  and 
which  they  may  hare  obtained,  in  part  at  least,  fiom  this  country.  It  was  used  in  the 
hanging  gardens  of  Babylon,  the  level  of  each  terrace  being  coToeS  with  sheets  of  solid 
lead. 

Hie  Bomana  alao  woAed  the  orne  of  thia  metal  both  b  ^lain  and  in  this  oonntry. 
In  the  former  oonntrj,  the  flitant  of  the  Caitiiaginian  TnTm'ng  and  smelting  operatiooa 
excite  onr  snnsita  in  the  preaeat  di^,  and  the  alags  left  by  uem  have  been  re-smelted 
on  a  laige  •cm*  withiii  the  last  tweS^  f  eaia,  while  lUd  cast  in  Buman  moulds— w«, 
in  &et,  of  the  ag«  vt  W-^ji*"  and  other  empeAua — have  been  found  in  FUntchtro, 
Yoikahtrat  and  othn  loealitiea. 

The  mathoda  of  obtaining  the  lead  from  its  ores  have  not  nndeigone  any  great  change, 
tha  msItttB  having  adopted  the  reverberatory  or  blast  fbniace  a(  thej  found  the  one 
or  tile  other  mora  suited  to  the  character  of  the  orea  of  eaoh  locality.  Thecma  gnat 
improvement  in  the  metalhugic  treatment  of  this  metal  ia  Patlinson's  daaUvmsbig  plan, 
which  haa  been  fdkwad  by  tbe  softening  proceee  for  the  hard  leada  of  cr 
pedllWtbaae  of  Spain  land  we  may  remaA  that  tbe 
methoda  haa  becm  the  condenaation  of  the  lead  fume. 

a  of  aewJ,    Lead  is  seldom  fbnnd  native,  bnt  there  are  upwards  of 


twenty  orea  <tf  this  metal  known  t 
bowem,  an  raj  f^  in  nnmbei 


I  the  minei«logist.    HioBe  d  practical  im^nrtances 
ud  tin  the  lead  of  comneice  may  ba  said  to  be 
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procured  bom  STentiDmla.Tii.  the  earbonate,  siilphBte,  phoaphate,  araenatc^ 
and  tlia  sulphide,  the  latter  on  Amuhinc  more  of  this  metal  Uibd  tH  the  othen. 

BulpAidt  of  Lead,  or  Oaltna,  is  fonad  in  the  older  and  mora  recent  strata,  md  more  or 
leas,  in  ererf  coontiy  of  the  globe.  It  occurs  is  Teini  in  the  kilka  of  Cornwall,  and  in 
the  monntain  [imeotonea  of  Derbyahire  and  the  aorthem  counties.  In  Cardigaiuliini  and 
MonlgomeiTsMre,  it  occora  ia  the  atrata  of  the  lower  Silurian  rocks  ;  and  the  chief  ds- 
posita  of  the  United  9(alec  are  finuid  in  the  rocks  of  the  same  geological  age.  It  fllla 
veins  in  goeiM  in  BlKtaj ;  at  Sal*  in  Svedea,  it  is  fonnd  in  gnuolar  liraeatons. 

Anaij/ttt  of  (ro^n. 


I«call^    . 

^sz:S^ 

S^ilfimmd. 

SaOamd. 

Analyst    . 

W»tta»l. 

Lercb. 

Thooiio.. 

Lead       . 
SUTer      . 
Iron 
^no 
anlpbnr  . 

83-00 
0'08 

81-80 
14-41 

8sei 
a-is 

1418 

sen 

OfiO 

13 '02 

Bi-83 
1321 

es'4a 

SS'SO 

es'S? 

s8-fla 

97-84 

Solphide  of  lead  occurs  also,  in  oombinatioD  with  the  sulphidea  sA  uitinuHif  and 
copper,  in  the  minerals  QeocromU,  Botdaagtrite,  Jamaonite,  Bovmmitt. 

Oario«al6  of  Laad,  or  Cemtiti,  ooenn  in  crystals,  and  in  flbrons,  compact,  and 
earthy  masses.  It  is  beqaaDtlj  Ibiind  in  lodes,  and  sometimes  in  beds  in  sedimentair 
limestone,  generally  associated  with  gilena.    It  is  worked  in  quantity  n 


ScTen-Chniches  in  Wicklow. 


i.«aii7.     .     . 

is££- 

"l:^" 

"^^ssr- 

Ai«lyrt.        .        . 

Klsprelli. 

Joh.^ 

BeliensBii. 

WlLden...t«. 

Oxide  of  lead        . 

Oxide  of  iron 

Clay     ...        . 

Water. 

Carbonic  acod       . 

83 
18 

81-4 
15-6 

83-Sl 

ie-49 

83-64 
16-38 

98 

96 -S 

10000 

100-00 

IiOcaHty.        .        . 

iSS^i. 

»=?: 

Awi»^ 

Analyst.        .        . 

acbesbel. 

RBiih. 

B.Mbl.r. 

Phillip.. 

Oxideoflead        . 
Oxide  of  iron 

83-as 

'  ■ 

8478 
io-S8 

68fl 

16-S 

2-2 
130 

83'fiO 
IS-SO 

Watw. 
Carbonic  acid       . 

U-ifj 

100-00 

10114 

988 

100-00       1 

Carbonate  of  lead  is  also  found,  with  other  salts  of  lead  and  coppei^  in  the  minnals 

Cramforiitt,  Suutimitt,  Lavar/cite,  Calatdottite. 

Sulphait  of  Ltad,  or  Jtiglaile,  is  fbimd  in  caTities^  but  more  generally  in  lodes 
associated  with  nilena  and  carbonate  of  lead.  It  occurs  at  Leadhills  in  Scotland ; 
in  CoruwaU  and  Derbyshire ;  in  the  Channel  Islands ;  in  Spain,  Qeimanj,  France,  and 
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The  ronpontjon  of  this  mlnml  a  giren  in  the  Iblloiring  ujolyEeii : 


Locality  . 

■<-.-      1    "SIS- 

Muiittt^ikm. 

An&lyat  . 

KlaprDtb. 

8lro_„„. 

Oxide  of  iMd         .        . 
Oiideofiron. 
Oadfl  of  DuoganeK 
Wftta-    .... 

Sulpharie  add 

71-0 

'20 
248 

70'«0 
2S'7a 

7248 

O-09 
0-06 

68-8 

gs'fio 

9921 

8alplut«  of  le*d  dw  oecnn  combmed  witb  otW  salts,  in  the  fonn  of  Zanonfe,  dot*- 

PiotpMale  0/ Lead,  or  P!/ri>mi>Tjiiitt,  ooeoia  gmtrtHj  »t  th»  jamtr  ouxta  td  toin.  Ucs 
frraaentlj  in  Uven,  and  bIbo  nnujl;  aasociaWd  viUi  otW 
■■- •  -  -B  off  ■  


three  classsB  of  this  ore,  t 


I  oflwd.  IhoM  an 
acid;  Becondlr,  tbose 
B  containing  lime  and 

«  of  the  flrsl  class,  is  gj  Tvn  in  the  following  Table : 


Locsli^. 

l«4UIU. 

iWJ«»<.. 

«™«fcr» 

«.r«». 

Analyst  . 

Wotl.r. 

KsriKs. 

B.ndb.r,.,. 

StruTB 

ChloriDs         .        . 
Lesd      .        .        . 
Oxide  of  lead.        . 

OzidM  of  iron  and  f 

2fi2 
7-38 
7*60 
1669 

2-63 
7-68 
7*16 

a-87 

7 'SO 
7322 
1664. 

2M 
7-40 
78M 
15-82 
O'GS 

10000 

W71 

This  on  is  fbiud  at  Lesdhill^  and  in  Cornwall ;   at  Wicklow  in  Ireland 
FhicenizTille,  in  the  United  Stales ;  and  nuur  other  locslitiei. 

ArteJuUt  nf  Liad  at  MimetaiU  is  met  with  in  targe  qnantitiee  at  DiTgiU,  in  Cum- 
berland, and  haB  been  used  io  ths  manuftctaie  of  flint  glus,  to  which  it  impaita  g^eat 
brilttancy.  It  ia  fonnd  at  Bedrath  and  other  Comiih  mines ;  at  Beenlstoo  in  Denm- 
shir^  and  in  America,  Siberia,  &c,  generallj  ofcamng  near  the  outcrop  of  the  veiiu. 


i,iuuuiL.j.  '>  —  .wQa  ai  nearam  ana  omer  ijoniiin  mines ;  at  iMeialsloli  in 
shir^  and  in  America,  Siberia,  &c,  generallj  ofcamng  near  the  outcrop  of  th< 
There  are  three  clasMe  of  it,  simiLu'  to  those  of  the  previouB  ore.  The  folio 
the  composition  of  a  ipeeimen  of  the  ore  which  contains  anenio  add,  analj 


Oxide  of  lead 74-00 

Areenic  add SSiM 

Chlorin* 244 

100-46 
The  other  ores  of  lead  will  be  fonnd  described  in  these  Tdomea  ouder  their  r«spee- 
Utg  minerabgical  dedgnationa. 

MBMHarglBal  Tf  IMMBt  of  Mm  Omb  of  »*■<■  The  difieieoeea  in  the 
nature  of  the  orea  of  lead,  the  peculiarities  of  the  bMslitiee  ai  to  labonr,  fuel,  Ac,  and 
ths  ucJicatioB  (^the  lead  aflerwanls,  have  all  tended  to  modi^  (he  metallntsy  of  thia 
ralnable  metal.  It  would  baTe  been  more  sotjsfectoiy  to  hare  dncribea  all  the 
diflbrent  plana  in  detail ;  bnt  as  this  would  be  ineonsiEtent  with  the  limited  space  which 
can  be  deTo(«d  to  a  metallurgical  mbject  in  these  Tolomee,  we  mnat  eonflne  this  artida 
to  an  account  of  nme  of  the  methods  adopted  for  extracting  lead  &om  its  ores. 
Tarions  arcangementa  mia^t  also  be  porsned  in  this  accoont  c?  the  smelting  of  lead 
Cfes,  but  we  [asAr  the  IbUowing,  in  which  we  will  describe — L  B«dnetion  of  ths  On*. 
IL  Reflniiw  of  the  Lead.  III.  Softening  of  Hard  Lead.  IV.  Smelting  of  the  Slags 
and  DthEi  Frodncts.  Y.  Coadenaation  m  the  Lead  Fume. 
X.  medDcttOD  or  &eaa  Orea. 
All  the  ores  of  lead  may  be  arranged  in  two  classes  in  respect  to  their  melallnrgjcal 
(reaCmeDl,  Tis.  the  solphor  and  oxygen  eomponndi  of  lead,  and  again  as  to  the  form 
of  fOmacrs  employed  in  their  reduction,  liz.  the  rerarberatory  and  the  blast  Aimaee. 
Vol.  UL  II 
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L  TsB  SaccmoH  or  Smrsus  Obm  or  Hbtibbbsatobt  FunwAoia. 

The  Bulphni  atet  of  lead  are  treated  after  tiro  different  Ejstema  in  the  TeTerberatoij 

taxoaee,  vWh  hsTe  been  dutingniBhed  bj  FhUIipa  u  the  method  qf  double  dtcompoii- 

tuM  ukd  tha  juvcttt  bg  nfinity,  aai  tbeee  again  difibr  in  tlis  detail*  aa  praiiltiHad  in 

this  otnmtij,  in  Fiance,  and  in  Qeimany. 

The  flzet  plan  dependi  npon  the  leactum  batwean  aolphide  of  lead  and  Mtide  of  lead, 
aa  ahown  in  the  d^llowing  tqtuttioD : 

FpbS  +   3FpbO     -     SFpb   +   SO* 
or  npon  tbe  double  deeompoaition  vhsn  anlphide  and  (olphate  of  lead  an  the  eonati- 
tuenta  of  the  miztnie,  tboa : 

PptS  +  PphSO*    -    2Ppb  +  aso'. 
Thia  pTooeaa  conaiita  in  roaating  the  galena  in  a  TCrerbentor;  fomaee,  uitil  a 

Grtion  of  the  ore  haa  been  conTeited  into  oxide  and  anlpbate  of  lead ;  it  may 
perfbrmed  either  in  a  distinct  Amace,  ot  in  the  melting  &iiaea  where  the  aabe«- 
qnent  haion  ia  elfeeted.  The  tbllowing  taUe  of  tuaijtt  ot  loasted  ores,  from  difibrent 
McalitiM,  illmtiMet  the  atrave  remaika. 

Ana^/teM  nfSontUd  GaicKa. 


Locidily. 

P«» 

BnAtfRftJl 

'-—- 

Oxide  of  lead       . 
Sulphate  of  lead  . 
Sulphide  of  lead  .        . 

Oiaeofinw       .        . 
„        rine        .         . 

aJ^^   : 

Sulphate  of  baiTta       . 
Silica  .        .        .        . 
Vm^b^    .        .        . 

18 
86 
10 

31 
IB 

6 
27 
3 

'  i 

810 
8-0 

n-8 

90 
SO-2 

io-b 

62-8 
8-0 

13-0 
9-0 

•      04 
140 
80 

ie-» 

121 

218 
21-6 

1-0 
19-8 
6-3 

62'B 

4-9 
87 

01 
23-9 
SI 

114 

100 

1000 

1000 

98-» 

992 

When  the  roaated  ore  haa  been  tboronghl;  mixed,  the  doon  are  closed  and  the  firea  are 
aet  avay.    The  raactioni  above  e^lained  thv  □  take  place,  when  the  lead  ia  aepaisted. 

Thia  Tooena  is  apidicable  to  the  oi«e  vhich  ore  compantiTelj  &ee  from  ailica  and 
earthy  impniitiea,  ud  ia  gBDoaHj  adopted  in  England. 

The  proeeaa  by  affinity  conaiata  in  ftieing  the  are  with  iron  in  Nms  form  or  other, 
irhen,  uie  iion  combining  with  the  aulphur,  the  lead  ia  eliminated :  tlu^ 

FpbS   -f-  Ffe     -     Fp^   +   ff^i 
and  thia  plan  ia  better  aoited  to  the  impure  orea  of  lead. 

a.   Method  by  double  Dteempeiition. 

EiraLttB  Psociaa. — The  Beterberatory  Fvmaet  conaiBta,  aa  usual,  of  three  enential 

partly  the  fireplace,  hearth  and  chimney.    The  poaition  and  relatire  proporliona  of  each 

...      ..„  part  are  ahown  in  ^j.  S8B  and  fiSO, 

"^-  '""'■  wh*re  a  tepnwmte  the  grate ;  b,  the 

ibx/r  of  the  flreplaee;  e,  the   flre* 

bridgo;   d,  the  arched  roof;   e,  the 

haarth  ;  ff,  the  working  doora ;  g  g, 

floea  running   into  one   main  flue 

leading   to   a   condenaing-chamber 

and  chimn'^. 

The  hearth  ia  hollo*  or  funnel- 
shaped,  to  fKilitate  Uie  descent  of 
the  lead  to  the  loweat  point  in  the  bed  of  the  furnace.  1110  bottom  of  tbeee  Aimacea, 
or  hearth,  aa  it  ia  called,  ia  built  of  bricks,  which  an  eoYsred  with  a  layer  of  alaga. 
These  alags  are  run  into  a  semi-fluid  condition  by  a  heaiy  flre,  and  then  worked  into 
the  props  ilu^  I7  meana  of  paddle*  and  takes.  The  hearth  slopes  more  rapidly  from 
Uie  fin-bridge  than  fkom  the  flue,  to  prevent  the  lead  being  e^iosad  too  long  to  the 
action  of  the  heated  air. 
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pot,  1^  &om  the  prerlom  opsntlo  . 
to  illow  the  metallic  lead  to  nm  off  from  the 
it  taniH  OTer  the  ore,  throogh  the  back  doon, 
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Tbne  are  Uuee  wuctiag  doom  on  each  aide  of  the  tamaae,  attended  b;  two  nien, 
irho  OBaiat  each  other  in  maaipuluting  the  cHuuge.  The  lead  eoUecta  at  the  loweaC 
part  of  the  hearth,  coverad  by  tht>  sU|a, 
and  ia  diavn  off  by  a  tap-ioit  into  Lds 
metal  pot,  (,  m  front  of  the  taanee. 

The  arch  talis  rather  rapidly  lowarda 
the  iute,  gg,  to  give  more  effect  to  the 
beat,  and  the  dnuight  is  ropsble  of  re- 
gnlation  by  means  of  dampers. 

The  tunal  charge  of  ore  in  these  fur- 
naces at  Holywall  weighs  20  cwt.,  which 
is  iutradueed  through  a  hopper,  i,  in  the 
arch  of  the  fdniAeeL  This  coaige  isthen 
spread  evenly  over  the  sni&ce  of  the 
rnrth,  and  gently  heated  for  two  hoars, 
thf  diKin  being  dosed  and  the  dampet 

The  two  front  doors,  futhMt  from  tlie 
flre,  being  opened,  the  emelter  thmwa  in 
thealags  Ewimmiog  on  tlie  Bnr&ceof  the  lead 
Tbe  tap-hole  is  opened  in  a  little 
slaga,  and  at  the  same  time, 
by  means  of  a  paddle.    The 

through  which  Bome  small  coal  is  thmwn  in  upon  the  lead-batb,  and  the  w 
worked  np  together,  the  ore  being  tm^ad  otbt  with  a  paddle.  The  smelter,  in  anoni 
three-qnairters  of  an  horn  from  the  commencement,  thiowa  back  upon  the  sole  of  the 
hearth,  ths  fresh  slags,  which  then  float  npon  the  bath,  and  are  mixed  w^th  the 
coalj  matter.  These  aliga  and  the  ore  are  then  turned  OTer  with  the  paddle,  and  all 
the  doors  are  dosed. 

Ths  ore  is  turned  orer  again  throngh  the  back  doora,  and  tiie  first  lead  appears, 
obtained  from  the  alag  last  temelled.  This  lead  is  run  o9*  by  the  tap,  and  both  work- 
men then  torn  over  the  ore,  tbroogh  all  ths  doora.-  Tbe  smelter  now  ciooei  all  the 
froot  doors  except  that  next  the  fire-bridge,  and  lifla  off  the  fresh  sjogs  from  the  lead 
pot,  dnins  them,  and  throws  them  back  into  the  fonuce.  Th;  interior  of  the  fnmace, 
at  this  period,  has  a  doll  red  heat 

The  lead  begins  to  sqiarata  from  the  ore  in  abont  1}  boor  from  the  chareing  of  the 
fomaee,  and  the  two  workmen  again  torn  orsr  the  ore  bom  each  aide  of  the  fumaos. 
Some  coal  is  thrown  on  the  grates,  alightl/  to  raise  ths  heat,  the  ore-  is  tnmed  oieri 
and  all  the  dons  are  closed. 

Ihafintfin  or  roasting  lasta  abont  two  boors,  and  the  damper  is  then  raised  a 
little  ;  coal  is  tlirown  on  the  mtea  to  give  the  leeortdjire,  which  laata  3£  minntea, 
Tlieheatof  the  fnmace  haa  now  bewme  Imght  red,  and  the  lead  flows  from  all  sides  to 
the  bath.  Ths  amdtcr  thenpnshea  tbeslags  back  lowatdsthe  npperpstt  of  the  hearth, 
while  the  assiatant  nreada  them  over  Um  surAtce,  throngh  the  back  doors.  The  smeltar 
now  throws  in  a  few  shoreHals  of  quicklime  npon  the  lead-bath,  throogh  the  middle  door. 
The  assistant  woiii  the  ore  and  slags  through  the  three  back  doom,  spreading  them 
out,  while  the  smelter  again  puahea  Uie  slags  from  the  inner  bath  to  the  upper  part  of 
the  sole  The  doors  are  left  opeo  for  a  short  lime,  and  the  lead  flows  down  into  the 
basin  from  the  slags  with  nhicb  it  was  mixed  as  they  were  Dashed  back. 

Hie  woAmen  in  a  short  time  again  turn  over  the  ore  sod  slags,  and  in  three  hours 
from  ths  commencement,  a  little  more  fnel  is  thrown  on  the  grate.  In  (en  minutes, 
freeh  fhel  is  added  for  the  tUrdfire,  the  damper  is  fally  raised,  all  the  doors  are  again 
closed,  and  the  fomaee  ia  left  ia  this  state  for  three^qoartera  of  an  hour.  At  the  expi- 
ration of  about  four  bODni,  all  the  doors  being  opened,  the  assistant  levels  the  surface 
to  facilitate  the  Beparalion  of  on;  lead,  and  Uien  sprmds  the  slags  which  are  pushed 
back  towards  him  by  the  smeller,  who  now  throws  in  more  lime  to  reader  the  alags 
less  fluid  and  to  cover  the  lead-bath. 

The  smeller  adds  a  fresh  charge  of  fnel  in  about  tan  minutes  after  the  completion  of 
the  third  flrei,  and  closes  the  doors  to  give  HiB  fourth  jirt.  This  fire  is  flnishrd  in  Bdui 
honrs  and  (brty  minnles,  when  the  doors  are  opened,  the  tap-hole  is  pierced  to  allow 
the  lead  to  flow  into  the  pot  outside,  and  some  lime  is  thrown  upon  the  alags  in  the 
inner  bath.  The  smelter  then  pushes  these  dritd  alags  towards  the  upper  part  of  the 
health,  whence  the  assistant  rakes  them  oat  of  the  fnmace  through  the  back  doors. 

We  have  giran  this  detailed  account  of  Uie  working  of  a  charge  from  Mr.  Phillips' 

oicellent  description  of  the  prwcem  followed  in  Wales,  as  an  illustrtition  of  '"■ ' — 

of  these  operations,  and  to  avoid  the  necessity  of  similar  m 
goas 
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The  Wght  of  a  chusB  nti 

the  north  of  Englrad  ;  21  oi , _...._.. 

ezUndB  from  6  to  21  honn,  KcDidiog  to  the  weigbt  and  nalnre  of  the  on. 
ThoeoBt  of  BmalliuganBYBraeepMoolof  galBuam  IhereYwbaiatoiyfDnuco  ui: 
1.     li. 
Labour       .  .    9    T'2  pt«  Ion  olota. 
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[  works,  the  roaatiiig  pioceB  U  condocted  id  a  diitjnct  ftunaH^  and 

two  fnmacce  am  combined  in  the  muiner  shown  in  Jig.  fiSl,  which 

Pig.  Sel. 


repKaenlJi  tlie  &0Dt  or  tapping  side  of  the  fbniRae.    It  is  atu 

dataile  of  thia  form,  after  the  dMcriptioD  of  the  pierioiu  (omace. 


This  is  probably  the  moeC  eoit&ble  place  to  notioe  the  reaulta  of  wme  cnwnmetita 
mode  bj  Flat  tner  and  othur  chemieti,  on  the  loee  of  silver  which  oocon  during  the 
roasting  of  ores  containing  this  metal,  and  which  we  can  confirm  fK>manr  own  eqxnence. 

1.  Tie  loaa  of  silrer  arises  from  diemical  reactions. 

2.  The  TOlstilisation  of  the  Bilver  appears  to  take  place  at  tlie  moment  when  it 
passes  into  the  metallic  state  from  its  combination  with  solphnr,  or  when  the  (olphate 
of  i^ver  is  decomposed. 

3.  The  loss  of  this  metal  increases  with  the  duration  of  the  roasting  itnd  theriaain 
the  temperature. 

4.  The  loss  aleo  increases  when  the  oxides  of  iron  or  copper  are  present  to  decom- 
pose the  mlphste  of  silver. 

fi.  The  loee  is  not  so  great  with  the  eilver-componads  of  arsenic  and  antimotiie  acida, 
DbriDiiBl;  because  these  eiJl«  are  not  so  soon  decomposed  sa  the  sulphate  of  silver. 

We  ma;  also  here  notice  the  proposal  of  Fatliz^  to  tap  the  lead  at  different  periodo, 
instead  of  doing  so  at  the  end  of  the  operation.  He  founds  hie  proposal  on  Uie  &ct, 
thut  the  lead  which,  is  first  reduced,  is  the  lichest  in  diver;  and  b;  keeping  the  different 
products  distinct,  the  subsequent  operation  of  desilverising  would  be  to  some  extent 
anticipated  as  well  as  facilitated,  by  providing  leads  varying  in  their  lichneH  in  ailvM. 
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yfe  believe  tliu  mmestion  to  be  >ell  worthj  of  adopdon,  u  ve  hsve  ibimd  the 
lead  obtained  in  BmeMiie  rich  one  to  bll  flMui  74  oa.  to  44  ca.  siiTar  pat  ton,  aoeording 
to  the  period  vbeo  the  lead  waa  collected. 

Another  propoaal  for  treating  galena  containing  tilTer  has  alio  been  mads.  Tho 
galena  is  to  be  miied  with  1  per  cent  of  chloride  ^  lead,  and  10  per  eeat.  of  eommoD 
■alt,  and  the  mixture  fnaed,  when  it  is  aaid  the  galena  irill  be  aesilveriBed,  and  the 
chloride  of  Bilver  will  float  on  the  anrface  with  the  commoQ  aelt.  The  miitnrs  of  the 
latter  aalta  is  Chen  to  be  redaeed,  with  any  chloride  of  lesd  that  mij  be  pnMnt,  We 
have  great  donbt«  as  to  the  economical  results  of  this  proceea,  having  found  the  lOM  of 
lead  to  be  most  serious,  wheneTer  an;  chloride  of  lead  was  present. 

Cabutihu  Fhocbss. — The  furnace  employed  in  this  proeeas  differs  bom  the  T^nglish, 
as  indicated  bj^^s.  fi62,  Se3. 

Fig.  593  repreaenta  a  front  elevation,  and  fig.  G9S  a  horuontal  section.  Two  ftmiacta 
an  bidlt  aide  bf  side,  and  voilt  into  one  chimnc;.    The  heuth  ot  these  fiimsMB  is 

^.593. 


namnr,  aloping  regnlarij  from  the  fire-bridge  to  the  fine  ;  and  is  so  arranged  that  the 
fluid  contanta  will  flow  to  the  metal  pot  a,  outside  the  fomoce.  The  heaKh  is  formed 
of  two  coneentrtc  bedi^  the  lower  one  of  beaten  d^,  and  the  npper  of  fosed  slagik 
The  arch  is  enrved  like  the  eole,  but  in  an  opposite  Erection,  and  at  ita  highest  point, 
is  28  inches  above  the  heuttu  The  fireplace  iii  shown  by  the  dotted  liateppp,  and 
the  prodncU  of  oombnstion,  pMsing  over  the  hearth,  secape  to  the  chimnej  i,  thiimgh 
a  flue  over  the  working  door.  In  recent  (iimacea  of  thie  form,  the  bemths  are  con- 
structed one  above  the  other,  the  operation  being  completed  in  the  lower  hearth. 

The  fael  employed  consists  of  uie  wood  of  the  spmce  and  pint^  and  Uie  charge  of 
ore  weighs  abcnit  420  lbs.  The  working  lasts  23  honis,  and  the  produce  is  T«I7  laiBe. 
The  alsgs,  when  rich  in  lead,  are  washed  and  treated  again.    The  lead  flows  into  the 

n  which  thia  Carinthia 
pioeeaa  is  founded. 

When  galena  is  roasted  at  a  low  bnt  gradually  increasing  heat,  a  portion  of  the  snl- 
phide  is  converted  into  sulphate  of  leM^  along  with  some  oxide  of  lead,  while  put  of 
the  sulphide  remains  nnchanged. 
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fonand,  which  li^win  reacts  trith  the  aolphahi  of  lewl,  prodociiig  meUJlic  latd;  thus, 

Ppb'3  +   PpbSO*     -     SPpb   +  2S0'. 
Daring  this  flint  period  of  the  operation,  lead  is  eontiniioiulj  liberated,  and  raiu  down 
to  the  balli  in  the  hearth.     The  progTMS  of  the  roasting  convarta  more  and  more  of  the 
•nlpbide  iota  aulphate  of  lead,  dimiuiahius  the  liberUion  of  lead  tmtil  a  point  u 
reached,  when  oxide  of  lead  ie  the  only  pnufiict  of  the  reacUon ;  thua, 

PpbS  +  SPpbSO*    -    4FpbO  +  180'. 
The  second  aUge  of  the  operation  ia  then  in  ptogrev,  vben,  bj  the  addition  of  red-hot 
charcoal  and  an  increowd  tempentore,  the  litharge  is  redncad  and  another  portion  of 
lead  ia  ohtaiiied. 

Fbikcr  Fboccss. — When  galena  ia  expneed  to  a  mntintiDna  and  alovlj  inerearing 
temperature^  a  large  proportion  ig  conviTtod  into  inlphate  of  lead,  and  a  smaller  por- 
tion into  oxide  of  lead.  If  the  roasting  is  ioterrnpted  at  this  point  and  the  heat  raised, 
hnt  not  so  high  as  to  induce  ftuion,  these  componnds  raact  upon  efteh  other,  prodoring 
ojdde  of  lead,  which  fHimishes  metallic  lead  by  the  redocing  action  of  coal;  thus, 

Ppba   +  SPpbSO*     -     4PpbO   +  iSO* 

PpbO  +  C         -       i^b     +  CO. 

^e  coal  also  reduces  the  sulphate  of  lead  ultimately  into  metuUic  lead  and  snlphnrous 
arid.    At  a  low  heat,  only  half  of  the  aulphate  is  converted  into  sulphide  of  lead ;  thns, 

spphso*  +  c   =   ppbso'  +  pphs  +  acm 

And  as  the  temperature  is  raised,  the  same  reaction  occnra,  a*  explained  in  the  Cariu- 
this  process. 

Fiff.  604. 
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the  Prenoh  process  is  ft 
preecnl«d  bjfigi.  69i,  596 
and  the  third  a  transTeise 


},  the  first  being  a  longitodical,  the  second  a 
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Then  ue  three  doon  doae  together  on  the  ume  aide,  and  in  ttoat  of  tbe  middle 
door  the  had  pot  i  ia  bnilL  The  fiiebndge  i  ii  IS  indie*  wide,  and  tiu  bcBrth  a, 
II  feet b;6i feet     Theheaithis  p^  ggg 

made  vith  a  tauaeioDS  cla;  leat-  ^' 

ing  DpoD  as  arch  of  gisnite. 

A  charge  of  ore  veighs  leOOlbo. ; 
it  i>  heated  so  gradoallr  that  at 
the  end  of  five  boars  a  dark  red 
heet  ia  reached.  The  doors  are 
dosed,  and  the  heat  raised  till  the 

smelter  now  vigoKnulj  worka  the 
or<^  vheD  the  reaetiou  ebore  ex- 
plained take  place,  and  the  lead 
niDS  into  the  metal  pot  i.  A  < 
second  roasting  tor  two  uonis  f ol- 
lon^  and  then  another  turning 
OTer  of  the  contents  of  the  for- 
nsce.  This  alternate  roastins 
and  working  is  repeated  severu 

times,  and  at  the  end  of  13  honiB,  some  cool  and  wood  are  thrown  into  the  ftmaeei 
to  reduce  the  oidde  of  lead.  A  Jest  roasting  and  stimng  are  then  given,  and  tJie  slaga 
withdrawn  from  the  taiDaoo. 

The  composition  of  the  aUgi  obtained  in  the  preceding  proocoKs  is  giren  in  the 
following  table : 

Anatyia  of  Lead-Aagi  from  Rt«eri«niioty  Fuimact*. 


P«U-«. 
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The  lead  is  purified  by  stirring  it  with  beams  of  wood  andrep«MedBkimniiiig9,afUr 
which  it  is  refined. 

AcnoH  OF  TEi  G&Haca. — All  the  ores  of  lead  eontun  more  or  lua  of  other  earthy  and 
metallic  componnds,  which  exercise  a  considerable  inflnenw  on  the  chemical  reactions 
which  the  smelter  aims  at  accomplishing.  When  thess  foreign  bodies  ara  prraent  in  a 
large  proportion,  the  proceeeee  jost  described  are  not  adaptedibr  the  treatment  of  such 
otea,  which  are  nnelted  bv  other  methods  to  be  hereafter  explained.  It  will,  however, 
be  uaeAil  to  take  a  rapid  sorrej  of  the  influence  which  these  gangnee  exert  on  these 
procMses. 

Carbonate  of  Calciam. — When  this  substance  U  prMent  in  small  qoantities,  it  faciKtates 
the  chemical  actioQ,  by  contributing  to  the  dscomposilion  of  the  sulphide  of  lead,  with 
formation  of  sulphate  of  calciam,  and  bj  preranting  the  materials  Decoming  too  flnid 
at  the  moment  when  the  most  important  reactjonsare  taking  place.  It  has  been  found 
that  10  to  12  percent,  of  this  eubetance  may  be  present  in  the  ore  without  belngpr^u- 

Bidphatt  o/SanuTo. — This  substance  remains  perfectly  inert  during  the  whole  oper- 
ation of  smelting  and  is  objectionable  therefore  only  aa  a  mechanical  hindrance,  by 
diminishing  tiie  contact  of  the  corapounda  of  lead  which  are  to  act  on  each  other  in 
the  ftimace.  Galenas  which  contain  IC  per  cent,  of  this  gangne  are,  on  this  account, 
unfitted  for  treatment  in  the  rererberafoiy  fiimaca. 

Ftuer  Spar. — This  mineral  is  veiy  similnr  in  its  action  to  the  carbonate  of  colciuni, 
tint  it  ia  very  beneflcial  when  present  with  sulphate  of  barivm,  towards  which  subfttMice 
it  oeta  the  port  of  a  fiox. 
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lead  in  tba  rertr- 

J .when  thev  smoant  to  12  par  cent    DnrinB  tht 

iilert,  bat  whan  li 

jeact  on  each  olher,  the  silica  unites  vith  the  latter,  fbiming  vei?  Auible  baaie  Bilicatea, 

rendering  Ote  Thole  charge  fluid,  and  preyanting  any  fnrthar  actioiL 

BUnde, — Thia  ore  maj  be  preaent  to  the  extant  of  10  or  even  IS  per  cent  vithent 
much  prajndiee  to  the  woiijng  in  the  reTarbentoiy  fbrnlce.  It  doet  cot  eomphcate 
the  treatment,  and  is  objectionable  onl;  bj  its  conisnioti  into  oxide  aodaulphate  of  cine, 
Thich  are  inert,  and  pTerent  the  intimate  miztore  of  the  lead-componsd&  The  small 
portion  of  blende  which  eecapea  oiidatioa  daring  the  muting,  reacta  afterwatdB  on  the 
oxi^  of  lead,  piodacing  >ulphannu  acid,  oxide  of  zinc,  and  metallic  lead.  Whan  coal 
ia  intiodnoed  in  the  nibaunant  opentioni,  the  oxide  of  ejdc  i>  radnced  at  the  lama 
time  aa  the  oxide  of  lead,  and  the  QDC,  being  my  Tolalile,  nmei  <tf  a  coniidenUe  DM- 
tionoflead. 

Inn  Pgrita. — The  presence  of  a  small  quanti^  of  thii  mineral  doe*  not  aeriotulj 
interfere  with  the  imeltiag  operationa.  Donng  the  roasting,  the  pjritea  is  more  npidlj 
oxidised  than  the  galeiiB,  and  what  escapes,  Bftenrsrda  ■mists  in  rednciiig  the  oiida  i^ 
lead.  In  the  eondadinf;  operations,  the  oxide  of  iron  ia  disseminated  through  the 
mass,  and  retxrdi  the  ftiaion  of  the  Icad-compoanda.  A  Uiv«  proportion  of  pjntes  is, 
howerer,  very  prejndicial,  as  that  portion  which  is  onoxidised,  fonua  a  rery  fosihle 
matt  with  the  sulphide  of  lead,  which  eacs^the  reduction. 

When  the  py ntes  is  arsenical,  the  lead  la  always  rendcr«d  more  or  less  impure  by 
the  presence  ^  usenie.  which  incresaes  the  loss  of  both  lead  and  silTer  in  the  nubse- 
quent  cnpellation. 

Su^hUeo/Anlinum!/. — This  ore  is  alwa^  very  injurious,  eren  when  present  odIj 
to  the  extent  of  2  oc  3  per  cent  It  givw  nse  to  tho  same  reactions  as  galena ;  and,  • 
portion  of  the  antimony  beins  brought  to  the  metallic  state,  combines  with  the  lead, 
rendering  the  latler  hard,  and  occaauming  a  loss  of  both  lead  and  silver  when  Hnbmitled 
to  cnpelUtion.  The  componnds  of  antimony  also  fonn  very  f^ble  compounds  with 
those  of  lead,  which  cannot  then  be  brought  (o  the  metallic  eljLte.  The  great  volatility 
of  antimony,  its  oxide  and  sulphide,  also  increases  the  loss  of  lead  and  silveF. 

Copper  liritti. — This  minfral  renders  the  ores  nnflt  for  treatment  in  the  reyerberatoij 
fimacB.  Even  when  it  ia  present  in  such  small  quantities  aa  not  to  interfere  with  tho 
leactiona,  the  lead  always  retains  a  portion  of  the  copper,  which  diminishes  its  com- 
mercial Tolne. 

Carionate  of  Iron. — ^Thia  substance  acts  only  as  a  mechanical  hindrance  in  the  fur- 
nace, where  it  is  gradually  eonymted  into  oxide  of  iron.  Daring  the  later  period  of  the 
X rations,  it  ret^ds  the  hsion  of  the  slags,  and  postpones  the  reactioni  until  nearlr 
ths  sulphide  of  lead  ia  oxidised.  This  gingne  therefon,  when  present  in  smaU 
qnandties,  is  &Tounble  tathet  thftn  otherwise  in  the  reTerberatory  liimac& 

b.  Frcci;  by  Affinity. 

Thia  plan  was  naed  in  France  for  treating  a  Spsniah  galena  which  contained  a  large 
proportion  of  qnartx,  and  ia  fonaded  on  tbe  renctiona  already  explained. 

The  fomace  employed  is  shown  in  fg.  £97,  and  is  chafed  with  about  SOOlbs:  of 
ore  through  a  aide  door.  Thia 
"9-  *»'-  charge  is  mixed  with  200  to 

240  Iba.  of  iron,  which  ought 
to  be  in  tbe  form  of  scrap  iron, 
as  cast  iron,  mill  cinder,  and 
iron  ores  are  not  fbund  to  an- 
swer equally  well  with  malle- 
able iron.    The  mixed  charge 
ia  then  rapidly  heated  until 
the  galena  begins  to  aollan, 
when  the  temperature  is  kept 
atationaiy  to  permit  the  re- 
actions to  taks  place.     Tha 
lead,  aa  it  is  reduced,  flows  to  the  lower  part  of  the  ftiraace  at  p,  while  the  matt  swims 
on  the  surface,  and  this  again  is  coTeied  by  the  slag.    The  contents  are  then  drawn  off 
through  the  ts^faole  h,  into  tbe  metal  pot. 

A  modiflcatiOD  of  this  plan  has  been  proposed  by  Phillips  and  Birot,  who  employ  a 
furnace  with  a  hearth  slisbtly  inclined  towards  a  basin  at  the  side,  Disced  before  one 
of  the  two  side  doors,  ^ 

The  furnace  is  to  be  chaiged  with  1600  lbs.  of  ore,  which  must  be  carrfully  spre«d 
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ova  thebeftTth,  and  raoited  for  12  honn  at  ft  moderate  hsat.  At  this  point,  if  the 
on  doM  not  coatain  sufficient  silica,  12  per  oent  of  Band  and  IJ  percent  of  chamitj 
are  added.  The  heat  ia  rapidly  brought  np  to  a  cbenj-red.  when  the  charcoal  reduces 
tlie  oxide  of  lead,  and  foeilitatAs  the  tution  of  the  uuid,  wliich  decompofiea  the  eolphats, 
loraang  silicate  of  lead.  The  charge  pawee  through  a  proceaa  of  boiling,  and  when  this 
sabsides,  a  qnanti^  of  iron  is  thromi  in  while  the  charge  in  being  well  worked  ;  the  iron 
decompoaa  the  silicate  of  lead,  producing  metallic  lead  and  silicate  of  iron.  When  the 
slags  ara  poperl;  imporeriehed,  the  Mnteota  of  the  furnace  a»  tapped  into  the  pot, 
vten  the  lead  remains,  and  the  ■logs  flow  off  at  one  side. 

Mr.  W.  J.  Cookson  hss  introduced  another  modiflcatioo  of  this  principle.  He  mixes 
the  lead  ore  and  iron  together,  sad  adds  a  small  quantity  of  alkali  and  carbonaceous 
matter.  This  mixture  is  exposed  to  heat  in  large  crucibles,  when  a  very  pure  lead  is 
obtained.  The  matt  falls  to  powder,  which  is  afterwards  mixed  with  a  litde  water, 
made  into  bricks,  and  burnt  in  kilns,  as  a  snbstitate  for  sulphur  ores,  in  themanofkcture 
of  Bulimic  Bcii 

7%e  BtdacUon  of  Oij/gm-crt*  of  Lead. 

Carbonate  of  Lead. — Whsn  this  ore  of  lead  contains  a  large  proportion  of  galena,  it 
is  bested  by  one  of  the  plans  already  described,  bnt  when  b^erably  pnie,  it  is  snb- 
nutt«d  to  special  opetations. 

The  fomoce  is  of  the  ordinary  reTPrberatory  character,  in  which  the  hearth  his  only 
a  slight  inclination  towards  the  tap-hole  at  one  of  the  sides.  The  ore,  in  the  fonn  of  a 
fine  sand,  is  mixed  with  some  reducing  agent,  such  as  coal,  and  some  flux  adapted  to 
the  nature  of  the  gangne.  This  chaise  is  then  spread  upon  the  hearth,  the  doors  are 
closed,  and  the  heat  is  gradually  raised,  during  iriiich  the  mixture  is  oit«n  turned  orer. 
The  temperabue  is  kept  as  low  as  poaaible,  and  the  lead,  giadnally  reduced,  falls  down 
la  the  tap-hole,  through  which  it  ia  drawn  off  &om  time  to  time. 

When  the  lead  has  ceused  ta  appear,  the  spongy  mass  on  the  hearth,  is  heated  until 
it  fuses,  when  the  whole  is  drawn  ont  and  smelted  in  B  blast  t^imace. 

Sulpltate  ofLtad. — This  salt  of  lead  is  fonnd  native,  and  large  quantities  are  also 
produced  in  vaiions  chemical  and  other  manufactories.  In  the  latter  case,  it  is  oRnn 
mixed  with  an  excess  of  sulphuric  add,  which  must  be  expelled  in  a  reierberatory  or 
other  furnace. 

The  only  mode  of  treating  this  compound  of  lead  is  that  proposed  by  FbiUipt  and 
Birot,  to  which  we  most  refer  the  reader. 

Spanitk  Air-furnace,  or  Soma  de  gran  tiro. 

This  ftimace^  shown  in  figt.  698 — 600,  does  not  differ  from  the  blast  furnace  in  its 


door,  D,  is  placed  a  little  above  the  spring  of  the  arch,  S.  The  sole  of  the  fhmac^  P,  is 
formed  of  a  very  refractory  materi^  c^ed  LagueTta,  a  species  of  decomposed  argilla- 
ceons  slate,  which  is  found  in  great  abundance  near  Cartagena.  It  is  gronnd  to  fine 
powder,  and  mixed  with  coke  ds)  in  powder,  in  the  proportion  of  3  to  1.  This  mixture 
IB  moistened  with  water,  and  carefollj  beaten  with  rammers.    The  walls,  B,  aie  aluo 
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lnult  of  the  BUt«  in  iU  ondecompowd  statt^  called  Laja.  The  heutli  or  crucible  ii 
then  cut  out  to  the  shape  bIiowd  in  fig.  698.  8ii  openingB  (fyi.  699,  600)  G  G,  aw  left 
in  thB  wrUb  for  the  adnuBHion  of  the  air,  and  foe  drawing  off  the  el«g9.  The  flue,  C, 
connecting  the  fiimace  itnd  chimney,  is  canicd  by  an  arch,  K,  and  'li  built  >o  >«  to  be 
Fig.  fiS9. 


indepcndeot  of  the  ftunaCF.    The  chimnej.  A,  i^  about  44  feet  high,  haa  a  lame  nraa, 

and  works  two  furaaceB.     The  air-holes  are  16  inches  by  12  inches  at  Che  ontfide,  and 

taper  to  9  Indies  bj  4  inches  neit  the  intCTiOT,    Thay  ar*  formed  by  woAii^  some  clay 

Fig.  800. 


uprn  a  wooden  mandril,  and  placed  to  point  towards  the  centre  of  the  (bmace.  There 
are  also  other  holea  (register),  F,  above  the  air-holes,  but  temporarily  built  up,  ea  as 
to  be  easily  opened  when  required.  An  inclined  plane,  H,  is  built  Co  draw  sway  the 
slsg,  as  in  an  iron  blast  famace,  and  it  is  kept  cool  by  an  air-channel  below.  Th^  lend 
is  collected  in  a  small  not,  T,  through  an  opening  cut  through  Che  eolc  to  the  hearth. 

The  ore  unelted  in  these  IHimaces  contains  carbonate  of  l^d  and  galena,  mixed  with 
oxide  and  caibonate  of  iron,  oxide  of  antimony,  carbonate  of  Jime,  clay  and  sands. 
This  ore  is  used  raw,  mixed  with  lead-slags,  and  coke  is  the  fnel  employed. 

The  furnace  having  been  annealed  for  some  bonn,  3  or  1  pigs  of  lead  are  placed  in 
the  hearth  Co  form  a  bed  for  Uie  alsge,  and  the  furnace  is  charged  with  coke.  In  6 
or  6  hours,  a  few  boskets  of  slags  are  thrown  in  with  a  little  granulated  iron.  After 
B  little  time,  the  alage  begin  to  run  down  the  incline,  when  tie  regular  charge  of  ore 
is  added  The  oir-holea  are  regularly  watched  to  keep  t-hem  all  at  the  same  degree 
of  heat,  as  any  neglect  is  apt  to  allow  the  matsrials  to  harden,  when  these  air-tuyerea 
become  choked.  Jt  is  in  fact  the  duty  of  one  man  Co  remove  all  the  niggert  or  hard 
black  lumps,  wbicli  tend  to  fbnn  in  and  near  them.  The  fiimacs  is  charged  only  once 
every  hour,  as  the  opening  of  the  charging  door,  D,  ii^orea  Che  draughU 

The  charge  consisCs  of: 

40  baskets  of  ore,  or  about  6  cwt 
8  to  10         „        old  SIs^. 
4  to   6         „        coke,  willi  some  dry  wood. 
The  latter  asosCa  in  diffnaing  the  air  uoiibrmly  through  the  materials.     The  qnontitiea 
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As  the  air  bas  a  leDdenirr  to  ascend  round  tlie  aidefl  of  the  fOmsee,  the  imelter  tbtovs 
IB  duuKBa  Bgamst  the  waUs,  and  keepe  the  ail-chaiinela  aitttr  aa  posaible  open  to  the 
>ntroof  the  ' -nn  ..  -i.  . ^ .,    .  ■ 


idenirr  to  I 

e  iiiTDace.    Wlec  the  ftiniace  becomu  gobbtd  in  any  part,  oi 
the  Rgist«r-holes  are  opened  to  enable  the  miellei  to  remove  tie  obstruction. 

The  lead  il  ti^iped  ever;  six  hann,  and  the  matt  U  retomed  to  the  furnace.  The 
piodace  variea  from  S  to  7  cvt.  of  lead  upward^  according  to  the  richneaa  of  the  ore. 

We  have  deecribed  this  fuinace  at  eome  lei]g;th,  aa  it  u  cheaply  built,  laata  about  6 
to  8  veaki,  and  can  be  used  in  localitiea  There  more  perfect  plans  would  bs  imptstiti- 
c*bte. 

2.  Thb  RxDucnoN  or  Lau>  Obbs  in  Blist  Fubhacib. 

The  o. 

Ilkeizitaj .  

applT  to  the  peculiar  form  <A  blast  fHimaee  known  Dndai  the  name  of  the  iffe-heaitb,  as 
ued  in  Ameiica  and  this  country  (p.  497). 

a.  TAe   Cupola  or  Blast  Furnace. 

This  fbnn  of  ftimaee  is  Teiy  generally  adopted  on  the  Continent,  and  exhibits  at 
diflbrent  works  a  great  Tariety  of  form  and  dimensiinis.  The  great  difference  in  the 
ons,  the  flniea  arailable  and  the  nature  of  the  ftiel.  are  all  go  man;  fondltiona  which 
reqnire  special  modiSeations  to  orercome  the  difflcultiea  peculiar  to  each  looality. 

We  wiU  select,  as  iilostntions  of  this  mode  of  smelting,  three  of  the  modiflcations  in 
which  the  ore  is  used  in  tho  raw  and  roasted  (otm,  ar-*  —  "-"-  -•-'-- 


«; 


SUttiM  Furnaa.—  Tht  form  and  con-  Fig.  601. 

-  .ction  of  thie  ftimaee  an  represented  in 
001.    The  wails,  a  a,  are  vertical  from 


t,  the  section  of  the  furnace  is 
rectangular,  while  above  this  point  it  takes 
a  circnlar  timn.  The  exterior  wall,  o  o,  is 
built  of  common  bricks,  and  the  lining  or 
lUrt,  a,  it  coDHtracted  of  flrfr-bricks.  The 
char^  of  raw  ore  and  flux  ia  mixed  on  the 
f  oor,  £,  and  thrown  into  the  furnace  through 
the  opening  /.  The  blast  enters  at  t,  and 
fusion  takes  place,  dunng  which  the  hearth, 
A,  is  gradually  filled  with  the  lead  produced. 
The  dag  floats  on  thesurfaceof  the  lead,  and 
is  drawn  ofFat  e,  while  the  lead  ia  oecaaiDnaUy 
tapped  thnnzgh  a  eauol  which  pasMe  to  the 
bottom  of  the  hearth.  The  fiime  is  earned 
away  from  the  top  of  the  fnmaoe  throngb  a 
eenesofeondensiiigchainberB.  These ftimacea 
canonly  be  worked  for  about  eight  days,  when 
the  operation  is  stof^isd  to  repair  the  lining. 
toe  lit  dt  fimon  consistBof : 

Galena  in  imall  jneces  .  100  parts. 

Cast  iron         .        ,  .     12    .. 

Slag  from  inm  fiwge 


e,  ttc  aninst  the  back  at  the  furnace. 

When  the  aiag  contains  7  or  S  per  cent,  of 

lead  it  is  resmdted.    The  matt  or  regains, 

sting  of  sulphide  of  iron  and  lead,  with 


a  little  silver,  ia  roasted  and  anulted  ii 
same  ibmace. 

Harie  Fiimaee. — This  plan  is  adopted  in 
the  Hartz,  Fiance,  and  Bel^um,  more  or  less 

modified  according  to  the  orcnmstaacea  of  the  locali^.  The  ore  is  alwaya  snbmitted 
to  previous  roasting ;  and  when  this  operatioi]  is  performed  in  a  reverberatoij  furnace, 
ttie  heat  is  gradually  raised,  nntjl  the  oxidation  is  Bufficiently  advanced,  when  the  doorS 
are  closed.  The  fire  is  then  urged  to  melt  the  mass  of  materials,  which  is  than  drawn, 
allowed  to  cool,  and  broken  up  into  pieces  fit  for  charging  the  blast  ftimace. 

The  fbUowing  tables  contain  nnmerons  analyses  of  the  matt  and  slags  which  are 
obtaimd  bom  the  blaat  furnaces  of  France  and  Qermany. 
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Analyua  of  Lcad-tiagt  from  Slatt  Fumacei. 
(S.)  From  B<M«t*d  Oim.     ■ 
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(i.)  From  RoasUd  Ores. 


L«J19.     .       .       . 

-.>-     |ls|-|!S=- 

;K: 

h3^'. 

Authorltr     .       .       . 

HIM. 

K-O*^. 

W*B. 

slIiiKoeld 

Alunlu 

FrMuxIdt  of  tron 

ftoioiiiB'oTMpper  .■    ;    ;    : 

PboMHrti:  (drt 

.'" 

»0 

no 

u-o 

100 

IM 

ID 

WO 

'^ 

4V> 

Ml 

98-6 

sB-g 

M-4 

91-1 

lOOfl 

»'. 

wo 

IWO 

[■  wimelimes  roaaUd  id  the  open  air,  as  at  Bammelsberg.  on  the  Hiirtz,  and 
Fahltm  in  Sweden.    The  ore  at  the  fprmer  place,  coQBistine  of  an  intimate  mixtore  of 
the  BDlpbidea  of  lead,  copper,  iron  uid  zinc,  ia  (iwmed  into  heaps,  as  «een  in  fg.  602. 
Fig.  802, 


ud  down  for  a  foundation,  npon  which  the  ore, 
A  A.  ia  plaped  in  piecea  decreasing  in  size  towards  the  lop.  The  whole  is  covered  with 
a  lajer  of  roaat«d  ore  in  powder,  which  shots  off  the  acoeea  of  an  excess  of  air.  Thess 
heaps  coatoin  about  ISO  tonsof  ore,  and  aSUtr  the;  are  ignited,  the  combnation  is  sup- 
ported by  tbe  Bolphidea,  through  a  period  Taiying  from  18  to  24  weeks. 

At  the  tup  of  the  pile  arc  a  number  of  oaviUee,  it>,  formed  in  the  porous  eoTerine, 
in  which  a  portion  of  Bulphur  eollects,  ae  it  is  sutilimed  from  below,  and  from  which 
it  is  ladled  at  times,  A  tun  of  sulphur  ia  Dsnallj  obtained  from  a  heap,  and  it  ia  said 
nearlj  to  pa;  the  cost  of  roaatiig.  The  metallic  products  are  afterwards  roasted  in  B 
second  and  third  heap. 
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This  KMSted  ore  i«  imelted  in  a  Aimace  eonstnicted  u  shown  iiij^.  SOS.  The 
charge  ii  prepared  on  the  floor,  g,  and  tltcown  into  the  fttmace,  a,  thtoogn  tha  opening 
r,  along  irith  the  fbeL    A  attong  blast  is  driven  in  through  the  tnyerc^  L 


The  chatge  conaists  of 

BoBBlado™ 36   cwt 

Highly  BiliCHtiu  alugH  .         .         .         10     „ 

Oude  of  lead  and  pieces  old  eapela  ,        j-^    „ 

The  matt  is  repeatedly  nMated  and  resmelted  to  obtain  tatj  copper,  lead  and 
MlTar,  it  ma;  coalain. 

Spatiuh  Economic  Fvmaet.  The  discorety  of  enormona  deposits  of  slags  left  by 
thn  Bomam,  near  Cartagena  and  other  place*  in  Spain,  together  irith  ths  mining  of 
a  poor  lead  ore  in  these  distrieta,  has  led.  within  the  leet  16  or  20  yeara,  to  a  Teiy 
great  development  of  lead  smelting  on  this  coast  ITnraaceB  of  dijferent  descriptions 
were  tried,  one  after  another,  but  they  bavs  all  giren  place  to  what  ia  known  nnder 
the  abore  name. 

This  fniiMce,  aa  improved  bj  the  writer,  is  represented  in  figi.  604,  60fi,  606,  in 
elevation,  section  and  plan.  The  blast  enters  tJuDagh  three  water-tin'ereB,  a  a  a,  and 
the  materials  are  maintained  np  to  the  level  of  tile  <£arging  door,  A.  The  apper  layers 
are  kept  cool  bT  a  flne  rain  of  water  from  a  rose,  i7,  and  the  ateam  which  is  fonaed 
»  which  escfM  into  the  flne,  throngh  an  opening,  i^  in 
~  "^   ~  kce.    The  npper  part  of  the  fdmace  rests  npon 

_  ^ ,  jj^j. the  body  of  tbe  furnace  requiroa  to  be  renewed, 

this  part  remains  nntooched.  The  lead  accomiilatea  in  the  hearth,  g,  whence  it  is 
tapped,  fn>m  time  to  time,  into  the  pot,  h,  to  be  ladled  into  moalda.  The  slag  runs 
continnonsly  into  a  tank,  i,  which  u  kept  snpplied  with  a  stream  of  water.  The 
idag  in  thia  case  &Ua  into  a  coarse  aand,  which  is  easily  carted  away,  but  it  is  some- 
times  nm  into  small  waggons,  forming  large  blocks  on  cooling. 

The  Aimace  is  circular,  with  a  diameter  of  &om  i\  to  2A  feet,  and  built  of  Are- 
bricks  moulded  to  snit  tha  form  of  the  furnace.  The  body  of  the  Aimece  ia  only  one 
brick  thick,  and  when  any  portion  of  the  wall  gives  way,  the  hole  is  filled  with  dav, 
which  is  driven  into  the  interior,  while  the  smelter  lays  fresh  bricks  to  rebuild  the  wall. 

The  bottom  of  the  fiimace  is  formed  in  Spain  of  a  kind  of  clny  which  is  found  to 
answer  t«markably  well,  bat  in  this  country  a  miitare  of  pure  ground  coke  and  fire- 
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reqniiwa  the  grestpst  ore,  *s  the  durolion  of  the 
furnace  depi>ndB  more  npoa  iU  stability  than  apan 
the  coDtinuBDee  of  the-  walls,  which,  us  alreadj 
exptaiiied.  can  be  repaim]  &Dm  thp  aateide. 

The  breast  of  tba  f^imoee  is  made  of  a  semi- 
circnlar  plat«  of  cant  iron,  with  a  lip  to  canr  off 
'''    Blag,  and  a  elit  throngli  which  "  '  '<    • 

led.     Above  the  breaat-paD  ia 
ncbFB  wide  and  2i  in  height 
The  materiole   are  charged,  Isjn  Bpon  lajer, 
of  ore  and  fiux  and  coke.   The  ore  may  be  eitiier 
raw  or  loaited,  and  the  natoie  of  the  flu  de- 
pends npoD  the  character  of  the  gassae.    In  Spain 
the  ore  is  sometitnes  loaated  in  kjLie,  coneisting 
of  large  chambers,  eamcthing  like  oar  flre-hridt 
kilns.     The  ores  or  materials  contaimng  lead  to 
he  smelted  in  thia  famaee  shonld  net  hold  more 
than  20  or  30  per  seat,  of  lead. 
When  this  farm  of  furnace  VBS  iatiodaced  ioto  this  conntiy,  the  writer  made  a  great 
number  of  experiments  as  to  the  ores  and  fluiee  which  could  be  moat  profitably  imelted 
by  it;  but  it  would  be  impossible  to  giTe  the  details  is  >o  limited  an  article  aa  the 
present.     It  may,  however,  possess  some  interest  to  give  the  materials  smelted  and 
tile  cost  of  one  of  the  first  campaigna,  which  term  is  employed  to  designate  the  time 
the  fbmace  wo^  without  being  rebnilt.    This  campaign  lHsl«d  IS  weeks,  working 
night  and  day,  and  the  following  weights  of  ores  were  smelted ; 
Spanish  ore  .        .        .    324950  cwt  I  English  lead  ore  slags  .     1521-25  cwt. 
Efnglish  lead  ores  .         .     863460     „         Litharge         .         .         .         3060      „ 
American  silTer  ores     ,        8676    „        Litharge  cinders    .        .      973'7£     „ 

I  H49B-35 

There  was  a  giun  of  ailrer  on  the  assays,  but  a  lose  of  lead  of  kbout  one-tenth  on  tha 
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1.  Waoea  comiecUd  with  tha  fnniace 

2.  Enguiepowar:  wage*        .  £10     10 

lG09cwto(»lB     .  IS     11 


-         3    6-1 


3.  FlniB^  noor  spar 

.  SSsi     9     IS     0 

C«boii«to  ofbKTU    U      1      2    6 

Chalk    . 

.  2091     0     16     2 

LimoKone 

.  2G0      3     13    0 

Eook-MJt 

. HH    8     U    8 

Krip      . 

.      ?    0    10    0 

H«>iutite  ore 

.26      0     18    9 

.  790     79     16     (1 

MiilcindM 

4673    40     18    3 

sr 

.704      1     IS    9 
6      0      13 

Cosl        . 

.    19      0      3    3  -  148    0    6 

4    0-3 

i.  Fnd-Coke 

2667                          .  47  16     1 

1    8-8 

S.  Bepsin      . 

S3     1    0         — 

£374  '  0  11         - 
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The  bUowios  italement 

conUina  the  east  ol  BmeltJng  the  Boman  ditp 

nearCut.1^ 

Ji  Spaiiii  oiIeiiUt«d  on  the  produce  of  le&d: 

Cortof  20cwt.ofLatd. 
860  quintals  at  8  per  cent,  lead,  washed  np  to  24  per  cent. 

V 120  qtuDtala  for  imeltlng       ....     360  rmli 
SO         I,     (^  coal  for  engine,  at  6  leSa 
£0        „    of  coke  for  mieltiiig,  at  11  reala 
2  smelten,  at  8  rtnia       .... 
4  labounn,  at  6  reals    .... 

Weal  and  tear 

UanageDieiit,  Set.  Sec      ...        . 

mo  MaU 
and  thie  expenae,  at  92  nsU  per  £  aterling  bringa  the  eoet  of  a  ton  of  lead  np  lo 
£13  6>.  M.  per  ton,  where  the  Roman  alagl  nre  obtained  Iree  of  chatgr. 

Web^eretbisfbrmof  famaceia  admirablj  adapted  for  many  of  our  poorer  ores  and 
tnateriala  containing  lead,  and  that  it  well  deaervea  the  attention  of  our  emdten. 


.  r*e  Ort 


irlh. 


Thia  method  of  redncing  ean  onl;  be  applied  to  the  pnreat  deieription  of  ona,  and  tlie 
advantage  which  it  pooenea  over  the  rererheratoij  ftamaoe,  onuiiti  chiefly  b  tha 
gnater  pnii^  of  the  lead  which  ie  pmdnced.  This,  howerer,  is  of  great  commereial 
importance,  aa  nch  lead  is  nutahle  Ibr  coov«t«ion  into  the  beat  white  and  red  leads, 
and  in  consefjoence  brinss  £1  per  ton  more  in  the  market  than  oidinarj  aoft  lead.  Hie 
ore  hearth  is  also  worked  with  jy    gn- 

lesa  coosamption  of  foel  and   a  '' 

■mailer  ontlay  in  lalionr.  The 
coetofthefanuceismuchleMiand 
the  wotking  maj  be  diseontinced 
and  reaumed  at  any  time  without 
repairs  being  reqmied. 

The  fiiat  eonalinctjon  to  be 
noticed  is  that  of 

n«  BaekaoodM  Eeartk. 

Thia  fbrm  of  fdmace  is  of  the 
nkoat  primitive  character,  and  yet 
the  practice  of  the  Weat«m  back- 
woodaman  is  atill  more  simple ;  if 

he  wants    riiot   or  ballets,    he  ^^..mm-'^^.,^  " 

kiodlea  a  Are  in  a  hollow  tree,  or  -~~" 

an  old  stamp  of  a  tree,  placee  some  galena  on  the  charred  wood,  and  melta  it  down,  when 
atta  cooling,  he  finds  the  metal  at  the  bottom  of  the  hollow. 

In  Hiaaonri,  the  ore  was  reduced  in  sqnare  fiimacea,  conatmcted  of  logs  or  stones,  a* 
shown  in  Aa.  607. 

Vol.  m.  K.  K 
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LEAD, 


The  ail  if  kdnutted  tiiioii(^  tlw  ai^  in  the  for»-Bide,  and  tlie  Uad  a  cgllected  in  tha 
bMUi  in  front.  Th«  nanagemeiit  cooaiato  in  pladag  a  lujer  of  heavr  logs  at  tiie 
boUom ;  tben  billeta  of  split  wood  are  set  oprignt,  dq  wliich  the  galena  is  thrown,  tbe 
top  of  Ibe  ore  being  oorered  willi  Bmall  towL  A  fire  is  kindled  in  the  fiont  uch, 
whidi  chan  the  lover  portion  of  the  wood,  and  the  process  of  reduction  commeocea. 
^le  lead  rntw  into  the  basin,  and  the  operation  lasts  S4  hoara.  The  Bshes  tie  collected 
after  the  ftamace  cools,  and  tiiej  are  smelted  in  irtiat  is  called  an  atk-fitmaei. 

This  plan  is  now  supenaded  bj  eonstnicticiDS  of  a  modem  ^pe. 


This  fdmace  (^.  e08)  is  sometimn  made  of  cast  iron,  mnd  so  arranged  that  ahoUowaue 
snnonads  the  heuth,  B,  thiongh  which  the  air  pusses  on  ita  wa;  to  the  tayere,  bj  which 
contrivance  the  blajn  U  mised  to  a  high  temperatnie.  The  air  eaters  through  the  pip», 
C,  ai^  bllewing  the  oonrse  of  the  sirows,  is  driven  throngh  the  tuyere  into  the  hearth. 


,  Tha£brce 


Aj  the  ere  is  redaced,  tha  lead  A}WB  down  the  chuutd,  i^  into  the  pot,  B 
of  the  blast  can  be  legnlated  by  the  valve,  V. 

The  hearth  is  first  carefully  warmed  by  a  wood  Are,  when  the  naerroir  in  the  hearth, 
U,  is  filled  with  bad,  whidi  soon  melta,  and  upon  which  the  ehaigo  floets  during  the 
operation.  TheancJtwplaeeaseTeialpieeesof  wood  beftae  the  blwl,  and  then  ehaiges 
with  raw  galena.  The  whole  soon  beeomee  heatad,  the  reduction  fiJlows,  and  tha 
lead  flows  off  intoB.  Hie  flnt  charge  is  fidlowed  by  aitother,  and  thus  the  pioceaais 
coDlinued  as  long  as  the  smelter  wishee. 

At  Bode,  in  Hew  Yc^k,  TA  cwt.  of  lead  is  obtained  in  24-  hours,  and  the  coat  of 
working  is  about  htbu  shillings  per  ton. 

Tht  Beotch  Searlh 
is  in  use  in  tha  northern  countiM  of  this  oonntiy,  and  Itr.  Phillips'  aoeoont  of  the 
mode  of  working  it^  is  so  adniitable  that  we  cannot  do  bett^  then  quote  it. 

ifL-     ~f.(L  This  fumaoe  {Jig.  609)  is  from 

I 1  22  to  34  inches  in  hd^t,  end  12  to 

I      1  18  inchea  area  iikoda,  but  its  bori- 

1 —  Bonlal  seetion,  always  reetangnlar, 

'.    }         I  Tariea  modi  in  its   dimensions  at 

(,i~»^^    diflbrest  lords. 

1  The  ore  can  be  worked  athar  in 

I  p  aiawor  roasted  stale,  but  the  Utter 

'  ie  now  generally  need,  as  it  yields  a 

better  produce,  and  works  dry,  al- 
lowing the  blast  to  difliue  itself  mora 
perfsi3iy  through  l2uf  man. 

In  prooeeding  lo  smelt  by  means 
of  an  ore-hearth,  two  workmen  aie  required  to  be  in  atlendance  from  the  beginaing 
to  the  end  of  eaeh  smelting  ihiit,  the  duration  of  which  is  from  13  to  16  hoan. 
The  first  step  in  commendng  a  smelting  shift  is  to  fill  up  tJie  hoarth-botlom  and 


REDUCTION  ON  THE  OKE-HEARTH. 


y  the  addition  d  snull  quftntitiea  of  coul  tx  intn-vuli,  a  body  of  flro  i>  obtuinnl, 
BUins  the  bearth.  Bouted  ore  ia  now  put  opon  the  Borikce  of  the  fire,  betweoi 
the  ferestODB  ud  pipesloae,  which  immediately  becomM  red-hot  and  reduced, 
the  lead  fcom  it  ""^'"g  down  and  oolleotiiu  in  the  heaith-bottom.  Other  portioni 
of  ore,  of  bom  10  <a  12  Iba.  Mdl,  an  introdneed  ftom  time  to  time,  and  the  eontenta 
of  tbe  heMtb  an  stirred  and  kept  open,  bcong  oeoaakmallj  drawn  oat  and  examined 
upon  the  vorkatone,  mitil  the  hearth-botttmi  beoomea  AUl  of  lead.  The  hearth 
may  now  be  Mnaidered  in  its  ngnlar  wooing  atat^,  baring  a  mass  of  heated  fiie], 
mixed  witli  pactl;  fiised  and  aemi-iediieed  or^  called  broaie,  floattiig  npon  a  atratum 
of  melted  lead.  The  emelting  ahift  ia  then  regolarlj'  proceeded  with  br  the  two 
workmen,  as  foUowa: — The  fire  beina  nude  np,  a  atratnm  of  ore  ia  epread  upon  the 
horiaontal  mrbce  of  the  brawae,  and  the  whole  anffiired  to  remain  expoaed  lo  (lie 
blaat  fbr  ^otfiTe  minntea.  At  the  end  of  that  time,  one  man  pIuDm  a  poker  into 
"      -  ■'  ■      ■   ■     -'      ■       'h-bottom  below  the  browBe,  and  niisea  tie  whole  np   at 


different  placee,  bo  a*  to  looeen  and  open  the  browse,  and  in  doing  so,  to  pull  a  part  of 
it  fiofwards  npon  the  woikatone,  alhnnng  the  mcentiy  added  on  to  rink  down  into  the 
body  of  the  beoith.  The  poker  ia  now  exchanged  tor  a  shovel,  with  a  htnd  6  inches 
aqoare,  with  which  thebrowaaiii  examined  upon  the  warkBtoDe,and  any  lumpatbstma/ 
bare  bun  too  much  fdaed,  are  bnAen  to  pieces ;  those  which  are  so  &r  aariutioatrd  l^ 
the  heat  aa  to  be  qnile  hard,  and  Anther  biown  by  their  brightncaa,  an  joued  ont,  and 
tlUDwn  aaide,  to  be  afterwards  smelted  in  the  slag  healtn.  They  are  called  "grey 
slags."  A  little  daked  lime  in  powder  is  then  spread  npon  the  browas,  which  has  Men 
drawn  fbrwaid  npon  the  woAslone,  if  it  exhibit  a  pasty  appearBoee  ;  and  a  portion  of 
coal  ia  added  to  me  hearth,  if  neeeasaiy,  which  the  workman  knows  by  eipenenee.  In 
(he  meanliMe,  hia  fellow-woAman,  or  shouldei^feUow,  cleare  the  opening  through 
which  the  blast  panfMW  into  the  health,  with  a  ahovel,  and  places  a  peat  immediately 
abore  it,  vhieh  he  holds  in  ita  proper  sitaatiaa,  until  it  is  fixed,  by  the  return  of  all 
the  browse  bom  the  woAstone  into  the  hearth.  The  fire  is  made  up  again  into  the 
shape  before  described ;  a  stratum  of  fresh  ore  spread  npon  the  peat ;  and  tlie  operation 
of  stilling,  bnaking  the  lumps  npon  the  wmkstone,  and  picking  ont  the  hard  slags  re- 
peated, Biter  the  ex[HratioD  of  a  lew  minntea,  exactly  in  the  same  manner.  At  every 
etirrii^  a  fr«h  peat  ia  pat  above  the  doecIs  of  the  bellowa,  which  dividee  the  blast  and 
canaes  it  to  be  distribnted  all  orer  the  he«rth ;  and  aa  it  bums  awtty  into  light  ashes, 
■a  opening  is  left  for  the  blaat  to  iasna  freely  into  the  body  of  the  browse.    The  soft 


down  thnnttfa  all  paid  ^tlM  browse  into  the  hearth-bottom,  flows  thnmgb  the  ehann^ 
ont  of  whi<£  it  is  laded  into  the  pig-monlds. 
The  principal  paiticnlan  to  be  attended  to  in  manag^gan  ore-hearUi  prowrty  dnrina 

the  fradting  shift  are  tlnse :  First: — it  ia  Tetr  important  to  employ  a  proper  blast,  which 
should  be  carefully  regulated,  so  as  to  be  neither  loo  wfsk  nor  ti>D  pow^iiiL  Too  weak 
a  blast  would  not  exate  the  requisite  best  to  rednce  the  ore,  and  one  too  powerfiil  has 
ttte  effect  of  iWng  the  contents  of  the  hearth  into  slags.  In  this  paiticular,  no  certain 
rules  can  be  giten ;  fbr  the  same  blast  is  not  snitable  for  even  varisty  of  ore.  Soft, 
&ee.^;rained  ^lena,  of  great  specdflc  paTi^,  beinK  yei;  fasible,  and  eamly  reduced, 
requires  a  moderate  blast ;  while  the  harder  and  l^ter  varieties,  many  <tf  which  con- 
tain mi»e  or  teas  iron,  and  are  often  fonnd  rich  in  aUver,  require  a  Uast  conriderably 
stronf^.  In  all  cases,  it  is  most  essential  that  the  blast  sbonld  be  no  mM«  than 
mScient  to  rednce  the  ore.  aiter  erery  otlier  necessary  precantion  is  taken  in  winking 
the  hearth.  Secondly ; — The  blast  shoold  be  as  mnch  divided  aa  possible,  and  made  to 
pass  Uuon^  erei;  part  of  the  browse.  Thirdly : — The  hearth  should  be  ngoronsly 
Miired  at  doe  interrals,  and  part  of  its  contents  eipoeed  npon  the  workstona,  when  the 
partially  fused  Inmps  should  be  well  broken  to  pieces,  and  those  which  are  farther 
Tibifiei^  BO  as  to  form  slags,  carcfolly  picked  out.  This  breaking  to  pieces,  and  ex- 
posnie  of  the  hottest  part  of  the  browse  upon  the  wockstone,  has  a  moit  beneficial 
ettect  in  promoting  its  reduction  into  lead ;  for  the  atmoepheria  air  immediately  acts 
jipoa  it,  and,  in  tlut  heated  state,  the  sulphar  is  readily  consumed,  or  converted  into 
snlphnions  add,  Wving  the  lead  in  ita  metallic  state ;  hence  it  is  that  llie  reduced  lead 
always  fiows  most  abundantly  out  of  the  heaitli  imntediole^  aftM  the  return  of  the 
browse  which  has  been  spread  oat  and  exposed  to  the  atmcephsie.  Fonrthly: — The 
qnantj^  of  lime  need,  should  be  no  more  than  is  just  neetMaiy  to  thicken  the  browse 
anfflciently,  as  it  does  not  in  the  least  conlzibnte  to  reduce  Uw  ore  by  any  chemical 
reaction  ;  its  use  is  merely  to  render  the  browse  less  pasty,  it,  from  the  heat  beins  too 
great,  or  from  the  nature  of  the  ore,  it  has  adispoaition  to  become  very  soft.  Fiflbly : — 
X  k3 


500  LEAD. 

Cosl  Bbcinld  be  alao  lapplisd  jadidoiuly,  too  nmch  nnntwowrily  ioenMing  the  bulk  of 
tlie  browse  and  caoiniig  the  hearth  to  get  quite  flilL 

Whni  the  oFB  ia  of  a  descriptioD  to  smelt  readil;,  u>d  tlie  hearth  ia  weU  nunigfd  in 


ererr  partiiMdai'.  it  mn-ke  with  but  a  Email  qoantitT  of  browse,  irhich  feeli  drj  when 
■tirnd,  nnd  ia  eaaily  kept  open  and  peimeable  to  the  Uaat  The  raduction  proceeds 
rapidly  with  a  moderate  deg^e  of  heat,  and  the  elaga  produced  an  inconuderable ;  but, 


if  m  thia  itate,  the  itirring  of  the  bimne  and  eipofmn  upon  the  wotkatone  are  diacon- 
tinued,  or  piaettied  at  Iodecc  interrala,  the  hearth  qnicklj  geta  too  hot,  and  im- 
mediaCelj  begiui  to  ag^ntmat*  t^ether,  lendaring  eTidant  tha  imctmatj  of  tbeae 
cmeratJoDB  to  the  wecejrfnl  managewent  of  the  pcoceaa.  It  ia  not  difflonlt  to  nndnntand 
Vlij  these  efbcta  take  place,  whui  it  ie  eonaianed,  that  in  smelting  b;  mean*  of  the 
ora-heaith,it  ia  the  ozjgeiK^  the  blast  and  of  the  atmonihaM  which  pripdp^j  aoeom- 
pliihei  tlie  radnctioD ;  and  Uie  point  to  be  chieflj  attended  to,  oonsists  in  enoaing  the 
on  to  il«  actira,  at  the  pnner  tempeMtnre,  and  nnder  the  most  IkToniable  dMutn- 
stini'Wi  ^e  Iniptartanee  of  having  the  on  free  fn>m  impniitiia  is  alra  eridenl^  tor  Qa 
atony  ae  euthy  matter  it  contains  impedes  the  smelling  proceaa,  and  increuea  the 
quanUt*  of  alag;  A  tceij  ali^t  diSbrence  of  oomppaition  of  perfectly  dnaaed  ore  may 
be  readily  imdoratood  to  aibct  its  reducibility ;  and  hence  it  is  that  ore  from  diSerent 
Teins,  m  the  same  Wn  in  different  strata,  as  b<A>re  obsmred,  is  frequcotly  found  to 
woik  TeiT  diflbvntly  when  smelted  singly  in  the  hearth.  It  happwu,  therefore,  that 
with  the  beet  woikmea,  some  varietiea  of  ore  require  more  coal  anil  lime,  and  a  gmt^ 
degree  of  heat,  than  others;  and  it  is  fbr  this  reason,  that  the  fonstone  is  made  morable, 
■o  as  either  to  answer  for  ore  which  wo^  with  a  large  or  a  small  quantity  of  browse. 

It  has  been  stated  that  the  duration  of  a  ameltiog  shift  ia  from  12  to  IS  hours,  at 
the  eitd  of  which  tinti^  with  erei^  precaution,  the  hrajth  ia  apt  to  beoome  too  hot,  and 
it  is  neccBsaiT  lo  stop  tor  some  bm^  in  order  that  it  may  cooL  At  mills  where  the 
smelting  shift  Is  12  honro,  tha  hearths  nsnally  go  on  IS  houis,  and  are  aospended  6  ; 
four  and  a  half  or  five  lungs*  of  ors  (36  to  40  cwt.)  are  smelted  during  a  shin,  and  the 
two  meo  who  nuuilge  the  hearth,  woA  each  fonr  ohifta  per  week,  terminating  their 
week's  woA  at  3  o'^>ck  on  Wednawiay  aitamoon.  Hey  are  succMded  by  two  other 
workmen,  who  also  work  four  IS-honr  shitta,  the  last  of  which  the;  finish  at  4  o'clock 
on  Saturday.  In  theee  8  shifts,  from  36  to  40  binga  of  ore  are  smelted,  wliieh,  when  of 
good  qnali^,  produce  from  8  to  10  foddere  of  lead.  At  other  mills,  where  tha  shift  is 
14  or  IS  homs,  the  fomaoe  is  kindled  at  4  o'clock  in  the  morning,  and  worked  until 
6  or  7  in  the  evening  each  day,  aii  days  in  the  week ;  during  this  shift,  6  or  6i  bings 
of  ore  are  aiaelted,  and  two  men  at  one  hearth,  in  the  early  part  of  each  week,  work 
three  moh  shifla,  producing  about  4  fbddsra  of  lead ;  two  other  men  work  each  3  shifts 
in  the  Istiu  pott  of  the  we^  making  the  total  quantity  smelted  per  week  in  one 
iMBith  from  SO  to  SS  l^ngs. 

i&ortVniitt  auf  (Sbwtisr'a./tMM.— Inthe  t^>eration  of  smelting  as  already  deaeribed. 


tt  happens  that  particUs  of  unreduced  and  semi-reduiwd  ore  are  conlinnally  ezpcdled  from 
the  hearth,  partly  by  the  force  of  the  blast,  but  principally  by  the  decrepitation  of  the 
ors  on  the  application  of  heat.    This  ore  is  mixed  with  a  portion  of  the  fuel  and  lime 


le  use  of  in  smelting,  all  of  which  ace  df^wsited  upon  the  lop  of  the  smelting  heuth, 
ana  are  called  hearth-ends.  It  is  customary  to  remove  the  hearth-ends  from  time  to 
time  and  deposit  them  in  a  convenient  plaoe,  until  the  end  of  the  year,  or  some  shorter 
period,  when  they  are  washed  to  get  nd  of  the  earthy  matter  they  may  contain,  and 
the  metallic  portion  is  roasted  at  a  strong  heat,  until  it  tjcgins  to  soften  snd  cohere 
into  Innpf,  and  afterwards  smelted  in  the  ore-hearth,  ezactlj  in  the  same  way  as  ore 
nndergouw  Aat  opersitian  for  the  first  time,  aa  already  deoenbed. 

It  is  difficult  to  stale  what  qnantity  of  hesrth-enda  are  produced  by  the  smelting  of 
a  given  qnanti^  of  ore,  bat  in  one  instance,  the  heartb-eods  produced  in  smelting  9761 
bmg^  on  being  lowtod  and  reduced  in  the  ore-hearth,  yidded  of  common  lead  31fi  cwt., 
ana  ^  grey  riags  lapaiated  in  this  process  gave,  by  treatment  in  the  slsg-hearth,  74 
cwt.  of  dag  lea£  l^"i^g  the  total  qnantity  of  lead  863  cwt.,  which  ia  at  the  rate  of 
tcwt.  3  qia.  S3  lbs,  ftom  tha  smelting  of  100  binga  of  on^ 

Xhecoatofsmelting  veU-dreswdgale^attheore-hearthit  aa  follows: 
».    d. 

Labour 6  1-« 

Ooals  3-1  cwt 0  4-4 

Wood  1-2   , 0  9-1 

Lime  0-0^ 0  3'S 

Repairs 0  IT 

Engine  Power-.  Wages.        .    0  10-T(     ,  „., 
CoJse-Jawt    0  10-4{~^  "^ 
e  S7 
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REACTIONS  IN  THE  BLAST  FURNACE.  50X 

The  ore-bewtb,  as  nsnallj  coiutract«cl,  often  allom  tha  ftimea  to  fill  tlu  mill,  when- 
OTBT  thB  dranghtudofectiTe.andthuBproTeBinJnrioaBto  tha  hedth  of  the  work  peopla. 
Under  oU  ciiciuiutaDeei,  it  Urge  Tolnma  of  ur  pawea  iubi  the  flna,  andaohrdinuiiune* 
the  oondnimtion  of  the  lesd-Aime. 

In  order  to  diminiih  tha  ol^ectjoo,  the  writer  introduced  the  following  modiflcktioni, 
riiownin.^.  610. 

Fig.  eiO. 


The  hearth  is  covered  with  ■  hood  of  brick-work,  a,  at  Uie  back  of  which  there  ia  an 
opening  into  the  floe.  This  owning  can  be  enlarged  or  diminished  bj  mean*  of  a 
damper,  worked  fiom  the  outside  at  6.  The  opening  in  front  can  also  be  regolsted  bj 
means  of  a  movable  iron  plate,  c,  which  can  be  raised  or  lowered  according  to  dccnm- 
sUDceiL  The  hood  is  finolj  bound  bj  iron  straps,  d  d,  which  are  maintained  in  position 
bj  Bcrew-bolta  above  and  betov  the  hearth.  Tbe  opening  e.  Under  the  arch  /  sllawg  the 
workman  to  regulata  the  bluat,  which  is  sdmitled  at  the  back  through  the  ordinar;  tojere. 

The  ore  is  charged  (hrongb  the  opening  ^,  in  the  aide  of  the  hood,  and  the  ftimace  ia 
worked  from  the  front,  in  the  manner  jnst  described. 

We  have  now  finished  our  account  of  the  reduction  ofleadoToe,  and  regret  that  wa 
are  compelled  to  omit  many  details  relating  to  the  various  modifications  adopted  in 
Gernifuij  and  elsewhere,  which  are  treated  at  great  length  in  Eerl's  valuable  Handbuck 
der  VeiaUurguciat  Huttenkitndt,  to  which  we  b^  to  refer  the  reader  for  tbrther 
infamutiDD. 

Climueal  Btaetiont  in  tki  Bltul  FumOM. 

The  BubBtaDcea  which  compose  the  charge  in  blast  flimacee,  are  generallj  either  in 
the  form  of  powder  more  or  lees  fine,  or  in  masses  more  or  less  fused. 

The  fume  ia  in  the  form  of  powder,  and  consists  chiefv  of  carbonate  and  sulphate  of 
lead.  The  droia  and  lead  skimmings  are  in  coarse  powder,  and  contain  oxide  of  lead, 
and  soma  metallic  lead  mixed  with  the  ashes  of  the  tiiel  and  other  earthj  matteta. 
The  famace-WBsta  cqptains  quarts  elaj,  and  silicate  of  lead ;  while  the  test-bottonu 
consist  either  of  silicates  of  lead,  ttc,  or  of  phosphate  of  calcium  and  oxide  of  lead.  The 
one  and  the  graj  alags  are  Ten  varied  in  their  eompoaitioQ,  containing  eolfdiide  and 
oxide  of  lead,  eolphatea  and  siUcates  of  lead,  calcium,  barium,  Ac,  and  diifer  m  much 
in  their  mechanic  condition. 

The  chemical  reactiona  reenlting  from  the  fusion  of  so  varied  a  mixture  of  eomponnda. 
are  necssaril;  of  a  vei;  oomplex  (£sfaeter,  and  change  even  in  the  diAbient  parte  of  tha 
furnace;  thus  in  tJie 

Upper  Zone. — The  uncombined  oxide  of  lead,  which  happens  to  be  present  in  l}ie 
f  omace  in  the  form  of  powder,  or  as  a  porooa  mala,  ia  reduevi,  and  as  this  lead  trickles 
down  to  the  health,  a  conaiderable  portion  ia  volatiliaed.    It  ia  necees«i7,  therefore,  l~ 


the  furnace. 


roaaling  oree,  &c..  to  raiae  the  temperature  bizh  enough  to  fuse  them  into  masses, 
which  are  only  acted  upon,  on  the  inrface,  by  the  leducing  gases  in  the  npper  part  of 

ubjGoogIc 


B  preTioQaly  m 
of  thfse  iron  romponndii,  mDat  thenfars  be  reguUtad  by  Ui 
mi&Uer  u  the  farnace  is  lover, 

Loatr  Zone. — The  matlen  thus  prtipared  in  the  nppw  ronc^  aalUm,  and  gndiuJJr 
RDler  iDto  fuBian  u  thej  dcactnd,  imdcisaiDg  tbi^  eomplieatMl  diemieal  chuigo  which 
ai«  difficult  to  Rgolate,  uid  in  vhicfa  tbe  reducing  gaaw  eierciM  little  actioii,  but 
where  the  solid  furl  comee  into  operation. 

The  farourabU  working  of  Xhe  furnace  is  ilao  uuit«d,  inumuch  aa  the  nutenoli  are 
not  all  equal];  fusible,  aod  do  not  all  eoflea  at  ths  ume  time.  The  m&tten  containing 
the  oxide  of  lead  and  the  aUgs,  melting  flnt,  gradnallj  absorb  the  gangnea  and  prodoce 
nlicstea  rich  in  lead.  The  mlpliates  are  rapidly  decomposed  by  uie  melted  nlicatea, 
and  they  produce  very  little  nuphides  nnder  the  reducing  action  of  the  solid  fneL  Any 
■olpbide  of  lead  present,  mixes  with  the  metallic  silicsles,  the  reduction  of  the  lesa- 
Componoda  oommenciEg  only  after  the  formation  of  the  ailimtes.  The  reducing  actios 
fa  due  chiefly  to  the  metallic  iron  and  solid  fuel,  Uie  sulphides  of  barium  and  calcium 
abo  aaaiatdng  in  the  production  of  the  metallic  lead. 

Action  of  tkt  Iron This  metal  decomposes  part  of  the  oxide  and  sulphide  of  lead, 

forming  lulphide  of  iron  and  oxide  of  iron,  which  combines  with  the  silicatea.    The 
sulphide  of  iron  acte  energeticallj  on  the  nlic&te  of  lead,  producing  snlphHTOiu  acid, 

firotozide  of  iron,  and  metallic  lead.  When  the  routting  has  been  complete,  there  is 
Lttln  or  DO  malt  formed,  and  when  a  suffloient  supply  of  iron  hai  licwi  produced  in 
the  nppAr  tone,  the  lead  ia  all  precipitated  and  the  slaga  then  contain  no  oxide  of  lead. 
The  wlid  fuel  aasieta  the  action  of  the  iron,  but  ita  contact  ia  of  courae  much  leas 
intimate  than  that  of  the  metal,  which  ought  therefbre  to  be  always  present  in  the  pro- 
portion of  an  ecuiTslent  fbr  every  equivalent  of  lead.  Under  such  circumBtancea,  the 
alag  is  TSjy  ^SLole,  and  doea  not  contain  particles  of  lead,  which  b^ng  reduced  in  the 
lower  aoue  the  loss  by  Tolatilimtion  is  as  small  aa  the  nlatile  nature  of  thJa  metal 

The  important  point  consists  in  the  redaction  of  sufficient  iirm  in  the  opper  rone, 
withont  neeeasiUtiug  the  employment  of  a  very  high  furnace.  In  a  lit  dt  fiuion  aia- 
taining  40  par  cent,  of  iMd,  tliu«  ought  to  be  B  per  cenL  of  iron  in  the  metallic  stata 
or  an  squivalent  quantity  irf'iiDii  on. 

Iron  coringa,  cast  iron,  &c  hwe  been  need,  but  the  pn>parti<Hi  of  this  metal  must 
still  be  in  t^vslent  qnantitieB  to  Om  lead,  and  thaj  do  not  set  m  well  a»  iron  finely 
dirided,  ptMueed  by  the  reduction  of  the  inm  otes. 

Jelitm  of  (Aa  Cbto, — The  reducing  action  of  the  Mlid  fhel  may  be  nu^  to  take  the 
jdaee  of  the  iron,  but  unleaa  the  gangnes  and  other  sabotancM  contain  sufficient  oxide 
of  iron  to  fOodnce  a  fliailds  slag^  the  latt^  will  consist  only  of  earthy  bases,  reqnicing 
a  high  tamperature  fbr  fusion,  and  thus  increaaing  tlie  loss  of  lead  by  volatilisation. 

Coke  hM  no  action  on  the  sulphide  of  lead,  and  aa  the  fuel  is  charged  in  large  pieces, 
its  ledndng  action  ii  limited  to  aur&ee  contact.  The  fuel  should  then^Tore  be  reduced 
to  powder,  and  intimately  mixed  with  the  Ui  dt  fution,  while  the  roasting  of  the  lead- 
compounds  should  be  B«  complete  ■■  possible.  This  latter  operation  would,  however, 
require  a  long  time,  and  its  expense  would  prove  a  great  objection.  We  made  some 
experiments  on  this  subject,  and  found  that  it  required  cpwardi  of  thirty  hours' 
toasting  to  bring  the  sulphur,  in  pure  galena,  down  to  4}  per  cent. 

The  employment  of  the  fiiel  in  powder,  is  also  attended  with  the  inco 
'  '     '    ■  "     '  -   -  ■■    --  -1  .i    -  5....>gjj  takes  place  high  abo 

volatilisation.    It  is  ni. ,  ... 

^t  the  fusion  very  slowly  ;  but  withont 
Qsaof  lead,  when  the  reduction  depends 
m<fa  the  Aiel,  and  with  such  tumsces,  the  iion-oomponnds  act  simply  as  fluxes.  On 
the  oontnry,  in  a  furnace  of  auit&ble  height,  the  intimate  mixture  ix  Uie  iron  ores  and 
the  fiwl,  is  very  effective,  the  whole  of  the  metal  acting  as  a  reducing  agent. 

The  redDCing  action  of  the  fuel  is  attended  with  another  difflcnlty,  as  it  bdlitates 
version  of  the  sulphates  into  sulphides,  which  then  go  to  form  more  or  less 
In  the  case  of  the  lulphatce  .of  baryta  and  lima,  the  redudng  action  of  the 
lueiis  however,  to  some  extent,  beneficial,  aa  these  subetancee  asaiat  in  decomposing  the 
oxide  of  lead. 

Wbenlhei 

is  not  veiy  ob, .  .__     

only  I'l  per  cent.  ^le«d,and  10  dwt.  10  gcs.  silver  per  ton.    They  indicate,  when dch. 
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eilliar  imperftet  naiUiig  in  tha  leadHKniipoiinda,  oi  a  defldeni^  of  tlis  redneiDg  agents 
■alphidea  of  iioa,  barinm,  or  etldiiia. 

Iron  I^friltt  at  Brdvemg  J^ent. — This  mlnenl  alionld  }te  pnTionalj  roasted  to 
•ipal  a  portion  of  the  m^hnr,  when  it  ia  to  bn  lUed  in  the  bU9^fu^lacc^  bntita 
Frnplojineiit  has  a  t^ndenc;  to  inereaae  tha  (brmatioa  of  matt.  The  same  eflbct  ia 
produced,  to  a  ^reatet  exteot,  vhen  the  galena  emfdo/ed  is  loaded  with  pjcitea,  sjnce 
these  two  BolphidM  entat  into  cocibiDatioD  in  the  npper  sons  of  the  ftuuiice,  and  the 
matt  prodnced  da«  not  act  w  ligoroush  upon  the  ailicates  as  liie  anlphidi!  of  iron 
alone.  The  matt  theretbre  paitlf  escapee  ^composition,  and  the  quantity  is  aecoidiDgl^ 


Fumt. — This  snhstance,  b^g  in  the  fcini  of  powder,  ought  Dot  to  be  charged  direct, 
but  it  shonld  nndeiso  a  prekminaij  treatment  in  a  rererberatoiy  ftamace.  It  is 
adrisable  to  mix  it  wUh  aome  lead-eomponnd*  and  a  quuittt;  of  susd,  Taning  from  16 
to  20  per  cmt.,  scooiding  to  its  contenu  in  lead.  The  ehatge  Is  rapidljr  heated  to  the 
point  of  ftiaion,  and  about  8  per  cent,  of  foe],  in  small  |ueces,  added.  The  whole  is  then 
wall  worked,  to  mix  the  foel  as  intimatelT  as  possible,  which  promote*  the  tepaiation 
of  the  lead  obtAined  bj  the  redoetion  of  the  silicate  of  lead. 

Acmoit  or  ths  Ourouas.  Caricnatt  of  iroH. — This  snbatstioe  is  eoDTertsd,  more 
or  less,  into  sesquioxide  of  iron  during  the  roasting  process,  and  only  interftees  with 
the  oxidation  of  tlie  ealena  when  piescnt  in  large  qoantitieB.  It  acts  in  the  fbmsce 
in  the  manner  alreadp  explained,  and  most  ba  regaided  ss  a  nseful  impnrily ;  bnt 
when  Dresent  in  Isiser  quantities  and  intimately  mixed  with  the  lead  ores,  it  prsrents 
a  the  powder,  eren  ^en  ssBd  is  added.  tTndersach  dicmnstance^ 
most  be  moderated  in  the  nppeE  b>im  at  the  fomace.  and  the  miion 
of  the  oxidee  of  inn  and  lead  with  some  fluible  silieeons  slags,  must  be  promoted. 
The  Aimace  onght  to  be  low,  and  driven  with  a  gentle  blast ;  bnt  with  all  precautious, 
there  is  a  tendency  to  gob  the  fOm&ce. 

frim  wnisi.— When  this  minenJ  ii  present^  the  roasting  require*  a  longer  tima,  and 
it  ia  dimenlt  to  prevent  the  agglonunttian  of  the  ore*,  with  an  undue  ftmnstion  of 
snlpbates.  Towaris  the  end,  the  hest  most  be  nised,  and  the  jprssence  of  an  excess  of 
sand  is  neceessir.  The  loBs  of  lead  and  silTer  bj  Tolatilisatioo  in  such  ores  is  less, 
however,  probably,  horn  the  rs.pid  formation  of  sulphnrio  acid  by  the  oxidation  of  the 
pyritre,  and  the  cocveimon  of  the  lead  and  silver  into  sulphates. 

When  the  roasting  is  complete,  the  only  redndne  agpnt  necessary  in  the  blast- 
fnmace  is  ooke,  the  ^tion  of  whidi  has  been  previoudy  exfdained. 

The  arsenical  [^tee  is  always  iiyiirioas ;  the  C>Tmation  at  aisenions  add  dnring  the 
roasting,  inereasea  the  volatilisation  of  the  silver,  bnt  the  grMtar  part  of  the  usoaiii 
remains  b^ind  in  the  tona  of  arsenates.  In  the  blast-fbmae^  some  more  aiseme  is 
volatilised  in  the  t^per  ttme,  and  put  remains  combined  with  the  lead  and  in  the  matt 
in  thelbnnof  arseniiiet  of  iron. 

BulpMiU  ofanHmims. — Dnring  the  nMStin|t  the  volatili^  of  the  antimony  incresse* 
the  loss  of  lead  end  sUver.  and  towards  the  end  of  this  operation,  it  ia  impoaaible  to 
»  and  ftuible  silicates. 
Inced  by  the  gssee,  the  iron, 
and  the  solid  fttel,  with  the  same  fiieilitj  as  the  compounds  of  lead.  A  part  of  the 
antimony  is  volatilised,  hy  which  the  loss  of  lead  and  silver  ia  inoieased,  and  another 
portion  passeii  into  the  Irad  and  matt.  The  preaenea  of  this  substance  necessitate  the 
use  of  an  increased  pn^xirtion  of  iron  and  coke.  The  antimony  also  accompanies  tha 
lead  in  all  the  snbeeqnent  operattoiu,  althon^  the  greater  portion  can  be  removed  in 
the  i*iilHn^flg  process. 

CbpfMr  ffrUa. — In  the  blast-furnace^  the  coppd  is  nearly  all  Mdnced  at  the  same 
time  aa  the  lead,  and  when  a  matt  is  formed,  a  portion  of  the  coppd  is  slwavs  mseent, 
Tha  laad,  however,  always  carries  away  some  oq^^er,  which  reappear*  iti  sill  uie  sub- 
sequent operatiMM^  aflar  giving  a  characteristic  appearance  both.to  lead  4nd  litluume> 

Slrnd^-Jhin^  the  kmmIxb^  tke  blende  is  more  rqiidly  tmdised  th«n  the  mlena, 
being  converted  into  oxide  and  salphate  of  linc,  whidi  is  dseomposed  with  d^tcolty 
in  the  second  period,  while  the  inftisibili^  of  the  oxide  impedes  the  melting  of  the 
otlier  materia]*.  It  is,  therefore,  necesasary  to  add  some  argillaeecm*  compound*  to 
wtdi  salenas,  and  prolong  the  roastins  poeess.  These  compounds  of  ainc  are  not 
volstile^  bat,  being  infosible,  are  more  Gable  to  be  carried  off  with  the  current  of  ftime, 
of  whidi  thf^  always  fbrm  a  lai^  proportion ;  these  fomes  aie  richer  in  aitver 
than  those  fbrmed  in  treating  similar  ralenas  free  from  blende.  It  is  not  known 
in  what  state  of  chemical  combination  the  silver  axisti  in  fume,  but  from  the  fttets 
obaarved  in  liialliiy,  ores  with  different  ganguee,  it  would  appear  that  the  presence  of 
silver  in  the  fiimes  is  due  more  to  mechanical  than  to  chemical  caueee. 

In  the  npper  sone  of  the  blast-fomace,  the  oxide  of  sine  a  partially  ledneed,  and  as 
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tika  msUl  dsMetids,  it  is  Tolatitised,  whm  it  Boqairw  li  daik  red  heat,  and  bnrni  it  tb* 
tnonth  of  the  famice,  Bprradiiig  its  oxide  on  all  ndes,    Thii  metal  has  thravfon  >■» 
Iwneflcial  action  on  the  rednction  of  ths  lead- 
in  tixo  loiras  loae,  the<  oxide  of  zine  oombinee  vith  the  mlica  and  retards  the  fluitm, 
tIuIb  the  iron  does  not  easil;  reduce  it,  and  the  metal,  oni     ' 
without  nay  appreciable  action  on  the  ailicaCefl  with  which  it  tt 

The  elsga  contAiu  aamfl  oxide  of  cine,  which  render  them  of  a  re&Bctorj  ol  ._ 
The  lead  piodoced,  iott  sot  contain  mu^  aine,  as  the  tempantore  is  too  high  ta&Tout 
the  comfamatiMi  (^  the  two  metala. 

When  the  roatdi^  hae  been  imperfect,  the  sulphide  of  lino  ii  parlaall;  oxidised  br 
the  aqueous  Taponr  m  the  iqiperione  ofthefnnuuw,  bat  the  greater  portion  nnitei  with 
the  salphide  m  lead,  aod  linms  matt.  The  greater  porodty  of  these  roasted  materials, 
from  the  piesence  (^  the  infusible  sjnc-oompoundi^  increases  the  Tedocing  action  of  the 
nsea  in  uxa  apper  sons,  and  this  again  adds  to  the  quantity  of  nutt  whkh  is  ibrmed. 
This  sine-matt  is,  however,  not  so  fhaibLe  as  the  others,  and  eonseqiientJj  remains 
longer  in  contact  with  the  eilieate  of  lead,  on  which  it  exertl  a  redaciog  action,  the 
'  odW  benefit  derived  from  the  pieeenM  of  Uende. 

The  ToUtility  of  the  cine  increases  the  loss  of  lead  and  silTsr  in  Tsrious  -msB,  bj  its 
direct  action,  as  well  as  hj  its  rendering  the  roasted  materials  more  poroas,  m  conse- 
qnence  of  the  iuAisibilit;  of  its  compounds  in  all  the  (^eratioas  of  roMting  smelting, 
and  treatment  of  the  fume. 

The  great  object  tharalbre  In  treating  such  ores  is  to  HJTuinUh  |ha  chanees  of  Tolati- 
liaation,  bj  perfect  roaitiiig,  and  the  addition  of  fusible  alaga  in  safficient  qnantitj  to 
oreccome  the  inftuibilitj  of  the  iJnc  compounds.  The  beneficial  action  of  iron  pjrilea 
in  such  Oreo,  is  due  to  the  ftdlitj  with  which  it  melts,  thns  counteracting  the  opposite 
tendency  of  the  blende  ;  hut  the  quantity  necenaij  to  accomplish  this  efiect  may,  if 
thepeicentaeeof  blende  is  great,  prore  so  large  as  to  render  the  ore  too  poor  &o  any 
kind  of  metalliirgical  Oeatment 

zx.  Tbt  miiMiMK  ortbe  kma. 

All  lead  ores  amti^  more  or  less  nlver,  and  as  the  latt«r  metal  is  tednc«d  along 
with  the  lead,  its  separation  becomes  an  object  of  commercial  importance.  The  cost  rf 
separating  nlver  by  the  old  plan  of  cnpellatton,  renden  it  unpooaiUe  to  nflne  lead 
with  1«M  than  ^ht  ounces  of  silver  per  ttm,  snd  ths  world  is  indebted  to  the  late  Mr. 
Pattinson  fcv  tiia  di*eovei7  of  a  b««itiAil  piooeu,  by  irtiioh  lead  with  n 
^o*.  will  now  p^  for  its 


1.  DisiLTSBuuTtoir, — Pattini 


This  process,  known  among  the  workmen  as  the  teparatoM  proceH,  and  called  in 
France,  PatHntonagt,  consists  in  slowly  cooling  the  melted  lead  in  iron  pots,  during 
which  a  portion  of  the  contents  assume  a  ciystalline  form,  and  sink  to  the  bottom. 
These  crfstals  contain  less  silver  than  the  portion  which  remains  in  a  liqnid  stAt«. 

The  composition  of  this  desilTeriaed  lead,  from  dlft^rent  localities,  is  giren  in  tlw 
table  below. 

Anafyta  of  DaUveritrd  Lead. 


LocJi^. 

"-■  •■•- 

Bnuifa. 

F)ncba»IJ«i| 

Kxlhh. 

Analyst. 

Stmg. 

s»«» 

Hr«» 

Stmt. 

SUenf. 

Stnet- 

Lead   .        .        . 
Antimony    .        . 
Copper         .        . 
Iron     .        .        . 

2^    .       .       . 

88-flS7 
0-021 
0-016 
0-008 
trww 

09-931 
0-007 
O-O60 
0006 
O-OOI 

99-97E 
0-012 
0-007 
0-008 

99M7 

o-o« 

0-028 

0-OOS 
O'Oll 

99892 

0-061 
0-041 
0-001 
0-002 

99-9S0 

o-oit 

0-008 
0-004 

lOO-OOO 

ae-99e 

tOO-000 

100-000 

100 -ooo 

100-010 

The  pots  ate  lone  netal  pans,  and  aregenerally  set  in  a  row  of  10  or  morc^  those  to 
the  left  being  called  the  aorjcmg  pots,  and  that  to  the  right;  which  is  smaller, 
the  marixt  pot,  from  the  circnmstuiee,  that  the  jpcor  lead  is  ladled  from  it  into  the 
[Hgmonlds,  ready  for  maritet. 

The  mode  of  setting  a  ranse  of  these  pots  is  so  clearly  shown  in  Jig.  61 1,  at  to 
*i^>erBede  the  neceanty  of  any  deseriptioiL 
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Fig.  611. 
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The  opMation  it  «mdnpl*d  in  the  following  miinner;— One  of  the  pots  about  the 
niddU  ot  the  iKDge  is  Sllei  with  piga  of  lead,  vbich  ure  melted.  The  drosB  vhlcli  fomiB 
OB  the  nu&ce  is  skininiHl  off  by  s  smdl  perforated  ladle,  when  the  fire  is  withdrawn 
from  the  grates  below  this  pot.  The  lead,  ss  it  cools,  a  constaotJ;  stirred,  and  bdj 
portion  which  solidifies  round  the  edges,  is  remoTcd  by  an  iron  j»ddle  or  ilicr,  and 
tnixed  with  the  molten  lead.  In  ■  short  time,  the  cryetals,  sbore  mentioned,  make 
their  appearance,  and  continne  lo  increase  in  quantity  as  the  coaling  progresses.    The 


n  then  dips  a  large  peHbraled  ladle,  represented  in  fig,  S12,  into  the  mau  of 
liquid  lead  and  eirstala,  and  withdrawing  it,  allows  the  liquid  portion  to  drain  awaT. 
which  he  hastens  by  an  occaeional  ihake  of  the  ladle.    He  then  attaehes  tc 


of  the  ladle,  a  hook,  which  is  Eiupended  at  the  end  of  a  chain  hanging  upon  the  joists 
of  the  roo(  and  holding  on  by  the  handle,  swings  the  ladle  fall  of  ci7StalB  over  the 
Beit  pot  to  hia  right,  into  which  he  empties  the  crjetola.  He  continues  this  operation 
until  the  neceesarj  quantity  of  lead  has  been  nystallised  out,  when  the  liquid  portion 
is  ladled  intj)  the  adjoining  pot  on  his  lefL  The  sama  operattuD  ii  rFp«al«d  with  all 
the  intermediate  pota,  until  the  desilverised  lead  arricea  at  the  market-pot,  and  the 
enriched  lead  reachea  the  rich  pot,  whence  the  lead  ia  taken  for  cnpellation. 

The  proportion  of  lead  ciyBtalliEed  out  in  each  pot  Taries  rery  mnch  with  the 
richness  of  the  lead  at  the  command  of  t^e  refiner,  and  espfN^ally  if  be  has  or^nal 
leads  of  different  Taloea,  by  which  he  can  keep  np  a  continuous  supply  of  lead  to  each 
pot  When  the  original  lead  ia  poor,  then  what  ia  known  as  the  leai  ivilem,  ia  adopted, 
where  as  much  as  seTen-eighlhs  of  the  lead  is  separated ;  but  with  richer  lead,  the  hiffk 
»gtlem  is  followed,  and  as  little  as  two-thirds  is  cemovid  as  crystallised  lead. 

During  the  operation,  the  large  ladle  is  liable  to  cool  by  its  repeated  exposure  to  the 
air,  and  in  consequence  the  perforations  become  cloaed  by  the  adhesion  of  the  lead. 
This  difficulty  is  overcome  by  occasionally  dipping  t^e  ladle  into  the  small  intermediate 

Kb  on  the  one  side,  which  are  kept  fidl  of  lead,  maintaiiied  at  a  higher  temperature 
a  small  fire  beneath  them,  as  shown  in  .«!<;.  611. 
'  The  shaking  or  jerking  of  the  large  ladle  by  the  workmen  when  draining  the  crystahi, 
would  ultimately  Ufjare  the  pot,  to  protect  which,  a  pig  of  lead  with  a  bw  of  iron  cast 
Fig.  613, 


in  its  upper  surface,  is  laid  on  the  bntad  rim  of  the  pot,  and  ibis  serves  at 
time  aa  a  fulcrum  on  which  the  shank  of  the  ladle  Teets, 
These  pots  often  requlie  to  be  renewed,  and  aa  a  targe  weight  of  metal  in 
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is  m)d(TKd  lueleM  in  eacli  renews],  Ihe  upper  portiou  of  the  briekvork  ig  covered  id 
some  worki  vllh  ■  drcolu  metal  Mb,  on  irmcli  the  diutov  rim  of  the  pot  rest^  bj 
vhich  a  saTing  of  expeme  in  the  repairs  is  effected. 

Thia  pnxjess  is  also  accotnpaDied  by  another  gdvantige  in  pnrifTinstho  lead.  Each 
time  the  lead  is  melted,  the  sorfaee  beeomea  eoreced  with  a  scum,  whidi  contains  more 
ur  less  impurity  along  with  the  oxide  of  lead,  and  this  droei  beiog  always  skimmed 
off,  thn  qmilitj  of  the  lead  in  continnoDBly  improved  as  it  approaches  the  maiket-pot. 
This  ciicnmstance  is  h>  well  raeognised,  tluit  leads  containing  onlj  one  ounce  ailTer  per 
ton,  and  even  leas,  are  regalarly  treated  b;  this  proceas,  eafwcially  when  the  lead  if  to 
bs  used  in  the  mann&cture  of  white  lead. 

Ad  arengo  mat,  fonniled  on  the  crystallisation  of  1,917  tons  of  lead  OOnbUDing  U 
ounces  of  ai^er  per  ton,  was  found  to  be  as  follows : 

t.    d. 

Labour 9    7-$ 

Coals,  6-2  cwt 10-4 

Bepairs 0    29 

10  109 
Stag^t  apparatta. — The  expense  of  labonr  ia  at 

cee^  and  none  bnt  powerfU  men  are  capable  of  ran — ^       ^ „ _ 

otijeetioQ  attiaeted  th«  attention  of  the  Ute  Mr.  I.  D.  Stagg,  who  iucce«ded  in  o 
atracting  an  apparalns  Ibr  obviating  this  difiicnlty.  This  arrangement,  known  u  Stami 
appamtut,  ia  repreaented  in  fig.  61Si  it  conmsts  of  a  crane  am  windlua,  a  6;  t  cStiu 
at£idied  to  the  end  <tf  the  shwk  of  the  ladle  is  wound  np  by  the  windlass,  and  draws 
np  the  ladle,  filled  with  crystals,  out  of  the  pot.  A  w^man  guides  the  handle  of 
the  ladles  whidi  is  afterwards  placed  under  a  catch,  e,  of  the  crane.  While  the 
crystals  are  draining,  the  ladle  is  occasionallj  shaken  by  the  woifanen,  and  by  moving 
the  crane,  the  ladle  is  easily  carried  ovac  the  adjoining  pot,  into  irtiich  the  erystsls 
are  emptied. 

Wonl^t  apfOrafiu, — This  gentlemMi  has  also  patented  arrangements  by  wbich  the 
labotir  it  economised.  He  fixes  an  npiigbt  shaft  in  the  centre  of  £e  pans,  with  a  bear- 
ing at  top  and  bottom,  while  arms  radiate  from  the  shaft  to  the  sides  of  the  pans ; 
with  this  apparatus  he  obviates  the  nse  of  the  slice. 

The  other  plan  coUBlBts  in  drilling  a  j  to  ^  inch  hole  horizontally  through  the  side  of 
the  pun,  aboat  two  incbex  aboTc  the  bottom.  The  opening  ineide  the  pan  in  covered  with 
a  sbeet-iton  strainer  Hcrewed  down  to  the  pan,  and  a  spoat  is  set  in  an  openmir  made 
thraneh  the  side  mdl  of  the  fire-hole  of  the  pan,  to  carry  off  the  liquid  lead  in 
'wedDntBide.     ""''■-'  ..a..-..i..      .,-.... 

leerystaUrt 

Farkes'  Procai. 

This  procees  depends  upon  the  soperior  attraction  of  ailver  for  sdc  over  lead,  and 
Is  appli^  ^J  ^'  Parkea  in  the  following  manner : 

The  silvei^lead  is  melted  in  one  of  the  la^e  pans  already  described,  and  raised  to 
the  temperature  of  malted  sine.  The  sine  being  melted,  is  then  added,  aikd  the 
fluid  metala  are  stirred  fbr  a  period  of  one  to  two  hours.  The  fire  is  now  lowered 
and  the  metaU  allowed  to  cool  down  until  the  lead  is  about  to  set  The  sine  and  silver 
rise  to  the  sor&ce  during  the  interval,  and  are  removed  bv  means  of  a  perforated 
ladle. 

This  alloy  is  afterwards  heated  in  a  sloping  iron  retort  to  remove  a  portioQ  of  the 
lead,  which  contains  1,000  onneee  of  silver  per  ton,  and  is  ready  fbr  cnpellation.  The 
portion  left  in  the  retort,  is  heated  in  clay  pots  to  distil  off  the  line.  1m  rendne  con- 
tains silver  mixed  with  the  impurities  of  the  original  lead  and  xinc  It  is  melted 
with  lead  and  cupelled  to  obtain  the  silver. 

Mr.  Parkes  also  propoaed  to  roast  the  alloy  in  close  retorts  or  mnfBea,  by  which  it 
was  reduced  to  a  fine  powder,  which  was  then  to  be  treated  with  dilute  snlphnriii  acid. 
The  foreign  oxides  dinolved  in  the  acid,  leaving  the  silver,  which  was  tr»ited  in  the 
usual  way. 

The  quantity  of  zinc  required  to  deailrerise  the  lead,  depended  upon  the  proportion 
of  silver  and  other  metals  present  in  iJie  lead,  and  he  gave  the  following  statement  in 
his  specification— Tit.  fbr  20  cwt  of  lead  containing 

14  ca.  of  silver  per  ton  .        .        .    22-4  lb*,  of  idne. 

21   „  „         33-a 

28  „  448 

The  loss  of  lead  in  this  procesa  ii  said  to  be  about  1  pec  cent.,  bnt  OB  Account  of 


throneb  the  side  wall  of  the  llre-nole  or  tae  pan,  to  carry  otr  ttie  liquid  lead  into  a  pot 
placed  outside.  The  hole  in  the  pan  is  made  ti{^t  by  a  slightly  tapering  lapping  &tr. 
The  erystaU  remain  behind  fbr  fiuther  tnalment. 
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the  difficulty  in  treating  the  alloy  of  Eine  and  Bilrer,  Meom.  Nerille  are  nnderdood  to 
haie  abandoued  the  plan. 

Siparaiiint  of  Copper  in  Oryiialiuaiiim. 

Mr.  Bakar  ha>  paUiaht>d  the  fbllowin£  nsulta  of  an  inquiry  to  aBentsin  hor  fiir  ths 

impnrities  of  lead,  tix.  ailver,  copper  and  iivn,  an  lenniTed  in  Ihii  prooMi  of  CtjMalli- 

Tbe  original  lead  contained : 


Silyer 

.  0-00*8 

0-0062 

Copper 

.  00066 

0-0164 

Iron. 

.  00066 

o-ooea 

Snlpbnr 

.    true 

trace. 

variona  pndncts  of  the 

process  contuned : 

EichPot;- 

Copnw. 

Be&re  oyrtalliaing 

.  0-OlOB 

00344 

0-0312 

Cryatah^  M  pta. 

.  00063 

0'0162 

0-0088 

Flnid  lead,  flfi  pt* 

.  0-OUO 

0-0470 

0-0122 

Second  Pot:- 

.  00083 

0-0164 

O-O0S3 

Crjilala,  9S  pts. 

.  O'ooao 

O'ooee 

00118 

Flnid  lead,  26  pta. 

.  0-0126 

oaags 

o-oue 

ThirfPot:  — 

.  0-0020 

0-0102 

00118 

Cry»tala.  70  pte. 

.  00010 

00038 

00198 

Flmd  lead,  26  pta. 

.  0-0100 

00240 

OO082 

FonrUi  Pot  :— 

BeADedlead    . 

.  00014 

0-0064 

0-0112 

Pitm  thia  Mr.  Baker  Tery  naturally  draws  tlie  condnsion  that  there  is  an  alloy  of 
coppolMd  which  remftiliB  flnid  when  cijstaU  of  lead  are  formed,  and  that  when  the 
former  metal  ia  present  in  moderate  proportions,  it  may  be  separated  from  the  latter 
I^  a  prooew  dmilar  to  that  of  Pattinson. 

Thia  statement  has  been  dispated  by  Bach  and  Streng,  who  deduce  from  their  ei- 
penments  the  condusioD,  that  the  copper  is  not  separated ;  bnt  the  writer,  witbont 
bating  analysed  the  diflerest  leads,  inclined  to  believe  in  the  correetuess  of  Ur.  Baker's 
oondusians. 

2.    CvTBLLlTTON    OB    'BMWtKOIQ   OT    TBB  KiCH    Ia4I>. 

Althongh  it  may  be  difScnlt  to  assign  a  correct  interpretation  to  Hebrew  terms  of 
art,  yet  we  tbitik  it  is  clear  that  the  nse  of  lead  in  pnri^ins  other  metals  was  known 
in  very  ancient  times.  Jeremiah  wonld  seem  to  alliide  to  this  fact  in  the  passage  in 
cb.  n.  Ter.  29,  and  similar  refeience  is  made  in  Esekiel  uiL  18-22,  Malachi  iii.  2,  3. 
Tbe  flmt  notice  of  the  procees  of  cnpellation  among  the  andents,  appears  in  the 
works  of  Dioecoiides  1  and  Pliny  and  Qeber  describe  an  operation  which  ia  a  tma 
cnpellatjon  by  means  of  lead.  In  1313,  Philippe  le  Bel  issned  an  ordinance  prescrib- 
ing  the  use  of  cnpels  for  teeting  the  preciona  metals.  In  1666,  Agricola  in  Ub  work, 
De  Tt  MetaUiea,  mlly  deecribee  the  whole  procese,  with  inEtmctionB  bow  to  make  the 
tests ;  this  was  foUowed  by  the  work  of  Barba.  ArU  da  tat  Meiala,  in  1640,  where  the 
constroction  of  the  refining  fbrnacee  is  minntely  explained. 

The  chief  olgect  is  generally  to  separate  the  silver  from  the  lead,  bat  when  an  oxide 
of  lead  in  the  form  of  litharge  IS  wanted,  then  the  former  becomes  a  secondary  <^ieiatioii. 

There  are  many  modificUions  as  to  the  form  of  fomace,  mode  of  refining,  &c,  but 
only  what  may  be  called  two  distinct  methods  of  cnptJlation — via.  the  Tlngliipli  and 

7%e  Englui  Sfstem, 

The  pecnliarities  of  this  syitMD  consist  in  the  capel  being  movable,  and  tLe  lead 
being  fed  at  intervals. 

The  furnace,  which  is  termed  aiF^/tner^,  is  represented  infigt.  614,  616,  wbere  two 
cupels  can  be  worked  at  the  same  tim«  when  necessary ;  a  a  are  the  portions  of  the 
cupels  or  teats,  one  of  which  is  shown  rating  on  an  iron  waggon,  £ ;  hi;,  the  pots  contain- 
ii^  the  rich  lead  in  a  melt«d  state,  which  is  ladled  into  as  iron  gntt^,  dd,  to  sopplT 
the  test;  te,  the  point  where  the  blast  enters,  and// the  opeoing  or  ^ol^  throngh  which 
the  litharge  is  blown  over  into  a  pot  below;  gg,  the  fire  gratea,  and  hh  the  ash  pits; 
ii,  the  flnee,  and  kk  the  chimneys. 
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The  bottom  or  sola  at  this  FersrhnBtor;  fomtice  is  formrdof  bons-Mh.flneljgioand, 
which  is  pnpared  b;  moistfning  it  irith  a  very  Teak  solution  of  peari-asben.  Tb  is 
miitnre  in  pbced  iritbin  ui  OTBTiion  f^_  CIS. 

frame-woifc,  fonned  of  ui  iron  ring 
a  a,  {fig,  616)  about  four  inches  deep, 
called  th<<  U»t-ri«g,  aod  iroD  bftn  c^o8^ 
tJiB  bottom  i  i.  'Die  bone-uh  mixture 
is  then  carefnllj  and  Cnnlr  beaten 
down  with  iron  renuners.  The  centra 
of  this  mass  is  then  scooped  ont  by 
meaas  of  a  small  tiovel,  as  seen  at  c, 
and  the  portion  round  the  aides  and 
ends,  d  d  d,  left  aa  walls  to  retain 
the  meltfld  metals. 

As  tJie  BDcceas  of  the  cnpellation 
depends  in  a  great  measure  on  the 
careM  pnparatioD  of  the  cupel,  an 
apparatOB  has  becD  contriTed  to  give 
a  proper  '      ' 


in  fig.  617  in  such  deUil  m 
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Th?  tfBt  is  allmred  to  irj  in  the  sir  for  sonie  dme,  and  [hen  placed  OD  the  waggon, 
irhich  is  ran  into  position.  The  test  is  then  wedged  tight  ap  agninBt  an  iron  ring 
linilf  flrmlv  in  the  muomy.  The  fin  is  now  lighted  and  the  test  carefully  annesle^ 
otherwise  it  ia  liable  to  crack.  When  perfecUj  dry,  it  is  heated  to  a  dull  icdness,  and 
then  filled  irilh  the  melted  rich  lead. 

This  lead  soon  becomea  coated  with  a  grayiah  dross,  bat  u  the  heat  inctreaaes,  th« 
(orface  of  (he  lead  appeare,  and  the  formation  of  litharge  oommmeea  The  blast  is  now 
turced  on,  and  while  aapplying  the  oijgfiD  neceaaary  for  the  oudation  of  ths  lead,  it 
driTes  the  litharge  to  the  mouth  of  the  reflnen,  where  it  flowa  in  a  continnom  stream 
over  the  gate  into  a  httle  iron  pot  placed  on  wheels  for  the  conrenience  of  remoTaL 

When  there  is  only  enough  rich  lead  to  jield  a  small  cake  of  silver,  the  refining  is 
completed  in  the  same  teat,  and  in  that  case,  the  woAman  cuta  down  the  openiog  in  the 
bone-aah  at  this  end  of  the  teal,  which  is  called  the  gate,  to  the  level  of  the  melted  lead, 
until  tiie  fining  of  tbe  silver  commences. 

When  there  is  a  stock  of  rich  lead,  the  coneeDtration  of  the  silver  ia  confined  to  the 
flnt  t«at,  which  ia  called  the  Uad-tat.  As  soon  as  the  silver  amounts  to  about  8  per 
cent,  of  the  contents  of  the  teat,  a  small  bole  ia  carefully  drilled  in  Uie  bottom,  and  the 
rich  alloj  ia  mn  into  moulds.  The  hole  is  then  closed  by  a  pellet  of  bone-aah,  and 
another  cnpellation  oommeneed.  The  rich  alloy  is  afterwanu  rafined  in  the  aame 
■aamier  in  another  test^  hence  called  the  tilver-tni. 

When  the  iMd  has  been  nearly  all  oxidised,  the  film  of  silver  becomes  thinner  and 
thinner ;  it  tiioi  exhibits  a  succession  of  the  beantJfal  iridescent  tints  of  Dewton'a  rii^ji^ 
and  at  length  the  film  of  oxide  disappears,  revealing  the  brilliant  anr&ce  of  adya 
beneath.  Sich  is  Dr.  Miller's  admirable  descriptian  of  this  beautiful  phenomenon, 
known  as  tbiefiilguratilm  of  the  metal,  or  as  the  men  call  it,  the  brigh^ng  of  Uit 
flait. 

At  this  point  tbe  blast  is  turned  off,  the  fire  withdrawn,  ind  the  silver  allowed 
to  cooL  mien  the  silver  has  ttt  and  begun  U>  harden,  the  wedges  are  removed,  and 
the  teat  with  its  cake  Of  silver  ialla  on  the  iron  waggon.  When  cold,  it  ia  removed,  the 
imparities  adhering  to  its  iiader  sor&ce  are  chipped  o^  and  the  silver  is  ready  [<x 
ftiBing  into  ingots. 

"    ■      - "  ■  ■    '         *    d  as  tbe  metAl 

t  of  thoie  pro- 
tuberances is  a  vaiy  good  indication  of  the  purity  of  the  aQver. 

There  is  not  much  silver  loet  in  the  refinnry  ^  ToIatUisation,  but  a  com- 
paratively large  absorption  takes  place  in  the  test.  We  hare  aaaayed  several  test- 
iMtComa,  and  hare  found  the  contents  in  silver  to  vary  &om  74  oz.  to  US  oi.  per  Ion 

CAamber^  8Uam  Blaii. — The  blast  employed  in  reflnitu  must  be  soft,  and  is  best 
BUf^Iied  by  means  of  a  bo,  but  a  very  excellent  plan  of  Ttr.  Chambett  WW  tried  yj 
the  writer,  and  furnished  very  good  reHulls.  It  oonaisted  in  snbstititting  a  steam  jet 
for  the  blast  of  air,  and  aa  the  steam  paaaed  through  a  wide  nozdf^  it  carried  soffldent 
air  along  with  it  to  oxidise  the  lead,  while  mixing  a  body  of  steam  with  the  lead  fume^ 
which  was  thus  more  comfdetel;  recovered  in  the  long  floes  by  the  condensation  of  ttie 

re  simple  and  compact  ft>rm  of  reflneij  is  shown  in  .^a.  618, 619,  where  the  St 
I    ..  the  furnace  at  o.    This  refinery  is  also  fitted  wit] 

le  woAing  door,  where  occasi<nia]  pofb  of  fnme  are 

— . ^„„  ._me  is  earned  off  by  an  iron  pipe,  c,  into  the  chimney, 

and  this  protects  the  men  fti>m  die  izyorious  consequences  of  inhaling  the  lead  smoke. 
The  fijlowing  statement  as  to  tbe  coat  of  refining,  is  founded  cm  the  enpellation  of 
rich  lead,  which  produced  upvards  of  60,000  m.  of  fine  silver: 

*.    d. 

Labour 8  10-3 

Cools     .        *-7  cwt 0    9-4 

Peari-sshea    06  lbs. 0    4-0 

Bone-ashes  IS-T  , 3    8-8 

Repairs 0     20 

Engine  Power:    Coals  Cwt.  6-2  -  0  10-4  ,         (      ,    ,„  - 

Wages  .  103         .       J  '  >  " ' 

Per  ton  of  lead  10    4-2 
or  3».  1-14  per  100  OB.  of  silver. 

When  the  rilrer  has  been  removed,  the  teat  is  broken  np,  those  poHioat  of  the  bone- 
aah  which  are  free  from  lead,  being  removed  foi  subsequent  use,  and  (he  rest  is  generally 
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LEAD:   CUPELLATION,  51! 

oarried  to  the  slag-Iiearth  or  blaat-ftimBce,  yrhere  tha  bcme-uh  of  ooone  is  loM.  Uf. 
Johnson  recovers  thii  bone-aah  u  follaws  : — 

Johiaifn'i  Proeeu. — He  reduces  the  cnpel  to  a  poirder,  and  miztw  itvith  acetic  acid 

of  1*030  to  1018  apedfic  gravit;,  in  BufBdeot  qiunlitj  to  lender  tlie  mixture  of  a  thia 

Fiff.  61S. 


512  LEAD:   CUPELLA'llON. 

7U  German  Ssfttan 
diffsn  from  tie  Eogliih  in  fonning  the  henrth  of  marl  mitfad  of  boDs-aah ;  and  in 
msking  it  of  lane  dimeDsions,  and  diarging  all  tbn  lead  at  one  time. 

Thefbrm  ana  coDHtnictioD  of  this  tarnace  IB  Bhoim  in;!^.  BSD,  which  ii  taken  fimn 

an  excellent  tzealise  00  tbe  Uetallui^  of  Lead  by  Dr.  Lunbom.    The  corner  on  the 

Fig.  620. 


right  is  Temoved,  to  show  the  interior.    Tbe  cirdUar  punioD  oiDtaina  the  bearUl  and  a 


which  either  wood  01  coal  can  be  burnt.     The  hearth  is  farmed  of  bricka  get  o 
beaten  with  iron  rammers,  ia  formed  on  the  bricks,  and  this  bed  ia  geaerall;  nnewvd 


a  bed  of  Bcorin  which  haa  been  well  beaten  down.    A  lajer  of  marl,  tin 


careftlUr 


cnpellation.  A  wall,  K  K,  enrroonds  tLe  hearth,  and  aerree  to  sappoit  ■ 
movable  cap,  C,  which  is  formed  of  sheet  iron,  strengthened  bj  bars  on  ita  apper  side, 
and  lined  with  clay  secured  by  Dnmeroua  iron  atiaps.  The  cap  is  aoapended  l^  chailu 
&om  the  crane,  B,  and  sapportsd  by  a  lever,  L,  so  that  it  can  be  raised  or  removed  OD 
one  aide,  when  neceeauiy.  The  opening,  G,  apposite  the  fire-bridge,  B,  aervea  (0  in- 
trodnce  (he  materials  of  which  the  hearth  is  eonstnicted,  as  welTaa  the  lead  to  be 
refined,  and  acta  as  a  chimney  to  carry  off  tbe  products  of  combustion.  The  workman 
watches  the  operation  throngh  an  opening  in  the  comer,  which  is  removed  in  the  wood* 


cut,  through  which  the  vapours  pass  away.  Theblaat  enten  at  T,  through  two  tuyeres, 
whose  nomlea  are  frequently  covered  by  two  small  Talves,  called  biUleijIia,  to  difhss 
the  blast  over  all  the  sur&ce  of  the  baUi. 


When  all  is  ready  for  work,  a  thin  bed  of  straw  it  laid  upon  the  hearth,  on 
which  the  pigs  of  rich  lead  are  piled.  Tbe  cap,  C,  is  then  lowered  <m  the  walls,  and  fluted 
witb  clay  all  round  the  edges.  The  fire  is  then  lighted,  and  soon  lAer  tlie  lead  is 
melted,  iti  snrface  is  covered  with  a  dark  crust  colled  lAitugi,  consisting  of  tlie  oxidea  of 
the  foreign  metals,  and  other  inmuritiee  from  the  lead.  This  cmst  is  drawn  off  through 
the  working  door,  opposite  T.  The  flie  is  kept  np  to  maintain  the  lead  at  a  dark-red 
heat,  while  the  impurities,  termed  oiifncAjr,  continue  to  seperatA.  The  table  which 
followa,  contain!  the  analysis  of  some  of  these  products.  The  next  product  which 
appears,  is  known  under  the  name  of  cupreauf  ot  wUd  Lithargt,  and  at  the  end  of  some 
hours,  the  formation  of  the  true  litharge  commences.  The  heat  is  now  nuunlaitied 
between  a  cherry  and  a  bright  red,  nntil  the  operalioQ  is  complete. 
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LEAD:   REFINING. 
yta  of  tit  Product*  of  OiifeUntioi 
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Thece  B»  two  Turieties  of  Jitliarge  obtained,  dietiiignuhed  by  their  colour,  ydloa] 
and  Ttd,  tlia  fbimer  beins  in  fused  piecea,  irbile  the  latter  U  in  fl*kw.  "Hie  difFereneo 
aiiiei  from  theii  meduuucal  conditioii,  irtiich  lesnlta  from  s  diffeienca  in  Uie  oooling. 


Localitf      . 

■SSi-' 

Hd.brfJck.. 

Cto««al. 

Untrr. 
EUri,  tut. 

rad.      1     bUO. 

Authority  . 

Cardan, 

FliUnar. 

R.n,»au.,r,. 

BrO.L 

Ulrlcb. 

Protoxide  of  lead 

Oxide  of  bimnoth       . 
Protoxide  of  nac 
Protoxide  of  mlTer      . 

TeroxideofintimMiy 
Silido  acid         .        . 
CBibanicaeid     .        . 

06-21 
0-83 
041 

i-3i 

0-003 
1-21 

b-es 

1     l-fiO 

S6'36 
1'3S 
0-S6 

0-45 

a-70 

0-59 
0-6B 

0-69 
3-00 

99-69 

o-*o 
bice 

68-13 
0-38 
3S-26 

0-71 

8-T6 

.  ^         e  melted  masB,  when  Bome  hot  wnter  ii  thmm  orei  its  SDT&ce,  and  as  k 
the  dItsi  begini  to  Bolidify,  cold  water  ia  used  to  harden  the  cake.   Thit  silTet  contain* 
3  or  S  par  cant,  of  lead,  and  ia  refined  b;  another  proeeso. 

B^oToiion  of  Lead  from  Bitmuth. 

1  DTOccaa  of  enoelli 

leadw 

ore  gradnaUy  acnunnlatda  in  the  rich  lead,  and  when  the  latter  ia  sabmitted  to  cnp^l- 
latioD,  a  green  lithane  makes  its  appeanuice  towards  the  end  of  the  operation.  Tiiia 
sabstuicc^  called  "  Black  Lithaige,  u  redneed  and  refined  in  (he  uanal  way.  The  lead 
is  first  oxidisad,  and  leavas  the  bismutli,  neuly  pnie,  on  the  tcet.  This  imprae  metal 
is  refined  in  a  second  cnpellatton,  and  thsbismnui  so  obtained  is  vei^pnre^  as  indicated 
hj  the  Mbwing  taalysis : 

Bitmnth     .     S9-68 


iMd  . 


0-42 


Tht  <aigiD*I  alloy  obteined  by  redoeinf;  the  black  litiiaige,  m 
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nfblly  wittchcd,  and  nm^M  of  both  ths 

„ ilyBedftom  tiine  to  time.    The  1  '     ' 

ue  diiaolred  in  nitiio  udd,  and  an  ncfln  of  hjdnxMorio  amd  ii  addsd  ti 

meULi  into  chkirid«a.  Strang  alcohol  ii  added,  which  pracipitatea  tlie  chlOTidea  of 
ailrar  and  lead,  and  the  biamnth  ii  thiowli  down  from  the  aidation  bj  caiboDato  of 
V"'""l'''i  then  filtered,  and  wdghed. 

Itannfaatvrt  of  LitJkargt, 

An  oxide  of  lead  ii  in  demand  for  the  prepaiation  of  uetata  of  lead  and  otliei 

nupoaea,   and  thi*  nbatauce  i»  pradnced  in  two  fiutnt,   aa  FJaie  and  Levigatad 

fJaii  lAUUtne. — When  litharge  ia  nunn&etoTed  for  nle,  the  pnmt  lead,  not  rich 
in  ailTsr,  ia  aeleeled  tos  enpeUation.  The  rafining  pioeeaa  ia  condncted  a<  alieadj 
deembedj  but  the  oxide  of  lead  at  the  oommeneemmit  and  tonnination  of  tbe  onpella- 

The  lithargis  aa  it  Sow*  ftom  tlw  t««^  ia  reeeiTed  in  laige  pota  fitted  on  wheal%  in 
which  it  ia  allowed  alowlj  to  eooL  In  tome  ease^  tlie  pot*  are  heated  ao  that  the 
cooling  may  be  more  gtadnal,  m  the  ptopoHion  at  the  fiakc  lithann  depends  npon  Uili 
omdition.  Wbgn  the  pots  are  emptud,  tlie  maaa  of  lithaige  ^a,  and  the  whole  ia 
paaaed  throng  «  ciienui  teuMt  wtnkiDg  in  a  doM  wooden  eredion  to  protect  tlie  men 
&om  the  dmt    The  flue  Sake  Itthug*  m  collected  and  packed  in  caika. 

Lnigattd  LUluirgi. — The  pration  of  lithange  irtiiA  doea  not  IkU,  bntnmainiinhard 
ftaaedpieeea,  ia  employed  for  the  mannftetnre  of  lengatad  litharge. 

The  piocea*  eonmti  in  dmplj  grinding  thia  ftuedlilliarge  betireeD  homontalatonM 
with  «  nppl;  of  water.    The  noU  empl^ed  for  the  pnpoae  it  wen  in  fig».  821,  033. 


Motion  ia  eommnnieated  to  tlie  dtiring  wheel,  a,  on  the  upright  shaiV  '>  which  works 
into  the  wheela,  c  0  0,  on  the  atdndle  d  d  d,  turning  the  npp^  atonee  of  the  thiM 
pain  e  t  t.  The  litharge,  along  with  a  email  abeam  of  water,  ia  fod  into  the  lower 
pain,  at  it  ii  leldom  neceaaaiy  to  paas  it  throngh  two  acta  of  atoned  The  gionnd 
maaa  than  falls  intn  the  doUy-tnbs,//,  which  are  agitated  brmeaoe  irf  the  afieaTea, 
gg  driven b;  die belU,Aii,wodingrannd«ihe«Te,^onthei9cightihaft.     nwleri- 
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MANITFACTURE  ANI>  REDUCTION  OF  LITHARGE.  S15 

nUd  lilhaige  flows  kw«7  trith  the  nter  along  tlie  nnnU,  t  i  k  k,  amd  depoaita  in  tli* 
urge  ttutko,  L  L,  wlucli  we  kept  fnU  of  tntne.  The  oreiflow  eocapea  at  ni,  into  the 
cistmiB.  n  B,  io  which  there  are  three  pompa,  o  o  aad  p,  all  worked  bj  gearins,  r,  (,  in 
with  the  main  ahuH.    The  water  &am  Ihs  pumpa,  o  o,  la^^Iiee  Uie  doUy- 


■npplies  wmtar  for  miiiiis  witli  the  lithaige  aa  it  entsn  the  «jt  ol  the  stonea,  tlironeh 
the  pipe,  t,  tad  Sat  waAing  the  ontaide  eaaea  and  rima  of  the  ilonw,  throng  thie 


When  the  tauka  aie  filled  with  Ulhaige,  ther  an  allowad  to  Mand  tor  some  tints. 
Ills  lithaige  snbeidea  and  the  water  ia  ran  oB  br  plnga  or  siphons.  The  litbaige  ia 
then  remoTed  and  drisd  at  a  rei;  low  heat  in  a  teraibentoty  fiiniace.  It  ia  aftsriraida 
packed  in  caaka  lined  with  paper. 

3.  Bnmnnun  or  THn  Pot-dbou  Aim  LnHAJrav. 

In  the  prarioni  opanttona,  more  oi  lesa  of  the  lead  ia  eonTerted  into  Ml  ccdde,  in  the 
fonn  of  dioes  in  the  denlTsriiing  pana,  and  aa  lithaige  in  the  mpeUation. 

Tha  fbmace  in  which  thsae  anhatancea  are  rednced  tpBemblea  the  smelting  ftunace, 
and  ia  of  tha  oidinsxy  nrerbentoty  character.  The  sola  slopes  fiW  the  flre-bridge  to 
a  point  near  the  fine,  niuae  an  iron  gutter  la  inserted  in  the  brickwo^  which  ia  nersi 
closed,  and  thioogh  which  the  lead  nina  into  on  iron  pot  on  (he  ontaide^  whence  it  ia 
ladled  into  pig  monlda. 

This  fdinace  is  dwwn  in  aection  and  plan  in  Jigt.  633,  t 
Fig.  eS3. 


FSg.  824. 
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flMpIaee;  B,aah-^;  C,  flre-taidge ;  S,  health;  E,  working  door;  F,  the  iK)&  ipont; 
O,  the  pot  ontaide  be*ted  b7  6  nnall  fire  below. 
The  sole  ia  oof  ered  with  a  amall  qnantit;  of  coal,  on  which  a  miztnie  of  the  oxidea 
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and  coal  is  thiown  near  to  the  fln-bridge.  The  ignition  of  the  ftiel  and  the  radndna 
gaau  ie  the  fonuoe  soon  catuM  a  reduction  of  the  metallic  oxides,  and  tlie  liqnid 
metal  trickling  down  through  the  porooB  mass,  finds  its  mj  to  the  point,  F,  whence  it 
flows  into  the  metul  pot,  G-.  The  chsj^  ia  frequently  turned  orer  bj  an  iron  nba  lo 
pment  freoh  sn^ce  to  the  redudng  action  of  the  fuel,  and  to  IWiilitate  the  eaeape  of 
the  lead.  Fieah  chai^  are  introdnced  dorins  the  ahift,  and  at  the  oloae  of  the  day, 
the  residnal  natters,  tenned  emdart,  are  nked  out 

In  anultiiw  woifa,  then  ought  to  be  at  least  thiee  of  thcM  tedndng  ftunaoee,  in 
iriiidil  tlis  oxidiied  niodnctaof  thsdifiarent  opentions  can  be  rednced,  Tu.,  one  fbr  pot- 
drosses,  another  fbr  lithaissa,  and  a  third  fca  ealdner's  dross,  to  be  deMfibed  in  the 
next  seelion.  TUs  necesnij  ariaea  from  the  diflbrenoe  in  tJte  qnali^  of  the  lead  pro- 
dnoed,  *ai  which,  hj  being  mixed,  wonld  aAerwaida  entail  an  nnneccaaai;  expense. 

The  diOBE  is  reduced  in  precisdj  the  same  w^  as  the  litharge,  but  when  it  i«  vaj 
impure,  the  addition  of  &  little  so^aih  facilitates  the  t^ention  and  inCTeasce  the  pro- 
duce <^metaL  The  diDsa&om  the  poor  pans  must  also  be  kept  lUitinct  from  that  of 
the  rich  pans,  as  the  diSerence  in  the  eonteota  of  silrar  saves  some  eqiense  in  the  snb- 
■eqnent  desilTsriaation  of  tJie  two  leade. 

The  same  remark  Mplies  to  the  litharge,  eapeciallj  that  which  flows  off  towards  the 
conclnsion  of  the  cnprQUtion. 

The  cost  of  reducing  litharge  and  pot^droes  is  nearif  the  aam%  and  the  following 
detaihl  may  be  taken  as  an  average : 

Labonr       .  .    2  S-7 

Coals,  41  cwt.    .         .0  8-3 
Repairs  .0  1-0 

3  S-9  per  ton. 

zxx.  •aftenist:  of  b«r(i  xako. 

AE  the  lead  produced  at  the  blast-ftunaeee,  and  some  leads  obtuned  from  poor  ores 

in  the  nrerberator;  IHimaces,  are  so  hard  from  the  presence  of  impurities  or  other  eansea, 

as  to  render  them  unfit  for  tzeatment  in  the  deailTerising  process.      The  lead  obtained 

from  (he  English  slag-hearth  (p.  620)  is  also  of  the  same  character,  and,  until  within 
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The  writer  having  carefuUjr  examined  the  W  B  slag-lead,  found  that  its  haidneaa  was 
mainlj  due  to  the  presence  of  antimonj.  He  then  suggested  the  erection  of  fttmaeea  in 
which  this  lead,  in  a  melted  state,  could  be  ezpoeed  to  a  eunent  of  hot  air.  The  remit  wag 
the  prodoctioD  of  a  good  soft  lead,  at  so  reasonable  a  cost  ss  to  render  the  process 
available  as  a  rwular  i>pention  in  smelt  mills. 

Soon  afterward,  the  first  cargoes  of  llie  now  wall-known  Spaniah  hard  laad  arrived  at 
Liverpool ;  but  the  Bmelt-era  there  would  not  purehaae  them,  and  one  cargo  was  tran- 
shipped 1A  Newcastle-on-Tjne.  Tiaa  lead  could  not  be  softened  in  the  bnck  ftarnacee, 
beiog  so  fluid  when  melted,  as  to  find  itswij  out  of  the  furnace  in  aU  direction*.  The 
late  Mr.  Q.  Burnett,  who  consulted  ths  writer  on  the  subject,  and  witnessed  the  treatment 
of  the  slag-lead  at  Mr.  Beanmonfs  woAs  at  Blajdon,  then  proposed  the  simple  but 
admirable  plan  of  lining  the  fomace  with  a  metal  pan.  Thus  was  laid  ths  foundatJoD 
of  a  bads  with  Spain,  miieh  has  gone  on  increanng,  nntil,  it  is  said,  opwarda  of  20,000 
tons  of  this  description  of  lead  ore  umnally  ^oduced  in  that  eoonby. 
Calchiatian  of  fie  ZihuI. 

The  fhmace  generally  employed  in  this  operation,  termed  eaioinina  or  impraoinghj 
the  workpeople,  is  represented  in  the  fig>.  62A,  62S  In  elevation  and  vertical  seetion. 
A  is  the  flreplaee;  B,  ash-pit;  C,  fire-bridg»i  D,  cast-iron  pan;  ^  fluej   FFF, 
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SOFTENING   OF   HARD   LEAD.  517 

ehsntiela  for  Uie  acape  at  moutnre ;  O,  a  'woiUi^  door ;  and  H,  tbe  tpont  for  rnnDiug 
off  the  Mfli  lexL 

The  lead  ii  eithar  thrawn  into  tiie  pan  in  pigs,  or  jnerionilj  melted  and  ladled  IdIo 


E 

B 

B 

B 

o  the  pan.    Hie  charge  niirg  &om  0  to  10  tons,  and  the 


obtained  from  reducing  the  dron  of  previous  operationa,  require  30  dajs  for  eoftening. 

Aa  looD  aa  the  ftiniaoe  U  at  a  working  heat,  the  surface  of  the  lead  b«comee 

coated  vich  the  impore  dron,  vhiah  ia  removed  bj  ahimniing.  and  withdrawn  through 

the  woiting  door.    If  the  lead  ii  valj  impore,  thia  dioea  fiotUa  in  a  aemi-flnid  gtate  on 


the  nrhce  of  Ihn  Ini,  and  mugt  be  dried  np  with  a  little  lime  to  bnng  it  into  a  «jd- 
dition  capable  of  being  remoTed.  The  wolinian  dipa  a  ladle  into  the  lead  when  be 
thinks  tbe  caldnalion  ia  about  tompletc,  and  poura  it  into  ■  mould.    The  eample  la 
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LEAD. 


-  examined  when  col^  and  if  it  »  soft  to  tlie  lentch,  with  »  flal(7i  trjttaSiDt  appearanea 
on  the  nufuc^  the  contenta  of  tlie  pun  in  readj  to  be  mn  off  thiongfa  Che  imn  apoilt, 
into  a  pot  on  wheels,  vbence  it  ia  ladled  into  pig  moolda. 

An  ixaprorement  has  been  made  on  the  abore  aimple  form  of  ftimaoe,  vhieh  ia  iihovn 
in  figt.  627,  628,  nipieaentina  a  &ont  view  and  a  loDgitndinol  sectaon.  The  hard  lead  ia 
melted  in  the  pot,  a,  irtiich  m  heMed  b;  the  fin,  h.  The  ealcining  pan,  c,  ia  npplied 
with  maltad  lead  hom  the  pot  bjnising  the  ping,  d.  The  soft  lead  ia  ran  into  the 
pot,  t,  and  then  cast  into  piga.  Thiaform  of  ftunace  pMMMM  meat  adTantagea  when 
Boftening  extia-haid  lead,  aa  the  calcining  pan  can  eaii(y  be  k^  alwaTa  nil,  with 
ven  litUe  laboor. 

The  pn)diieec^aoftlead&omthehaidleBda,of  coniw,T»riMgreatlj,aB  willbaaMn 
from  the  (blkiwinf;  lable,  which  eontaina  the  leaulta  of  the  treatment  of  manj  hnndredi 


of  tone  of  ma«t  M  tha  deoeriptiana  named : 
Oood  Spaniah  haid  lead 
Hard  l^d  from  crjatalliaing  dnwa 
Hard  lead  from  economic  furaacea 
Tj:ngi;«>i  (tag  lead 
Slag  lead  from  Spsoioh  draae 
Slag  lead  &om  rahae  pndncta 
Tea  lead 


t.BofCln>d. 


We  bare  mentioned  tea  lead  aa  aniong  the  hard  leada  which  can  be  treated  b] 
proceaa,  and  we  have  ibnnd  that  tin  ia  aa  eaailf  aepamted  therebj'  aa  antimonj. 
The  fblloving  hard  leads  wen  mixed  and  anbmitl«d  to  calcination  : 


tona.    cwt. 

Oidinai7  Spaniah  hard  lead  . 

1436      9 

Ore  slag  le.d                   .         . 

100     IB 

DrOBB      „       . 

68     12 

&'"::  ; 

60      B 
lis     IS 

Engliah .,     . 

n  16 

Tea  hard  Wd 

9     16 

fnme      „    . 

8     19 

1onal886    18 

coal,  per  Ion,  for: 

1.    d. 

Labour 

2    6-3 

CoalB,  cwt  S 

0  lO-O 

Repaira 

0     1-8 

Foni^ftx  and  G\aM^oritt  Proetit. — These  gentlemen  emplo7  the  ordiaary  calcining 
pan-flunace,  and  wbrn  the  charge  baa  been  in  operation  for  a  few  hours,  the  OToaabeiDg 
remored  aa  uana^  a  few  ponnda  of  the  fallowing  mixture  ia  apmad  erenl;  over  the 
anrboe  of  the  bright  laad^  The  doors  are  closed,  and  in  abont  10  to  20  minutes,  a 
brown  or  jellowiah-brown  cake  collecta  on  the  aorhoa^  Freah  foel  ia  then  thrown  on 
the  Bre,  and  in  a  tew  minntes,  when  the  smoke  baa  cleared  awAj,  the  doom  are  opened, 
and  the  cake  ia  remored.  This  ia  repeated  until  the  cake  formed  possHBes  a  bright  or 
brown  colour.  When  the  alkahne  miiture  is  need,  with  a  charge  of  0  or  10  tona  of 
lead,  abont  St  lbs.  are  required  during  the  IA  honra'  operatioo.  Whrn  the  other  mii- 
ture  ia  employed  under  the  aame  drcnmstancea,  the  quantiC;  required  varies  between 
40  and  60  Iba. 

Tfae  miitnrea  recommended  are  as  foUowa : 

1.  For  le»d  containing  fh>m  3  to  16  per  cent  of  antimony,  the  miitare  connata  of; 

3  parts  of  nitrate  of  soda. 

4  „        burnt  lime. 

2.  Vat  lead  containiDg  2  to  3  per  cent,  of  antimony,  and  from  ^  to  1)  per  eenL  of 
silica,  ths  mixture  oonsista  c^  equal  parts  of  aoda-ash  and  caustic  lime. 

We  understand  that  this  process  has  been  discontinued,  and  if  it  be  true  that  the 
antimony  exists  in  the  hard  lead  in  the  form  of  an  atloy  of  antimony  aad  lead,  which 
when  the  whole  ia  melted,  lisss  to  the  surface  in  eonaeqnence<tfibiIawer^Kieiflc  grvvi^, 
we  cannot  see  how  the  time  of  softening  should  be  shortened  with  advaabige,  at  the  extra 
cost  of  SDsxpenainaBOxidiKOgagmit  asnitimteof  soda.   In  the  tdd  mode  of  working 
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t^MD  thaniT&oe  of  the  lead  ii  kept  eonitantljclMKtfdnialijtIiacildDfT,  theallajr. 
H  it  rim,  ii  immedutdj  ozidiaedbj  the  enirciDt  of  hot  air,  wfatw  in  this  pioMw,  a 
coDsidenble  time  la  loat  in  aUmring  the  mixton  to  act,  and  befbn  the  cnuts  an 


Ht.  BaAer  of  ShefBeld  hu,  howsrm,  roooMdod  iQ  itniig  the  nilzats  of  aoda  and  biml- 

Cile  of  aoda  to  sdnntue  in  Ihii  poeei,  poedUy  from  the  &et  that  the  imporitiea  is 
lead  an  10  much  imallei  than  m  thoM  of  Spam,  and  hj  pmfonmng  the  operation, 
it  ii  said.  In  etneiblee. 

S»ituti«it  nftht  Droit. 
Thia  pracen  b  paiftnsMd  In  an  ordinaiT'  radncing  Aunao^  of  imallv  dinuoBona 
.  than  nasal,  aa  the  chaivea  an  amaller  and  reqnira  mon  attention  to  pnTsnt  the  Ion  of 
antinionj  br  T<datiliaatioa.  The  writer  alao  introdoeed  the  nae  of  a  little  aoda-aah  with 
the  coal,  when  mixed  with  the  droei,  iriiich  waa  fblmd  to  reader  the  dag  irtiieh  ii 
fbrmed,  more  faBibl^  and  eoablad  th«  workmaa  to  woA  atalowar  heat,  ^le  fUlowin^ 
snaljeea  of  the  hard  lead  obtsined  from  Uiia  dioea,  with  and  without  die  addition  of  Uui 
flu,  piore  the  adTmntage  of  it«  emplojment : 

WMHiatIke     WUbl)*«i«(. 

AntimanT 1009  40-M 


100-00  100-00 

.With  the  nM  of  thia  flm,  *bA  eontinning  the  oaleining  opnation  on  tha  ptodnee  of 
the  ledncing  Aunace,  tlie  metida  obtained  were  fimnd  to  pceaeee  the  (ellowiog  oon- 
podtion,  oeoDiding  to  the  analjaei  of  the  writer : 


Load. 
Autimonj  . 
Copper        • 


ExglM  Hard  Liad. 


i^anith  Btri  Lead. 


Wuii-d. 

Si'SI 

ei'BS 

see 

29-84 

0-83 

6-W 

O^l 

0-20 

too-oo 

100-92 

Labour.  B    3-1 

Coali,  T-0  ewt.  I    S-3 

Soda.aah.Ulba.    .  3    IS 

8    SB 
Separationqf  Hit  Jntamm!/, 

1  of  tlie  • 


ih  all  the 


Inatead  of  lednciiu  the  di«M  iriiieh  yielda  the  lead  of  tlie  wkobA  MleituHJoi 
writer  pn^oaad  to  gtmd  it  to  ftnriet,  and  treat  it  with  aoetio  aei^  bj  which  a] 
le^  h  diMoWfld,  ai^  rieldi  engar  of  Irad  bj  erapoiation  and  oiTvtalliBatioa.    The 
inaolnble  leaidiitim,  when  rednoed  in  the  unal  method  employed  toi  antimuiy  ohm, 
fbrniehea  this  metal  very  readily,  and  of  &ii  qaaikj. 

The  Mme  proecta  ia  ap^iesble  to  the  •epaiation  ol  the  mide  of  tin  iriieo  the  diOM 
haa  bean  fiMmcd  1^  tre^ng  tea  lead. 
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Oa»t  of  trtatbtg  Bpamth  Bard  Lmd. 

The  SpuiiBb  htu^-Iead  trade  has  uinmed  Boch  mn  impoitant  derelopment,  tlist 
In  condnding  thia  &ccontit  of  tbo  treatment  of  haid  lead,  it  hulj  not  be  without  wma 
intMcst  to  giTa  the  cost  of  eitncting  ita  ailvei,  and  pTepsiing  tha  soft  lead  for  market. 

The  cost  of  each  item  of  expemie  ia  calralaled  on  2n  cvt.  of  the  original  hani  lead : 
tJiua  the  aecond  item  is  od  S  per  cent  leaa ;  t^e  third,  on  9  per  cen^  ;  the  fonrth,  on 
35}  per  cent ;  the  Otth,  on  7  per  cent,  of  the  original  lead  ;  the  MTenth,  eighth,  and 
ninth  itema  are  an  areiagB  on  Uie  vhole  woik  of  the  eslabllalunent.  A  aimlW  Btat«- 
nent  haa  been  pnbliabed  eUevheTe,  bnt  in  the  aboenDe  of  the  abore  information,  it 
mutt  iwve  been  unintelligible  to  niosl  resdera. 


Colt  of  a 


ning  OMJ  K^finmg  Spanui  Lead. 


1.  Calcining   . 

a.  CiTBtBlltBtng      . 

5.  Beflning 
t.  Redncing  lithatge  and  pot-droas 

6.  Radodng  calcining  dioaa 
6.  SmeltiDg  refuse  prudncis 
7-  Grinding  nut«riai§ 
3.  Gflnersllabonr   . 
9.  Qeneral  ehaigea 


£1 


All  the  waste  prodDds  ranlting  from  all  the  preTJons  operatione— vii.  ore  or  grey 
alaga  &om  the  rererbtratoiy  fdmace  and  ore-hearthe,  teat-M>ttomB,  litharge  and  drofis 
cinders  from  the  reducing  ftimaces,  &c,,  are  flnaU;  submitted  to  a  process  of  re- 
duction, in  thia  countij  in  a  Aunace  known  aa  the  alag  hearth,  bnt  abroad  they  are 
genemlly  mixed  with  poor  lead-ores,  and  smelted  in  a  blaet  furnace.  We  will  deecribe 
the  method  adopted  in  this  counliy,  and  then  select  one  of  tha  continental  plans  as  an 
illotlnitJon  at  ue  other  method. 

1.  Tha  Enfflulk  Slag  Harlk 
is  known  among  the  Oerniacs  as  the  Krammnftn,  or  crooked  fhmacc^  and  among 
the  French  aa  the  fottnuau-ii^maiteiia,   or   elbow-ftamace.      The  general  form  and 
construction  of  thia  Airoaco  are  shown  in,^^.629, 630,&e.    Itsomamat: 
ore-hearth. 

f^g.  829.  fig.  (SO. 


BB 

Hiarth. — The  sule-plate,  a,  is  made  of  caat  iioQ,  and  alopea  slif^tly  down  to  the  forr  • 
hearth,  b.  There  are  strong  oast-iron  pieces,  or  batrtrt,  e  c,  on  each  of  the  long  ndesof 
the  aoIe-pIst«,  whicb  support  the  side  walla  aa  well  aa  the  cast-iron  plate,  at  foraUme,  d, 
which  forms  ths  &ont  of  the  shaft.  The  back  is  made  of  cast  iron  np  to  the  horiiontsi 
tuyere  in  the  middle,  aboTU  which  it  is  bnilt  of  sandstone.  A  cistern,  e,  atanda  in 
front  of  the  fore-hearth,  and  a  Btream  of  water  constantly  flows  throngh  to  gnnulata 
the  slsg,  and  facilitate  thi>  subseqnent  separation  of  onj  pieoee  of  le^  disMminated 
throogh  it  by  washing.  The  lead  flowi  over  the  fore-heaiUi  into  an  iron  pot,  /,  heated 
rom  below  by  a  fire. 

The  bottom  of  the  furnace  is  filled  with  small  cindrrs,  beaten  down,  and  reaching  to 
within  4  or  6  inches  of  the  tuyere.  Tbn  pot  is  also  filled  with  similar  cinders,  which 
filter  the  lead  frcsn  the  ftisible  slasii  which  sometimee  accompany  the  metaL  Prat  is 
then  piled  up  abore  the  bad  of  cinders,  ignited,  and  the  blast  tamed  on. 

When  the  peat  ie  ignited,  acme  cake  is  thrown  in,  and  a  layer  of  grey  slag  or  otbsr 
letuae  lead  prodnct  ia  added.  Thia  is  continued  at  intervals  as  the  operation  proceeds, 
alternate  layeis  of  alag  and  fliel  being  added,  metallic  lead  being  produced,  and  a  ftisible 
slag,  &ee  or  neariy  bee  from  lead.  The  amelter  occasionally  forcM  a  bent  iron  bar 
through  the  layer  of  cindm,  l»  liberate  the  slag,  whidl  flows  off  into  the  water  cistera 
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Hm  iMd  obtaiiwd  is  ilwtijt  vtrj  hard  tnd  impoKv  and  u  tHanmd»  Mnt  U 


1  tiao  eeouomuM  t 

■tatements  will  prora : 

a.  28  tODi  of  al*g  smelted  with  oold  «ir  rntirmiwl  363  mbie  fbet  of  air  per  Biiant^ 


i.  Sff  toni  of  aimilar  ikg  with  hot  air,  consumed  300  enbie  feet  of  air  per  minntt^  ind 
coat: 

£    ».   d. 

Labour 3    7    8 

Coke,  Stona.  17cwt.  at24*.  6^    .        .734 
Tnif  foe  heatiiig  air,  II  loads  at  I(.  Sd.      0  18    4 
11     6    4 
The  nTing  ia  therefore  TB17  eonnderable  when  hot  ur  at  500°  to  600°  F.  ia  employed. 

2.  71k  Claiuthal  Blatt  Fvmaee. 
Thia  fiimace  rarieti  in  height  ttara  20  to  2S  feet,  witli  a  diameter  of  3  feet  in  the 
wideat  part.  The  crueibla  at  the  bottom  of  the  hearth  projeeta  beyond  the  blast  of  the 
ftunace  into  a  small  elaiated  platform  in  front.  The  lining  of  the  hearth  is  made  of 
flre-atone,  and  the  bottom  ia  slighllj  hollowed.  This  part  in  covered  to  aomo  depth  with 
a  mixture  of  flre-claj  and  cbarcoid,  with  a  gentle  slope  &om  the  back  to  beyond  the 
front  wall  of  the  furnace.  A  twp-hole  enten  at  the  lowest  part  of  this  basin,  through 
iiriiich  the  conlenta  am  drawn  off. 

The  recfflTine  basin,  a,  ia  placed  on  a  level  with  the  floor,  and  at  some  distance  from 

the  bceaat  of  uie  fiirnaee,  which  ia  supplied  with  air  forced  through  the  tnjeraa  at  (. 

Fig.  631. 


The  charge  of  mineral  is  thrown  towards  the  side  of  the  tujere,  and  the  fuel  towards 
the  breast.  Tbe  cold  air  (Km  the  tuyeres  cools  the  sisss,  and  forms  channels  nmnd 
their  nozzles,  six  or  seven  inches  long,  which  are  colled  the  "nose  of  the  tuyere."   The 
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niMeai  of  tlia  optntioD  graaOjr  dependa  upoa  ths  proper  nttmacMnent  of  tbia  point,  m 
thete  ehanrals  prerent  the  madfttioD  of  the  lead,  micfi  wonldgiTerue  to  thafbrmaCioD 
of  ftuiUe  nlintM  of  le«4. 

OkUt  all  dieaniMaiiMi,  a  luse  qiuiititj  of  lead  is  volatilued,  and  tlie  whole  of  Qie 
Taponn  eseapiDg  from  thatnnnetliole,  T,  paaa  tliniiighaaeTieaof  chambrn,  CC,  before 
entering  the  chunnej,  D.  The  fiime  which  condeniea  is  occssioDallf  remored  Umu^ 
ths  ioort,  d,  and  is  Bgatn  thrown  into  the  fdmace  along  with  other  prodocts. 

The  scorile  flow  coDtinDousIy  into  t^  fore-hearth,  where  thr?  solidify  and  are 
drawn  down  the  indinsd  pUne,  p,  by  the  workman,  to  the  floor  of  ue  milL  When  the 
baein,  b,  bacamo)  flilpd  with  inetej,  it  is  tapped  into  the  reserroir,  a. 

The  products  which  are  callectsd  in  the  outer  basin  consist  of  lead,  npon  which  a 
matt  floatB.  This  matt  solidifies  fliat,  and  is  removed  for  fiirther  treatment,  when  the 
lead  is  passed  thnmgh  b  iiiet«l  sieve,  and  cast  into  pias. 

The  matt  coatuna  sulphides  of  lesJ  and  other  meta^  and  whm  they  accumulate,  they 
are  roasted  in  heaps  to  sipel  the  sulphur :  but  so  imperfect  is  the  operation,  that  some 
portions  must  undergo  as  many  sa  four  roastings. 

When  (he  roastdng  is  finished,  the  residue  is  smelt«d  in  the  Qerman  sleg-hesrtb, 
■long  with  tegt-bottoms  and  other  waste  products.    The  lit  de/umm  is  oompoaed  i^: 
32  parts  of  roasted  matt. 
SO       „        rich  grey  stags. 
t'S    „         t^at^bottoms. 
2       „         abstrichs. 
2      „        litharse-dnden. 
1      „       granolated  cast  iron. 
The  fhmaM  used  in  tha  gmelting  of  these  products  is  shown  in  figi.  632—634.    It  is 
Fig.  832. 


about  t)  feet  high,  and 
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The  ftael  emjJojed  ii  coke,  ud  donng  the  nneltiiig,  put  of  tlie  iron  of  Uu  mmlt 
combines  with  toe  ailiai  of  the  elags  And  cinden,  fbrming  ft  new,  Tory  fantJe  tleg. 
AiM>thra  portion  of  the  imn  rednoes  Uie  ni^hide  of  l«*d,  piodiidDg  mrtailic  lead  Bod  a 


sec<md  matt. 

Tba  fiillewing  (aUe 
DottomSifrft: 


the  analjiei  of  mom  ilagi  made 
Jnalytaa  <!f  Laad-*lagt  fivM  Bitot  Fvmaee. 


Atithori^  . 

Brael. 

tSr.v.  1 

Ksri- 

Barthlir. 

Locili^     . 

•33r 

Hvi. 

PoBtfttud. 

Silica 

2876 

S6i0 

S4-80 

401» 

3870 

20-00 

22  00 

8870 

Oiideoflcad    . 

44  SO 

2e-30 

6-SO 

lfl-00 

Protoxide  of  iran 

19'40 

S4-40 

2S'40 

Oxide  of  numgancM  . 

0'42 

0-60 

o-eo 

800 

2-40 

Subodde  of  copper    . 

0-21 

100 

IS'BO 

Lime         .        .        . 

783 

4 '40 

7-00 

100 

12-80 

i-W 

80-20 

600 

M«pi6«U.             .             . 

OfiS 

0-BO 

0-flO 

1-00 

1-00 

Tenmde  of  witiinODj 

070 

8-20 

goo 

Bsiyta 

■    ■ 

has  aocamnlat«d  to  «aeb  «Msnt,  that  it  ie  called  the  ecpper  mail,  anA  ia  treatrA  (bctb 
obcerred,  however  amall  the  □ 


M  paitsof  oreeotitiiiiiDg24  of  galena. 
Ho  6      „       cnpel  bottoms. 

1      „       the  abstiidu  tram  the  reHnnrj. 
SB     „       oiesIsgiL 
*i    „       granolsted  cut  iron. 
which  mixtnro  is  slated,  br  Rtgnault,  to  produce  IB  pts.  of  metal,  and  7  or  B  pta.  of 
the  first  matt,  containing  2)  pts.  of  metal 

▼.  OanOsnutlon  of  tbe  XiMtd  ratam. 
Sinn  Btlentioii  has  been  dntwo  to  the  great  loM  of  lead  in  melting  its  ores, 
nnmerons  plans  hare  been  pcopo»d  to  recover  a  portioD  of  the  metal  in  uie  fbnn  of 
fame,  no  fewer  than  sixteen  patenta  haTing  been  enrolled  for  this  object. 

Wheie  mfficient  space  ezistsi  the  plan  most  mneral^  adopted  is  that  of  long  flnea 

tnuDTe  woAs,  his  able  engineer,  Mr.  Sopwith,  added  neariy  6  miles  of  fine  to  one  mill, 
the  floe  beii^  8  ft.  high  by  8  ft.  wide.  The  saving  in  lead  in  these  flnea  of  Mr. 
Beanmont,  is  aaid  to  exceed  £10,000  per  annum. 

Of  the  many  plans  which  have  been  Bnggest«d,  we  will  select  two  which  art  in  «ae- 
cess&l  opantion. 

1.  SloiK^t  Condnmr. 

This  apparatna  is  icia«Bented  in.^.  SSfi,  and  has  been  fonnd  to  answer  temaAably 
well  at  I^uifiilej  mill,  aa  the  details  oJF  an  experiment,  given  on  p.  S2d  amply  proTSi 

A  is  the  top  of  the  ftame-flDS ;  S  ia  a  wheel  Giod  in  a  metal  case,  set  in  motion  by 
steam  orwatsr  power,  with  a  speed  of  10,400  rerolndona  per  tcinnte,  by  irtiioh  the  fume 
IB  withdrawn  from  thr  flns  and  forced  tlirDagh  the  condeoeer.  Thia  condesMr  is  ract- 
angnlai^  divided  hmptadinally  by  wooden  rails.  A,  A,  laid  horiaontaUj,  on  which  a 
layerofp^U»«traee,  or  other  Altering  material,  is  placed.  The  aoDdaoHS' ia  ftuthar 
ae[«rated  into  conpartments,  D,  D,  by  the  rartuMl  diviaioiw,  C^  C,  whiob  altmnat«ly 
reach  the  to&  and  dip  below  the  snrhce  of  the  water.  The  water  fiowa  from  Ul  open 
trough,  H,  mvided  crosawa^  immediately  above  D  D,  into  the  compartment^  E,  B, 
each  of  which  is  spin  lubdinded  bv  (i>nr  or  more  low  parallel  partilioni.   The  bottom 
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ofth«wciBtenii,EE,i*  peribMtoi    The  w»l«  ii  roppM  liy  »  jape,  DO,  an 

botlom  of  the  condanwr  «  kept  BUed  *th  water  to  the  level  shomi  «t^  K 

The  fume  il  withdraim  fa>m  the  fiae,  and  (breed  op  »nd  down  through  the  fil 
bed^  in  the  direction  of  the  arrows,  until  the  reaidual  gaaes  fl«ape  at  u,  ml 
ohlmn.ff  I..     ThMis  film™,  in  their  Dusuie  thronitli  the  oondenwr,  come  m  o 


beds.    The  -wttei  csniea  down  all  the  fome  into  iha  rcserroiF,  P  F,  whence  it  il 
occaBionillT  drawn  off  at  K. 

The  following  Uble  (p.  e2S)  give*  the  nsnlta  of  an  eipmrnent,  on  the  large  ecaK 
with  one  of-  these  condenserB. 

Slagg't  Condentrr. 

This  apparatus  is  reprtflfoted  in  Jig.  638,  in  which  a  is  the  fome  fine,  S  ii  4,  a  cistern 
constructed  of  wood  or  auy  other  material,  with  paititions,  diriding  it  alternately 


at  (dp  and  bottom ;  o,  one  or  mote  air-p>ampe,  oc  exhausting  machines ;  and  d,  the 
exit-flue  tor  the  nneondenaed  gases.  The  sir.pampB  being  set  in  motion,  the  fame 
is  drawn  throngh  the  water  in  the  dstorn,  in  which  the  metallia  yapoun  are  con- 
densed, soKifectly,  that  the  writer  liaa  walked  along  the  exit-flue  without  beingsoiled 
with  a  single  particle  of  fume.  The  paaiiage  of  the  Taponrs  under  tbe  water  creatfB  a 
great  agitation  and  Bprafing  of  the  water,  which  materiallj  assists  in  the  condeosa- 
tiun.  Wh«D  the  water  beoomea  cbarved  with  ftime,  it  is  drawn  off  by  cocks,  and  run 
into  tanks  to  allow  the  fume  to  subside. 

Hr.  Stsgg  has  drawn  up  the  following  table  from  his  experiments,  to  show  the 
annoal  saTing  of  lead  which  ma;  be  effected  b;  his  condenser,  and  the  volume  of 
gnses  for  which  the  exhausting  apparatus  must  be  cODetructed  : 


Nalunof  ruiUM. 

Quintiu  Df  ]«1 
DHTUad  open  or  pro- 

Volume  (rf  niAe 
nnliiiK)  rraiB  luch 

••SS- 

Orehearth   .        .        . 

Beflniug  antf  reducing. 
Siag  hmrth  .         .         . 

M9 

MO 
200 

niMsrsH. 

1,000 
1,500 
l.fiOO 
3,000 

36 
40 

aC.oiigIc 


CONDENSATION  OF  LEAD  FUME. 


Ill 


»    |: 


III 


4  8! 
Ill 


|ii 

Si's 
2 


I    II 

iilji 


•s     ■ 

I  I 


|3| 
hi 


If 


LEAD :  ANALYSES  OF  FUME. 


Tablb  L — AtutfyMi  of  Fmna  frotn  th<  Etverbfralory  Funuieet. 


L«!.Hty    .        .       . 

Ptnlcnwnd. 

Mo^    kanlUni,    Rednith. 

Fnlbwi. 

Authority  .        .        . 

Bnthltr 

KliM. 

Bntbttr. 

Kuantrti*,, 

Fiotaiideofl«>d      .        . 
Sulphate  wT  lead       .       . 

OiidBofrinc    .        .        . 

Cubonateoflesd     . 

Solpluteofiuio 

Sulphide  of  lew]       . 

Ondeofcoppar 

Almnina  .... 

SUidcacid 

CU,         .        .        .        . 

11-00 
6000 

a-00 

1200 

15-00 

JB-OO 
1-50 

370 
SS'OO 
2-30 

4-60 

[  13-20 

10-ao 
ss-ao 

3'40 
IS'SO 

1-40 
B-80 

1200 
89-00 

17-40 

71-20 

tncM 

0-20 
1-20 

20-60 

84-93 

(Protoxide 

}        3-80 

27-16 

lime  0-71 

j         089 
31-82 

Tablb  n.—Ji>afyta  of  Fume  from  O*  R^ntiy. 


LocJity        .        .        .        . 

FwtflllHld. 

yuwoft. 

Fndb.,. 

Protoxide  of  lead 
Sulphate  of  lead 
AnwniouB  add    . 
Oxide  of  anlimony 
Oxide  of  buo      . 
Oxide  of  biinDQth 
Carbonate  of  lima 
Carboaioacid      . 
^idoadd 
CUT           .        . 

B8-20 
900 
0-80 
4-40 

870 

1  .... 

4000 
20-00 

8-O0 

17-00 
20-00 

71-20 

I  17-80 

«00 
4-60 

48-80 

14-40 
8-90 

26-70 
0-SO 

4-60 

Tuu  III 

—J^<d!^  of  tht  fumtt  from  th  Bhtt  Fumaca. 

L<x=»Hl7 

tai 

FoMalbud. 

•a 

■OwxL 

Oxide  of  lead   . 
Sulphate  of  lead 
Aii/.nio.yi«rid 
Saaqoioxideofiion 
Oxide  of  one   . 
CatbonataofliiM 
Carbonic  add  . 
Mphnria  «dd 
Silidoadd       . 
Sulphur    . 
Hetellielead    . 

27-90 
18-00 
310 

49-60 

7-00 

lO'OO 
4700 

10-00 
33-00 

66-60 

"i-io 

8-00 
12-00 

17-00 

8-70 

13-00 
1-60 

IS'OO 
8-10 

8-90 

66-40 

1-60 
96-00 
1-60 

80-10 
9-00 
4-10 

2-80 

4-90 

SiATianca  or  txb  Luu  Tbadm. 
1.  Great  Briiaai. 
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LEAD:   STATISTICS. 
Summarjf  of  Lead  amd  9ihtr  Prcdmv,  1B62. 


Bnound. 

LHdm. 

1^ 

■u™,. 

tOH          »U 

tODI 

amem 

8,080       fi 

4,1  IS 

0 

206,862 

3,079       1 

1,376 

s 

89.368 

376 

0 

1,026 

4,167    11 

8,103 

K 

6,028 
6.31S 

9 
10 

1.000 
8,381 

Yc^ahire 

9,26B      I 

2,017     12 

1.876 

lit 

17,148 

21.771    18 

ld,4S4 

fl 

82,864 

W*r» 

1.298     10 

1,OOB 

9 

4,046 

B.299     11 

6,443 

2 

62.67S 

Bnckiwckihire        .... 

3      0 

SS3S"  :    :    :    : 

4,2BB     19 

8,289 

10 

31,020 

7,926       0 

8,236 
8,997 

170 

3 
8 
11 

37,148 

31,333 

988 

'236      8 

IsLi  or  Uam 

2,608     12 

1,8S1 

0 

70,692 

((.vvr...n. 

1,262 
1,708 

6 
2 

6.190 
12,481 

I™.™ 

2,643       2 

SuodriM  ander  tra  toM 
Total  ofthaUnitoa  Kingdom   . 

m-nt  ore  fmn  Biitidi  udnta  .       . 

2S0       0 

170 

0 

1.360 

98,311       2 

69,013 

13 

633,473 

200      7 

Valw 
*I6,0Ba 

6    6 

88,861 

886,123 

inporli  and  Export*  of  Ltad,  fartifftt  imd  CoLmial, 
Load  importod  into  tlia  Unitsd  Eingdom  in  tha  jtax  1882  and  two  prerioQa  jean. 


•"-■ 

I>«=U»d,.]u..                                 1 

1860 

1861 

1383 

1880 

1861 

1863 

32,171 

2J;To9 

33^! 

46MSS 

440'0W 

460.686 

Etportt  ofBHtUh  Lea/or  thtgiat 

1862,  and  ttoo  prtminu  yiar. 

QnaUtta. 

—■ -       1 

ta». 

(OOI 

t 

a 

e 

8,876 

1,116 

868 

4,167 

China  and  Eong  Blong 

6,644 

0,728 

114.036 

122.788 

308,196 

British  India 

1,317 

1,820 

Aiutralia     . 

1,615 

39.4S4 

38.347 

84.760 

Otbei  coontiua  . 
Total      . 

8,609 

6.081 

6,442 

23,707 

19,296 

38,348 

648,399 

423.431 

770.890 
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528  LEAD:    PATENTS. 

2.  Franc*. 
A  Urge  trade  is  carried  od  in  this  metal  betireen  Handlle*  and  the  t^osmag  court 
of  Spain.'    The  lalest  atatemPDt  ve  cu  find  of  Uiiil  tnde  in  Frann^  ia  &r  18119,  when 
the  eight  prineipnl  mines  produced  2,400,000  kilog.  of  dms«d  ore.      Tiie  exports  and 
imports  in  the  eame  jeM  were  as  follows ; 

Import: 


A^en' 

B^om 
Oenoanr 


xheTwo  Siciiiei 
Sardinifin  States 
United  States 
Aaitria 


>.8Se,2fi8 

i.9si,ns 

2S3.I23 

30I,6£9 

887.262 

21,672 

820,341 

2,088.238 

kilog.  26,821,048 

kilog.  a7,S12,fi73 

BxporU. 

On.  I«d. 
kilog.     1,S37,740     kilog; 

281,798        „  1,091,302 

3SS,11S        „  1,080,139 

.       .          „  7,697.242 

„              ■       .          „  1,014,618 

S.  Otier  Caimtna. 

irate  Btatementa  of  the  prodnetion  of  lead  ia  i 
tement  «>n  only  bs  regaroed  as  i^pioxinutiFe : 


Anittia 7,000 

Spain '      .        .    60,000 

Italy 6,000« 


Paiatit/oT  Irsprovenientt  in  Preptirmff  Ora,  ^. 


Due. 

P-™-. 

ObjRt  of  Punt. 

1777 

1779 

1830 
1832 

1841 
1S12 
and 
1844 
IS19 

1SS2 
1860 

Thomas     .        . 
Boe   .        .        . 

Fetheriek  .        . 

Pethenck  and 

Bnwton    .       . 

6oble     and 
Heuning 

HadiiiM  for  stampiog  alags. 

Ifachiner;  fbr  wuhing  and  drannng  or«. 

Bemoviiig  linc  and  copper  &om  lead  oies,  by  roasting 
and  washing  with  vatei  and  add,  hetote  mnelling 
(or  load. 

BoMting  nlena  dead  before  smelting,  ia  a  STe-flat 
ftouce,  the  ore  to  be  placed  at  Bnt  in  the  highest 
or  coolest,  and  gradn^  bnmght  to  the  heat  as  it 
losM  nilphiir. 

Improved  stomps. 

» ilM  KfiK  MM  e(  fslNUi  aporlMl  tiMa  luljr  h  ik 
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TutatU/or  h^rottmrntU  m  the  CeTutmetioa  qfFunmett, 
Oli)Kt  sf  Pitant 

B&ving  of  ftiel  bj  imprOTed  fnm&cB. 

FnniBiM  ibrmed  of  sUg,  vith  iron  pui  far  bottom. 

Calcming  fbinace  with  mrolTing  bottom,  uid  a  mechani- 
cal anangemeut  for  Btizring  the  org. 
iljFiiig  the  waste  heat  &om  coke  otnu  to  ■metciug  of 


Clei^  Bract,  and 

Clerk 
I^dall.    . 

Sandemm 


■ippl)^ 


CUTfleld  . 
Hapi«c  . 
Fliillil*    . 


Splitting  the  dranght  in  a  reTarberatjiry. 

BeTolving  apparaUu  fbr  atirring  the  ore  vhile  being 
calcined  on  a  flzed  floor,  the  ^pantai  being  made 
hoUoir  to  allow  the  paaaage  of  %  enireot  of  air  to 
keep  it  cooL 

Small  blut-fumaee  tot  redndion  of  certain  Irad-ieai- 

ImpTovement  in  foznaoes,  enabling  the  waate  heat  from 
a  meltiiig  hearth  to  be  emplcg^  vhen  desired,  in 
a  calciner. 

Farther  imptOTements  on  the  abore. 

-  Atprownmllt  i»  lit  SmdUng  Froeai. 

"  To  make  aaparation  b;  takiDg  off  the  second  worn  of 
■It  tneh  metals  aa  tin,  eofiper,  and  lead,  after  the 
draw  ii  taken,  and  pitMrvuig  a«  well  the  impore 
metal  ae  the  pure." 

Treating  poor  Hgemdfsrona  and  anrifesoni  Ie«d  rata. 


Separating  the  lead  bonaraenical  eanponndB  (oiidiEed), 

b;  liine  and  coaL 
Deoompomng  the  fiued  ore  by.  eleetridly  (lead  not 


Pattnttfor  UnprxMontnU 


Partes      .  . 

Bichaidaon  . 
Fattiuaon 

Pope    .    .  . 


relating  to  tkt  Flia,  Fud,  ^. 

Smelling  lead  and  other  ona  by  pit-coal,  pest^  <>r  tnrC 

Inprorementa  in  amelting  lead  and  othar  orea  with 

Snbstitation  of  pit-coal,  ftc  fbr  wood,  in  Tererbcratory 

Treatment  of  oalena  with  chloride  of  barimii  or  edehnn, 

mixed  wiu  carbon  and  iron. 
Addition   of  oxide  of  iron  to  coal  in   nncltinR  car- 

bonstoi  of  lead  eontaitiing  ailica,  galena,  and  lead 

slsgi,  antimonial  or  olherwiae. 

'    '      ""le  oxidee  * —   ""      " 


Treatment  of  galena  with  "alkali  or  neutral  «alt  and 
earbonaceona  matter,  and  iron,"  employing  the  re- 
enlting  nlphide  of  iron  to  obtain  ■olphnKiua  add. 

BmploTment  of  the  residne  from  diitillatian  of  Boghead 
coal  in  smddug  roaated  lead-ores. 

Employment  of  spongy  iron,  pi^ared  at  »  low 
temparatnre. 
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Pata^for  TmpTOvemtttUiit  Btforetiiig  BUter  froi 


i  Lead  ar  Lead-ore*. 


1S43 

tsso 


Chuholra      and 


NerOl* 
Qurit   . 


Tnatmmt  of  lead*  bj  putul  calcinBtion  and  Bubse- 
^uaot  fbnon,  witli  ft  view  to  eouecntiate  the  nlrer 
in  the  lUMmdiMd  poition,  ntJlisiDg  the  Ulhtige  in 
praparing  nda  turn  commim  sdt,  and  aflenrardi 
ndneuig  the  oxychkride  piodooed,  willi  lime  or 
cwbODBto  of  lime  and  eoaL 

Ilia  veQ-known  ytoctm  for  aeparating  Uie  lead  by 
erystaUuatioD. 

Fvaion  of  aigendferonl  cii«i,  eitbw  natomllj  bee  from 
■tdphiir,  OF  freed  ftmn  it  bj  oaldnatiQii,  witli  a 
tolphide,  and  obtaining  ths  mhez  eoncenbatad  in 
UiB  repilna. 

ConTerdon  of  die  alW  into  litluoge,  tolntion  of  the 
lithaige  in  aeetio  aad  or  aoetata  cf  le«d,  for  maon- 
ftctnre  of  vhite  lead,  the  adlTra  being  obtained  in 
the  ondiBtolved  neidne. 

Kelting  the  ores,  and,  vbi]e  melted,  running  them  into 
a  lead-bath,  with  a  Tier  to  alleging  the  lilTsr  with 
the  lead. 

EmpIoTment  of  a  bath  of  led-hot  lead  to  extract  rilTfr 
froiD  copper. 

Treatnant  at  aisenti&ioQB  snlphidea  by^  a  aolnlion  of 
an  alkaline  (£]aride  in  coiyunetion  with  chloride  of 
iron,  copper,  lina,  &e. 

Sqiarstjon  M  the  lUTor  bom  lead  by  addition  of  one, 
in  oombination  with  whidi,  and  with  a  little  lead,  it 
ri*ea  to  the  nirboe  and  ia  nkimmed  off  Treatment 
of  thia  alloy  by  a  wwt  of  diquation  to  »«moye  part 
of  the  lead  1  aeperalion  of  tbe   '      -         ■ 

dec  by  diftiUf*^—  —  ' ' 

the  oxide  of 

mtrer  to  be  then  eapelled  t 

denlmrimd  ImuI  to  br  freed 

at  a  dull  red  heat  and  Bkimming. 

Application  of  the  proceea  by  nno,  patented  W  him,  to 
the  sepaiatjon  of  gold  from  leaiu.  Also  the  use  of 
lead  or  line  in  a  atcte  of  fusion  ai  a  mbatitnte  for 
tnerenry  in  extracting  ailTer  from  or*. 

Sabetitntiiig,  in  Pattinaon'i  eryitalliaiiig  proeeaa,  a  tap- 
hole  by  which  the  rich  alloy  {■  ma  off  throngb  a 
per(i»«t«d  plate,  for  tha  ladle  by  which  the  ayatala 


1816 
18H 


leeo 
iseo 


r  In^iwement*  te  CtieMng  Sard  Lead, 

Ctddning  haid  leada  aa  in  the  mannfrctnre  of  red  lea^ 
and  atcfjiang  the  tmeeaa  at  the  poiiit  iriian  the 
remaining  lead  haa  become  aofl. 

1.  EmpIcTment  of  aoda,  aeh,  and  llm«in  "inptoring" 
hara  lead,  withtheadditionofniize,  if  the  antimony 
exoaed  8  par  cent. — 2.  Bedoction  of  the  dtoaa  to 
metal,  and  aapaialion  of  tha  lead  and  antimony,  by  a 
proceaa  similar  to  Fattinaon'i  deailvariBing  method, 
where  the  antimony  doea  not  eic«ed  It  Mr  cent. 
Or,  where  much  antimony  ia  pnnBOl;  wauing  the 
dioaa,  treating  the  midne  with  aeid  to  rmorelead, 
and  ndaeing  the  oiide  of  antimony. 

A  method  of  utrodndna  reagenU,  aa  nitje,  into  a 
charge  cf  melted  lead,  by  encloaing  it  in  a  box. 

Use  of  alkaline  nitntea  or  chloiotee,  hypoehloritea  of 
alkali*  or  alkaline  earthy  aolphate  of  iron,  or 
bisnlpbale  of  potaah  mixed  with  oommon  salt,  aa 
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LEAD. 
Pateuttfor  ImjirovtmtKU  in  Calciiiiiig  Bird 


OU«t  <r  PMsnt. 


ir  uplicatjont 


of  UiB  kbon,  u  being 

Use  of  oxygen,  diloiiDe,  biomuis,  iodine,  oi  flnoriiia, 
eithar  nncombined  oi  in  a  it&te  of  combiuutian,  and 
I        whetlieT  pnn  or  mixed  witU  ail  ot  other  gasea. 

Oandauaiion  ej  Lead  Fltmti.         ■     ■ 
CoQTeTiiig  the  fOmei  bj  a  bD-blaat  into  diamben, 
wludl  ma;  be  kept  oool  by  eorering  the  nppei  part 
with  iratar,  oi  into  which  flnidi  m^  be  ehoweied. 
""'  -J—-—' —  if  dcMripdon  wart  from  diawinga. 
-  which  I  *pptj  Uni — 1.  The  "  " 


" The  pnuaplw  which  1  »pptj  Uni—l.  ItM  pasnce 
nnder  water  of  nponi  eHsusted  oi  mixed  with  the 
iDKike  of  Stt-jitiout. — 3.  The  me  of  a  tq^our^poot 
aa  a  meana  of  metion. — S.  Theaddonof  euTcntion 
each  other  and  on  the  annonndinguii^ — l-Ackieeflir- 
aaoe  tor  the  opeiationa  of  raaatinf^  boiling,  mbliniB- 
ting.  giiiflratirm,  frtt — 6,  'niedecDmpoeitionofnil- 
pharonaacidl^sDlphlilettedhjrdiogen. — 6.  Afanufe 
with  winding  ehinuKiyB,  altematel;  abnt  and  open." 

pMung  tile  gaeea  tluoc^  a  eeriea  of  chamben,  and 

A  paititioned  caamber  m  wliich  the  Aimee  are  drawn 
tliRjDgb  water,  b;  the  draught  created  by  a  peen- 
linHj  uranged  steam-jet. 

InjectiOD  of  atcam  into  flue  between  foniBee  and  dim- 


Smith 


nn,  th«  fonua  to  pasa  afterwards  into  a  chamber 
nere  11^7  meM  a  ahowra  of  water,  farther  divided 
bj  ftlUng  on  broken  brii^  coke,  Ac,  the  proaaea 


MJiig  aaafated,  if  DeMeaai;,    ,  .    .    _   . 

aenbed  by  Wataon. 

Certain  amngementa  for  diatribnting  condensing  liquid 
in  eboiTHn  by  meuia  of  centriltagal  force,  &c. 

An  BRBngament  fbi  creatiiig  a  reRoIated  draught^ 
bringins  the  puticlea  in  contact  with  the  mu&m  of 
a  r^aei  of  watdc,  aflarwardB  iigeeting  steam,  if 
neecaaaiy;  the  ateiun  and  particles  paaa  dirongh  a 
aeriea  of  ohambera,  and  are  finallj  ducluiged  under 
the  &r»frate. 

An  anangement  of  rerolving  fiuia  and  blades  in  eon- 
jnndion  with  a  stream  or  streama  of  water  to  wa^ 
the  fome^  and  pits  or  hollowa  to  receive  and  collect 


FaannK  the  gaaea  tlmni^  ahowoa  of  pmilying  liqnida 
prraaeed  by  neans  of  revolring  agitntora  armed 
wiUitoislMii 

Action  of  jeta  or  abowers  of  water  on  smoke,  ftc 

Fans  K^Ung  in  ooDneetion  witb  a  cistern  partly  filled 
wid)  water,  and  divided  by  perfimted  floors  or 
wire^ganie  pertilitma. 

Use  of  perfbrated  disks,  ftc,  which  sre  eithra  altenutol]' 
inmiened  in  and  withdrawn  ftom  a  fluid,  so  pn- 
smiing  it  in  a  flhn  to  the  gaae^  at,  bong  poina- 
nently  immeraed,  serr*  to  piomote  it*  coiOaet  with 
tile  ftmiM  as  tlie  latter  ate  {breed  throng 

Condenaing  lead  fbme  by  caosing  it  to  come  in  contact 
with  watte  htkm  reaching  Hie  chimney. 

Steam  Uuowii  into  fine,  alao  raising  the  steam  by 
placing  water-tanks  in  fines. 

Employing  a  &d  to  fbice  tlie  smoke,  &c.,  tbrongh  a 
aence  of  chambora. 
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LEAD ;  ALLOTS. 
OihtT  fatenU  rtiaimg  to  Lead. 

OI4KC  of  PUmL 

DiuolTing  ralena  in  hjdracUoriG  acid,  and  prwamtatiiig 

ozid*  of  lead  b j  on  «1V«li"n«  earth ;  tile  coide  to  b« 

■melted  in  ths  unul  mj. 
EslMCtioD  of  lead  from  capel-'bottoma  by  acetic  add  or 

canatie  potuli. 
CMting  irOD  and  Iteal  witli  an  alloy  of  lead  and  acti- 

mon^,  or  lead,  antunouy,  and  tin. 
Eztnetion  of  tile  lead  frmn  "  in^mmng"  oxides  1^ 

acetic  acid  or  nibio  add,  Ute  oxide  of  antinioaj 

being  left. 
Deoompooition  of  meodipite,  oojialts  of  lead,  ftc,  I, 
piodiiM  an  oxide  for  acetate  ^ 


T.  B. 

*-»*•".  AUOTS  OV.  Leadfinma  alloravithiannlmetala  brainiple  foiion, 
and  many  of  dleM  alloja  am  definite  cheBuoal  oomponnd^  whiehpiodDce  mechanical 
miztnna  wben  fb»ed  «ith  either  of  tha  conatitiuaita  in  ezeeaa.  Tlui  latter  &ct  has 
giTni  rioe  to  the  metallnrneal  operation  of  eliqnation. 

1.  With  Antimonv.— Lead  alloTB  itself  vith  this  metal  in  •ereral  praportions, 
and  the  allocs  an  hatdei,  more  tender,  and  oxidise  more  eaailj  tluui  iMd. 

The  choracteriltia  action  of  the  antamony  is  to  render  the  alloj  more  Aieible,  as 
veU  as  harder  than  either  metal. 

An  alloy  of  e^nal  parts  of  the  tro  metsla  is  poroos  and  brittle :  3  pts.  of  antimony 
with  1  pC  of  lead  produce  a  Teir  haid  alloy,  capable  of  receiving  a  fine  polish,  and 
tuwd  to  make  the  cays  of  irind  inetzmnents;  3  pta.,  and  eren  <  pla.  of  antimMty  to 


g  Um-^Mtal,  a  little  line  being  some- 
amea  aaaea.  Dome  ^pe-fbonderi  add  1  pL  of  tin,  bnt  this  addition  is  only  miitsble 
fbt  iterNtrpe  plates.    The  plate  on  wfaidi  mnde  is  printed  ii  oompoeed  of: 

Tin 13  pt» 

Lead 7  pU 

Antimony 1  pt 

!n«  ordinary  eompodtion  of  ^p«-metal  !■: 

Lead B8  pta. 

Antimony  .       .        .17  ptk 

Wben  (his  alloy  is  heated  in  the  air,  the  aotiaioiiy  is  oxidised  mMe  r^ndly,  and  at 
a  lower  temperatnra  than  the  lead,  but  tlfe  oxide  vhich  is  obtained  almjs  contains  a 
lante  percentsoe  of  oxide  of  lead. 

Emray -vheeli  and  grinding  tools  fbr  the  lapidaiy  aiefbrmedof  an  alloy  of  antimony 
and  lead. 

Mr.  Jai.  tf  asmjih  has  soggorted  the  nse  of  lead  as  a  sabstitute  for  all  vorks  of  ait 
hitherto  executed  in  bronse  or  marble,  fie  statee  that  the  addition  of  6  per  cent,  of 
antimonj  gives  it  not  only  hudness,  bat  greater  capability  to  ran  into  the  moat  delimte 
parte  of  the  woA. 

la  fbnnd  on  the  hearth  oi 


Cadmium 1-60 

SUra O-U 

Hickd,  anenle,  and  sulphnr  liscW 

99-7* 
3.  With  Atianie.— l^e  preaeoee  of  this  sobetance  renders  lead  brittle,  ^yiih 

white,  and  very  fnsibla,    The  application  of  heat  e^>elB  a  portion  of  the  arssnic,  bat 

the  remundet  resiste  the  higheat  temptrstore. 

This  alloy  oonMitntee  the  metal  of  which  shot  are  east,  40  Ibg.  of  metallic  ananio 

being  mixed  with  20  ewt  of  lead. 
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It  alw  uirta  natiTe  at  daiuUwl  in  Uie  Hirta,  and  ii  composed  of: 

Lead 07-sa 

Anmia 24-l» 

Aneuical  Fytitw      ....         4tl 


Cot»lt 


0-B7 


100-00 
S.  With  Biimnth. — Tbi*  matal  imltM  vitli  Uad  la  all  pKipaitioii%  nth  oondeiua- 

tioD.  Some  of  th«  tSUrjw  are  mm«  n&ll««bU  Ikaa  lead,  but  tlu  mallMbili^  .limini.ii..: 

a«  aoon  as  the  qaaotjly  of  Umiittii  eqnali  lliftt  of  the  lead. 
When  S  at  lead  are  nnitad  to  3  at.  blamath,  the  niztaie  baa  only  one  •oUdifring 

poiol,  vi«.  110°  C,  bnt  in  PbrBi,  this  point  ii  116°  C. ;  in  FbBi  it  i«  143°,  and  wiS 

Fb%  ths  tenit>entiire  i»  betveen  163^  and  171°. 

1h«  inflnenM  of  the  biamnth  in  theae  alloTB  ia  bbbd  from  the  tolloiring  tables  in 

which  the  nomben  in  the  flnt  and  laoond  oolnmna  indicate  part*  b;  v^ght : 


*ndr. 

Pnportl-- 

Lad. 

Bkoath. 

1 

I 

1 
1 

1 

3 

S 
S 

Bdttls  laminar  fnettm;  odonr  of  binniith;  doea  not  ex- 
pand on  cooling. 

llieaa  aUoja  have  no  ipedal  application  in  the  aita^  bnt  thej  an  naed  to  adnltosta 
BMTCDIT.     ^  alloy  of  1  pt.  lead,  1  pt.  biimath,  ud  3  pta.   meriniTT,  ia  really  an 


>1  BBi&c^  to  lUD  together  in 


le  prepay  of  the  fbrmrr  wli 
I,  vhilB  ttie  latter  baa  no  m 


An  «™aig«™  of  3  pta.  biamnth,  i  pta.  lead,  and  1  pt  mercmj.  It  aolid  In  iht  eol^ 
bat  when  pieeei  of  it  an  nibbed  tocether,  th^  immadiatelT  melt 

Lead  and  biamnth  ooeoi  uweiatedin  Dabiie,  m  the  mineral  ZbieUttealrtadrdeaeribed 
(p.  MS). 

4.  With  Biamnth  and  Antimonj.— When  antimony  ia  added  to  the  [ovrioiia 
alloy  in  qnantity  eqnal  to  the  biamnth,  a  metal  ia  obtained  wtich  eipanda  on  eod- 
Adranlage  ia  taken  of  thia  in  caating  iteMO^pe  [Jatee;     Tlus  aUoy  hw  the 


fiiSowing 


70 


_., ,  ^,.  -  to  thin  iheeta,  rtieh 

an  nty  loittle.    Bitrin  acid  diaacdvea  the  lead  wilhoitt  attacking  the  chrominm. 

8.  With  Capper. — The  alloys  of  lead  and  copper  are  diillcnlt  to  prepare  and  to  we< 
aerre  at  a  high  temperatnre.  The  copper  muat  be  introduced  into  a  bath  of  tead 
heated  abore  redneu,  and  the  alloy  rapidly  cooled ;  eyea  then  aome  portiona  are 
reddiah-eolonred,  indicating  the  commencement  of  a  diatinion  of  the  elementa.  If  Ute 
alloy  ie  heated  to  the  melting  point  of  lead,  the  latter  abandona  the  copper,  irtiiah  ia 
i^in  thefinmof  aporoiwmaia. 

The  praecea  of  eliqiutioD  ia  (bnnded  npOD  thia  Out,  and  aa  the  ailTar  pnaent  in  the 
copper  naa  a  gnat  aninity  for  die  lead,  the  lattar  eaniea  off  tha  cilTcr,  which  ia  aeg^ 
rated  in  the  muiner  ahready  described  (ii.  S2). 

In  smelting  aalphide  of  copper  contaming  inlphide  of  lead,  the  lattei  metal  paaaea 
off  in  great  meaann  in  the  acoris  in  the  fljit  operation*,  bol  is  finmd  in  the  copper 
of  the  aabfaqoent  ti 
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There  wonld  ai 
aim)  melting  at  a  niglier  point  tlian  ti 

fintall  quantitiea  of  Itad  ■<i»niiii.ti  tlie  dnctili^  of  ooppar  at  ordinuj  tenpmtoiM, 
and  St  a  led  heat    Coppsr  oonteiniug  emu  O"!  pw  oest  at  tcad,  ma;  »tiU  be  lued  fiv 


tjpee. 

7.  WithKaDganeae.-^Whsnamixtiira  of  S93pta.  of  [nrtoxideof  maiigkiMMand 
3789  pta.  of  litharge  ue  heated  with  a  httle  chaiooal  in  a  ehaicoal-Iined  cnuibU,  a 
homogenecrae,  oompact,  and  dnetile  alli^  ii  obtained,  iriiich  can  he  rolled  into  thin 
■heete  of  great  lustra. 

B.  ^th  Maicnrv. — IHiia  metal  ia  eeailj  anojed  with  lead,  eitha  W  intiDdiidng 
the  f(Hmer  into  the  utter  in  a  melted  etat^  oi  hj  bdtnialisg  lead  Imngi  with  tlie 


^ , I  a  hriUiant  white  edonr,  and  still  remains  liqmd  eren 

with  ae  mnch  m  83  par  cent,  of  lead,  bnt  it  soils  the  flnsers.  The  amtlgun  of  equal 
puts  can  be  ctTitallived,  aiid  a  piece  of  lead  plnnged  into  this  «in«lg».Tn  is  fiioud 
MTSied  with  dystaU  when  it  is  withdrawn. 

The  amalgam  has  a  bighei  epeciSo  graTity  than  either  of  the  metsls,  owing  to  the 
Kmtiactioa  which  they  nndeigo  in  combining. 

The  preiinice  of  O'OOOa  to  0-00026  of  lead  im;  ... 

teM  sod  tlismometen, 
globolea  on  the  ooDTez 


of  the^ 

QT.-W 

to  the  alloy  o 
Be  has  propose 
ipe.    It  i«  oompoMd  i^  941  per  cent  Ind,  4 
id  not  to  be  M  nftdtf  enemtted  with  br       ' 


9.  With  Usicnrj  and  AntimoDT. — Wettostadt  has  fixmd  that  the  addition  of 

a  email  qnanti^  of  mocmy  to  the  dloy  of  antimonT  and  lead  rtmorea  the  teDdenej 

is  metal  to  oxidation.    He  has  proposed  to  ose  the  bridle  alkiy  as  a  ahealhiiig  tar 


10.  WUi  Fotaesiam  and  Sodinm.— The  aDoja  of  lead  with  thoe 
fbmed  lAxa  a  lednoii^  alkaline  flu  is  flued  with  oxida  of  lead,  m  flat  noticed  bj 
Vatiqadin ;  and  Semllas  has  deecribed  the  prapertita  of  one  of  theae  alloys,  obtainad 
when  100  pta.  of  litharge  are  stion^y  he^ed  with  SO  pta.  of  eteam  of  tiztar.  The 
alloys  can  also  be  prepued  directly;  that  eontaining  U  pra  cent. of  Its Tolnme of 
potaseiiim  is  hrittl^  wiu)  a  eoane-g^ained  fraetore.  A  siiailar  alloy  witli  sodinm  is 
btoish  end  malleaUe,  btit  that  with  one-thiid  of  lodinm  is  brittle.  These  alloys, 
distilled  with  tlw  iodides  of  «th]4,  methyl,  fto,  yield  the  lead^omipannds  of  the  aloohtd- 
radieleo.    (Saa  lajj>-»tiaaaa,  Oaatxto,  p.  MO.) 

11.  VithTiD. — Lasdni? lie  Aised  with  this  metal  in  all proportioiis,  bnt  the  dsnai^ 
of  the  nmltiiiig  mixtnrea  doae  oat  oorreapond  with  the  speoiflc  gnTitice  of  the  two 
metals.   The  fbUowing  Ubla  ooDtaiiis  ths  reanlU  of  Evpffet's  (a 


CPF-llb. 

<>ru» 

SpedBcGntUr. 

>^ 

AlloTL 

Femid. 

Diftmnoe. 

lead,  pare 

11-3808 

IW 

Tin,  nue 
SnPpV 

7-2811 
S-4288 

9'4306 

0-0103 

230 
341 

anPpb* 

10-0782 

I0-093S 

0-0164 

Snl^b- 

10-38fl8 

10-4122 

0-0264 

2se 

SnPpb' 
PpbSn' 

10-6661 

10-6001 

0-0431 

8-7464 

S-761B 

0-00S4 

196 

PpbSn* 

8-2914 

S-3988 

0-0069 

186 

PpbSn* 

8-1730 

S'l<16 

0-0096 

189 

PpbSn' 

8-0279 

8-0372 

l>-0093 

194 

PpMn* 

7'9210 

7-fl62a 

0-0116 

The  lead,  fo  «aft  in  itself,  has  the  atORQlar  [oopertT  of  inireaiiiig  the  haHnem  of 
the  tin :  it  slightly  darken*  the  oolanr,  giTee  a  grained  ftaetnre,  ancTcanBee  the  pceo- 
Uar  ereakbg  Mnnd,  piodnoed  on  bending  tin,  to  disappear. 

The  alloys  of  lead  and  tin  are  dietJogoiabed  by  the  bcility  with  which  they  ignite 
and  bnrn,  He  alloy  of  4  ot  6  pta.  of  lead  and  1  pt  tin  burns  like  dtareoal  at  a  red 
heat,  the  oombiiftioD  eontinidfig  like  that  of  an  inltariar  p«at^  with  the  finmatun  of 
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csulifloiraT  ezcncramcea.  This  udon  aiipeais  to  b«  due  to  the  aflbii^  irhidi  exiatA 
betTMa  ths  two  oxidea.  The  ozidN  n  n»iaed,  vhen  ftusd  either  alone  at  with  lilka 
and  an  alkali,  piodnoe  ■  vhita  opaque  ound  used  lbs  di<U-plaitt,  ftc,  mud  alao  in 
eartheniTHn. 

The  tolderi  ued  b;  plnmben  tut  much  in  oompodtian,  but  tham  are  thise  com- 
Dion]jkno«naBj!tui0M«-,aompoaedof  SptLof  tdn  and  1  {4.  of  l«ld;  cvnBim  mUo-, 
eantaiiiiiif;  equal  pta.  of  each  metal;  and  eoartt  aotdtr,  eompOMd  of  2  pta.  of  lead  to 
1  pL  (tf  tin.  Tomlinaon  giTea  the  follcnrii^  table  <J  the  oompoaition  of  thna  alh^c 
and  ttteii  meltiiiif  pointa: — ^ 

Tin.       L<wL    Hdlliif  PDtDt.  Ha.       Ltad.   H«ltfevn<at. 


peTter,  and  then  etamped  bj  the  offiecz  of  the  Plnmben/  Compmnj.  No.  8  i>  i 
aoldeiine  caat  iion  acd  stoe],  Bal-ammomac  or  oonunoD  reaiii  being  need  M  flnz. 
Tbia  alloy  ia  also  need  for  tinned  iron,  with  chloride  of  nna  or  reain  as  the 
flux.  Qold  and  itlTeF  an  alao  aoldered  with  Ko.  B,  and  Venice  tarpentine  for  a  flnz. 
The  same  alloy  is  used  with  onppei,  braae^  gilding  metal,  ran  metal,  &c,  and  sal- 
amimmiac,  chloride  of  one,  oi  ream  ai  the  fiax  ;  withdnc,  and  chloride  of  one  aafloz; 
with  lead  and  tin  pipes,  with  a  mixtuie  of  iweet  oil  and  cesin  u  flnz ;  with  Britannia 
metal,  and  chloride  of  rinc  or  tesiQ  aa  flax.  The  allofs  4  to  S  are  naed  fin'  ordinaij 
plumber's  woi:^  with  tallow  aa  flnz. 

Faeltr  ia  anothei  alloy  of  theae  raetala,  and  the  (zade  in  thia  article  ii  fo  important 
in  thia  anmtiy,  that  the  pswterera  hare  formed  an  incorporated  oonipBoj  ever  aince 
1474. 

Common  pewter  ia  compoaed  of  80  pta.  of  iMd  and  30  pta  of  tin,  bnt  other  metala 
■n  BOmedmea  added,  aoch  aa  oojiper,  antimony,  and  Eote.  The  mannbctnrera  of 
fewUa  state  that  a  better  pewtel  is  obtained  by  worhiiig  op  old  pewter  with  freah 
in^edienta. 

Holtiapfel  givea  the  following  acoonnt  of  thiM  alloya: — "Somepewtora  are  now 
made  aa  Dearly  aa  common  aa  thi^  of  sqnal  parta  of  the  metala :  when  caat  they  are 
black,  ahiniog,  and  soft  ;  when  tnrtied,  darii  and  bloiah.  Othn  pewtara  only  contain 
t  or  }  of  lead;  theae,  when  caat,  are  white,  without  gium,  and  hard ;  aneh  are  pro- 
nounoed  very  good  metal,  and  are  but  little  daiker  than  tin.  The  Frcmch  Icgialataie 
aanetioDa  the  employmebt  of  18  pe*  ee"'-  f^  IauI  wrth  fl2  n^ir  Matt  M  »*»  »  ^i,:*^ 
'  "  ji  vends  for  wii 
itaufts  tnoetiy  o 
BHoaL  eonorooa,  bat  uib  pawLBr  uaouinua  unJwq-vuKiiuvu  wam  uie  copper  la  m 
m.  The  copper  ia  melted,  and  twice  iti  vndit  «f  tin  it  added  to  it,  and  from 
aboat  \  to  Tlba.  of  thia  alloy,  or  the  temper,  are  added  to  em;  block  of  tin  weighing 
from  3S0  to  aSDlba.  Antimony  ia  aaid  to  bardMi  tin,  and  to  preamve  a  mMe  Sixeey 
colour,  but  ie  little  naed  in  peirter.  Zino  ia  em^^yed  to  deanae  the  metal,  rather  than 
aa  an  ingredient.  Some  atir  the  flnid  pewter  with  a  thin  atrip,  half  Einc  and  half  tin; 
othera  aUow  a  amall  Inmp  of  rine  to  flMt  on  the  mirboe  of  the  fluid  metal,  while  the; 
Me  '■««Hng,  to  leSBan  the  oxidation." 

Tiaie  pewt«r  is  the  hardeat,  and  is  need  fbr  Tw»Vng  platea  and  diahea.  The  pewter 
celled  (f^Ae  is  naed  Ibc  betr-pota,  and  Ug  tae  the  laran  wine  meaamea. 

Pewter  wares  an  formed  nther  by  hammering  or  by  casting  platea  and  dishes  being 
hammered,  while  meaaores  and  apoona  are  caat.  Pewter  it  alaQ  made  in  the  fbrm  3 
sheets  for  oigraTing  disw  mnaie,  the  softneaa  of  the  metal  allowing  the  notes  to  ba 
fiinnad  by  means  oa  pimcnrs,  instead  of  eogiBTing  with  a  bnrin. 
Lapidarin,  jewelleial  and  watchmakem  nee  Iqia  and  polishen  of  pewter. 
Although  lead  is  so  pdaonooi  a  metal,  it  can  be  employed  in  domMtle  nlei^lit 
when  alloyed  with  tin,  which  would  ^ipear  to  neotmliHe  thia  action  of  the  lead.  In 
an  aiUoy  of  3  pta.  ot  lead  aod  1  pt  of  tm,  Ptooet  and  other  chemist*  have  found  that 
Tinegar  dieaolTes  out  nothing  hat  the  tin ;  bnt  tor  domnatic  nttnaila,  Yauqneliu  haa 
shown  that  the  lead  ought  not  to  exceed  17  or  18  per  cent.  An  alloy  of  3  pta.  of  lead 
and  6  pta.  of  tin  is  used  for  tinning  certain  articles  of  aopfei. 

The  6riliiaiiii  of  foJUuit  are  nude  with  an  alloy  of  19  pta.  of  lead  and  29  pta.  of 
tin,  which  ore  (naed  together  and  allowed  to  cool  for  a  short  time.  At  this  point  11m 
alloy  adheres  to  a  glut  tube  cut  into  fiweti^  on  whidt  it  is  allowed  to  solidi^,  and 
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from  vliich  itc&n  aftenrarda  b«  eaail;  nmored.    A  leni  ptnngsd  into  tUe  iBof  fcnns 
ft  brilliaot  miiTor. 

Thau  allovi  form  n>p«rior  batha  in  whub  to  bnnper  Taiioiu  *iti(^  of  eUel ;  th« 
BjUowisg  table  eontaiiu  all  the  in&imatioii  on  thi  Babject : — 


Alter. 

CHdHUtok«Mnp««. 

LMd. 

Tto. 

c. 

F. 

1« 

8 

218-40 

LanceU. 

IS 

8 

221 

4Z9'S 

Other  surgical  lattnunCDts. 

IS 

225 

137 

17 

8 

240 

464 

Fenknive.^  Ktlp^B,  cold-duada. 

SS 

262 

fi08-6 

60 

27S 

627 

Table-kniTaa,  Higa  mi«oa. 

96 

8 

284 

643-2 

StroDg   ^mg*,    pomarda,    angen,    mall 

For  higher  temperatures  recoorae  moat  be  had  to  other  hatli& 

Alloya  of  lead  and  tin  are  also  employed  in  "mVing  anatonuea]  i^jectioni. 

12.  With  Tin  and  Bismuth Tbeas  ternary  eomponnda  at«  wall  known  nnder 

the  name  of  fiui&U  alloj/i.  Thij  melt  at  low  temperBtnna,  some  even  below  the  heat 
of  boiling  water.  Thia  ia  one  cause  why  the;  are  so  rarely  obtained  in  a  perfectly 
homogeneous  condition. 

There  are  aereral  of  these  alloya  known  by  tlie  name  of  the  &rat  obswra ;  thtu^  the 
following  all  melt  below  the  boiling  point  of  water : 
Obnw.  LMd. 

Hombeig. 
Sosa 


Ktattt 


122-00  C. 

SS-75 

94-44 

104-00 


In  whatererproportioDS  the  three  metals  are  mixed,  they  exhibit  one  fixed  solidifying 

pointy  at  98°  C,  and  two  higher  points  which  are  variable. 

Whea  120  lbs.  of  an  alloy,  connating  of  3  pts.  tin,  2  lead,  and  6  bismnth,  afe  loelled, 
they  yield,  on  cooling,  toUnbly  definite  oyatals,  which  melt  below  100°  0.,  and  con- 
tain neariy  eqoal  nombars  of  atoma  of  the  three  metali^  m  16-76  pet  cent,  tin,  26-66 
lead,  and  67'68  bismath. 

The  melting  point  of  fosible  metal  ia  raised  by  the  addition  of  potaasinm. 

This  alloy  preaents  many  anomaliea  in  its  mlatatdon  and  ooDtnuAion ;  thns,  at  a 
tempentnre  fiom  aero  np  to  86°  C,  the  Toliuns  inereaaea  in  tJie  proportion  of 
100  :  100-83,  and  it  i^iTniiii.ln»i  ap  to  66°  C.  in  the  ratio  of  100-83  :  S9-13,  which  is  its 
point  of  greatest  density ;  it  then  begins  to  expand.  It  is  remarkable  that  its 
!"«"""""  lolome,  reached  at  36°  C.  is  the  aame  as  that  which  it  pruumMif  at  96°  C., 
which  ia  the  melting  point  of  Boee'a  alloy. 

It  ia  impoasibls  to  determine  the  meltuig  point  of  these  alloys  except  b;expr~ ' 

thns,  in  Newton's  fliaible  metal,  which  melts  between  1BS°  and  301^  F.,  the  Ui 
point  ought  Co  be  620°,  aa  shown  by  the  calcolation, 


+  6Pb  K  600  +  SSn  X  443 


820°  P. 


The  following  table  o 


e  melting  points  of  rariona  allciys  (^  theae  three 


130-80°  C. 

8 

8 

S 

12210°C. 

0 

8 

127-60 

97.78 

8 

H 

8 

147-40 

108-64 

8 

113-20 

B 

fl 

lie-OS 

S 

fl 

14 

13970 
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le 

18 

140-80°  0 

18 

IS 

144-10 

le 

SO 

147-40 

i« 

22 

1S2-80 

18 

24 

1(4-00 

18 

24 

1S2-90 

20 

24 

\Sl-90 

22 

24 

161-80 

34 

24 

lfi2'90 

26 

24 

lfi8-40 

40 


188-M 
158-40 
167-30 
158-40 
169-60 
160-80 


d.  and  bumnth,  with 


1,  which  tndta  balow  the  taang  points  of  both  lead  and 
Itiimnth,  should  niw  the  oeHdag  point  of  them  alio;!. 

Thau  allofB  ore  of  great  ralne  in  regoUtiiig  the  tenq)aiiig  of  delicate  uticlea  of 
entlatj.  Thej  bid  aUo  lued  for  tekiiig  impreeaiane  of  medsU,  haf-relieA,  and  on 
the  Continent  fbr  prodveii^;  eaata  of  metals  bj  the  dichi  proceea.  Thtj  can  oLki  be 
anplojed  to  take  cseta  from  the  anc&co  of  wood  and  embosaed  paper.  Beantiftil 
caata  of  the  internal  ear,  ahoving  the  compleiitiea  of  ila  bonj  cavitiei,  have  been  made 
with  them ;  abo  cake-monlda  tor  the  manabctnre  of  toilet  aoapa. 

Two  of  theae  alloTB  axe  well  known  in  thi«  oonntiy  under  the  names  of  Sriiamtia 
Ktetal  and  Quttn'i  nulal.    The  former  is  composed  of  eqnal  parta  of  bnss,  tin.  anti- 
mony and  bismuth ;  the  latter  of  1  part  each  of  aatimoiiy,  lead  ai 
9  parts  of  tin.     BotL  are  need  (or  malnng  teapots,  apoooe,  && 

A  Bsfer  and  better  alloy  ia  aaid  to  be  tnaiie  bj  adding  to  100  pts.  of  French  pewter, 
6  pta.  antimony  and  b  pta.  brasa,  to  harden  it 

In  BiTmin^iam,  teapot^  milk-jnga,  &e.  are  made  into  fbim  by  >  process  called 
tpinmnff,  irinch  conaiita  in  briogmg  the  sheet  of  pewtei  againat  a  rapidly  roTolving 
tool,  bj  wbieh,  with  a  little  duleri^  on  the  put  of  the  workman,  it  is  gradoally 
Culuonfd. 

13.  With  Tin,  Heicnrj,  and  Bismuth. — The  addition  of  marenry  to  the  three 
netala  fbrming  the  prerions  alloys  lenders  them  mach  more  foaible,  and  oommnnicstee 
tome  naw  propaitiea. 

XKArctt^a  alloy,  nniilaztoNewton'a,  whan  amalgamatadwithmeieniy,  melts  at  46°  C 
TU*  tiioj  or  amalgam  is  ^racially  Taloable  in  nuiing  anatomi^  preparations.  It  is 
intiodaeed  int«  the  parta  c^  the  body  in  the  liquid  state,  and  allowed  to  solidlff .  The 
flceh  and  other  animal  mattcra  are  afterwards  diaaolved  and  remored  by  a  atrong 
Bolution  of  potash. 

The  intanor  of  glaaa  tubea,  globes,  Ik.  are  tinned  by  meana  <£  this  amalgam,  which 
ia  poured  into  the  Teasel  by  meana  of  a  fhnoel,  in  the  liquid  alate,  and  genUy  agitated. 
Toe  anrplna  ia  then  ponred  ofl^  and  the  operation  ia  complete.  Olaaa  <i  diffiirent 
cohran  ia  employed,  and  objects  of  great  beao^  are  thoa  bbkIj  preparad. 

Hie  best  con^toond  ia  oompoeed  of  1  pt.  lead,  1  tin,  3  bumnth,  and  10  mocory. 
The  first  three  are  ftited  together,  and  thpo  the  mercny  lE  added. 

14.  With  Tin  and  Copper. — An  allcr  of  these  metals  was  used  by  the  ^Romans  for 
oaating  statues,  &c.  It  was  fonned  of  67-13  percent  natural  hrons^  22'37oldt)i>onie, 
S'26  tui,  and  6'2S  lead. 

Bronie  is  made  of  copper  and  tin,  to  iriiich  some  mannftctnrera  add  a  little  lead, 
and  in  the  analyses  of  several  sndent  coins  by  Phillips,  lead  appears  to  have  been  an 

T .__.  .___^j^^,_    (See  Tabla,  ToL  iL  p.  46.) 

■  mixed  with  copper  in  the  propcstion  to  6  to  1,  ordinary  pot-metal  is 

80-0 


Whra  : 


^Udayw 


copper  in  the  propcstion  to  6  to  1,  ordinary  pot-me 
a  qiialily  irtiioh  ia  cbaracteristio  of  these  alloya. 
9  of   6'S  per  oeat.  aini^  10-1   tin,  4-3   lead,  and 


is  made  in  India  by  combining  2  pta.  of  tin,  4  pta.  Iwd,  and  16  pta. 
omwr,  aodia  aiterwaida  melted  in  the  procoition  otSpta.io  16  ptB.of  EiDe. 

The  other  alloya  of  copper  to  which  small  quantitiee  of  lead  are  added  are  deaeribed 
ia  another  part  ot  thia  dictionaiy. 

IS.  With  Zinc — This  metal  communicates  hardness  to  lead,  and  the  property  of 
leeeiTiDg  a  fine  polish,  wilhont  rlimiTiintiing  the  maUeability.  The  two  metals  may  ba 
fosed  in  sny  proportion,  but  the  slloys  are  all  decomposed  at  a  white  hea^  the  zinc 
b^D  TOlatilised,  and  carrying  off  with  it  large  quantities  of  the  lead. 

The  presence  of  lead  in  aac,  however,  ia  sud  to  be  iqJTtrioua  to  the  latter  metal 
when  rolled  into  stieets,  Himiniahing  its  elasticity  and  probably  its  teoadty. 

When  equal  quantitiet  of  iMd,  nno,  and  bitmuik  are  fosed,  an  alloy  is  obtained  which 
meltA  in  boiling  water. 
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The  may  of  Itad,  ftn,  uid  tine,  ZxnSa'Ppb*  -  ZmSn'.SPpb&i',  Iim  bat  one  *c4idi- 
tjiag  point,  yia.  at  168°  C,  but  mU  othor  al^ja  lum  si*!!  tiro  higher  pointi^  b  mi  e. 
Alow.  a<dMUyiD«  pgfaiti. 


173       178 
.    .       175 


T.a 


or.     (8eep.6>i.) 
(See  p.  S33.) 

_  mor,  PbBi  oi  FpbBi*,  ia  obtuned  by  the  u       ,  _   _ 

the  ehhtrida^  vhieh  it  nmnblea  in  ariteUiiie  fbrm.    It  ii  eaaiswhat  leia  eolable  in 


ride,  to  ■  vhite  honij  laaa.  By  ftuion,  in  eontset  vith  the  aiz,  it  ii  converted  into  a 
buio  bromide  or  oxjbrDmide.  It  onilee  with  the  bromidse  of  poCaieinm  and  aodiBm, 
forming  ojetBUine  double  aalte,  which,      werei,  mra  deoomposed  bj  water. 

Aettobremid*  of  liad,  PbBr.CHTbO-,  or  FlumbobranaotUn,  '^^Jb,. 
ia  obtained  like  thft  oamapondiug  ehlorine-compoand  (p.  6S9),  which  it  imiiiiilil*a  m  it* 
ptoperCiee  and  reactiatia.  (Carina.) 

&M&B,  ■XOMMUBBOWATB  (W.  An  inaolnble  oomponnd,  prodnoed  by 
boiling  together  aqniralent  ^nantities  of  bromide  and  carbonate  of  lead.  It  fuaea 
readily,  and  when  fnither  hnted  givee  off  carbonio'  anhjdridt^  and  leaTea  an  oij- 
bromide  of  lead. 

A  bromephatpiata  and  bromopkoijMU  of  Uad  may  be  fbnned  in  like  manna. 

KHAB,  fiaUnmiB  <tr.  FbCl  ts  FpbCl',  JtayiMUrinat  plitmbi,  ■omelimca 
called  Horn-Uad. — Lead  uniCee  but  alowly  with  chlorinr,  tlie  eombinatioa  not  being 
attended  with  viaible  combustion  ;  it  ia  also  bnt  slowlj  attacked  by  hydrodikuie  add, 
and  odIj  when  in  contact  with  the  air ;  on  the  application  of  heal,  it  diaeolTea  slowly, 
with  erolntion  of  bydn^en.  The  chloride  ia  prepared  bj  boihna  the  protoxide^  or 
cvboHsle,  or  milphide  of  lead,  with  wster,  into  which  hjdroehlorie  tdd  ia  dropped  aaloiiB 
as  the  cenlting  chloride  of  lend  eontiniin  to  disaolTe,  or  hj  adding  hydrochloric  acid 
or  chloride  of  ■odiom  to  a  concentrated  nolution  of  a  kad-ealt.  Chloride  of  lead  haa 
nleo  been  fbnnd,  u  a  natoral  product,  called  cotnnnite,  in  the  enter  of  Vaaailu^ 
after  the  ernption  of  1822,  mixed  with  chloride  of  aodiiun,  and  chloride  and 
Enlpbate  of  copper.  Thii  nstiTe  cbloride  oconrs  in  trimetrio  crylbili,  in  vfaich 
oiP  :  bF  —  99°  46'j  oF  :  f  en  —  149°  14';  and  the  ratio  of  the  prindnl  ama, 
biBchydiagoQul  and  mscTDdiagonal,  is  aa  0-SB63  ;  I :  ItSSS.  The  obaerred  planes 
am  03p,  <ef  00  ,  a$io  2P« ,  1^a> .  Alto  acicaliLr  ciyitala.  It  is  eoft  enoti^  to  be 
scratched  by  the  nul,  and  hu  a  apedfle  gmTi^  of  S'SSS.  Iflstre  adamanting,  inclin- 
ing to  ailky  or  pearly.    Calonrwbite.    Streak  white.    (Dans,  iL  97.) 

Chloride  of  teed  diHolvea  in  13fi  pta.  of  cold  water,  m  leaa  than  80  pte.  of  boiling 
water,  and  aeparstee  from  the  aolution  in  long,  flat,  needle-sh&pad  djatola.  It  dia- 
...1 —  £jj  p,^^  water,  and  in  eCiong  hgdroclUoric  acid  more  euily  than  in  the  dilute 
idther.'  .      -       T       -.      .  -  ■         ■..       -  - 


and  &om  the  aatunted  aqneons  aolDtion,  on  addition  of  hydrochloric  acid.  It  ia  alao 
■omewhat  aolnble  in  weak  alcohol,  ftrj  epaiingly'  in  alcohol  of  76  per  cent.,  and  in- 
Bolnble  in  alcohol  of  94  per  cent..  Its  aolnbility  m  water  ia  greatly  diminiahed  by  the 


pnaence  of  chloride  of  "I"""*  In  aolntiona  of  alk^ine  hypoanl[diitee,  or  of  ac^^te 
of  Bodiom,  on  the  conlraiy,  it  ia  mnch  nune  aolnble  than  in  water,  eo  that,  on  mixing 
aaolntion  of  190  pta.  acetate  of  lead  with  fiS'S  pta.  diloride  of  sodiom,  only  13  to  IS 
pta.  of  lead-chloride  are  precipitated,  wheroaa  139  pta.  aM  fbrmed.  A  eidatjoa  of  the 
chloride  in  atzong  hydrochloric  acid  ia  not  precipitated  by  nUphydric  add,  bnt  on  ad- 
dition of  water,  predpitation  immediately  takes  place.  A  solution  of  lead-chloride 
mixed  with  aqueous  lulphydric  add  coctoiniug  hTdrochloric  acid,  forms  a  yellow  or 
reddish-brown  predpitate  of  sulphochloride  of  lead  (p.  669).  An  aijueous  solution  of 
the  chloride  mixed  with  aal-anunoniac  is  not  predpitated  by  snlpbunc  add. 

Chloride  of  lead  melta  when  heated  out  of  contact  with  air,  and  maj  be  sublimed, 
thou^  with  difEcuItj;  the  fused  moss  soUdJSM  on  cooling  to  s  white  banalueent 
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Bnuntd  iDMB  of  ^edflc  gn'''<7  S%  fbnoeTly  eallMt  hoin-lend.  When  heat«d  in 
coDtact  vith  the  au,  it  fiimM  Btronelj  beton  the  heat  lisw  lo  rednoas,  Qien  tuna 
yelloir,  and  ia  converted  into  an  o^chforida  (p.  fififi).  When  it  is  healed  in  a  ibeam 
of  aarioTiK  oxid^  chloride  of  cacbonyl  (phoq^e)  COCP,  ii  ibrmed,  and  metalho  lead 
ia  aeniated  (Q-obel).  It  qoicklf  abeorba  amnumia-oat.  When  it  ia  modeiately 
heated  in  piotphoretled  hydregai  gat,  hjdrochloric  acid  u  eiven  oS,  phoat^oma  diatiU 
over,  and  met&Uic  load  ntoaina.    A  aolntion  of  lu/pocl&Kna  aod  conveita  it  islo 

peroiido  of  Itad,  

ActtOQkloriit  cf  Itad,  PbCLC^HTbO',  or  PWmhoekloraeiiin,  °^K^ia. 
ia  obtained  in  monoolinic  OTHtala,  bj  "■'•""£  lec^utly  precipitated  ehlorida  of  lead 
with  acetate  of  lead,  and  a  anffideiit  qnanti^  of  glacial  acetic  acid,  to  fbm  a  Tiadd 
maaa,  iriiich  aolidiflee  in  a  ahott  time,  uid  either  fneiDg  thii  maaa  trom  ezceaa  of  aeetio 
acid  t^preaame,  or  heating  it  in  aa«ded  tabe  to  ISO"  or  110°; — w  t(«ether  with  ace- 
tate <tf  ethf  1,  by  the  action  of  acetate  of  lead  on  chloride  of  etl^L  It  £aBOlTeB,  thoiu^ 
witli  difflcnl^,  in  acetic  acid  withont  decomwwititni,  but  ia  decompoaad  by  water,  with 
aeparation  ta   a  amaUqaauti^  of  lead-cbloride,  and  fbnnation  of  the  componnd 

PbCiSPHTbO* or  ^  ^^'^tO*, ^riudidiaatina in  tlie  vatM.snd maybe reoTatal- 
lised  withont  decompodtiaD.  It  ia  decomposed,  howerer,  by  (facial  acetdo  amd,  which 
IcaTCB  the  ori^al  eompoimd.  The  compound  ^^b^(Q>  '^  snalogoni  to  glycolia 
chIoTacetiIl,,|-^Q]^l(~(u.  £68)^  and  u^theiefcvebe  called  plDmbochloTsoe tin. 
Ita  oonatitution  afforda  an  aignment  in  &voar  of  donUii^  the  ordinary  ntoaic  weight 
of  lead.    (CaiiuB,  Ann.Ch.Fhami.  cxxriL  87.) 

(CO)'  \  o" 
2PbCLPbH;0',  or  *■    .'    txjp— Eua 

componnd  ia  prodoced  aa  a  white  inaoluble  powder,  bj  boiling  1  aL  cwbonate  of  lead 
with  S  at.  (or  mora)  of  the  chloride,  and  water.  It  also  occnn  native,  thon^  rarely, 
as  coiceons  lead  or  kerasin,  in  acate  quadistic  pyramids  in  which  ^^Tp  in  the 
lateral  edges  •■  113°  48',  and  in  the  tcmuaal  edges  —  107°  2%'.  Observed  Gkccs 
oiPcB  ,  P,  ID  P,  P  and  othera.  Cleavage  distinct  parallel  to  mP.  The  mineral  likewise 
occuTB  in  botryoidal  and  stalactitio  fomiB.  Hardneas  —  2  fi  to  3-0.  Spedflc  gravity 
—  6-0  lofl'l.  Colour  white,  grey,  and  yellow.  Streak  white.  Transparent  to  tranelu- 
cent  Fractare  conehccidaL  Katber  eectile.  It  occnrs  at  Crawford,  near  Matlock  in 
Perthshire,  in  minnte  crystals  at  a  lend  mine  near  SIzin  in  Scotland,  and  at  T^mowita, 
in  Upper  Silesia,  where  also  large  psendomorphs  of  lead-carbonate  (cemsite)  in  the 
form  oi  this  mineral  are  foond. 

Both  the  natoial  and  the  artificial  componnd  Aise  readily,  and  are  converted  at  a 
higber  t«mperatnrs,  with  loss  of  7'S  per  cent.  CO*,  into  the  o^eUoride,  SPbCLPb'O. 
Obtained  in  pale  yellow  fbor-sided  needles,  &odi 

le  looioe  in  Domiuc  r~^~"  -■-'—'-  --"    '•  ■ —  i    ■■     . 

water,  vhidi  ei 

xa&It,  OMIMMOWWrntaVm  or.  Fb^ClF,  or  FpbClF.— Formed  by  precipi- 
tating aqneons  fluoride  of  sodinm  with  a  boiting  solntJon  of  chloride  of  lead,  or  with  a 
mistore  of  acetate  of  lead  and  chloride  of  sodium.  It  is  a  white  powder,  which  tnella 
when  heated,  without  giving  off  water  or  add.  Dissolves  in  water  withont  decom- 
position, and  easily  in  nitric  acid.    (Berielins.) 

^U3>,  flMXOSOVHORPBATa  OF,  When  a  boilini  solution  of  chloride  of 
lead  is  poured  into  a  boiling  solution  of  phosphate  of  Sodium,  the  latter  being  in  excess, 
a  precipitate  containing  2(PbCL3Pb^P0*).H*O  is  formed,  insoluble  in  water,  but  soluble 
in  nitnc  acid/whieb  converts  it  into  a  nitrophosphate.  (Heints,  Foeg.  Ann.  Izxiii. 
122).  When,  on  the  contrary,  a  boiling  solution  of  phosphate  of  sodinm  is  poured 
into  an  ezceaa  of  chloride  of  lead,  a  precipitate  is  formed  which,  according  to  Heinti, 
is  cmnposed  of  FbCl.aPbVO',  bat  aeoording  to  Gerhardt  (Ann.  Ch.  Pbys.  [8]  xziL 
SOS),  of  PbCLPb*HPO*.  The  same  c<mipoDnd  is  formed  when  a  solnble  phosphate  ia 
precipitated  by  a  lead-eolation  in  presence  of  a  Bolnble  chloride. 

The  compound  PbCL3Fb'K)0<  occnrs  native  as  pyromorphite^  sometimes  pure, 
sometimes  having  part  of  the  phosphoms  replaced  by  anenic,  somelimea  aoociated 
with  fluoride  and  phosphate  of  nldom.    (See  PnaMOBPEm.) 

&BA3>,  OMKOBOPKOSVBZTa  OV.  I.ead-salts  added  lo  a  Solution  of  alkaline 
phosphite^  obtained  b;  diasalving  trichloride  of  phasphoms  in  water,  and  neutralising 
with  an  alkali,  throw  down  a  precipitate  containing  a  compound  of  chloride  and  phos- 
phite of  lead,  tmai  wliich  boiling  water  extract*  the  former. 
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,   L  Biaetloni  in  th* 

(try  way. — Lead-BalUbeatodoncharoodlvitlieBcbonBteof  aodiiunort^amdeof  potas' 
rinm,  gire,  in  ths  inner  blowpipe  flames  blninh-white,  nulioalile  beada  of  metallic  lead, 
florroilDded  by  an  iacnutatioii  of  oxida,  bcowniah-jflllow  while  hot^  bnt  ligbt  lemoo- 
yellow  on  eooung.  Added,  in  lather  laige  qnantitj,  to  a  bead  of  micioeoamiG  salt,  they 
give  on  cooling,  a  bead  haTing  an  enamol-wltitie  colour,  or  yellow  if  qnita  aatnrated. 


IL  Beaetiont  i 


lotutiot 


Soluble  lead-oalta  are  coIonrleaB ;  tile  metal  is  pncipitited  from  their  aolctian*  by 

Sulpligdrie  aeid  and  eikiUine  itiipiidw  throw  down  Bnlphide  of  lead  aa  a  black  or 
browoiaii-bUck  piecipilate,  iuaoluble  in  cold  and  dilute  aolntionB  of  acida,  alkalis,  and 
■Ikuline  mlphifles.  In  extramely  dUote  eolotionB,  only  a  brown  colouring  ia  produced. 
If  the  BolutioD  c^  the  lead-ialt  contains  &ee  hydrocMorie  add,  the  precipitate  ia  red  or 
yellow,  and  a  large  axceea  of  hydrochloric  acid  preveata  it  altogether. 

Sl/droMerie  aeid,  added  to  aolatiooB  not  loo  dilote,  throws  down  chloride  at  lead,  aa 
a  wmte  predpilatek  alight^  salable  in  cold  wBl«r,  but  mors  ao  in  boiling  water,  d^Kisited 
in  needlfn  on  cooling ;  km  aoloble  in  dilute  hydrochloric  acid  than  in  water,  but  pretty 
flMely  in  the  tbtatg  acid ;  qiparenUy  nnafiected  by  ammonia,  but  rendered  inaolnble  in 

SiJphune  aeid  uid  tolviU  adphata  throw  down  sulphate  of  lead  aa  a  white  pre- 
cipitate, icarcely  solnbU  ia  cold  water,  (.^— FreseniQB),andindilnteanlphuricacid 
(  ■—Fresenius),  almost  ahsolntely  inaolable  in  alcohd;  lolabla  in  stroim  bydro- 
diloria  add  on  heating ;  in  nitric  acid  more  readily  when  itrong  and  hot ;  in  concen- 
trated snlphorie  acid,  slightly ;  in  ammoniaeal  lalta,  more  especially  the  acetate. 

Cauiliii  potatk  or  toda  throws  down  the  hydrate  d  lead  aa  a  white  [oedpilat^ 
salable  in  adds,  or  in  aicess  of  the  reagent. 

AmjKonia  tJirowa  down  a  white  predpitats  of  basic  lead-salt^  insoluble  in  meeaa. 

Ckromati  of  patanitaii  throws  down  diromate  of  lead  as  a  yellow  piedmtate,  in- 
aolable in  water  (slightly  soluble  in  ezcees,  according  to  Conyb^ie),  soluble  m  potash, 
insoluble  in  dilate  mtiic  add,  converted  by  ammonia  into  a  red  baoc  chromate. 


beautiful  play  of  colonrs. 


or  Tint  Kft  Lmu.. 

Oaaputor 

Io-««. 

R«i«<r 

Autheritj. 

Lead        .         .         . 

Lead,  aa  nitrate 

Oii<leoflead,a>do.. 

Nitrst«ofleaa 

Oxide,  as  nitnte     . 

Lead. 

Oxide,        „ 

100,000  or  more. 
200,000 
860,000 
100,000 

20,000 

26,000 

70,000 

Solphydric  add. 

SohAonc  add  in  ezc 
ih^Erf"'^'^  f 

A.  S.  Taylor, 

P&frand  Hading. 
Laaaaigne. 
Hatting. 

s '  with  ntlphydrie,  aiilphiDia  and  hydrochlorie  adds,  taken  togelimv 
serrs  to  distingnish  lead  fnm  all  other  metala.  ThcieactioMwiUi  iodide  and  chromate 
of  potassiom  are  also  Te^  characteristic. 

UL  Quantitativi  EtIiMalion. 

1.  Cfrdvintttie  rnttkodt.  —  Lead  is  geaerally  mc^t  conrenientJy  eititnated  as 
aalpbate.  ThecooceotiatedsohitionisniixedwithaBli^texeesa  of£fu(emAiAiiruac^ 
and  about  twice  iU  Tolome  of  alcohol,  filtered  after  a  few  haniB,  the  preapitale  then 
washed  with  alcohol,  and  dried,  and  the  filler  burnt  otC.  Or,  »  conddersble  uaount  of 
sulphuric  add  may  be  substituted  fbr  the  alcohol,  in  which  cose  the  woah-wateiB  must 
be  also  addulated  with  sulphuric  add,  and  the  last  waahinga  displaced  bj  alcohol  In 
burning  offj  as  much  of  the  predpit^  aa  possible  ia  to  be  detAcbed  from  the  Alter, 
which  should  be  burnt  sepaiatel;,  to  goard  against  lednction  of  lead.  In  all  casea  it 
is  Bafeet  to  employ  a  porcelain  crudble. 

2.  Lead  mnj  oUo  be  weighed  aa  oxide,  into  which  it  may  be  coaverted  directly  by 
iraution,  or  after  preTious  predpLtattaa  as  oxalate  or  carbonate  (results  low),  or  u 
chromate  on  a  tared  flUer. 
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Volumttrie  mtthe  dt.—VUnj  nwtlioda  Iibtb  been  propoBsd  for  the  volnmetrie 
(sdmatioDOf  lead,  but  the  KreHterDDmber  gite  anlj  appaaamMe  lemke.  1.  Flocaa 
Domonta  adds  to  the  lead-eolnttoa  s  qnantitj  of  eatiBtic  potash  or  soda  snfBdeDt  to 
ledissolTB  the  lead-oiide  at  flnt  piedpitatod,  and  then  adds  to  the  boiling  liquid  from 
a  boretle,  a  rauliiat«d  aolation  of  aulpkide  of  tedium  aa  long  aa  a  prrapitate  ia  therobj 
prodneed.  The  greater  pari  of  the  anlphide  of  lead  cakes  together,  but  the  liquid 
Tenuina  biovniah,  so  that  it  is  diffieolt  to  aee  when  the  precipitAtioD  is  complete. 
The  method  ia,  homTer,  naeful  tor  technieal  pniposes.  The  strength  of  the  aolation 
of  anlphide  of  ■odinm  must  be  determined  ererj  two  days. 

3.  M  argn  e  r  it  te  adds  to  an  alkaline  lead-solution,  ■  gradoated  solntion  of  jwrmati' 
ganatt  of  potassium,  vhich  throws  down  the  peroxides  of  lead  and  ma^aneae,  con- 
tinning  the  addition  till  the  liquid  exhibits  a  permaneDt  green  colonr.  The  solution 
bumps  Terj  atrongl^  when  boiled,  and  the  ready  altenbility  of  the  aalntioti  of  the 

3.  Pappenheim,  according  to  Mohr,  adds  to  the  lead'Solation  a  gndoated  lola- 
tdon  of  t^pkait  ofpotatsivm,  till  the  liqaid  no  longer  produces  a.  y eliow  spot  of  iodide 
oC  lead  on  paps  prepsied  with  aolntioe  of  iudide  of  potaeaiuiu.  Thii  method  yield* 
nearly  axact  reeolta. 

4.  Strang  fAnn.  Ch.  Fhartn.  xcii.  i13)  aapemtimtee  a  solntion  of  a  lead-aalt, 
or  sulphate  of  lead  suspended  in  water,  with  potash ;  adds  an  excwa  of  loliition  of 
cUorideqf  lints,  and  boils  for  a  while,  iriiereby  the  lead  ie  entiralj  conTBited  into  per- 
oxide. ^nieprecipitateiBcoUectedonafill«'andwaahedwilhhotw&teF;  aholeiauiea 
nude  in  tha  bottrau  of  the  filter,  and  the  predpitata  waahed  through  into  the  reaael  in 
which  it  was  fbnned ;  solution  of  stannous  eiimde  ia  passed  through  the  filter  from  a 
buKitte  till  all  tbe  peroxide  of  lead  ia  washed  off;  the  filter  ia  again  washed  with  hot 
water ;  and  an  excess  of  the  tiu-solation  ia  added,  whereby  the  peroxide  of  lead  is  con- 
verted into  chloride  which  is  then  diasolTed  b^  heating  it  with  water  and  hydro- 
chloric add  If  the  exceaa  of  stannotts  eUoridt  in  the  liquid  be  then  determined  by 
mesna  of  a  atsndaid  solution  of  chromate  of  potaaainm,  the  whole  of  the  data  for  calcu- 
lating the  amount  of  lead  preseoC  in  the  liquid  onder  examination  will  be  obtained. 
This  method  ia  exact  and  often  convenient. 

6,  Tths  following  process,  given  by  Hempel  (Jahresber.  1S5S,  p.  6S7),  is,  however, 
nmpler,  and  haa  the  adwitage  of  admitting  til  a  double  veiiflcation.  The  lead  is 
[a«cipitat«d  with  a  meaaored  quantity  of  a  graduated  solution  of  oxalic  acid  added  in 
exceaa ;  the  liquid  ia  nentrabsed  with  ammooia,  aud  the  predpitate  collected  on  a 
filter ;  the  amount  of  oxalic  add  in  the  filtrate  is  then  detannined  by  mMuu  of  a 
atandard  solution  of  farmaagoTKUt  of  pBlassium,  ud  by  dedneting  this  amount  ttoja 
Uls  total  qoautily  of  oxalic  add  need,  the  qoastily  of  oxalic  acid  combined  with  the 
lead  is  found,  and  Uieuce  the  amount  of  the  lead  mav  be  calculated 

The  remit  may  be  cheeked,  either  by  diseating  the  predpitate  in  dilute  sulphnrio 
add,  which  seta  the  oxalie  add  fre«^  and  eatimattng  the  amount  of  oxalic  aad  in 
the  flltzate  with  a  aolotioD  of  permaDganatA  —  or  by  igniting  and  weighing  the 
predpitate. 

Hohr  completea  the  determination  without  flltratiou.  He  adda  to  the  solution,  in 
a  fiaak  holding  800  cubic  centimetres,  a  drop  of  tinctore  of  Utmna;  then  adds,  &om  a 
burette,  a  standard  solatiou  of  oxalic  add  as  long  sa  a  white  predpit&te  is  formed ; 
satmataa  with  ammonia  till  the  liqaid  turns  blue ;  fills  the  fiask  with  water ;  leavee  the 
liquid  to  aland  for  about  half  an  hoar  till  it  is  suffideutly  clarified  to  allow  of  100  cabin 
eentimetne  being  removed  clear  with  the  pipette ;  and  determinee  the  free  oxalic  add 
therein  by  moine  of  a  aolation  of  permanganate,  the  quantity  of  which,  multiplied  by 
S,  gives  the  data  required  for  determining  the  qnantit^  of  oxalic  add  added  in  exceaa. 
It  appears,  however,  that  a  small  quantity  of  aitrale  of  lead  is  always  precipitated 
together  with  the  oxalate,  B     '    "  '  


IV.  Siparafion  of  Lead  from  other  Metals. 
From  an  metals^  not  prsdpitable  as  aulphidee  in  add-solntion,  lead  may  be  aapa- 
rat«d,  by  passing  ti^hydrie  acid  yal  to  saturation  thiongb  the  solution,  ^vionaly  made 
modfntely  add  with  hydrochloric  or  nitric  add.  The  solntion  should  also  be  mode- 
rately dilute.  If  no  other  metal,  predpitable  bj  the  gas,  be  present,  the  pedpitato 
will  be  Bolphide  of  lead  with  an  unccrtam  quantity  of  solf  hnr.  If  this  is  deflagrated 
with  nitre,  and  the  sulphur  estimated  aa  anlrhate  of  banum,  the  difference  between 
flght  and  that  of  the  predpitate,tharonghly  dried  at  100°  will  gjive  the  lead.  Or, 
■^•ittA  ih.  r~.,;.,;>.te  in  a  poK^ain  vewal  with  ftmiing  nitric  acid,  sft«c  detaching 
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it  ai  Msdi  as  pMNtJa  bom  the  Alter,  burning  the  BiUa,  and  adding  the  aah,  we  olitain 
a  mizfain  of  nilphUe  at  lead  willi  a  little  nitimti.  Thia  may  be  converted  into  mlphiite 
1>j  a  iti^t  tsetm  of  pare  Bonoentnt«d  tnlphnno  add ;  tfie  pmdpitate  ia  than  i^ted 
and  weighed,  and  tbe lead  aakiilated  tharejbm. 

Of  thematalimeeipitBblebysnlphjdriaaGid.  gold,  nlatlDnni,  arianie,  tin,  and 
antimony  nu^  ne  taiQua  aqwiated  by  digeation  of  ttie  mixed  tDlpbidas  in  gnlphida 
of  anuDOQium  oontaining  an  ezceaa  of  mlpluiT.  If^  after  tliii  tnatnent,  an;  lilTer, 
mercary,  biamntb,  cadminm,  or  eoppei  be  left  with  the  iMd-aolptude,  Uiiif 
nm  be  Hvanted  by  me  of  tlie  two  following  methodi : — 

It  no  bumntJi  ia  pieaent,  the  solntian  eontainins  the  mixed  ozide^  is  treated  with 
^Mrbo*ait  of  aadnHN,  and  then  digeetcd  with  cyonuM  q/'  potouimt,  when,  on  Altering 
earbonate  of  lead  wUl  remain  alone  on  the  filter. 

From  biamath,  the  lead  may  be  eeparated  by  the  fbllowing  nMlhod,  qnlicalda 
also  to  ilfl  iaolation  &om  mercary,  copper,  and  cadmium,  but  not  frmn  atlrer,  if 
imaent  in  an;  qnanti^ : — Braponte  with  eiceai  of  mlphnric  acid  nnlal  fbmea  of  add 
Mpear,  oool,  and  dilate  with  water ;  filter  at  once  bom  the  mlphate  of  lead ;  wash  with 
aodnUited  water  and  alcohol ;  liien  dry  and  weigh. 

The  method  of  piecipilstiaa  by  Bolpborie  aei<£  or  a  soluble  sulphate,  earvea,  indeed, 
to  aepante  lead  id  aalntioii  withoat  any  preliminaiy  treatment,  from  all  melala,  ex- 
eepdng  baiinm,  etroDtiam,  and  caleinm  (and  perhan  vtver,  t^  **■!>-),  and  from  theae 
aarth-metala  it  ia  eHtily  separated  by  solphydno  add. 

In  alloys  load  maybe  vaty  eenranienliy  aeparated  ftom  biBmnth,  tin,  and  antimony, 
and  with  lather  more  difflcnl^  from  aratmic,  by  conTMting  all  the  metal*  into  aDlphidea, 
and  heatinc  tiie  inlphidea  in  a  itzeam  of  dry  Mofint  gat ;  all  the  other  metals  win 
than  be  Tobtilise^  the  lead  alone  nmainin^ 


T.  Valnation  of  Ziad  Om. 
uBjitht  vet  way. — A  very  conTenient  prcc^sa  for  determiiiitig  lead  in  ores,  (»■ 
pedally  in  galena,  consisti  in  oxidiaiiig  them  with  fomins  nitric  ado,  adding  sulphniio 
ae^  in  ooDUderable  exceas  to  the  slightly  diluted  solation,  filtering  and  inahlng  the 


leaidue  dedncted  from  tha  flnt  weight  gives  the  amount  of  lead-salphate,  from  which 
the  lead  may  be  calcnlated. 

b.  BftJkt  dry  way. — Foe  the  puipoeea  of  aw^ing^  lead  ores  taij  be  divided  into 
two  ^ludpal  clamcs : — 

A.  Orea  &e.  which  contun  no  snlphnr,  araanie,  or  phoaphwaa. 

B.  Orea  containing  one  or  more  en  the  above  elsments. 

A  F)int  chut. — In  the  assay  of  these  cksb,  two  points  require  attention ;  beating 
with  a  redndng  agent  for  the  sppantion  of  the  lead,  and  with  an  ancaline  flux  to 
facilitate  the  formation  of  a  clean  button.  Charcoal  and  argol  are  among  the  b«at 
redoeing  agents ;  carbonate  of  sodium,  borax,  dsprired  of  its  water  by  previous  fusion, 
and  salt,  ate  us^  as  fluxea.  Black  flni,  or  a  mixture  of  carbon  in  a  fine  state  of 
diriaion  with  carbonate  of  potassium,  may  slso  be  employed.  The  following  mixtures 
will  0ve  some  idea  of  the  proportiona  in  which  these  reagmts  shonld  be  employed, 
but  &ey  mnat^  of  eonrse,  -my  somewhat  for  different  orea : 


No.1. 

Buapl.. 

Ariel. 

ChmoaU 

CubooaUtit 

Borudau. 

S^(. 

200  gr. 

100 

800 

200-250  giv. 

2W> 

8. 

400,, 

200 

400 

300 

400,, 

fiO-«0 

600 

6. 

400,, 

200 

6. 

400,, 

eoo 

black  flax,  and  a  core] 

ofh<^ 

" 

1.  Becommended  by  Hitchell  for  oxidea,  nrbonatca,  cnpel-produda,  &c 

2.  „  „  cupel-bottoms  and  other  refractory  prodnota. 
*  fumea,  siliceous  sisgs,  &c. 


o  carer  the  whole  mixture. 

"so  be  asaaved  bv  U ^  ^, 

poise.    Fuse,  at 

.-. blec      "      "• 

the  quantity^  wh«o  fNsed  mnore  it  from  the  frnnace, 


Orea  of  this  daas  may  also  be  assayed  by  the  following  proeesi,  prt^MScd  by  the 
!it«r:— We^  out  60  gra.  of  oce  on  a  oonntorpoise.    Rim,  at  a  re«]  hwit,  ab 
cyanide  ^  potaaainm  in  a  emcible 


beat,  about  an 
t  double 
pntions 
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B.  Beemd  dtut. — Qalena,  pore,  and  mixed  witli  gangTifl,  ia  ineliidcd  in  thii  cbM, 
fin  die  aassT  of  wbich  BSvetsI  methodi,  more  oi  lau  occqmbi,  ve  nnplojed,  u — 

1.  RuMmg  On  galena,  by  vhich  it  ia  conveitsd  into  oiiiia,  Hid  trcatdng  the  pro- 
dnet  aa  an  cm  of  the  flnt  daas.  Thii  proecsa,  beaide*  being  exoMdinglj  tronbUorana, 
glTM  little  more  than  IhreB-ibiittha  of  the  lead  actiiaU7  pnMnt 

2.  F'ution  uritlt  i-i  parlt  of  i^kaUnt  carbonate;  the  mixture  to  be  he«t«d  aloirly 
till  ftised,  which  girea  about  90  per  cent,  of  the  lead  present. 

I.  Fiaion  witJt  carbonatt  of»odi»mand  mtn,  hj  Miich  the  snlphnr  of  the  ofb  ia  re- 
moved as  mlphate  of  potaaiam;  if  an  eicesa  of  Ihe  nitrate  ia  employed,  a  portion  of  the 
iMd  ia  ozidiaed  and  lost  SeTeral  saaaya  moat  therefbre  be  made  to  diaeOTer  the  beat 
pfoprationa.  Thia  proceea  anawera  ver?  veil  tor  obtaining  a  bntton  to  be  aJUinratda 
■aaaTed  for  ail»er,  in  -which  caae  a  alight  cmai  of  nitre  murt  be  naed  to  emmre  oom- 
pkte  omdatiou  of  the  nlphnr,  without  irtiich  aome  aQvei  ia  liable  t«  be  retained  aa 
■olphide  in  tht  alag. 

4.  Amwk  leiA  mttaliie  iron,  which  haa  been  Tanonalj  modified  aa  to  detaila.  The 
oldeat  jdan  ia  that  given  by  Berthier,  in  which  the  nlena  is  aimplj  mixed  with  about 
SO  per  eent.  ef  Sndy  divided  inn,  covered  with  a  layer  of  some  flux  and  heated ;  it 
givee  an  amoont  of  metal  7—10  per  cent,  below  that  actnallv  preaent.  Small  iron 
naila  are  also  recoiniaended  by  Berthier,  wbich  ia  not  a  aatisfeetory  praeeaa,  aa  the 
Dula  become  fixed  in  the  botton.  Mitchell  adggeeta  the  use  of  tenpann^  naila ; 
PhillipB,  of  iron  emcible*,  and  laatlj,  s  mixtnre  of  iron-oxide  with  a  ndncing  flux. 
Of  theae  different  modifieaCiona,  the  proceea  of  Mitchell  is  eepedally  naeftal  on  aeooont 
its  rim}jicitf  and  accioBe;.    We  extract  Mr.  Uitchell'a  own  deecription  in  Ml: 

"  To  300  enuna  of  finely  pnlveriaed  g^ena  add  SO  of  argi^  and  200  carboBBta  of 
BOda ;  place  tbe  mixture  in  a  crucible,  the  ioaide  of  which  has  beien  smeared  with  black- 
lead  ;  intiodace  three  tenpenn  j  nails  head  downwards ;  tap  tl>e  crndble  on  the  mixing 
bench,  so  that  the  contata  maj  occupy  aa  little  apace  aa  may  be ;  cover  with  about 
300  grains  of  aalt,  ow  that  200  grains  of  borax.  Prepare  two  oucibles  thus,  place 
them  in  the  fbmace,  and  raise  the  heat  rapidly  to  nearly  a  bright  red ;  nnciver  the 
ftanaaa,  and  allow  the  emeiblM  to  remain  tar  8-10  minnCca  ;  again  cover  the  fdmace 
and  tidie  to  a  bri^t  red:  die  cruciblea  will  then  be  xatAj  tar  removal.  Beaidee  the 
time  oflcupied,  the  termination  of  the  aaaa^  nay  be  judged  bj  the  Bux  flowins  nnoothly. 
When  this  oeeora,  seiie  hold  of  the  crucible  with  the  large  tonga,  and  wi&  a  amaller 
pair  take  hold  of  one  of  the  naila ;  rinse  it  veil  in  the  flux  to  remove  an^  small  glo- 
Weaoflead;  and  then  reject  it  The  two  other  naihi  are  to  be  treated  in  the  aam« 
way,  the  crucible  removed,  tapped  on  the  fumaoe  top  to  collect  all  globolea,  and  set 
aside  to  cooL  8o  also  with  the  aeoond  crucible.  When  cold  thej  are  broken,  Ac,  aa 
Qanal;  the  asaays  ahould  correspond  within  one-eighth  of  a  grain." 

The  fbllowing  is  an  account  of  the  process  emploved  in  the  Iwd-wvrfct  of  Iforlh  and 
Sooth  Walee,  aa  on  example  of  the  rougher  methoda  often  adopted  in  «m<.liiTig  worka 
with  goodprnetical  nmilts. 

In  the  Welah  lead-worka,  the  aaaays  are  genenJly  made  on  10  onneee  of  the  ore  aa 
received,  wet  or  Arj.    Thia  is  melted  in  a  atont  iron  dish  ^^  .,_ 

(fig.  S37)witha  cover, in  a  smithy  Bre;  when  melted,  the  *V^7- 

alag  ia  akimmed  back  and  the  produce  weighed,  each 
ounce  repreaenting  10  per  CBDt,  and  eadi  dwt.  J  percent. 
In  the  aaa^  of  galenas,  socie  modificatian  may  be 


<>■ 


quired ;  according  to  Mitchell,  by  fusing  antimoniat  ga- 
unaa  with  carboute  of  sodium,  pure  lead  ia  obt&ined,  ' 
but  with  black  flux,  the  lead  containa  much  antimony ; 
and  if  iron,  either  alone  or  mixed  with  black  flux,  be  em- 
ployed, all  the  antdmony  is  obtained  with  the  lead ;  but 
T^Miated  tentative  aaaayi  muat  be  nude  to  obtain  the  beat  poadble  remit.  When  a 
lead  ore  contains  oxidiaed  compounds  of  sulphur  and  araenie,  redncen  alone  will  not 
anawer;  InC  if  ther  are  mixed  with  an  alkaline  carbonate  and  metallic  iron,  good 
reanlta  are  obtaineb    The  aaa^  m^  be  eondseted  aa  in  Mitchell's  pncesa  be  gs- 

A  notable  loaa  of  lead  ia  eustailied  in  all  the  above  procesaca,  arinna  chiefly  from 

the  volatility  of  this  metal  and  its  oxide:  hence  the  neceaai^  of  matang  all  lead- 
aaaaya  at  the  lowcat  temperature  compatible  with  perfect  fusion,  and  of  not  keeping 
the  aaeaj  in  the  fbmaee  longer  than  ia  actnallv  neceaaai;.  An  error  in  the  t^podle 
direction  tna^  ariaa  from  the  preaence  of  foreign  melala  in  the  ore,  wbich  aie  more  or 
leas  eomplet^  reduced  and  allc^red  with  the  lead,  increasing  ita  weight ;  sndi,  for 
eiampls,  aa  ailTer,  co^^er,  tin,  or  antimony.    Zinc  ia  completely  lemoTM  if  the  heat 
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be  nfflcieiit,  but  it  antailfi  a  low  of  le«d.  Iron  does  not  go  dcnrn  with  tbs  UtA,  nnlest 
the  aasa;  be  much  overheated.  The  aepuation  of  moat  ot  thaaa  metsls  &om  lead,  by 
the  dry  ira;,  is  impracticable,  with  the  eieeptioa  of  lilTeF  in  argentiferoni  load,  whicn 
will  bed«cribsd  under  CuprUaHnv  (see  below). 

Whatever  procees  is  employed  Ut  detormine  the  lead,  aome  atandaid  il  adopted  bf 
Uie  mosafocturer,  to  which  to  refer  in  calcnlating  the  tsIdb  of  the  oreo.  For  eiamtJ^ 
in  Wales  the  "  standard  "  ia  77  per  cent,  or  7  OC  14  dwts.  on  the  aeaay,  "the  value  of 
this  standard  Bact7iat«8  with  the  market  price  of  lead,  and  for  e veiy  variation  of  a  dwt. 
or  half  a  per  cent,  an  catAbliehed  addition  or  deduction  ia  mode  in  the  price.  Anj 
silver  present  is  calculated  in  ooneea  on  the  ton,  and  paid  for  per  ounce. 

The  fbllowiug  tablee  have  been  eoDitnicted  to  mtb  tionbla  m  calculating  the  remits 

Produei  nf  Lead  per  ton  a/ Ore,  adcuiattdfrom  Auag. 
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Eitimaiioit  of  tie  Siiaer.—'The  r 


in  of  lead  and  lilver  in  the  dtj  waj,  by  the 


rhe  BHpiiration 
proceaa  known  as  cnpellation,  depends  on  the  fact,  that  while  lead,  when  expoeed  to 
the  air  at  temperatores  above  its  melting  pcnnt,  ia  rapidlj  oadieed,  eUvei  remuns  unal- 
tered. If,  theiefbra,  an  ai^ntiferoua  lead  is  heated  in  a  current  of  air,  on  a  sapport  of 
such  a  taztore  that  the  litharge  filmed  from  the  lead  shall  be  absorbed  as  &st  as 
produced,  the  ntrei  will  be  flnidly  left  in  the  form  of  a  button.  This  sui^nrt  is  called 
the  "cnpel,"  a  tat,  ali^it]y  hollowed-out  dish  of  pounded  bon«-ash,  compnoied  bj  a 
mould  into  the  raopei  form.  The  process  is  conducted  in  a  fdmoce,  such  as  is  shown  in 
jf^.638,63(l.wheieaistheaBh-pitdoor,-  ifaud/,  doonfbrsupDljof  ftad;  if,  the  open- 
ing bj  which  access  is  obtained  and  the  mpplj  at  air  regulated  to  the  moffle  n.  This 
muffle  is  a  •maUBie-dayoren,  sitnsted  in  tlw  eentxe  irf  the  Are,  and  pierced  by  slits  at  the 
sides  and  inner  end,  mich,  when  the  door  is  opened,  eotAblisb  a  current  of  air  through 
s,  idule  it  ia  maintained  at  any  desired  tempeintare  b;  means  of  a  damper. 
i  apparatus,  the  muffle  is  first  maed  to  a  red  heat ;  4  to  8,  oi  more,  well-dried 
enpels  sie  then  introduced,  and  the  door  dosed.  When  thej  have  attained  a  dear 
red  heat,  the  door  is  opened,  a  button  of  lead  is  placed  in  each  cupel  bj  tongs,  and  the 
door  again  dosed.  Od  opening  it  partiallj,  the  buttons  are  seen  "  uncovered,"  or  pre- 
senting a  bright  metallic  surface,  and  a  dark  ring  inotontlT  begins  to  form  round  the 
circumference  of  the  lead,  as  the  litharge  formed  by  its  ondolion  is  absorbed  by  the 
cnpel,  the  rings  graduollj  ezteodina  as  the  buttons  diminish.  The  moment  when  the 
ondsUon  is  completed  and  pure  mlver  leA^  is  recognised  by  a  pecnlior  pbenomeuon 
known  as  the  "  brightening "  of  the  silver  button,  which  appears,  for  on  instant, 
to  revolve  rapidly  on  its  axis,  while  covered  with  a  play  of  prismatic  colours,  The 
play  of  oolonrs  Reappears,  and  the  button  becomes  still  and  lustrons.  It  is  then 
withdrawn  Icom  the  fnmaoe,  detached  from  the  cupel,  elc&ned,  and  weighed  in  a 
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The  terapentme  sbonld  Im  the  Itnrest  at  vhich  the  ukq  willpraceod  stpadUy,  u  % 
scuiblemiiKNiiititf  BilnruToUtiluedwiththeTapoiirof  lead.  The  Umpentiirc,  on  the 
otlieT  hud,  moat  not  be  lednoed  iookrw.ta  th*  fthMrpHoD  of  the  lithuge  bjlhe  mpel 
ia  then  impeded.  Again,  the  draught,  if  too  npid,  coola  the  cupel  tmdul^,  and  if  too 
•low,  do«fl  not  affect  the  oxidation  with  anffideDt  luidity,  theicb;  iucreaeiiig  the  loss 
b;  TOlatiliwtioiL  Farther,  the  absolate  qiunti^  of  ailver  remoimng  the  same,  if  the 
qnantitj  of  Ivd  be  modi  inovaaad,  the  loaa  in  ailTei  will  be  greaUr.  But,  if  the 
ailTer-Iead  be  Teir  rich,  a  loss  will  arise  from  the  abaorption  of  the  alio;  into  the  porea 
of  tfae  raipeL  When  the  heat  ia  t/w  gnat,  the  cnpela  are  whitiah  and  the  metsllie 
matter  th^  contain  can  aeucalrbaaeen;  thefkme  ia  Bcaicelj  viaiblr,  and  rises  lapidlj 
Fig.  638.  Fig.  639. 


to  the  aieh  of  the  mnfBe.  When  the  beat  ta  not  atrong  enon^,  the  iroolEe  ia  thick 
and  he«T7,  blUng  in  the  mnfk,  and  the  litharge  can  be  leen  forming  lumps  and  scuIph 
about  the  aaaay.  When  the  heat  is  prcperl;  managed,  the  cnpel  ia  red,  and  the  fuacd 
metal  lominona  and  dear. 

lAStl;,  a  Bouree  of  loaa  arises  from  what  is  termed  "  legetatioa  "  of  the  batton, 
which  is  due  to  the  absorption  of  coygen  by  the  molten  metal.  When  the  metal  is 
cooling,  in  a  button  of  any  aiEO,  the  aur&ce  cools  and  aolidiflea  before  the  centre  ha4 
abandoned  ita  mechanically  dissolied  gas,  which,  when  it  is  liberated,  fiiroea  its  way 
through  the  external  cmst,  raising  it  into  fantastic  arborrscent  fonna,  which,  once  seen, 
sufficiently  explain  the  term.  But  as  portions  are  ftwnently  projected  outwards  by 
the  sadden  aetioa,  it  is  neceesar;  to  eover  the  cupel,  while  sml  hot,  with  a  prerioaely 
heated  <dd  cupel  to  aeenre  its  rery  gradual  oooling.  It  ia  only,  however,  in  the  case 
of  bnltoiw  nmeh  larger  than  a  pin's  head  that  thia  precaution  ia  ceientiaL  Tho 
*«^{M  ol  the  enpel  onght  to  be  about  one-third  gt^ter  than  that  of  the  lead  to  be 
cupeled;  a  good  enpel  will  abeorb  its  own  weigbt  of  litharge  under  oidinaiy  circnm- 

Lead  is  Dot  the  only  metal  which  may  be  aeparatcd  from  aQrer  by  this  process. 
Bismnth  may  be  perfectly  "  cupelled,"  and  copper,  antimony,  iron,  tin,  &e.,  may  be 
"nuBcd"  by  the  addition  of  auBdent  lead  to  carry  tbeir  oxides  into  the  cnpeL 

The  following  tables  are  nseAd  in  an  assay  office,  where  nomerous  assays  ue  made 
from  time  to  time,  and  they  ore  conitmcted  for  different  weighta  of  lead  cupelled,  as 
well  w  the  produce  per  20  cwt.  or  ton  and  per  21  cwt  or  fodder  of  lead : — 

VouOL  N  N 
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YUld  Iff  SUverptr  (on,  eateubtttd/ram  Juay  of  400  grt. 
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TI.  Atonie  Wiighto/Ltad. 
The  Blomie  WMght  of  thia  metal  hw  been  dftarmiiMd  ehiafly  \)j  tha  otparimeDts  of 
Berielin^  nude  in  18S0  and  1846  (Baae.  AuLzix.  300;  ZcArtec*.  6-AtdL  iii.  1187). 
Sfmdncmg  pore  protooideof  Itad  withliTdngra  ma,  fa*  fbinid  that  100  Ma.  of  the 
t>rotcixide  Mmtaiii  7'1734  pta.  oxjgcn,  whioEe,  regiriing  the  pntozida  aa  SVO,  and 
pnttiiigo^gMi  — 16,  tinatomia  waight  irfleadia  108-64;  il^  bowercc,  a  eortain  Bumber 
of  the  detenniuationa,  whieh  do  not  agree  tot  well  with  the  reet^  be  left  oat  of  aooono^ 
the  Bbanie  wnght  ia  firand  to  be  10S^S7.  The  cztieme  UmiU  of  the  determinalioiB 
in  qatatiai  were  103^36  and  103-66.  Within  the  aame  limita  alao  era  oompriaed  the 
old^detenninatioaiof  Berielim  (1818^  which  gan  103-66;  alaotfaoaeof  Turner 
in  183S  (Ann.  Ch.  Phum.  liii.  14),  which  gB*a  103-61,  and  dutI;  alao  thsae  of 
Longohamp  in  1827  (Add.  Cb.  Pbja.  (31  xxxit.  106),  which  gave  nombmn  langing 
from  108-64  to  lOS-74.    The  mean  of  all  the  beat  detentunattona  ia  103-66 ;  oi  if  lead 
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U  Kgsrded  M  diatomii^  and  tbe  pratoiide  be  n^Ksentcd  bj  tile  fbRQtda  Ppb'O, 
Uunt  tLe  Btomic  weight  is  207-12.  T.  B. 

ZAAS,  V&VOxaw  or,  PbF  or  Fpbf*,  ia  obtaioed  bj  precipitating  tcetata 
of  lead  with  hfdfofluoria  add.  or  by  deccmpomng  caibonate  of  lead  with  the  Hme 
add,  u  a  white  poirder,  RparinsI]'  solable  in  water,  easflj'  fiiaibla,  soluble  in  hjdiO' 
chlioic  and  in  nitric  add,  by  which  it  ii  decompMod  on  erapomCion.  Whf n  treated 
with  aqneoos  auunooia  la  laaei  with  adds  of  lead,  it  is  eoDTeited  into  a  iBora  Bolabia 
ozjflaoride,  the  Botntion  of  wliich  baa  an  astringent  taate,  and  on  atanding  in  th* 
ail,  devosita  carbonate  of  lead,  mixed  or  combined  with  fluoridi^  of  lead. 

A  chloioflnorideof  leodhaa  been  alreadr  deecribed  (p.  939). 

*•-"  *  "i  MmOAIiinKXVOm.     See  PLcmoBiaiKm. 

KKAS.  lOStBS  or,  Fbl  or  Fpbl*,  ia  obtained  b;  predpitating  oitntu  of  lead 
with  iodide  of  potaaainm,  avniding  an  eiceas  of  either  nit  It  ia  a  predpitate  of  a 
Sne  tight  Tallow  cdonr;  aolnble  in  1,S3£  pte.  of  cold  water (Denort),  and  id  194  pta. 
tg  bouing  watai,  fbrming  a  eoloBrtcM  aolDtion,  whence  it  aTataUiaaa  on  cooling  in 
flexibia,  iix-iided,  i«mm«i.  njatal^  It  ia  obtained  in  the  aame  fbnn  by  mixing  the 
aolntiona  of  iodid*  ot  l«ad  and  iodide  of  potaanom  at  the  boiling  heat.  It  ia  not 
mora  aolnble  in  tntm  containing  acetic  add  than  in  pan  water.  Aceoidii^  to  Henij, 
it  ia  not  quite  ineolnUe  in  alcoboL  Ether,  according  to  A.  Vogd,  extracts  iodine  from 
it,  tearing  ozjiodide  of  lead.  It  diMolvea  in  cold,  and  still  more  in  warm  eqaeona  eal- 
ammoniac,ai^  oystalliaes  there&omon  cooling  in  jellowish  white  needle*  (oonllay). 
In  canstic  ammonia,  nitrate,  succinate,  carbonate,  and  snlphits  of  ammonium,  it  tarns 
wliite  (Wittstein).  When  boiled  with  the  carbonates  of  the  alkalis  orallialinB  earths, 
it  Tields  carbonate  of  lead  and  a  solnble  iodide. 

Iodide  of  lead,  when  heated,  tome  reddiah-jellow  and  biick-red,  then  red'brown, 
and  melts  to  a  liquid  of  the  same  eotoor,  which  aolidiflea  to  a  *ellow  miaa.  When 
fbssd  in  contact  with  the  air,  it  gives  off  a  part  of  its  iodine,  and  leaTea  an  oijiadide 
of  lead.  It  is  eaailj  decomposed  Irf  dilorine.  Zinc  or  iron  boiled  with  it  under 
water  takes  np  the  iodine  and  predmtatea  metallic  lead. 

HtdUU  ef  liad  and  ^/AvgnifFbLBI,  ojtfaUiee*  fiom  •  totation  of  iodide  of  lead 
in  warm  aqueowi  liydriodic  add,  in  eonaentrieaU;r  Kto^^P*^  >3^  needles;  which  give 
off  the  whole  of  the  Iijdriadia  acid  «4im)  heated,  andput  of  it  even  whenezpoMd  to 
tlie  air  at  ordinary  temperatnres.    Tlie  add  maj  also  be  extracted  bj  water. 

Ammonio-iodidt  of  Itad,  or  iedidt  €if  ^vmbaitmienivim,  MH'Pbl,  is  obtained  a>  a 
white  powder  by  passing  aDunoniA-gas  &^  a  long  time  orer  flnely-pnlTerised  iodide  of 
lead,  or  by  digestmg  it  at  ordinaiy  tsmperatorrB  with  nl-ammontac  It  giTea  off  ita 
ammonia  spoDtaneonslj  on  axpceorc  to  the  air,  and  even  in  an  atmosphere  of  ammonia 
when  heated. 

Aetb^^edid*  <ff  Uad,  PbLCHTbC,  or  '^^[?.  analogous  t»  glycolio  iodacetin 
(il.  56S1,  is  obtained  in  a  dmilar  manner  to  tfie  corTasponding  cUonne-eompannd 
(p.  639),  with  whidi  it  is  isomorphoua.    (Caring  Ann.  Ch.  Phann.  cxxr.  ST.) 

An  iododdoride  <^had,  Pb^^  has  been  already  described  (p.  £39). 

kniodidtof  Uadtoidananormirmis  formed,  as  a  white  predpitate,  on  ad^ng  iodide 
of  anmoQiiun  in  excess  to  nitrate  of  lead. 

A  compound  atiodide  of  Uad  with  eUoridt  cf  ammeniim,  SNH'Cl.SPbl,  is  obtained 
Inr  dmppng  a  solution  of  neutral  acetate  of  iMd  into  a  boiling  mixed  lolntion  of  iodide 
of  potBBHium  and  sal-ammoniac,  as  ioDg  as  no  permanent  predpitate  ia  fbrmed.  On 
cooling  the  double  salt  etyiitalliBes  in  lender  ydlow,  shining  needles;  which,  however, 
are  decomposed  by  water,  (he  sal-ammoniac  dieaolving  out  first. 

Another  eomponnd,  NH*CLPbI,H*0,  raystollisee  in  white  siiW  needle*. 

ladidiM  eftMd  and  peUi*fiim.—Wttea  2  at  iodide  of  lead  (iHbl)  and  1  at  iodide  of 
potassinm  are  disBolrtd  in  the  smatlnt  poasibte  ouantity  of  boiling  water,  the  solution 
yields  on  cooU^  lai^  yellow,  shining,  aix-aiaed  laminn,  having  the  composition 
Kl.2PbI  or  El.^bP,  and  on  djasdving  these  cnatals  in  a  hot  aolntion  of  iodide  of 
potAssinm,  white  silhy  needles,  consisting  of  SKI-Fbl  or  4KI.I^bI*,  are  deposited  as 
the  liqnid  cools.    Both  salts  sre  decomposed  by  water  and  by  alcohol 

TtMnn  OBBB.  The  following  ia  a  list  of  minerals  containing  lead  as  an  essential 
constituent,  and  available,  when  they  occur  in  niffident  quantity,  for  the  extraction  of 
the  metal: 


Adculite.  Alkinite.  Belonite.  Needle-ore. 

'^^^Is'.BiW 
Cin') 
AltftKe.    Tellnrideoflead.    PpbTe. 


Aluminate  of  leadfhydrated).    Plnmbo- 

rcsinite.     ^^lo'.6H«3. 
Aii'  J 


byGoogIc 


Angledt^.  Sulphate  of  lead.  Lead-vitriol. 
ftibSO'. 

AntuuoiuAl  (DlphidM  of  lend :  seeBonllui- 
geriU,  Bonmonite,  Brogriiarfite,  Freis- 
lelwiiite,  Qeocronita,  HBtMomoiphite, 
JuDMoniU,  KoballitF,  PUgiotiit«,  Zin- 

AntunoDBte      of      lead.         Bleiuiarite. 

PpbBb'0'.*H*0. 
Aneoieoe.  KnkiieioiUTaiuuUteDflead. 
Arutiateof  lead:  gw  Mimetite. 
AnenoiiMluie.     2Fpba.Aa<S^. 
Binnite.   A  siiztiin  of  AnenomelaiM  and 


IQaiiiielite.    Antimooato  of  lead. 
BoolaDgerita.     SFpbaSb'S'. 
Boimoiiit*  (to  vhieh  ii  ieUt«d  Wolebit«). 
Pjb"] 
(aPpW.Ccti'8>SbW  -  C^i    s*. 

sEi  ) 

BnwaUrdite.    PpbAgW.Sb^', 
Cflledonite.    (P^Ccu)C0'Jpb30», 
CMbonataoflaad.    Cuniite.    White  lead 

on.    FpbCO*. 
CeiMiii.      ConMiu    lead.      Horn-lead. 

Chlnneaitioiiate  of  lead.    Phosgenitr. 

PpbO'.PpbCO'. 
CnnuiU :  aee  Carboute  of  lead. 
ChileitA    Vanadate  of  lead  aod  oa[:paT. 

a(Ppb;  Ccn)O.V»0.-  e^Zo.A°\ 
ChiTiatita,     aPpbasBi'S'. 
Chknidaoflead.    Cotonnite.    Ppba'. 
ChUnnenste  of  lead :  Me  Uimetite. 
Oblonxubonatettflnd:  MeCoaain. 
CtiloNphaapbate  of  lead:  aee  Fjionuir- 

duomate  of  lead  :  aw  Croooisit^,  Halauo- 

duoite,  Bed  lead  ore,  TanonBlinit*. 
CUnalh^ita.    Sdenidfl  of  lead.    FpbS 
Corneou  lead.    S711.  with  Ceraun. 
Cotimnite :  aee  CMoride  of  lead. 
CraeotntA      Chromate  of  lead.     PpbO. 

Caprsoiui  mlphate  of  lead :  an  Linarite. 
Capreona  ralphatoearboaate  of  lead :  fee 

Calrdoiiite. 
CuppoplumbiiB.    2PpbS.CcuS. 
Dechenite.  Tan&dota  of  lead.   PpW<rO<. 
DeMslo&rite.        aPpbO.VTO*     or     PpbO. 

Embrothite :  aee  BolU*nKerit«. 
Einnchite.  PpbVO'JpbVO'. 
Fnblabttiite.    rfA'Ag^'.iabW 


Cko(Tcitiit«.    Anenif^roiw  Scbnlzite. 
Eeteiomorpliitfl.      Feathw-onh     Plumo- 

site.    2Jbb&9b^'. 
HTdraalommoaa  lead:  aM  Ahrainate  of 

lead. 
Kilbrickenits.    SFpbS.Sb'S'. 

Kobellite.  ^^\s> 

(isbjfii)*) 


I^naikite.      Sulphalocarboiiate   of  lead. 

PpbCO'Jpbeo*. 
Lead-glaim :  aeeOaletia. 
Lead,  native. 

Lead  ochie.    Native  raot^oidt  of  U 
Lead  OK,  groan:  aee  Mimetita  and 

morphita. 
Lead  ore,  red:  aeeUiniam. 
L»ad  on^  vhite :  aee  Cemrala. 
Iiead  ore,  jallow:  Bee  Moljbdate  of  lead. 
Leadhillite.    Svilphatotncarbonatf  of  lead. 

Bppbco'jpbaj'. 

Lehibacfaita.    Selenida  of  lead  and  iner- 

cuiT.    (iS>^;Biig}Se. 
Linante.    Capreona  Asrinite.    Capn^ns 

■nlpbate  of  lead.    CenH'O'.PpbSO*. 
Matlockite.    PpbHiPO, 
Mdanoehnute.      niiBnieite.    .  Fh<Mioeo- 

durfle.   SPpbO.aCcrO'-^^JI^Jo'. 
Mendipite.    FfVCPty. 
Ueneghinite.    IFpb&SbV. 
Htmatite,  Mimrte«t«,  Hinetene.    Oiwn 

leadtM.    PjibCP.8Ppb'A«»0'.    Totbi. 

ia  related  Hedjj^aDe,  containing  also 

calcinm  and  pboH>honia. 
Minium.    Bed  oxide  of  l«sd  (p.  £42). 
Uoljrbdate  of  lead.     Wnlfenita.    Yellow 


load  ore.   PpbOJImoO'. 


Ppb" 


Uonoeaibonate  of  lead.     Syn.  whh  Ce- 

Nagjagite.     Foliated  TeUarinm.     (Ppl^ 

An').(Te;8.)'. 
Needle  ore :  see  Aanilite. 
Oxidea  of  lead;  see  Lead  ochre,  Miatnin, 

and  Flattnerite. 
OneUoride  of  lead:  aee  Hatlockite  and 

Mendipit& 
Fatrinite:  aee  Acicullte. 
Phcenieite   or  PhoenicochKnte :   aee  3!e- 

laDochnilte. 
Pboagenite :  aee  Cerasin. 
"■     phate  of  lead :  see  Pyromorphite. 

onite.    iPpbS.SSb'S'. 
Fl^nerile.     Peroxide  of  lead.     PpbO'. 

A  doubtfld  apecies. 
Plnmboreeinite :  Bee  Alnminate  of  leod, 
Plvmboatib :  «ne  Bonlangarite. 
Polyqteril*.     I^rrono^Mte  containing 

Polytelite,    *(Ppb;Ag^SbW. 
PTnmoiphite.    Qreen  lead  ore.    Chloro- 

pboMphate  of  lead.  SPpbTW  +  PpbO* 

orPpbF*. 
Schnlaite.    SPpba.SVS-. 
SfJanatooflead.    PpbSeO'. 

lenide  of  lead;   see   Clanstlulite   and 

Lehibadute.  ,    ri 

StoUte:  Tongstate  of  lead.    PpbWwO*. 
Sulphate  of  lead :  aee  Angleeite. 
Snlphatocaibonate   of  lead:    aee  lAnar- 


HtB. 

SuIphataCrimrbODAte  of  lead  : 

hillite,  and  Sakannite. 
Sulphide  of  lead :  aee  Oalena. 
Snlnnnite.      Bhombobedral   anlphatotri- 

earbonate  of  lead.    PpbSC.SPpbCO*. 


LEAD:  OXIDES. 

Tellnride  itf  iMd  :  tee  Altalta,  utd  N^ja- 

gilr. 
TnngiUt*  of  lekd ;  aea  Stolst«. 

Tuudata  of  Inui:   ms   Dcadoudte,       . 
Ko^Twhite.  "" 

The  on*  »hidi  ars  meftuUj  vmled  tor  lead  hare  bean  already  dueribed  (pp.  4! 
4  1) :  for  die  nat,  aec  the  aaTontl  artiele*. — Respeotiiia  the  TOrting  of  lead  ore^  i 
pp.  481— Ml  J  metboda  of  aaM^isg  them,  p.  648. 

»iM*l>,  •xntMS  or.    Lead  forma  five  ozidea,  fii. : 


Zinkenite.     PpbS.Sb»S»  -  ^^[b*. 


The  Saboxide 

The  Protoxide 

The  Bed  oiidb 

The  Seaqnioxide 

The  Dioxide  or  Peroxide 


Ph*0  or  Ppl«>. 
Pb^O  or  PpbO. 
PWy  or  PpbK)', 
Pb'O'  or  ftAK}". 
PbWoT  PpbO*. 


The  pi 

Ther«  .    .,   ..     ., 

to  the  metallic  (tate  by  duiteoal  at  a  red  ht 

Wmh*xia»,  Pb'OorPpb'O. — Thii oxide,  irtiicb  irai  diaeorend b;  Dulong,  nmaiDi 
when  oxalate  of  lead  ia  eaotioiulj  heated  in  a  retort  from  vhich  the  air  is  rxcluded. 
AocordiDgtoPalouae(Aiui.  Ch.PtuTm.  xlii.  200),  the  ntort  ihonld  ba  heated  in  an 
oil-bath  to  a  temperatme  not  exeeedinc  800°,  the  heat  being  contiuned  ai  long  m  anv 
gaa  ia  given  off:  the  ga<  thoa  erolTea  is  a  Bistnie  of  1  roL  c«ilK»ie  oxide  and  8  vol. 
carbonic  anliTdride: 

2PpbC0'     -     PphK)   +   CO   +   SCO*. 

The  whole  ia  suffered  to  cool  before  the  anboiide  is  ramored.  It  foims  a  black 
powder,  sometimee  dull,  aometimes  having  a  Tslvetj  lustre.  It  contains  no  metallic 
Wd,  for  aercarj  extracU  notfaing  (torn  it,  either  dry  or  nnder  water ;  neither  does  it 
contain  any  protoxide,  for  the  aqaeoos  aolntion  of  acetate  of  lead  don  not  extract  any 
protoxide  oma  it  on  boiliiu.  But  when  heated  to  dull  reditete,  out  of  oontact  of  air,  it 
IS  KoolTed  into  a  greanish-Tellow  mixture  of  1e«d  and  potodde  (Banasinganlt, 
FeloBseV  After  this  treatment,  uncvtj  estnda  lead  from  the  sabBtann,  and  a 
boiling  solution  of  acetate  of  lead  or  aMtic  add  leares  the  lead  in  the  form  nf  a  net- 
woric,  which,  whenpresaedtcoetber  between  the  fingen,  (bran  a  dnisa  maaa  having  the 
metallic  Inatre.  Ihe  saboxide  heated  in  the  air  takes  fire,  bun*  with  a  ^linunering 
light,  and  is  converted  into  protoxide.  Dilute  mipinrie,  i^irie,  iydrveUone,  or  aaetie 
acid  reeolves  it  into  protoxide,  which  combine*  with  the  add,  and  vny  finelj- 
divided  metallic  lead.  The  same  effect  is  prodnced  by  a  striHia  aolntion  of  nonxai 
mtratt  ^  lead;  a  dilute  aolutian,  on  the  cootraiy,  td»s  np  the  whole  of  the  aaboxide 
and  Inins  basic  uitiate  of  lead.  Tbe  suboxide,  when  moistened  with  toaUr,  rapidly 
abaorbs  oxygen  from  the  air,  tod  is  converted  into  the  white  hydreted  protoxide^  the 
artioD  bdng  attended  with  rise  of  temperatnre.  A  auxtue  of  uely-dividad  lead  and 
litharge  does  not  yield  the  same  result. 

The  grey  pellide  whidi  fbrma  upon  lead  expoaed  to  the  air,  baa  also,  according  to 
Beixdiits,  the  compodtion  ^b*0. 

VrotoxM*.  liad'axiit.  Pb>0  or  FpbO.— This  oxide  occurs  native  aa  lead-ocbre. 
a  massiTe  minetal,  •ometunaB  with  scaly  crystalline  stmctare.  Spadflc  gravitjy  B'O, 
Lvstre  dolL  Opaque.  Coloiilr  between  sidphur-  aod  orpiment-yellow.  Streak  lighter 
than  the  colour.  It  does  not  soiL  It  is  aaid  to  occur  at  Badenwciler,  in  Baden,  and, 
according  to  Oerolt,  has  been  ejected  from  the  volcanoes  Popocotapetl  and  Iitaecitnall, 
in  Mexico.  It  is  found  also  at  other  looalitiea  in  Mexico,  and  at  Austin's  minea,  Wj^ha 
ODunty,  Virginia.    (Dana,  ii.  109.) 

Protoxide  of  lead  is  obtained  pure  Inr  igniting  the  basic  nitnte,  or  the  cotlionate  m 
oxalate  of  lead,  in  a  platiniun  cndble,  in  contact  with  the  air,  taking  care  that  the 


lithufe. — 1.  3fas«KD(ispr«pa»d  W  heating  lead  to  low  redness  on  a  flat  beatth,  and 
eontinuall;  removing  ths  film  of  oxide  as  it  fixma,  till  the  lead-oah  at  flrst  obt«ned  ia, 
tor  the  most  part,  converted  into  the  ^eQow  oxide  1  th*  latter  is  then  l^ed  ftmn  ths  still 
remaining  metaltic  portions  bj  grinding  and  levigation. — 2.  LUkam  is  obtained  in  tba 
oxidation  of  piff-ltad  containing  gold  and  nine — the  rcaulting  bad-oxide,  which  ia 
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geneiall;  coi]tamiDati<d  wllh  sUica,  ferric  oxide,  caprie  and  cnjmnu  oxide,  antimonloal 
(udde,  and  othac  oxidea,  ii  Aued  by  Ibe  high  tempcnture,  aod  wiUdMes  in  a  acaly, 
■hinii^  mtae,  loiiietimM  of  s  yelloimh  tint  {ArygrUU,  SilUr-giiUiB),  aomelamca  rathei 
bcliniiia  to  red  [^Ckrvtitit,  Goldalalte).  The  oxide  of  copper  DUf  be  comtlebly 
MmOTedb;  digestiag  the  levigBited  liLhu^  with  aqDCons  salution  of  cubonale  of  am- 
moniB(BiBeboi;ScEv.  J.  M,  65). — The antirooniou oxide  ii  left  behind  on  diHsoIviiig 
the  litha^  in  boiling  nitric  acid,  and  may  then  be  ^saolTed  in  hjdrochioric  add 
(Anthon,  Bepert.  fiS,  S8T.>— The  di^rence  betveen  red  and  yellov  litharge  ia  ittii- 
bnted  by  LebUnc  (J.  Fhann.  [3],  Sept.  B,  1B4S}  to  h  mere  direteity  of  physical 
Btructore,  not  of  chemical  compoaition ;  for  either  modiflcalJon  may  be  obtuied  at 
pleuure  by  raoperly  regolntiDg  the  tempentnra  and  the  rate  of  tiKJing;  tiie  red 
variety,  vhieb  ii  ipeciflculy  lifter  than  Uie  yellcnr  and  more  eiyetalline  iubatanee,  ia 
fbnned  moat  abnikdalitlj  vhen  the  oooling  is  alov.    (See  also  p.  fill.) 

Propertiet. — Protoxide  cJ  lead  aj^iean  to  be  both  dimorphous  and  amort^unta, 
oceoiruig  in  pale-Tellor  rhombic  octaiiedTona  and  cabes,  and  r^nlar  dodecahednRii, 
and  as  ■  red  amorphoiapowder.  By  tlie  following  pn>«Bses  it  may  be  obtained  in  the 
crratalHiie  tlata : — I.  By  ifov  eooanff  afler  fluion.  Litharge,  when  qnit^Iy  cooled, 
■oli^fiea  in  a  inaaa  of  ciyrialline  acalaa ;  bat  the  portion  which  remaini  on  the  muffle 
aomatinM*  OTrtalliaea  in  yelbnr,  batukemt  eix-eided  tables  (Marx);  intzimetric 
octahedrons  with  a  distinct  plane  of  dearage  {Hiticberlicb) ;  in  regnUr  dodae*- 
hedrona,  the  angle*  of  which  are  indefinite,  in  cocBeqasnce  of  the  corratDre  of  the 
bcM  (Oaaltier  d«  Claabry  and  Beadant).  White  lead  ftued  by  the  blowpipe- 
flame  on  a  ct^iper  iJate  or  other  non-redncing  support,  crystalliaes  in  scales  on  coaling; 
bnt  &om  the  middle  of  it  there  generally  ahoots  oat  a  mass,  half  a  line  long,  somecimes 
in  the  fonn  of  a  triangular  pyramid,  sometimes  in  that  of  a  nearly  perfect  ibombic 
.dodecahedron,  of  a  hyacinth-red  tint  while  hot,  becoming  Bulphur-yellov  and  trans- 
lucent as  it  ocwIb,  and  opaque  and  dull  when  perfectly  cold.  Thii  alternate  foiion  aud 
cnstallisation  may  be  repeated  seretal  timea. — 2.  By/mion  ttrith  hydrate  of  potoMium. 
If  1  part  of  lead-oiide  and  fram  1  to  6  of  hydrate  of  potassium  be  fosed  for  a  short 
time  m  a  silrer  crndble  at  an  incipient  red  heat,  and  the  masa  afler  cooling  rxhauited 
with  water,  the  lead-oiideromainsintbeformofoabea  and  square  tables  (Becqnerel, 
Aaa.Ch.Fhj».[2i,h.\0B).— 3.  By  trtaUngltad-oxidtiBilkpetMh  or  sodttJtf.  Froa 
a  BolotioB  of  lead-oxide  in  soda-ley,  sabmited  irilile  hot,  placed  in  a  stof^tared  bcMl^ 
and  then  left  to  itself  all  through  tiie  winter,  the  Innd  rrrion  njafallisra  in  small,  white, 
translitcent  rhombic  dodHcabednius  (Honton-Labillardiire^  J.  Pliann.  iii  33S]. 
The  crystals  an  tiunetric  octahedrons,  having  the  same  an^ra  as  tbou  obtained  l:^ 
fusion  (Mitscherlich).  Strong  boiling  potash-ley  saturated  with  lead-oxide  yields, 
on  cooling,  yellow  scales  limilar  to  those  of  ticharge  ;  if  the  potaah-eolution  is  lera  ftilly 
•atorated  with  lead-oxide,  or  if  it  hae  depooited  me  excraa  of  that  oxide  in  acale^  no 
fiirthcs  deposition  takes  place  till  after  perfect  cooling,  trhereapou  red  scalee  are  thrown 
dowii,pe^K!t^aoInble  m  acetic  add,  and  therefore  f^  from  minium ;  if  these  scalee  am 
heated,  th^  turn  yellow  on  cooling.  Hence  it  appears  that  lithaise  may  have  a  red 
eoloorwithoat  oontaining  minium  ur  red  oxide  of  copper  (Hit  Bcherlicfa,  J.  pr.  Ghent. 
lix  461),— Boiling  soda-ley  of  40^ — 410  B.,  saturated  with  hydrate  of  load,  yielda 
TOS»-red  cryatala  of  the  protoxidr  on  cooling.  These  crystals  yield  an  onnge-jellow 
powder,  similar  to  that  of  litharge.  At  atxuit  400°  they  turn  black,  increase  in  bnlk, 
decrcpitBte  with  loaa  of  0-1  per  cent,  of  water — and  when  heated  to  low  rednois, 
assume  a  aulphur-yellow  colour  without  fha»g'"''g  their  form.  While  still  in  the  red 
state,  they  dissolre,  though  reiy  sparingly,  in  nitric  acid,  either  concentrated  or  dilute 
(CaUert,  Compt.  ren±  xtI.  ISO).  If  tiydrated  lod-onde  be  boiled  with  a  quantity 
of  aqueous  alkali  not  sufficient  to  disaalre  it,  the  undissolved  portion  becomea  coa- 
Terted  int«  crystalline  aohydrouB  oxide  ;  the  resultiiu  solution,  when  evaporated,  yields 
more  cr^Htals  of  the  anhydroua  oxide,  dtstinguisbea  from  the  former  portion  by  their 
eaay  BolobiJity  in  alkalis,  even  when  dilute  (Frimy,  J.  Pharm.  [3],  liL  30).— 4.  By 
prmpitatita  a  lead-iait  vnti  excai  of  alimU.  Solution  of  neutral  acetate  of  lead 
mixed  with  excess  of  ammonia  and  exposed  to  the  san  for  a  few  days,  yields  oliie- 
green.  Teiy  hard  crystals  of  anhydrous  oxide  (TGnnermann,  Kastn.  Arch.  xix.  339). 
Behrens  (J.  Phann.  [31,  ir.  4,  13)  supemturatea  Cbe  augar-of-lead  solution  with  a 
quantity  of  ammonia  sufficient  to  re-dissolTe  the  precipitate ;  filten  to  separate  any 
carbonate  of  lead  that  may  have  been  farmed;  puts  the  Sltiate  ii '  ---  -   --^ 


bottJe ;  and  exposes  it  to  the  rsTs  of  the  son.  After  a  few  honia,  tr 
make  their  appMrauce,  coloorless  at  tint,  but  afterwards  becoming  yeUowish,  and 
flnally  yellowuh-grey.  Their  powder  is  white,  bnt  aasnmea  a  dark  bown-red  colour 
after  long  trituratuin.~-4  measures  ol  solution  of  lead-Hcetat«,  saturated  at  30°,  mixed 
with  100  meaeurea  of  boiling  water,  and  then  with  45  measures  of  aqueous  ammonia, 
deposit^  ia  the  course  of  half  a  minute,  a  large  number  of  very  delicate,  TeUowiah-whitQ 
rhombdEdal  laminn,  hanng  a  eilTery  lustre  and  united  in  tulte ;  thtee  Umiiue  must  be 
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■ffWated  1^  lerigBtioii  troa  tha  emtalUiw  nuialM  of  hrdnted  oxide,  vUchbU 
dom  at  the  hdm  tima,  Uum  vuhed  with  bomtig  «at«r,  ud  dried  in  vteoo.  Wfaem 
ignitad,  dwr  do  not  glTe  off  any  mtar — er  oalj  s  tiace  of  il^  with  decrainlatioo — 
Qeithar  do  thej  hMS  uaii  tiaiupannej.  Tbej  mar  be  obtained  without  admiztnie  of 
l^dnte,  by  huling  100  meacnnaof  antontedaolntioaoflriplninUe  acetate  with  SO 
nuanma  of  water,  adding  thento  a  miitnre  of  (0  ueatuea  of  wafer  at  SO",  and 
8  meamna  of  aqnaooa  amaonia,  and  heating  the  niztare  in  the  watpr-bath.  In  the 
comae  of  a  minate,  ojatala  aS  the  (aide  aepaiatak  fk«e  from  hydrate^  the  fbnnation  of 
the  Utter  b«tiw  imnntad  lij  the  hig^  tanperataie  (Fayen,  Ann.  Ch.  Pfayi.  [2], 
Ixri.  M).— it.  Sf  Vl"'^^  l"^  *■  tontaef  mtk  air  and  leaitr.  On  the  bottom  of  a 
leadto  Tiaael  flUed  with  wat<r,  then  an  lint  foimed  a  number  of  white  flakec  of 
hydntedbasiccarbonateof  lead,  then  ahinisff  gt^  aratals  of  aahydroBi  (aide,  perUv 
in  Bcalea  like  mica,  partly  in  rfaotnbio  dodtcuediona  with  eobe-faraa.  When  heateo, 
the; bei»me  miaqne  and orange-etdound,  bat  wilhont  ladng  weight  or  Inatra.  (Yorhe, 
Phil.  Mag.  [3]  T.  82.) 

The«paafieDTantrofpn]tozideofleadu9-200S2(KarBten),S'277  (Herapath), 
»-M3(Pl«j'falr and  Joule);  after fodon  S-iH)(BonlIay}.  AMOtdins  toLeblano 
(Ann.  (%.  Fharm.  hi  23A),  the  epcdAo  gmit?  of  lithargo  it  mater  lAer  alow  than 
after  quick  aolidifleataon.  The  enUeal  «Kpanaiaii  between  0°  and  100°  it  Oi)079S. 
At  a  red  heat  it  inalla  to  a  dear  daik  nd  bqoid,  wliiah  adidiflea  to  a  reddidi-yellow 
crjatalline  maaa. 

Pntoxide  of  lead  imitea  readily  with  addi,  Ibrming  nenbal  and  rary  solnble  aalta, 
and  likewiia  ezhibita  a  decided  ehlarona  or  negatire  reaction  towards  atrong  iatet. 
It  diaaohne  readily  in  eanitie  potaiA  and  ioi«,  Saryta-miteT  and  Htne-vater  also 
diaaolTB  i^  and  the  hme-oomponnd  ia  aaid  to  emtalliae  in  aparin^y  aolnble  needlea. 
By  boiliis  the  protaiide  with  milk  of  lime,  a  liqnid  ia  oUainad  which  may  be  need 
tar  prodaemg  a  blade  dye  on  hair,  naila,  hoR^  and  .wood. 

An  <uM(  ^  fao^  iXHf  jAkt,  A^EW  or  A«*PpbV,  ia  obtained  bf  adding  canatM 
Mtatb  to  a  adatioa  of  a  laadnMlt  mixed  with  a  lilTm-ealt,  u  a  tfIIow  precipitate 
WilaUa  in  szeeeaof  the  alkaU,  and  ^lenby  eacily  aepaiated  from  admixed  lead-oxide. 
It  ia  eaaily  aolnble  in  nitric  acid ;  blacfcenji  on  raposnre  to  light ;  leavee,  when  isnited, 
a  mixture  of  lead-oxide  and  metallic  ailTer ;  and  when  qnietly  heated  in  hydrogen 
gaa  ia  rednoed  to  an  eaaily  fnaible  alloy  of  the  two  metala.   (Wohler,  Pogg.  AJin, 


gnatly  diminiibad  by  the  preaonee  of  certain  satta,  e.o^  anlphatee,  phoaphatea  and 
carbonatea,  and  inoeaaad  ty  that  of  ammonia  and  ita  aalta  (p.  17). 

Sydralt,  aiHydrattd  Oxidt  ti/£«a({,ia  obtained  on  adding  a  aolntion  of  nentml 
acetate  of  lud  to  exeesa  of  uamcnia,  aa  a  white  amorphona  precipitate  containing 
3Ppb0.2HW  (Payen),  or  2Ppl)0.H>0  (dcbsffnet),or,  iMording  to  older  atatemanla, 
PpbO.H'OorFpbH'O'.  If  the  solution  be  heated,  the  anhydrow  protoxide  ia  fbrmed 
it  the  aajne  tima    When  lead  is  immerBed  in  pure  water,  l^drate  of  lead  ie  fbrmed, 

•        -Bonsdorff).    Thehydcstepi  -■  ^— '    -  -----=----- 

istiepotaah  ia  alwaja  mixed,  accD 
in  qoantitj  of  baaic  salt.    According  to  other  atatemeDti^  hovever,  the  acid  whidl 


and  partly  diaaolvea  (r.  Bonsdorff ).   The  hydrate  precipitated  on  treating  nitrate  or 
acetateoflea '  -      -w-   .    ,..      ._-... 


>f  lead  with  cansticpotaahia  ^waja  mixed,  accordiog  to  W[nkelblech,withA 
"     'c  salt.    According  to  other  atatemeDti^  hovever,  the  acid  whii' 
pletety  temoTed  by  digeation  with  a  slight  excels  of  alkali. 
,    ...  a  by  pTedpitBitioQ  with  ammonia,  aa  abave,  appear        '     " 
microecope  to  be  composed  (i  prumatic  crystals.    It  mnat  be  protected  fl 


1000, 


It  eontaina  may  be  completely  temoTed  by  digeation  with  a  slight  excels  of  alkali. 

The  hydnte  prepared  by  predpitsitioQ  with  ammonia,  aa  abave,  appeara  under  the 
microecope  to  be  composed  (i  prumatic  crystals.    It  mnat  be  protected  &«■"  *^-  "■- 
dnrit^  washing  otherwiae  ilwUl  absorb  caibonie  add.    It  ntuna  its  wat<_  ... 
bat  giTca  it  np  at  a  aonkewhat  higher  temperature,  and  is  eonrerted  into  the  aohydroi 
protoxide^  whidi  ia  red  while  hot,  yellow  after  cooling.  

Hydrate  of  lead  takea  np  ammimia,  fbnning  the  two  eompotwda  SHH'.Pb'O.H'O 
and  2(im>.4Fb>O).B'0.    (Calvert,  Ckimpt.  rend.  ziii.  480.) 

m«a  Oxld*  af  ftMd.  Red  Ltad.  Mmum.  FWf  or  FnWO*  -  2FpbO.FpbO< 
or  PpbOTpbH)*.— This  oxide  is  formed  when  the  protoxide  is  kept  at  a  low  red  heat 
for  a  considerable  time  in  contact  with  the  air  ;  olsa,  after  preriaaa  formation  of  hy- 
diBted  protoxide  and  baaic  carbonate  of  lead,  whsn  leod-ahaTin^  are  atnwn  upon 
water,  the  Teasel  being  looeely  covered,  and  then  act  aside  for  some  months,  the  forma- 
nistion  of  red  lead  taking  place  chiefly  on  thcae  anrfoces  of  the  metal  which  are 
d  to  the  air.    In  like  manner,  diawinga  made  with  lead  tnm  red  in  the  conne 

a  certain  localities,  mixed  with  other  ores  of  lead, 
and  {oubably  resalting  &om  their  oxidation,  via.,  at  Bleialf  and  Sail  in  the  Eifel,  at 
BadeDweiler  in  Baden ;  at  BriJlon  in  Veetpholia ;  on  Onaaington  Moor,  and  in  Weir- 
dale,  Yorkshire ;  in  the  Isle  of  Anglesey,  and  at  Aoatia'a  Min^  Wythe  Coanty. 
Tirginia,  when  it  accompanies  ccruaile. 
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S«d  Icftd  ii  eztoonrelj  naed  us  a  pigmBnt,  and  in  tlia  mBnnlketare  of  flint^asa. 
It  ia  prepared  on  the  large  aeale  in  thu  conntrj,  dnaflv  in  Detbrehira,  bj  oxi<u>ing 
lead  ID  a  itmAeniorj  Airnace  haTing  tvo  Jire-luarti*,  eorand  bj  on  eUipticallr 

ardied  roof;  thev  am  ntnated  at  the  extreme  end  of  the  fnriiMB,  and  ere  wparated 
from  the  middle  hearth,  or  lead-liearik,  b}r  Idt  valla  or  fli«-1n7dffee.  The  ftpl  need  ia 
coke.  About  l,fiO0lbs.  of  lead  (one-tenth  consisting  of  hard  lead)  are  placed  apon  the 
lead-heaitii,  and  iroAed  aboat,  aa  «oon  aa  it  ia  mdted,  with  an  iroD  cnUeh,  the  oxide 
(maancot)  M  il  tbnna  being  pushed  to  the  aide  of  the  beuth.  The  tempentsre 
mnat  not  be  nUaed  abon  low  redneai,  bd  that  the  oxide  maj  not  melL  After  U 
honra,  tha  mssocot  ie  taken  oat,  ndaeed,  to  Traj  flno  powdrr  l^  gnndiof  and  lariga- 
tion,  again  placed  npon  tha  lead-hearth,  and  expoeed  to  the  saMW  tenpctatiue  ■• 
before  for  18  ho<ua,  or  till  ■  aampla  taken  oot  appeare  daA  red  wboi  hot,  and  liri^t 
nd  on  cooling.  The  fiunaoe  moat  then  be  doaea,  and  left  to  cod  eloiri;,  a  conditim 
niaiid;  eaaentaal  to  the  rnceeae  of  tha  tftcmtion.  In  Qeimanj  the  oooTcraon  of  the 
inawioot  into  red  lead  ia  effected  in  a  peculiar  ftamace,  in  which  the  tnaaaicot  is  placed, 
not  on  a  beuth,  but  in  band-ihaped  veaaela  open  at  both  enda.  Sometimea  the 
operatioD  is  TPpeat«d  in  order  ta  improvg  th«  oolmir.  Cubonata  of  lead  maj  alao  be 
na»d,uut(ad<a  masiiciX,  lor  oonreiaioll  into  ted  leatd,  bnt  when  the  tam«ratnTa  ia 
properij  rrgnlat(4,  another  pi^ent  ia  obtained,  called  Orang*  Lead.  Bed  laad  (hna 
prepared,  woieh,  howerer,  retains  a  little  eaibonin  acid,  ia  known  aa  a  {agmeut  bj  tha 
name  of  Paris  red. 

To  free  commercial  red  lead  from  the  ydlow  oxide  mixed  with  it,  Dumaa  digests  it 
ivpntedlT  with  Boladon  of  lead-acetate ;  Benelins  and  Dalton  recommend  treatment 
witb  cold,  Terr  dilate  aeetic  add;  Phillips  reeoaimende  14i  pta.  at  moa^  of  sttoiu 
ai^tic  add  dilated  with  a  Urge  qoantitf  of  wat«r  to  100  of  mioiam,  iaaamnch  as  if 
more  acid  be  need,  the  brown  peroxide  ia  likewfae  filmed.  AcoradJng  to  Ihimas, 
howerer,  peroxide  c^  lead  ia  alwaje  formed  vD  the  pDriflcatiod  of  """""■,  belbM  the 
wholeof  Uiefree  protAiideiiexbractMl,  even  when  the  difaitaat  acetkacid  is  employed. 

Commercisl  red  lead  likewiaa  coatains  all  the  fordgn  metallic  oxides — audi  aa  Aa 
oxides  of  copper,  iron,  and  olTer— with  which  the  maaaicot  or  lithaise  need  in  pre- 
paiing  it  is  coatominated.  Bed  lead  ia  likewise  often  adnlteiatod  with  cside  of  iron, 
red  bole  or  brick-dnst;  theee  snbstances  remain  nndinolTed  when  the  red  lead  ia  di- 
gested in  warm  dilate  nitric  add ;  boiling  hydrochloric  add  eitncta  eeaqtuoxidi! 
of  iron  from  the  residne.  When  red  lead  thns  adaltrnted  is  ignited,  there  remains  a 
mixture  of  jellov  lead-oxide  and  the  red  sabstanees  that  haTo  been  added  to  it. 

On  the  small  scale,  red  lead  maj  be  obtained  of  Terj  Ane  coloar  In  tha  fiiUowiilg 
proccssns : — 1.  When  4  pta.  of  lead-oxide,  prepared  by  uniting  white  bad,  tize  heated 
in  a  siWer  or  platinom  tmcibla  with  1  pL  of  chlorate  of  potaanom  and  8  pta,  of  nitre 
(the  latter  acting  aa  a  flax  and  tberebj  saTing  tha  chktate),  brown  peroxiae  of  lead  is 
fint  obtained ;  but  this,  when  farther  heated  to  doll  redneea,  is  coaTerted,  with  inta- 
meaceoce  and  thickening  or  the  maae,  into  red  lead.  Ai  soon  u  the  red  lead  begina 
to  decompose  at  the  edge  of  the  cnidblfv  4ie  maas  ia  soffered  to  cool,  and  (he  red  bad 
well  boiled  with  watn  coalaining  polaih.^!.  B^  boiling  peroxide  of  lead  with  aqaeooa 
plambate  of  potasainm,  or  1  pt.  of  the  peroxide  with  6  pta.  of  lead-nitrate  and  a 
qnantity  of  aqueous  potash  or  soda  sofficient  to  redissolve  the  h<rdrate  of  lead  drst  [Te- 
cipitated,  tjll  a  brown-red  mixture  of  mininm  with  a  small  quantity  of  Che  peroxide  is 
pniduced,  and  digesting  this  mixtaie,  after  washinf^  with  oxalic  iciil,  whidi  decom- 
poses the  peroxide  withoat  acting  on  the  miniiim.    The  mininm  obtained  t^  this 

ess  is  rather  doA-colonred,  b  ' '  <   ■  ■  ■        >  ■  ■    ■  ■->       .  ..    j. 

the  same  compoaition  aa  that 
Ann.  CSl  Phya.  [3]  Ixxr.  108.) 

FropfTtia.—S  "      '   ' 

htvted.  it  Bnt  as 

(Kareten),8'94(Ua8chenbraek),9'a82(Herapath):  of natire minium 4-S[Tl,S-S. 
(Dana,  ii.  126.) 

Bed  lead  was  fbrmerly  supposed,  aocording  to  analyses  b;  Bichter,  Wiegleb, 
Tbomsoa,  and  Berseliaa,  to  be  a  sesquioiide,  PpVCfi  bnt  it  ia  probable  that  the 
products  examined  bj  theae  ehemiita  contained  protoxide  or  carbonate  of  lead ;  for 
Iliimai  has  shown  that  the  perfectly  pure  red  oxide  apedallj  pn^red  for  analysis,  or 
the  commercial  product  fnra  ttnm  protoxide  bj  digestion  with  aolation  of  acetate  of 
lead,  contains  B0'B3  per  cent.  lead  and  S'37  oxygen,  numbers  Bgretring  exactly  with  the 
formula  Ppb^'.  It  may  be  regarded  either  aa  a  compound  of  the  protoxide  and  pei^ 
oxide  of  lead,  ZPpbO.PpbO',  or  perhape  of  the  protoxide  and  sesqaioxide,  PpbO.ftib'W, 
analogous  to  magnetic  oxide  of  iron.  Jacquelain  (J.  pr.  Chem.  liii.  161)fcnnd  that 
a  mixture  of  I  at.  PpbO  and  1  at.  PpbO*,  heated  to  450°  assamed  a  fine  red  coknir, 
gare  off  no  o^gen,  and  was  afterwards  perfectly  solable  in  potMh-kj  and  glacial 
acftie  acid.    It  ia  posaible,  howerer,  that  there  may  be  more  than  one  nd  oude  of 

D„i,:cc  ..Google 
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laod  intcnnediate  in  eompoeitioD  between  ths  pnito-  tai  peroxides ;  foi  a  cmtalliaed 
red  lead  fiom  »  miiiinm-ftmuee,  •naljied  by  HoBton-lAbillAidiin^  axfaibited  tlie 

Bteompotitioiu. — 1.  Bj  ntlin  Strang  iraution,  led  lead  U  mohed  into  the  pro- 
toxide and  3'4  p«i  cent,  of  o^gen  gae  (Damas). — 2.  By  maay  oxidable  bodies,  at 
Tariona  tempnatnrea,  it  ia  rednoed  lo  tba  protoxida.  Aqoeooa  tMplmrmu  and  ttitrovt 
■cida,  at  ordinary  tempecatnrea,  ronTcrt  it  reapectivel;  iiili>  anl^ta  and  nitiata  of 
lead ;  ndphitroui  arid  acta  varf  alowlr  in  the  cold,  lint  rspidlj  on  th«  application  of 
beat.  Diciloridf  of  fin  conTert^  it,  with  a  rise  of  tempersciire  of  13°,  into  chloride  of 
lead  and  atannie  oxide  (A.  Vogel,  Kaitii.  Arch.  xxiiL  Si).  It  ia  likeviae  reduced 
by  boiling  with  a  aolntioa  of  ingar,  and  oiidisM  many  organic  adds.  When  2  pta.  of 
red  loul  wid  1  pt.  oyatalliaed  tartaric  acid  ate  rubbed  up  to  a  thin  paate  with  a  amHlI 
quantity  of  water,  the  mixtnie  becomes  hot  and  whitish,  and  the  odour  of  fbrniic  ac  d 
1-  M<F«i  «ff  f^mt.gsr). — 3.  By  a  ftrnall  quantity  of  JmArvK-kLira  oaiA.  vtA  \a^  in  mrk* 
le  of  lead,  peroxide  cJlead,  and  w 
PpbKI*  +  4HCI  -  SPpbCl'  +  PpbO*  +  2BTO. 
By  a  larger  quantity  of  hydrochloric  add,  into  chloride  of  lead,  chlorine  gaa,  and  water: 

PpbH)*   +  8Ha     -     JPpbCP  +   CP  +   *HK). 
— 1.  By  cUoriiu-toaUr,  into  chloride  and  peroxide  of'letd : 

Ppb"0*  +   CT     -     Ppba«  +   2PpbO'. 

SimUariy  with  bnmiKt-iBater  (LSwig).  Minium  i*  not  deconipoeed  by  mercnrona 
uttrate  or  (»alie  acid.    (LeroL) 

Healed  with  ilrong  lu^urie  acid,  it  yielda  aalphsle  of  lead  and  free  oxygen.  By 
nitric  acid,  iUute  tuiplkitrie  add,  and  likewioe  by  weaker  adda,  inch  aa  orduiBTy  aettia 
aeid,  it  ii  reeolTad  into  protoxide  and  peroxide,  ue  former  disaolTiug  in  the  form  of  an 
ordinary  lead-salt,  while  the  loiter  remains  nndiaaolTed.  In  glacial  aeetie  acid,  howcTer, 
it  diaaolTea  completely;  and  when  oonaidenblB  qnantitiee  of  it,  but  not  quite  aofflcirnt 
tor  satmation,  are  diiaolred  in  that  acid  at  40°,  the  liquid  on  cooling  depoeita  prismatic 
crystHli  of  acetate  of  peroxide  of  lead,  while  an  acetate  of  the  sesquioxide  remains  in 
■olution  (Jacquslain,  J,  pr.  Chem.  liiL  Ifil).  According  to  Schonbein  [ibid, 
liiiiT.  SIS),  concentiBted  aeetdc  acid  shaken  up  £ir  about  IS  minntat  with  lerigatcd 
minium,  takea  up  about  9  per  cent  of  it,  forming  a  solution  which  is  quickly  decom- 
poaed  by  heat  or  by  dilution,  but  appean  to  be  stable  at  — 18°.  Sulphuric  add  added 
to  this  stJution  throws  down  all  the  protoxide  of  lead  contained  in  it,  leaving  a  pore 
solution  of  acetate  of  peroxide,  which  depoeita  the  peroxide  slowly  at  ordinary  tem- 
peratures, quickly  when  warmed.  Potash  added  to  the  solution  of  nliuinm  in  acetic 
add,  throwa  down,  not  mimnm,  but  a  mixtun  of  the  proto-  and  peioxidta,  which 
bines  tincture  of  guaiacnm  and  iodised  stareh-paste.  reactions  not  produced  by  pare 
minium.  The  solution  of  minium,  and  that  of  uie  pore  peroxide  in  acetic  add,  imme- 
diately decolorise  solntion  of  indigo ;  when  shaken  up  with  finely  diviiled  rinc,  iron, 
lead,  copper,  or  even  silter,  they  form  acetates  of  Uiese  metals  and  lose  their  oxidising 
properties.  The  same  solutions  couTort  iodine  into  iodic  acid,  sulphurous  acid  into 
sulphuric  add,  sulphide  of  lead  into  sulphate,  and  act  strongly  at  common  tero- 
pecaturea  on  oil  of  turpentine.     (Schonbein.) 

Minium  likewise  dinolves  in  c^d  concentrated  aqueous  pKotpJiorie  and  arienic  aeidt, 
forming  salts  of  the  peroxide.     (Jacquelain,  tee  p.  SB5.) 

■wqnlozlas  of  KMtO.  Fb'O'  or  Fpb*0'.— Hypochlorite  of  sodinm  throws  down 
fivm  lead-salte,  a  reddish-yellow  mixture  of  saaquioxide  and  chloride  of  Inui,  which,  if 
warmed  or  left,  to  stand  toe  some  time,  turns  mown  from  formation  of  peroxide.  To 
obtain  the  sesquioiida  free  from  chloride,  nitrate  of  lead  is  supersaturated  with  potash 
in  saffidant  quantitj  to  redissolTe  ths  predpitata,  and  then  treated  with  hypochlorilc 
of  sodium.  The  yellow  prodpitate,  when  washed  ond  dried,  yields  a  soft,  non-crys- 
talline, reddish-ysUow  powder,  which  may  be  dried  over  oil  of  vitrioL  At  a  red  hmt, 
the  aeequioxide  is  resolred  into  6'47  per  cent,  of  oxygen  gas,  and  06'S3  per  cent  of 
protoxide.  By  oxalic  add  and  by  formic  acid  it  is  reduced  to  protoxide,  with  erolutioa 
of  heat  With  nitric,  snlphnric^  hydroSuoailidc  and  acetic  adds,  generally  without  the 
application  of  heat,  it  is  converted  into  peroxide  and  a  salt  of  the  protoxide.  It 
dissolves  in  cold  hydrochloric  add.  forming  a  yellow  liquid  from  which  it  is  agun  pre- 
dpitated  by  alkalis :  the  liquid,  however,  resolves  itself  in  a  few  minutes  into  chloride 
of  lead  and  free  chlorine.     (Winkelbloch,  Ann.  Ch.Phann.lL  17fi.) 

Hie  scaquioxidr  may  also  be  obtained  by  predpitating  a  solution  of  the  red  oxide  in 
aeetifl  add  {aid.  itp.)  with  caustic  alkalia  or  alkaline  carbonates.  If  the  fixed  alkalis 
are  used,  the  sesqnioxide  always  retains  a  portion  of  the  predpitant,  which  cannot  be 
removed  by  washing )  but  by  pouring  the  acetic  solution  into  v«iy  dilDt«  anuDonia, 
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Mpu&ling  the  ptedpitste  qnicUf  bma  tht  liquid,  wuhiDg  it  with  hot  WRtet  cDntaining 
k  vety  null  qnuti^  of  sMic  mdd,  »nd  dniog  at  100°,  the  ■nqnioside  ia  obtaiued 
pure,  tuiTing  the  eolonr  of  fenio  oxide^  ud  di^ring  in  extenud  eppeirsDOB  than  tEist 
obtained  in  Winkelbleeh,  but  ■grering  «itli  it  in  compoaition  ud  leartiona.  When 
heated  to  160°,  it  beoomea  darker,  like  ignited  ferric  oxide,  but  doea  not  decompose. 

Tba  acatto  Mlntion  ti  Uie  aeaqnioxide  may  be  mixed  without  d«eommitioii,  with 
from  1  to  6  timMitiTidnmeirfMcdKilaf  M''Tr.    (JaeqncUio,  loc.ett.) 

niasUe  ar  FnosUa  or  KaaO.  Brmm  or  pwn  Lead.  FbH)*  or  PpbO<.— This 
oxide  ia  obtAined :  1.  B;  expoaing  tha  protoxide  anapended  in  \nt«F  to  a  Btream  of 
chlorine  gaa.  WoUer  precipitAtea  m  aolntjon  of  4  pta.  of  acetate  of  lead  with  a  solu- 
tion of  3  ptB.  or  rather  mors  of  oTataUiaad  carbonate  of  aodinm,  and  paaea  chloiine 
gM  throng  the  molting  thin  palp;  ia»m,  till  the  whole  of  the  carbonate  of  I«d  ia 
conTHted  into  brown  peroxide^  amonnting  ta  3t  pi*,  which  may  then  be  viBhed. 
Ko  chloride  of  lead  is  n»med  in  thia  rva^ion,  the  irhola  of  the  chlorine  combining 
with  the  aodinm,  while  acetic  and  carbonic  acid  are  act  free. — 2.  By  fiinng  protoxide 
of  lead  with  chbrate  tX  potaaainm  at  a  tempciKtnre  ahort  of  ndneu.— 3,  By  dignt- 
ing  tha  red  oxide  in  dimte  oitrie  acid,  which  disaoliee  the  prDtoiidc,  decanting  off 
the  nitrate  of  lead,  and  washing  the  remaining  powder  with  boiling  water.— 4.  By 
fniiiig  the  protoiidB  tbr  a  conaideiable  time  with  hydrate  of  potaseinm,  it  then  oTatal- 
lieea  in  black  aix-sided  tables  (Becqneret). — 6.  According  \o  Schonbein  (j.  pr. 
Chem.  IxxT.  88),  it  ia  obtained,  bat  alwaye  mixed  with  proC^oide,  when  basic  acetate 
of  lead  is  shaken  np  with  aqoaona  peroxide  of  hydrogen  or  oEonised  oil  of  tnrpentine ; 
i^  howeTer,  the  oil  of  turpentine  la  in  exc«es,  the  peroxide  a  radoced  to  protoxide 
with  separatian  of  ozvgen,— 6.  When  a  aolution  of  a  lead-wit  (nitrate  or  acetate)  ia 
electrolysed,  metallic  lead  ia  depaait«d  on  the  negatiTet  and  peroxide  of  lead  on  the 
poaitive  electrode. 

According  to  Becqnerel(Ann.  Ch.  Phya.  [3]  TiiL  iOfi),  a  hjdrated  peroxide  of  lead 
mn  be  obtained  electrolytioally. 

The  peroxide  is  also  aaidto  occnrnatiTe,  as  plattnerite,  at  Leadhills  in  Scotland, 
in  hexagonal  priama  with  replaced  basic  edge^  pceudomorphons  after  pyromorphite. 
Ckavage  indistinct.    Lnatie  metallic  adanuntine.    Colonr  iron-black.    Streak  brown. 

^te  artifldally  prepared  paiosid«  it  a  bmwn  powder,  which  when  heated  giToa  off 
oxygBDi  and  is  eonreited  into  red  Iced  or  the  protoxide.  According  to  Snckow,  it  ia 
also  rednoed  to  the  red  oxide  by  expoanre  to  bri^I  annshine.  When  touched  wiUi 
the  moist  hand^  it  gives  off  an  odinir  of  chlorine  or  peroxide  of  hydrogen.  With 
hpirocUarie  add,  it  yields  chloride  of  lead  and  &ee  chlorine ;  niiroUM  aeid  conrects  it 
into  nitrate  of  Itod.  In  an  atmosphere  of  pure  talphurout  anhydridt  it  becomea  red- 
hot,  and  is  moTerted  into  sulphate  of  lead,  and  therefore  servee  to  separate  mlphuroua 
anhydride  from  other  gasee.  With  ammonia  it  forms  water  and  nitrate  of  lead ;  and 
when  triturated  with  one-aixth  of  ita  wiazht  of  tutphur,  it  takee  fire,  and  bums  with  a 
bright  Bame,  forming  sulphide  of  lead  (v  auqnelin)i  the  addition  of  phosphoms  or 
of  strong  fulphnrie  add  causes  a  etroi^  detoaation  (Grindel).  Organic  ttihtlancn 
are  ra[4aly  oxidised  by  it ;  when  tritnrated  with  crystallised  tartaric  acid,  it  b(v>omia 
red-hot^  and  eliminates  carbonic  anhydride  and  furmic  add  (Walker).  With  Jth 
grapt  tugar,yiy\i.  ignition  likewise  takes  place  ;  also  with  manniU,  or  with  Jth  of  cans 
tvgar.  Baetmic  aad,  and  especially  gaUic  aeid,  also  take  Sre  in  contact  with  it ;  a 
less  Tiolaat  action  t^ee  place  with  mucin  and  oxalic  adds,  carbonic  anhydride  being 
formed  in  the  latter  esse  (Bottger),  The  peroxide  likewise  oxidises  organic  com- 
j_  -_  _i       .._.   .!._.    :j  converta  uric  add  into  allanlolu  and  urea, 

'  lead  and  carl -  -   .  - 

and  water,  it 
finmicacid  and  carbonate  of  lead.    (Sturenburg.) 

According  to  Mnnck  af  Bosenschold,  itia  the  strongeat  of  all  negative  electro- 
motors (iL  iSlV 

Peroiide  of  lead  does  not  mute  readily  with  aeida ;  compound*  of  thia  oxide  with 
aeeti^  phosphoric,  arsenic  add,  Ac,  may  howsTer,  be  piudnced  \ij  treating  red  lead 
with  the  respectira  adda.     (See  p.  S6Z.) 

The  prismatis  cryatala  of  acetate  of  peroiide  of  lead,  or  paroiyplnmbie 
acetate,  which  separate  from  a  solution  of  red  lead  in  gladal  acetic  add  nay  be  dried 
to  a  certain  exl«it  between  bibulona  paper,  bnt  if  the  paper  be  renewed  to  complete 
the  drying,  the  ciystals  turn  yellow,  and  are  reaolved  into  acetic  acid  and  the  brown  per- 
oxide; if  still  moist  with  acetic  add,  they  maybe  kept  undecompoeed  in  doeed  vsssele. 
They  melt  at  1  R0°,  and  at  a  somewhat  higher  temperatnre,  deoompo  '  " 

oompleteW,  leaving  metallic  lead,  and  ei 
When  moiBtened  with  irat*r,  they  are  n 
the  latter  may  be  obtained  puce  b 
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tflbnlt  an  eaij  meam  of  dutingauhiDg  beCweeo  the  solution  oT  the  crjstab  of  peroij- 

fiunbic  aeetuta  in  uctic  kH,  and  that  of  the  Rsqiuoiide  in  the  ume  add,  aa  the 
tar  Tielda,  beiides  free  perraide  and  acetic  add,  a  certain  qnantity  of  nenti^  ae«tU« 
of  lead,  which  maj  be  detected  in  the  iraler.  (J  acq  aelain,  J- pr-  Chem.  liji.  ISl.) 
A  aolutioQ  of  peroiTplnmbie  phosphate  ii  obtained  by  diuoKing  mininm  in 
moderatclj  connntnted  aqneona  phoaphoiic  acid,  and  predjntaliiig  the  diBeolTed  pro- 
toxide with  dilute  aalphnric  add.  The  aolntion  ma;  be  facilitated  by  mixing  tha 
lJ]ce[Jioric  aciid  with  aulphuricv  nitric,  oe  acetic  add.    Pcnuyplnmbic  ^ hoaphate  ' 


«  stable  than  the  acetaU,  but  ou  boiling  the  Bolutioii,  oijEen  is  rapidly  erolved, 
ana  protoxide  of  lead  remaina  dtaaalTed,  without  separatioa  c^  peroxide*  The  aam« 
decomposition  take*  piece  alowlj  at  common  temperatureiL     Fhafiphoric  add  added  to 


solution  of  peioxyplnmbic  scetate  increaaea  its  alnhilit;,  and  prevanla  tbe  Beparstiaa 
gf  pennide. — A  corraponding  arse  Date  ma;  be  obtaioed  in  like  manner,  but  it  ia 
more  pnme  to  decomposition  than  the  pboephats. — A  concentrated  wdntion  of  tartaric 
add  shaken  up  with  mininm  takes  up  peroxide,  and  a  cleair  solution  may  be  decanted 
from  the  residue,  but  the  dissolved  peioxide  is  qoickly  decompoaed,  its  ozysea  oxidia- 
in^  a  poition  of  the  tartaric  acid,  and  a  predpitate  of  ordinary  tartrate  of  lead  being 

With  btua,  peroddfl  of  lead  onitet  more  readily  than  with  adds,  behaving  towards 
alkalis  like  a  weak  acid,  and  may  therefore  be  called  plumbic  acid. 

nmt&als  <!f  folauium,  E*0.Pb'0'.3HH)  or  K'PidiO'.aH'O,  is  obCuned  in  smaU 
ojstala  b;  ftanng  tbs  peroxide  with  excess  of  bydnte  of  potaasium,  and  diasolriDg 
(he  prodoet  in  a  smaS  quantity  of  water.  The  sijntion,  evapocated  in  a  vacuum, 
yiel<b  Aombahedial  oy^ala  (Frimy,  J.  Fharm.  [3}  iii.  S2).  It  may  alao  be  pre- 
paicd  by  boiUng  tbs  peiozids  in  a  ailvn  dish  with  vny  strong  potash-ley,  till  a  sample 
dissolved  io  wster  yielda  a  copious  pndpitate  of  ths  peroxide  on  addition  of  nitrio 
add.  A  little  water  is  then  pouted  upon  the  hot  mass,  and  the  Kaulting  anlntioa  is 
decantad  and  left  to  eool;  it  then  depoaits  plnmbata  of  potasaium  in  octahedrons 
(Begnaulti  The  etyrtals  are  deeompoaed  by  a  amall  quantity  of  water,  yielding 
peroxide  of  lead,  and  a  solution  of  that  oxide  in  the  eieeas  of  alkiili,  which,  however, 
11  decomposed  by  a  larger  quantity  of  water,  the  whide  of  the  peroxida  being  precipi- 
tated aa  ft  brown  povd^. 

The  eolation  of  plnmbate  of  potassium  ftamu  with  metallic  salts  preeifHtatea  of 
anatogoas  eompoBihon. 

PliiniAatt  of  ealcium  is  obtained  by  digesting  uitnte  of  lead  at  61^  for  flva  houn, 
with  exoess  ot  lime  and  chlcoide  of  Ume.  A  edontless  insoluble  compound  ia  then 
formed,  from  which  adda  withdraw  the  lime,  leaving  pure  peroxide  of  lead.  (Cram, 
Ann.  Ch.  I^arm.  Iv.  S1&  ) 

XmAS,  OKrmtMMXDM  OT.  FbrBi*0  or  FpbVrK)  ••  FphBr'.P[A>0.~-ThiB 
compound  is  formed  by  igniting  bromide  of  lead  in  contact  with  the  air  till  it  cessee  to 
emit  white  fumea  (Balard)  ;  by  heatjng  biomocaitenate  eg  lead  (p.  £40),  till  all  (he 
carbonic  anhydride  ia  expelled  (Lowig) ;  or  by  immergiiig  bromide  of  lead  fbrsome 
days  in  a  solntion  of  the  acetate,  and  a^tatiug  from  time  to  time.  It  is  a  yellow 
-  powder,  which  when  heated  to  hsion,  gtrea  off  dense  white  ftimes,  and  solidines  on 
coaling  to  a  yellowish- white,  translucent,  pear);  mass.  When  deeompoaed  at  a  high 
temperature  by  chlorine,  it  yields  94*9  per  cent,  chloride  of  lead. 


portions  with  the  Motonde,  fomuDg  the  fouowmg  componnds : 

a.  Ppb'a"0-3PpbCl'.PpbO.—Fonr  parts  of  chloride  of  load  ignited  with  one  part 
of  lithuge  jiAi  a  fused  laminar  pearl-grey  mixture,  which  when  triturated  with  water 
■wells  up  to  a  bulky  mass,  having  the  above  composition,     (Tauqnelin.) 

S.  PptreTO  -  Ppba'J^bO.— This  compound  occura  native  aa  matiockite,  in 
the  old  mine  of  Cromfbrd,  near  Matlock  in  Derbyshire.  It  flAms  dimetric  tabular 
crystals  exhibiting  the  combination,  oP  .  »Pa>  .  F  .  SPib  .  Angle  F  :  P  in  the  ter- 
minal edges  —  104°  6' ;  in  the  basal  edges  ~  120°  fi2'.  Cleavase  basal,  not  perfect 
Hardnen  —  2'G  b>  3.  Speeifle  gnvitr  •=  7'21 — S'3e47.  Xustce  adamantine, 
occasion  all;  peoriy.  Colour  clear  J^owish,  sometimM  a  little  greenish.  Transi&ceut 
to  translocent     (Ores,  FhiL  Mag.  [11  ii.  120;  Bammelsberg,  Pogg.  Ann.  Ixxv. 

The  same  compound  is  formed  by  igniting  chloride  of  lead  in  contact  witb  the  air, 
till  it  no  longer  nimea,  or  t^  fhsing  chloride  and  carbonate  of  lead  together.  Carbonic 
anhydride  is  then  set  tme,  and  a  compound  ia  formed  which  is  deep  yellow  while 
fdsed,  but  on  cooling  assumes  a  lemon-yellov  colour,  and  becomes  nacreous  and  crys- 
talUne  (SobBreincr).  It  is  also  obtained  as  a  hydrate,  aPpb'Cl'O.H'O,  when 
recently  precipitated  chloride  of  lead  is  digested  in  a  cold  solution  of  neutral  scetsto 
of  lend ;  also  when  a  solution  of  common  salt  is  dropped  into  ths  nwtial  acetate.    The 
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[»  wUer  and  melu  to  a  d««p  jellov  mu*,  bFcaming 
& 
,  ,  »  this  oxychloride  oa  the  hage  aeaie,  tm  hmu  a  pigmeDt,  by  the 
following  proew: — Finely  pnlTerised  giaJens  ii  beatad  vjtb  strong  hydrocbloric  Kid, 
vbereby  chloride  of  Isad  ia  formed,  and  sulphydrie  acid  nvolTed ;  titis  gas  ia  collects 
in  lam  gaaometeii,  and  n«d  for  the  pnparation  of  inlphDrie  acid  by  ctmbiution  in 
the  araiuif  laad-diamlien.  Tbe  liquid  la  allowed  to  cool  completely  io  contact  witb 
dienndiaaidvednaidDe;  thia  reaidiie,«{udiflOMiita  chiefly  of  eUoride  of  lead,  ia  waited 
with  eold  watOT  to  nmore  the  MaQy  aolnble  diloridee  of  tapper  and  iron,  and  then 
gndoallj  inlTodaeed  into  a  tcmcI  containing  boiling  water,  which  dinolTea  the 
chloride  <^  lead,  leaving  a  amaller  nodne  oonaiatinB  of  gangoe,  chloride  of  iQTar,  and 

—  1 ^  galena^    By  meltjng  thia  laat  reaidne  with  lime,  a  qnantity  of  mha 

little  lead  ia  obtAinsd.  eren  ttom  ana  ia  which  the  proportion  of  lilrer  ia 
ir  proflUble  extraction,  either  by  the  oidinuy  proceM  of  esldnatioa,  or  by 
Pattinaon'l  condmaalion  pioceea.  The  bot  clear  aolulion  of  dUoride  of  lead  obtained 
M  abore  il  nixed  wi^i  very  thin  milk  of  Hme,  anflcient  to  nentraliae  only  half  the  hy- 
dxocUonc  add  preeant.  A  precipitate  of  oiyehlarlde,  Ppb%l*0,  ii  then  formed,  which 
may  be  used  adTaDtsgeonsly  as  (pigment  in  pUce  of  white  lead,  aa  it  eoren  well  when 
mixed  with  oil,  and  diMS  not  torn  yellow  io  the  dark,  or  blacken  from  exposnie  to  air 
containing  snlphiwltod  Indiogen,  more  qnicklj  than  white  lead. 

<kFpb%l>0'-PpbCl'.2FpbO.— This  componnd  forma  the  rare  mineral  mendipite 
^also  called  Mnvtt*  and  etrtuitf)  finrnd  on  the  Mendip  Hilla  in  Someraetahire,  where 
it  ocetin  in  yeUowish-wfaita,  trimetrie  prisms  exhibit^  the  bees,  op,  «P,  atPa- , 
aPic ,  tod  havinj;  the  ang^  enF :  aP  —  102°  86'.  C&ange  Ter;  diMtoct,  pualld 
to  otP;  less  dist&ct  di^^nally.  HaidneM  —  i-6 — 3.  Specific  gmi^  _  7  to  T'l. 
The  er^slsls  arc  translucent,  and  have  an  adamantine  lostre  on  the  clravage-ikcce.  It 
occon  in  a  state  of  gn<ater  purity  at  Brilon,  near  Stadtbergen  in  Westphalia ;  the 
eiyatals  there  fbond  an  while,  translucent,  and  have  a  motber-of-peaii  Instrs  on 
the  clsaTagv-fkces.  It  is  also  found  in  opaque  primatie  erystoU  at  Tamoirita  in 
Klesia. 

d.  Ppb'Cl|0'  —  PpbCl'.SPpbO.— This  oomponnd  i>  obtained  in  the  aohydtoiu 
state  by  iiising  1  at.  chloride  of  Irad  with  3  at  of  the  protoxide ;  also  aa  a  hydrate^ 
Ppb'Cl'O'.H'O,  by  deoompooing  ehlotida  of  leed  witfi  ammmia;  bj  predpitating 
basic  acetate  of  lead  with  eommoo  salt ;  and  by  decomposing  a  acdntion  of  common  salt 
with  protoxide  of  lead.  The  hydrate  is  a  white  floceulent  mant.  tod  when  ifmited 
leaves  the  aohydioiu  compound,  which  i^  a  greeniah-jellow  laminated  mass,  yieUinga 
yellow  powder,  known  as  Turtur'i  j/eUou,  It  ia  prepared  as  a  pigment,  by  mixing 
litha^e  with  ^  to  |  of  ite  weight  of  common  uh,  and  pooring  water  on  the  mixture ; 
it  then  becomes  hot,  swells  up,  yields  a  solution  of  caustic  soda  containing  a  Teiy  small 
quanti^  of  lead,  and  a  residue  of  basic  dilorid^  which  is  wsahed  and  ignited  at  a 

'     Lte  heal      ""''■■  ■         -         •         ■  

f  white 

e.  Ppb'Cl'O'  -  PpbCl".6PbO.— Obtained  by  ftising  chloride  of  lead  with  S  at.  of 
the  protoxide.    Orange-yellow  mbetance,  yielding  a  deep  yellow  powder. 

/.  PpbHJTO*  -  PpbCl'.7PpbO.— Ppodoced  by  foaine  a  mixture  of  10  pta.  of  pure 
oxide  of  lead  and  I  pt  of  pure  sal-ammoniac,  a  portion  of  the  Ind  being  at  the  nme 
time  reduced.  The  ftised  prodact  afibrda  enbic  crystals  on  cooling  slowly.  It  focms 
in  that  Btatfl  a  beautifiil  yellow  jMgment,  known  as  QukI  ytll<m. 

KMAJ),   OZTOTAVSBH   OV.     See  ii.  2S3. 
flee  p,  fi*T. 

.  .  ____'.    Protoxide  of  lead  is  a  atrong  base,  uniting 

readily  with  acids,  and  forming  salts,  the  general  charaeten  of  which  have  beeo  already 
deacribed  (p.  540).  Those  which  are  boIuMb  hare  a  aweetiah  taste  and  are  poisonoDs. 
They_  resemble  the  salta  of  barium  and  Btrontium  in  being  readily  precipitated  1^  aul- 
phnric  acid,  and  many  of  them  are  isomorphous  with  the  corresponding  salts  of  those 
metola:  Lead  has  a  veiy  great  tendency  to  form  basic  salts,  which  may  be  regarded 
either  as  compounds  of  the  normal  nlta  with  oxide  or  hydrate  of  lead,  or  t*  aalta 
derived  fiom  two  or  more  molecules  of  wat«r,  in  which  leas  than  half  the  hydrogen  la 
replaced  by  an  add  radicle  :   thus,   th«e  is  a  basia  nitrate  of  lead  contuniog 

H0>\ 
PbHO'JT.HOoriCh   C,   and    a   tribasic   acetate    containing   CHiPbCPhK)  or 

Pb*  [  "^  "  p"„  ( O'.  These  basic  oiygen-salta  are  analogous  to  the  oiychlo» 
tidc^  oiyiodides,  &e.     (For  descriptions  of  the  individual  salts,  see  theaereialAcins.) 
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Tlie  Naqaiaiid«  wid  petiuide  at  lead  also  nnita  with  adds,  bat  the  lalti  thence 
nanldng  tn  not  TTij  lUbie.  Th«7  are  ptodncad  b;  the  Ktion  of  ixitaiu  a(^on  Hm 
t«d  oiida  of  lesl  (p.  US). 
ZiM&s,  OKTxosnms  or.  FWeitfth«MeompDttiidah«Tebeand«Ma{bBd: 
a.  ^b^<0  — PpbI*.FpbO,uobtaiDHl,aeconliiiglcBraudeBaiidKDhne(niaTin. 
CentnlU.  1847,  p.  £93),  b;  pneipiCating  acetate  of  lead  with  iodide  of  potaujam. 
Denot  (J.-Phaim.  xs.  1)  omu  a  Kitntion  of  the  ZMotnl  acetate  mixed  with  a  small 
qnantitr  of  baaic  aeetatf,  and  diaaolna  ont  the  iodide  of  lead  OMilaiiiad  id  the  preei- 

Sitata  with  water.  The  nme  eomponnd  i>  taid  to  be  tbrmed  wbeo  iodide  of  lead  ia 
igcated  fbr  Knne  tims  in  a  aolDtion  of  the  nential  aeetat*.  Aeatie  acid  i«  aaid  to 
dincdre  out  the  oxide  of  lead  from  thia  oonponnd,  Wving  the  iodide.  I^  iBUDanion 
in  aolntioi  of  iodide  of  pof  iwinin  it  ia  eoiivailed  into  iodide  of  lead.  It 
oantaina  1  at.  water,  which  ii  given  off  at  100°  (Kabne),  at  200°  (Denot).  It  mdta 
with  Mrtial  deuKopoailioB  at  800°,  imd  KiUdiBee  (o  a  clear  yellow  glaie  oa  eoolii^. 

>b'PO.H'0  -  PpbP.SFpbO.H'O,  ia  obtained,  according  to  Kiihna,  bj  digesting 
d  oxidfl  of  lead  with  a  boiling  atdntion  of  iodide  of  potaannm  aa  long  a*  it  eon- 
nnne*  to  iaereaae  in  weight  Bj  praci[Htiitiag  t«Btc  acetate  of  Irad  wit£  iodide  of 
potasdam,  Eahne  obtained  nothiiig  bat  the  compomid  a,  whereaa  Denot  itatee  that 
oompoanda  '■"■*»''■ '"g  2  at.  and  5  at.  oiida  of  lead  Ui  I  at,  iodide  are  obtained  by  pre- 
dpitaling  iodide  irf'  potmiinm  with  dilaaic  or  pentabanc  acetate  of  lead. 

e.  Fp&I*JFpb0.2H*0.— Obtuned  bj  treatug  a  boiling  Bolndon  of  iodide  of  lead 
with  eaoatie  ammonik.    (Eihne.) 

d.  Ppbl'.SP^bOfpb'O*  (f).— Thia  ia  a  wine-nd  compound,  obtuned  b;  tritorating 
raMBtlT  pndmlatad  »dista  irflead  with  a  fbnrth  0(  ita  weight  of  iodine,  and  botUng 
with  wBt«c  M  loiv  u  ramea  of  iodine  am  giTen  off    (Jammea.) 

A  FpbI*.5FpbO. — Bemaina  in  the  fixrm  of  a  jellow  powder  whan  the  oompoond  d  ia 
dried  and  heated.     (Handw.  d.  Chem.  V  Anfl.  iL  [2],  60.) 

KUS,  FMOBVsna  or.  a.  When  pho^honu  ia  thrown  upon  melted  lead, 
or  when  lead-fllinga  an  ignited  with  an  equal  weif^t  of  glacial  phosphoric  add,  or 
ehlonda  of  lead  with  phMphorua,  a  compound  ia  formed  containing  not  more  than 
IS  per  ceiiL  of  phoaph^a:  it  baa  the  colour  of  lead;  may  be  cnt  with  a  knife,  but 
■plita  into  l»'niini'  when  hammersd  ;  tamiahaa  quickly  when  eipoaed  to  tbe  air ;  and, 
whan  heated  before  the  blowpipe,  jialds  a  phoephomn-flame  and  a  globule  of  lead 
rPelletier,  Ann.  Ch.  Phn.  [2],  xiii.  Ui).—b.  Phonhoictted  bjdn^en  gas  ^pasaed 
for  two  honra  thrcngh  a  aohition  of  neutral  acetate  of  lead,  jidda  a  brown  preetpitata, 
whirh  bnnu  belbre  the  blowjape  with  a  email  phoapboma-flamc^  {ixmillg  bMmtitiUlT 
c^ltallind  lead-phoaphata.    (B.  Boae,  Pogg.  Ann.  iziT.  326.) 

*-™*''',  SSIiMM^KB  OV>  Varj  amall  qnandtiea  of  aetenium  combined  with 
lead  Nndra  it  harder  and  len  fosible. 

Hie  pretaxtoiii),  Fb*Se  or  PpbSe,  ia  formed  when  lead  and  uleninm  are  heated 
together,  cranbiDatiou  then  taking  place  attended  with  tncandcecence,  and  a  grey 
poronamaaa  being  fismed,  which  becomes  ralrer-whtte  by  polishing.  When  ignited  in  an 
open  veM«l,  It  Bist  nrgaoffsdeniam,  then  a  imoll  quantity  of  aelenide  of  lead  in  wbit« 
fbmea,  teanng  a  residue  of  basic  aeluiite  of  lead.  Cold  nitric  acid  diuolTea  the  lead, 
leaving  red  ■eleniom,  which,  OD  beating  tbe  liquid,  diseolTuS  in  the  form  of  aelenions 
•dd.     (BeraeliuB.) 

Selenide  of  lead  also  ocenn  native,  aa  clauathalite,  lometimei  pure,  aatnetimeg 
baviiig  port  of  the  lead  re^aeed  by  other  metals,  aa  cobalt,  copper,  memuy,  and  silver. 
It  Ia  ronud  in  flne-grsined  masses,  sometimes  fbliaCed,  with  cubic  cleavage^  Haidncsa 
—  2'6  to  S.  SprtiBc  gravity  —  7  to  B'8.  Lustre  metallic.  Colour  lead-grej,  Bome- 
timee  bluisb ;  cnprcons  varieties  yellowiab.  Streak  darker.  Opaque.  Fracture  gm- 
nnlar  and  shining.  Bather  Bectile.  Before  the  blowpipe  it  emits  the  odour  of  horse- 
radish and  exhibits  varioos  other  reactions  charaeterietie  of  K 


'[  aclemnm  (3.  v.).    Heated 
in  a  tabs  it  yields  a  sublimate  of  spieninm. 

The -following  are  analyses  cnT  clansthalite  and  iu  varictii«:— a,  H.  Bole  (Fogg. 
Ann.  ii.  416;  ilzSl);  A,  Stromeyer  (thd  ii.  403);  <t,  Setenide  of  lead  and  sUver 
(Bammelaberg,  Hinerakhemit,  p.  34);  d,  Selcnide  of  lead  and  cobalt;  e,  f,  Sele- 
nidea  of  lead  and  copper  (H.  Bose,  Fogg.  Ann.  iiL288);  o,  I,  The  same  (Kara ten, 
aid.xIvL2BS}: 

TlUanda.  CUiulhd.  TlUerad*.  Cliuitkiil.        Tllbrode.  aiubKh. 

a.  *.  c  ri.  t.  f.  f.  k. 

Selewam  ,  .  3.TM  3S'll  2S'fi3  SI-42  S4-«8  SOSS  82-09  2997 
Lead    .    ,    .     71-Bl      70-9S      6019      S3-«2      4B'4S      6028      57-48      6S-16 

Silver 11-67        .   .  1-32    - 

Cobalt 0-88         .    .  314  OOo         DOS 

(krpfet     .    .  ' IS'77        7-04        B-88        4'OS 

Ivon     .    .    .     _.   ■  ■   .  .   .  0-45        .   .  0-78       

09-40       99-92       9834       0803     100-SO       09-26       08-20      00-30 
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Thfl  TBrii4i«s  t,f,g,k,  vUdi  contain  eoppn-,  are  b;  some  nuDcraloauta  Tcnided  u 
distinct  Kpeciea  ;  bnt  it  is  perhaps  bettra  to  Tt^uA  them  as  varieties  id  oUagtlulilo,  in 
«liioh  psit  of  the  lead  is  replaced  by  copper ;  a  and  /  an  called  rapkanomite  bj 
Eobell;  i2  is  called  TUfaroiifs  by  Haidinger ;  d,  «,  and/an  called  Zbn^  InBiooke 
end  MJJlBr;  t  and  i  Bgree  ntarly »iti  the  fannnla  i^fse ;  /andy  witli  S^jiSe. 

Claosthalite  and  its  vaiistiea  occur  at  Hangerode,  in  the  Harts,  and  at  Claustbal, 
Tilknode,  Zorge,  Qlasbacfa,  near  Hildlnugbansan,  and  Lehrbaeh  ;  also  at  Bamsberg 
and  FMibeiR  in  Saxony. 

Ldrbadute,  irtiiehisBselenide  of  leadaadmercnry,  and  is  desoribed  m  hning  the 
■tmotnre  and  colour  of  clansthalitei,  is,  periiapa,  a  meehameal  mixtnre  of  that  minend 
with  selenide  of  nuxvaxj.  It  amita  the  odonr  of  Kleninm  befbre  the  blowpiM  and 
giTCS  mercaiy  with  soiu.  H.  Hose  found  in  ode  ^edmen  lji'97  per  cent,  sdeilinm, 
Sd'St  lead,  and  16-94  mercury  (—  tT16);  in  another,  i1-99  selanioni,  27-88  lead,  and 
41-69  merclu?  (-  lOO). 

uiAit,  nnrMiDBa 

namply,  theprolo«nlphide,tii 

the  only  one  vhose  coiistitation  ii  necontely  kuovn. 

Totartoanlpbiae.  Fb*S  or  Ppb'S  ?— A  finely  divided  mixture  of  lOO^ta.  of  galena 
and  84  of  lead  heat«d  for  a  qusiter  of  an  hour  in  a  well'doiied  charcoat-Iuinl  crudble, 
placed  in  a  Tiod-flunace  with  a  strong  draught,  yields  111  pt&  of  a  dull,  Isad-coloored, 
fine-grained,  semi-malleable,  soft  mixture,  exhibiting  a  dark-grey  colour  on  the  cut 
eurface.  Wheo  oxidised  by  nitric  acid,  it  yields  36  per  cent,  of  lead-sulphate,  and 
BiDgt  therefore  contais  3-96  per  oeaL  of  sulphur.    (Bredberg  PogS-  *""  xni.  274.) 


g  that  the  mixture  is  ftised  ii 

idble,  and  coTsred  withboiKi — ISOpta.  of  a  more  brittle  mixture  are  oblaiiiBd, 

having  a  dark  leaden^grej  colour,  a  finely  lamiaar  fracture,  and  containing  7'207  per 
cent,  of  solphnr  (Bredberg). — 2.  Sulphate  of  lead  isinited  in  a  diareoal-lined 
crucible  giree  off  salphuroua  a^ydride  and  leaTss  hemisulphide  of  lead,  which  at  a 
higher  t^peratnre,  partly  TolAtiliBee  and  is  partly  decomposed,  leaving  a  residue  of 
metallic  lead.    (Berthier,  Ann.  Ch.  Phys.  [2]  xxii.  210.) 

Pr«to>BtpUd*.  Fb^  or  FpbS.— This  compound  is  found  native  as  galoea  {Hut 
Itad,  gaiint,  Bitiglam),  the  meet  abundant  and  important  ore  of  lead.  It  occnr* 
frequently  in  Teiy  fine  crfitali  belonging  to  the  mooometric  system,  with  cnbio 
cleavage,  perfect  sod  easily  obuined.  l!ho  Ordinary  fbnns  are  the  oetahedioni  cube, 
and  rhombic  dodecahedron,  occurring  alone  or  in  combination  with  other  forms,  20  for 
example,  subor^nate;  twins  like^.  82Q  (ii.  160),  and  others  in  which  the  intetsec- 
ling  cubes  are  of  diffiirent  aises;  or  ia  wUeh  the  diagonals  do  not  exa<rtly  oHneide ; 
alaapsendomorphsaflarpyiomorphite,  IhecrjEtalsare&eqnentJy imbedded.oronitfdin 
granular  aggregalionB.  Tlhe  mineral  likewise  occurs  in  tabular,  rcniform  or  botiyoidal 
masses  ooone  or  fine  granular,  sometimes  impalpable,  occasionally  fibrons.  Hordnees 
—  3'fi.  Specific  gravi^  —  7-26  to  7'7.  Lustre  metallic.  Colour  and  streak  pore 
lead-grey ;  snrfiua  of  eiystals  occasionallj  tarnished.  Fiaeture  scarcely  pprc^tible 
in  the  OTstals,  on  account  of  the  perfect  deavage ;  in  the  moasive  varieties,  flat  sab- 
condioldal,  or  uneven.  Before  the  blowpipe  it  decfepitates  strongly,  melts  and  yields 
a  dobule  of  lead  as  soon  as  the  lulphnr  is  volatilised. 

For  analyses  of  galena,  see  p.  ISO. 

<HleQa  is  found  abundantly  in  EngUndand  in  many  parts  of  Eompe ;  intheQaouria 
mountains,  Siberia ;  in  Altceria ;  n«ir  the  Cape  of  Good  Hope ;  in  Anstnlia ;  and  in 
many  parts  of  North  America.  It  occurs  in  beds  and  veins,  both  in  eiyslalline  and 
DQcrystalline  rocka,  often  osaociated  with  Uende,  iron  and  copper  pyrites,  carbonate 
of  \itA  and  other  lead  oree,  and  in  a  gangue  of  heavy  spar,  calcspar  or  quartt  It 
on«u  Bofien  decomposition,  and  gives  rise  to  the  fbrmation  of  other  plumbiferoos 
minerals. 

Breithanpt's  antimonial  galena  from  Freiburg  in  the  Breiegrau.  with  speciAc 
gravity  D  69  to  7-0,  is  perhaps  the  same  as  stein  mannite  fhnn  Pidbram  in  Bo- 
hemia. Whether  the  tetragonal  galena  of  the  same  mineralogist,  also  containing 
antimony,  ia  a  dimetrio  variety  of  galena,  is  not  eiaetty  known. 

Protosulphide  of  lead  is  produced  artifldally :— 1.  When  snlphnr  is  mixed  with 
melted  lead,  the  whole  becoming  T«d-hot.  Strips  of  lead  even  of  moderate  tbicknan; 
take  fire  in  Bolphnr-vaponr,  and  bom  with  vivid  glow,  depositing  hslf-fbscd  globolea 
of  tbe  prolomlpbide. — 2.  By  heating  the  protoxide  with  excess  of  snlphnr. — 3.  By  tha 
action  of  Bolphydric  add  or  an  alkaline  sulpbide  on  the  oxide  or  setts  of  lead. — 
1.  Becquerel,  by  immersing  dnnabarina  solution  of  chloride  of  magnesium  contained  in  a 
glass  tube,  diptring  a  lead  plate  to  the  bottom,  and  leaving  the  tubs  well  closed  tia  six 
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Toekg,  obbiiaed  grey,  metallie-Bhiniiig,  regalar  tetabedrcoiB  of  the  pnitMuliJiide,  iriiicb 
foimed  on  the  mibii  ot  the  tube. 

Sulphide  of  lead  obtained  hj  Ainug  its  elem«ita  togsther  ii  of  a  laitd-gT^  oolanr, 
wiib  gnunlar  bactore ;  that  which  lb  precipitated  b^  Bolphjdrie  acid  ii  ■  brom-black 

Svd^,  and.  according  to  Kontm,  has  a  denait;  ol  7'60f>2  afler  foiion.     Sulphide  of 
id  m«lts  at  a  atrong  red  heat,  rolatilieea  at  a  atioiigst  heat,  and  sublimea  ondecom- 
poeed  if  kept  from,  contact  with  the  air. 

Dteompontioii. — 1.  Sulphide  of  lead,  wben  genllf  ignited  in  the  air,  giTM  oCF  the 
greater  part  of  its  snlphnr  in  tlie  form  of  snlphurona  anhydride,  while  metallic  lead 
(amoDiituig  to  about  naif  the  total  qnandtj)  and  anlphate  of  lead  remain  behind 
(Deeeotila,  Ann.  Ch.  Phyi  [2]  It.  441).-  2.  The  piotonilphide  and  protoxide  of 
lead  decompoae  one  another  when  heated  together,  erolTuig  nilphiuoaB  anhydiide  ind 
leaviog  metallic  lead : 

I^bS  +   2PphO     -     Ppb"   +  30*. 

— 3.  The  protondphide  heated  in  Taponr  of  water  giree  off  tolpbydric  add  and  yielda 
metaUie  lead.  Tne  flrat  prodnda  fbnned  are  mlphjdric  add  and  the  protoxide,  which 
then  reacts  on  (he  remaining  snlphide  ia  the  manner  jnat  described. — I.  Whenaulphide 
of  lead  ia  foenl  with  alkaline  carbonatea,  half  the  lead  ia  separaCed  is  the  metallic  state, 
and  on  addition  of 'metallic  iron,  the  whole. 

PratoEoIphide  of  lead  ia  insoluble  in  diivte  acidt,  in  canetio  alkalit,  and  atialint 
auivUda.  When  boiled  with  dilute  nitrie  and  it  gradnall;  dissolTee  aa  nitrate,  with 
erolnlion  of  nitrie  onde,  and  separation  of  aolphnr.  The  flnply  divided  eolphide 
treated  with  famirtg  nitrie  acid  ia  completely  converted  into  snlphate  of  lead ;  but  if  any 
portion  of  the  Eul[^nT  remaine  onoziaiBed,  a  corresponding  qnantity  of  the  lead  is  con- 
verted into  m'tmt^.  By  strong  iydnxAlorie  acid  it  is  oonTerted  into  chloride  of  lead 
with  nolntian  of  mlphydric  add.  SittV'kj/droeUarie  aeid  converts  it  into  chloride 
and  lulphata  of  lead.  CUonns  decomposes  it  slowly,  fbrming  chloride  of  lead  and 
chloride  of  anlphnr. 

VersnlpDMe.  A  solntion  of  a  lead-salt  mixed  with  pentasolphide  of  potasainni 
yields  a  precipitate,  which  has  at  flrst  a  fine  blood-red  colour,  bat  qnicUy  losea  this 
eoloar,  even  while  immereed  in  the  liquid,  and  ia  resolved  into  the  protosQlphide  and 
bee  salphur.  Higher  anlphides  of  lead  ore  also  aaid  to  be  formed  by  the  actioD  of 
solphy^c  acid  on  the  seequiozide  and  peroxide  of  lead  j  but  their  eompoeition  bos  not 
been  made  oat. 

UUJD,  •vxvsooAxaovATa  or.    See  Svu-HotuKBoicAns. 

xa&S,  mraooKIiOKxna  <nr.  If  a  Isod-ealt,  e.ff.  aqoeoiia  chloride  of 
lead,  be  precipicatod  by  a  mixture  of  aqneoos  snlphydric  and  hydrodiloric  acids,  there 
is  pntdneed,  first  a  yellowish-red,  and  thfu  a  red  predpitate  containing  about  96  per 
oenL  (3  at.)  of  kad-snlphide,  and  agreeing  very  neariy  with  tho  formiila,  FpbCl'.SPpbS. 
An  excses  of  sn^ydrio  sad  tnma  it  black  and  oonrerta  it  into  pure  sulphide  of  lead ; 
the  nine  chaimc  ia  prodnced  by  boiling  with  watw,  whieh  extracts  the  diloride ;  tha 
eompound  is^obl^kened  by  potaab,  whieh  extracts  the  clitofine(Hiinefeld,  J,  {«. 
Chem.  lii.  37). —  When  sulphy&c  add  gas  is  paaaed  through  a  solntion  of  i  pt.  lead- 
acetate  in  100  pts.  of  water  mixed  with  lOpts.  of  hydrochloiic  acid  of  apeciflc  gravi^ 
1'108,  a  beantitnl  carmine- ooloured  predpitate  of  aulphochloride  of  lead  is  prodnced. 
If  the  tiJation  contains  1  pt.  of  lead-acetate,  112  pts.  of  water,  and  14  of  stcotw  by- 
diochloric  add,  aulphydric  acid  produces  a  yellow  predpitate,  which  give*  np  oh^ride 


diochlonc  acid,  aulphydnc  acid  produces  a  yellow  precipitate,  which  give*  np  chloride 
of  lead  to  boiliof;  water,  white  block  protosnlpbide  of  lead  remains  behind.  -If,  instead 
of  14  pis.  of  strong  hydrochloric  acid,  we  use  14  pta  of  a  mixture  of  2  pU,  of  stroag 
hydrodilorie  and  1  pt,  nitric  acid,  prepared  two  days  bcforeand  con  taininzpamitric  oxide, 
the  sulpbydric  acid  produces,  ^er  a  while,  first  a  yellowish-red  and  Uien  a  dnnabar- 
red,  granular  predpiUIe.  If  the  stream  of  aulphydric  acid  ess  were  continued  for  a 
longer  time,  the  predpitate  woold  become  fint  cannine-roToured,  then  brown,  and 


s; 


^y 


predpitate  woold  become  fint  Garmine-roToured,  then  brown,  and 

J    black.    The    red  granular  precipitate,  when    boiled   with   water,    gives  np 

a  considerable  quantity  ot  chloride  of  lead,  and  is  converted  into  a  brown-red,  floc- 
colent  powder,  which  then  undergoes  no  further  change,  bnt  when  heated  alone  in  a 
glass  tabe,  ^ea  off  sslphnr  and  aulphydric  odd,  and  fases  to  a  brown  mass. 
According  to  this  reaction,  the  pemitric  oxide  moat  have  predpitoted  anlphnr  from  the 
solphydnc  add,  and  the  red  predpitate  is  a  oompound  of  the  chloride  with  a  pely* 
sulphide  of  lead.     (Reins  ch,  J.  pr.  Chem.  xiiL  130.) 

Km&D,   BrnVHOOTAVATa  OV>     See  SrnjHOCTAKATBS. 

KSAB,  WUlTMi  Eydrated  carbonate  of  lead  used  as  a  pigment  (ii.  786).  Tha 
native  anhydrona  carbonate  is  also  called  white  lead  ore. 

Ti»nW  mftTTTfTii   Syn.  with  galena  (eee  p.  668). 
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5G0         LEAD-GLASS— LEAD-RADICLES,  ORGANIC. 

Ti»an  VUnma  fitrtmi  plitmbL — A.  tenn  fiMmtrij  applied  tg  pafceH;  Awed 
oxide  of  lead.  Oxide  of  lead  ii  ued  as  ao  ingredient  in  ntiOM  kiadi  of  [rliii.  aa  ia 
flint-glaoB,  crjatal-^aaa,  atran,  &e.  (ii.  Ml). 

TiMlW  MTill¥»  TheB;laxe  of  the  more  commoa  kindi  of  eaithenwaza  cocaiata  of 
an  eaailj  fdaiblc  silicate  of  Mad,  prepand  ftom  a  miitiire  of  flnelj  ground  red  lead, 
lithaiga,  white  lead,  or  galena,  villi  elaf  or  Band.  It  mplli  mora  eainlj  in  ptopoition 
as  it  ia  rifber  in  lead,  bid  when  the  pn^iortion  of  lead  is  rery  large,  tlia  ^an  iioeeoni- 
poeedbj  dilute  acids,  which  ^ooItc  put  of  the  oxide  of  lead. 

S0»  j 
8alphelo-tTuarimiaUo/Uad,rvao:3FWXf  ~  (C6)*[o*. 

— A.  eijstallised  mineral  oeenning,  together  with  other  ores  <d  lead,  atLeadhills  in 
Scotland ;  said  alao  to  be  (onnd  in  Grenada,  in  the  island  of  Serpbo,  Gracian  Archi- 
pelago, and  in  the  Newbng  diitrict,  Sonth  Carolina.  The  rajstala  are  IrimMiic^ 
vxhibidng  the  {dance  «P»  (gTMlly  predominant),  «P»,  »P.  JI*<b,1P;  J  P. ; 
i  P  and  othm.  Angle  bP  :  aP  —  103°  IS'.  Batio  of  pcincipal  axi^  brachj- 
diagmlal  and  macrodiagonal  —  1-T20S  :  1  ■■  1-2632.  The  ciyatali  ai«  bemihedral 
in  »F  and  loine  other  plauea :  hence  they  tra  monodinic  in  aHpect,  or  ibombohednJ 
wheninODinpoimderjMBla.   CleaTagi"  Tray  perfect  parallel,  to  mfcc  "  ' 


IS  conaiiting  of  three  crjatali,  with  fue  of  oompoaition  P«;  also  p< 
iBi  (0  atr.  Hardness  —  2-6.  Speei&e  narity  _  8-2~8'6.  Lnstre  of  a>f  a  naad 
the  otluir  (ues  resinoos,  somevhaC  adiunantine.     Coloor  white,  p 


is  yaQow,  bat  become*  irtiitfl  on  cooling;  aasilj  ledneed  on  fhfW'Tfi'i     It 

eHerreece*  bruUy  in  nitne  acid,  and  IWTea  a  white  reaidne  cf  kad-m^bMa. 

Benelina  fbond  in  the  mincnl  287  par  cent,  sulphate,  and  71-Q  caibonat<e  of  lead 
( —  99-7) :  Stmmejer  finmd  38-3  sulphate,  and  737  earinnate  ( -  100) ;  llw  formula 
requires  3T'41  solphate  and  72'SS  carbonate.    (Dana,  ii  >71.) 

^■AB-aEATT.  Statu  dtflomba.  Bleutan.—liaa  term  is  apfOied  to  the  mix- 
ture* of  mlphide  of  lead  with  other  nwlKllie  aulphide*,  chiefly  sulphidie  of  imwi,  obtained 
in  the  metaUnrgie  treatment  of  leadnlres  (p.  492). 

Nadn  protoxide  of  lead  (p.  660). 

EL    A  mixtnra  of  the  lead-soape  of  bCty  aeid^  used  in  medi- 

I  extonal  ^>plicati(ML  It  is  prqiared  by  heatiog  9  pts.  of  oliTe«il 
(sometiaM  ala*  kid  m-  rap».oil)  neariy  to  ita  boiliiw-point,  tlwn  adding  by  degni* 
S  pte.  at  ptmdeitA  litharge  iiteccpnating  tltonm^iq'  *ith  a  qiatula,  aduiqi  &Mn 
lime  to  time  small  portion*  of  warm  wat«r,  and  eootinuing  tlia  hatting  and  inoor- 

af^dK>p*«f  the  mixture  harden  when  tiirown  into  water,  and  fbna  a 

theflsgen.   Sometiine*  *  aii  '        *  "''  

rge  alona.^Fell-p-e[i*red  Isai 
ndiat  flaiible  and  tenacious  in  i 


gentlr  beata^  it  molts  to  a  thiil  liquid,  which,  at  hig^  te 
and  uiaUy  blade,  giving  off  irritttinK  Tupours. 

»i»*^-»  ■  WO*— ,  OBOAVZO.  These  aompounds,  the  sories  of  which  is  at 
present  far  bom  erai^etf^  are  obtwned  by  the  aetion  of  the  iodides  of  the  akohol- 
radides  on  Isad  or  it*  aHojs  with  potassium  or  sodinm,  or  of  line-ethyl  on  chloride  of 
lead.  Tia  formation  of  ethyl-eompoonda  by  the  first  of  these  processM  wm  lliat 
obstrred  in  ISM  by  Ldwig  (J.  pr.  Chem.  Ix.  304;  Ann.  Ch.  Fharm.  Ixxxriii  318), 
•oon  afterwards  by  Cabours  and  Rieha.    (Compt.  rend,  xxxii.  1002.) 

The  iodide  of  the  radicle  Pb^C^H')",  or  Pp^PH')*,  was  smumted  by  Lowio,  irtio 
designated  the  ndicle  methplnmbethyl,  and  gtndied  seTeral  of  its  Romponndii,  bat 


(J.pr.C 
— Theei 


ieeomponndFb(C*H>)' or  ^b<<?H*)*  was  discovered  in  I8£8  by  Buckton  (Phil. 
Hag;  [4]  xriiL  213,  xrii  382;  Ann.  Ch.  Pbam.  cix.  218,  ciiL  22D);  and  the  oott«- 
spooding  BHthyl-campound  '\jj  Cahonii  in  1891  (Ann,  Ch.  Phya.  fS]  liii.  2ST ;  Ann. 
Cb.  Pham.  exxii.  it\  wbo  likewise  obtained  1^  ita  demmpositami,  the  ccmnound 
Pb^CH^orPpHCH')'. 

Mnm^aHrUmjL  Mtthplmtihamyt.  Pb'C"H"-Ppli{C*Hi7-PpbAm«.~Prepanid 
(like  the  eorrespondiiie  eUgrl-compound)  by  disUUing  an  alW  itf  lead  and  sodinm 
with  iodide  of  amy),  ihakiog  up  the  distillate  with  ether,  diatilUi^  ofT  tin  •Utei  aAur 

r,„i,z.ctvG00Qlc 


tEAD-RADICLES,   ORGANIC.  561 

■dditioD  of  a  little  alcohol,  and  treatins  tJie  randne  wiUi  ■  large  qoanti^  of  water. 
Plnmbctnamyl  thsD  aFpamtea  aa  a  yellowuh,  oiljr,  non-mlatile  liquid,  inodoniiia  is  ^ 
mid,  Mielling  liks  plnmbotrietliyl  Then  warm :  ila  Tapoor  axerta  an  iiritatiiig  letioa 
on  ijie  igaeoni  membnnm.  When  set  on  flee  it  borna,  with  sepuation  of  Ind-Ozidet 
Vith  ftmiiufr  nitric  acid  it  detonatea,  with  emiarion  of  light  and  heat. 

The  eUoride,  PpbAm'Cl,  im  obtained  bj  treatdi^  the  oxide  (uf/rs)  with  h jdraehloiio 
acid'     It  CKVitalUaea  in  vhit«  needlea. 

The  iaJitu,  PpbAmI,  a  obtained  in  white  needles  by  adding  iodina  to  the  etherral 
■olatioii  ti  plambotTivDjl,  till  the  eolonr  becomos  permanent,  and  eraporating  the 
flltnte.  It  la  more  atabls  than  the  eonnpoDding  ethfl-componnd,  melting  at  100^ 
without  deeompoaitiai],  and  aolidi^ing  in  t£e  eryiUJline  form  oneooling.  n  ia  iuao- 
Inbln  ID  water.  It  nniCea  with  mcratrts  icdidt,  forming  the  donble  aalC  PpbAml.Hhgl', 
which  cTTstalliaea  in  golden-jellow  lainiow  iasolnble  in  water,  aparinglj  aolubla  in 
ajoohol  and  ether. 

Oxidi. — B;  agitating  the  alcoholic  adntion  of  the  iodide  with  noentlf  piecipitAted 
<aide  of  ailTer.  evaporating  the  flitiata,  and  tieating  the  reaidna  with  watar,  oxide  of 
plnmbotriainjl  aeparatea  aa  a  bintly  jellow  visdd  maas,  ioaolnbU  in  water,  aolnble  in 
alcohol  and  ether ;  the  aleoholie  scJiitioD  haa  a  fiunt  ■itaUnn  reaetitm,  and  pieeipiljite* 
take  aalt*,  bnt  not  cq>per  or  aljtx  salts. 

The  iMmialt,  obtained  by  heating  the  oxide  with  dilute  ■alphurio  aoidi  ii  ft  viadd, 
nnoTttalluabU  nuua.    (ElippeL) 

Btii/l-eonpoitndt. 
PIombateletbjL  IVCfH'*  ~  FptKC^*)*— FpbE'.    lowig'a  JVrfJpIumMi^— 

L  5  w  i  ((  bj  acting  on  an  alloy  of  6  pta.  lead  and  1  pt.  aodinm  with  iodide  of  etli;!,  obtunsd 
a  mixture  of  hvbikI  lead-compoonda  of  ethjl,  woich  he  waa  not  able  to  ■apamte.  The 
mixture  was  perfe«llj  coloorlraa,  tolerably  mobile,  volatile,  and  had  a  powerflil  odour ; 
did  not  fame  ia  the  air,  but  when  set  on  fire  bnint  and  gaTe  off  denea  clondg  of  oxide 
of  lead.  It  took  Sre  when  itrong  nitric  acid  waa  pound  npon  it,  and  exploded  with 
great  nolence  in  contact  witb  iodine  or  bromine.  It  waa  ineolnble  in  water,  bat  dia- 
adred  rsadil;  in  alcohol  or  etbar ;  and  the  lolntioQa,  when  exposed  to  the  air,  depoeited 
an  amorphona  powder,  ineolable  in  water,  alcohol  and  ether,  bttt  capable  of  forming 
c^ratalliUiblf  aalta  with  acids,  while  in  aalotion  there  remained  a  atronglj  alkaline 
baa^  the  oxide  of  phunbotiiethjl,  the  radicle  of  wbich  appeared  to  conetitnte  the 
greater  part  of  the  jnodnct    This  radicle,  howerer,  Lowig  did  not  succeed  in  isolating. 

Elippel  prepares  an  alloy  of  lead  and  sodinm,  haTing  nearlj  the  oonmoaition 
PpbVa',  by  melting  3  jits.  of  lead  in  a  hessisn  crncibli^  and  after  removing  it  aom  the 
Are,  adding  1  pt.  sodunn  in  small  pieces  still  moistened  with  rock-oil,  and  stirring 
with  an  iron  rod.    CombinatioD  tlien  takes  place^  attended  with  STolation  of  heat  and 

'  "  * "         I  alloy  from  oxida- 

,         ,  in  Band  and  left  to 

cool  alowlj  ;  the  ciyatalline  alkiy  ia  pnlrariaad  in  a  warm  mort«r,  with  addition  of  a 
■null  quantity  of  diy  sand,  then  intioduced  into  a  nunibat  of  email  fltaka  and  drenched 
with  iodide  bf  ethyl,  and  the  flasks  are  immediately  eonnseted  with  a  condensing  tube, 
to  prerent  loaa  of  iodide  of  ethyl,  irtiidi  diatila  over  in  consequence  of  the  heat  evolTsd 
by  the  riolent  action  which  immediately  talwa  [ilace.  The  iodide  of  ethyl  is  allowed 
to  flow  back  into  the  flaak*  aa  long  •■  any  action  goe*  on,  and  when  it  is  completed 
the  exceas  of  iodide  of  ethyl  ia  distuled  off  erer  the  watar-bstli;  Ibercmainiiigliqiudia 
poured  out  of  the  flasks  into  a  dry  (^ass  cjlinder  and  shaken  np  with  ether,  which 
disaolTea  the  plnmbotriethyl ;  and  the  ether  ia  diatilled  off  after  addition  of  a  little 
water:  the  plumbotriethyl  then  separates  aa  an  oil  at  the  bottom  of  the  water. 

Flmnhotnathyl  is  a  y^owish  mobile  oil,  of  ipecifle  gravity  l■^^l  at  0°,  insoloble  in 
valtr,  easily  soluble   m  aUeiol  and  riher.       It  volatiHsM  ondecompoied   in  small 
qnantity  with  ether-Tapanr,  bat  cannot  be  diatjtled  alone.    By  the  action  of  li^t,  or 
by  prolonged  boiling  with  water,  it  deeompoeef^  with  sepantioa  of  metallic  lead 
fElippel).    When  expoaed  to  the  *■- '"  rfh/^-.*!  ■»^i«»:^...  ^(-^^  »......»(..j  :»»a  ^»j<i* 

(Lowig),  carbonate  (Klippel). 
ehlonds  of  lead.     (KlippeL) 

Bromidt  of  plunbotrieliyl,  ^bEfBr,  is  obtained  by  adding  an  aleoholie 
eolation  of  bromide  of  potassium  to  a  solation  of  the  sniphate  in  alcohol  oontaining 
solphoric  add,  agitating  the  whole  with  ether,  then  with  water  to  separata  the 
ethereal  solation,  and  erqiorating  the  ether  j  it  then  cryatalliiea  in  long  needles. 
(Lowig.) 

The  chloride,  PpbE*Cl,  is  obtained  hj  adding  chloride  of  hariom  to  a  solalion  of 
the  sniphate  in  aloohol  containing  hydm^loria  acid,  agitating  with  ether,  sepaistJDg 
the  ethereal  solulioii  by  water,  and  lesring  it  to  er^wrate  (Lowig);  by  neirinilising 
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the  oziile  OF eirtxuiBte  with  hjdTOchlaric  acid  (Klippal) ;  orbj  Uie  Mtwuof  hjdio- 
oUoric  aeid  ga±  on  plumhotebreUiyl  (Bnckton,  p.  693).  It  ciTBtiilliwa  in  beantiflil 
long  newUea,  having  ■  high  luMie,  nnd  giving  off  a  nixnu;  odonr  of  oil  of  mnstud 


when  gwotlj  heatad.    When  heat«d  in  a  gliH  tube,  thev  detonate  alightl^,  c 
moderate  hsat,  Tielding  chloride  of  lasd  and  metallic  lead.     (Lovig.) 
The  eHoromfreurale,  PpliE*CLHhgCl',  aepamte*  fnim  a  hot  elcohalie  aolntion  of 


the  component  ealts  in  white  nacreona  aesln;  the  eUoropletiiiai*,  2Ppb£K}LPptCl*, 
in  eopper-ied  c^ital^  qiaringly  aolnUe  is  water,  more  eaail;  in  alcohol  and  ether. 
(KUppeL) 

Tbevj/anidt,  CH"NPb*  —  FpbE*CT,  ii  obtained  br  heating  (Tuida  of  potaiainm 
with  an  akoholie  aolutioii  of  ehtonde  ot  plnmbotiietliTl,  for  a  eoniiderabta  time,  in  a 
•ealed  tobe  pUi!«d  in  a  water-bath,  mixing  the  reanltiiig  blood-red  liquid  with  water, 
and  reciTBtaUlii^  the  r««iiltiiig  white  precipitate  &om  ether.  It  then  c^tante*  in 
priamaticciTelall,  which,  when  heated  in  a  tube,  mett  aad  decompose,  with  deflagration, 
Bepuation  of  met^lie  lead,  and  svolation  of  inflammable  Tspoaxt,    (KlippeL) 

The  iodidi,  PpbEn.  formed  hj  the  action  of  iodine  on  plnmbotnethTl  (Klippel), 
or  by  the  reaction  of  iodide  of  potaeeinin  and  enlphate  of  plnmbotrieth'^  (La  wig),  la 
■olofale  in  ether  and  Terf  mutable,  the  ethereal  lolntion  qmckly  vietdiug  a  depont  of 
iodide  of  lead.— If  the  eomponnd,  while  jet  nndecompoeed,  be  distilled  with  watar,  iodide 
M  l«d  eeparatea  immediately,  and  tlie  wat«r  which  paaeea  orer  ia  aocompMiied  by  a 
colonrieas,  mobile,  Ttrj  pnngent  liquid,  ao  longer  prone  to  spontaneone  decompoeiticai, 
and  having  nearij  the  compoaitioD  (FpbE*)*P.    (Lijwig.) 

Orida  of  plumbotritthyl  It  tAUinai  in  the  hjdnil^  state  b;  adding  a  eolation 
of  nitrate  li  nlvez  mixed  with  alcohol  to  the  alcoholic  eolution  of  the  mixed  radidea 
M  long  a*  metallic  ailver  i>  precipitated ;  filtering  from  the  silver ;  agitating  the  teimlC- 
ing  aomtion  of  nitfate  of  plambotriethjl  with  alcoholic  potash  and  aAcrwarda  with  ether ; 
niMiiig  a  mffldent  qoanti^  of  water  to  separate  the  ethereal  solution  of  the  oxide ;  and 
eraporatiiig  the  rther  In  a  retort.  HTdrated  oxide  of  platnbotrieth;l  then  remaina  in 
the  form  of  a  thick  oilj  liquid,  which  aolidiflea  aRee  a  while  in  a  crystaUine  mass, 
■lippaiy  to  the  touch,  like  bjdrate  ofpotaasitun  (Lowig).  It  may^  be  prej^redbj 
—  *-aIly  adding  iodine  to  the  ethereal  •olotioa  of  flranbotriethjl  till  the  colour  nr 

tainra  which,  on  addition  of  water  and  remoi 
□.deposits  hydrate  of  plumbotriethfluianearlji 
ii  volatile,  and  forma  white  ftimee  when  atoa  i 


thiddsh  oil  (Elippel). 

with  hjdiochlorio  acid  is  held  over  it  Whm)heat«d,it  give*  off  white  vaponn,  which 
excite  powerfol  sneeong — a  ia(ipeH7  iriiid)  alsobriongi  to  thetadideitaelf  andmaoj 
of  its  eompoonds.  The  hTdiate  ditaolm  apariD^  in  watMv  readilj  in  aloohd  and  in 
ether;  haa  a  strong  alkaline  leaetioti,  and  a  ihaip,  disagreeable^  canstie  taste  (L5wi^ 
Elippel);  saponifies  &ts;  predpitatea  the  oiidea  of  iron,  cohmt  and  silveilnm  their 
salts ;  also  ahunina  and  oxide  lA  lino,  both  of  which  it  rediasolvee  when  added  in 
excess.     (Klippel.) 

Oxygen-satta     The  oxide  unites  radilj  with  adds,  forming  etTstalliaable  salts. 

The  aeetott,  ieaioalt,  and  butyralt  form  needle-shaped  cryatalsi  aolnbls  in  water, 
alcohol,  and  ether. 

Carbonate,  (PpbE')*CO'. — The  hjdrsted  oxida  repidlj  abeorba  carbonie  add  frmn 
the  air,  and  by  leaving  the  alcoholic  solution  tA  evaporate  in  the  air,  the  caibonate  i* 
obt^ed  in  small  hara  ei7stalB(LowiB),otiI  maj  be  prepared  by  passing  earbonio 
anhydride  into  the  aolntioD,  and  separatMl  by  addition  of  carbonate  M  ammonia,  care 
bdngtakan  howpver  to  avoid  an  exoeaa  of  the  latter,  which  wonldnve  rise  to  the  forma- 
lin of  an  easily  soluble  double  salt.  Carbonate  of  plombotnethyl  has  a  strong  burning 
taste,  is  neariy  insotnble  in  water,  qiaiiilf^y  solatue  in  alcohol  and  ether.  Alcohol 
containing  hydrochloric  add  dissolves  it  with  tfihrvescenca,    (Lowig.) 

/Wmati  ^  plumiotruiiyl  resembles  the  aoetate. 

The  niiraU,  PpbB'.MO*,  is  obtained  by  decomposing  the  alcoholic  solution  of  the 
mixed  plumbethyls  (Lowig,  p.  G61),  or  the  ethereal  solution  of  pure  plombotriethyl 
(Klippel)  with  nitrate  of  ajlver.  It  remains  on  svipDr«dou  as  a  coUmrten,  viscid 
liqoi^  which  smells  like  butt«r,  has  a  burning  taste,  and  solidifies  after  a  wlule  to  a 
oystalline  onetuons  masa.  It  is  decompoeed  by  heat,  with  ali^t  detonation.  It 
■'- — 'vM  readily  in  aloohol  and  ether ;  the  aloohohc  solution  when  evaporated,  d^wsits 
n  qnanti^  of  nitrate  of  lead.    ^Lowig.) 


The  neatral  oxalate  farms  scaly  l»""""  ciystals,  which  when  dried  over  oil  of  vitriol, 
contain  CTPpbE-^.H-O.    (KlippeL) 

k  phamhate  (I^bB'jHTPO*,  ia  oUained,  by  sahiratiiig  the  oxide  or  carbonate  with 
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S^piatt.  (FpbE*)'80'.  —When  SQlphnrio  Mid  is  kdded  b;  diops  to  an  alcohoUo 
MlatioB  of  the  oxide,  Uaving  the  baw  in  flice~     -   ■      -        '  -■  .  '■' 

tst«  of  the  BD^hate  ia  abt&ined,  vMeh  miul  1 

iri^  ether,  ilia  nit  ia  neulj  iuBakbla  in  watar,  abaolata  aktdul,  and  ethar.  bat  dis- 
■olvea  readily  in  aieohol  mixed  with  inlpbnni!  or  hjdioehloric  aeid.  Fnuo  the  acid 
solntion  it  ciTstKlliiwa  in  tolenbly  inr^e,  hud,  ihiDUig  octahadral  enitals  (Lovig). 
Klippel,  by  diwolritig  the  earbonate  in  alooholie  mlphiiric  Mid,  obtained  the 
Bo^ihate  in  OTEtala  likethoee  of  qnutx.  BacktOD,  bydeiunipOHing  the  chloride  with 
■nlphnnc  add  or  tolphate  of  siWer,  obtained  it  in  aibeaCifbnn  needlee. 

The  iKtd  larlnUe,  C<5'(PpbE'}Oi  (at  100°),  fbrau  seal;  laminar  i<i;Btal& 

t  aolution  of  the  oxide  or 

a,  irtueh  ia  nearlv  inaolnbla  m  water,  aloohol,  and  ether,  and  blackens  qnicklj 
with  aapantion  of  salphide  of  lead.    (ElippeL) 

TliejWpiaejpaliateiafinmadl^  heating  an  alooholie  aolatloti  of  the  oMoride  with 
reeentlj  preeipilAted  lulphocjanate  of  mlTer  to  100°  in  a  aoaled  tobe.  It  diaw^TO*  ia 
water,  almbol,  and  ether,  and  oyBtalliaea  from  tilia  ethereal  aolntiotl  in  the  same  form 
ai  anlphoeTanate  of  potaaeinm.    (Klippel.) 

VlanbMMMtbTL  FbK^E*  -  Ppb(C^>)<  or  FpbE*.  DiilMide  of  lead. 
iflwiiM(MttyiKi«(BaektoD).— Prodooed  by  the  action  of  nnc-ethjloncMoride  of  lead; 

aZmE*  +  ZPpbCl*  -  22i!nCl'  +  PpbE*  +  Ppb. 
When  diy  chloride  ttf  lead  a  add«d  to  sinc-ethjl,  deoompaaition  takes  place  imme- 
diatdr,  attended  wUh  s^MuatioQ  of  nrtallie  lead,  and  slignt  rise  of  temperatore ;  and 
on  Mdinft  ■■  excMB  of  Hie  lead-eUorid^  and  warmii^  gentlv  (or  a  few  mlniitea,  a 
dear  liqotd  ta»j  be  deoante^  Kps/trtutij  wnaiiiting  of  leranl  laad-mdieles  combined 
with  iino-«lli7l,  wlueh  eanaot  be  eonpletel;  ramored  bf  di^gaatioo  with  ezcesa  of  lead- 
ehloridi^  bnt  maj  be  expelled  tor  the  moat  part  bj  distillation.  The  liquid  remaining 
in  Die  retMt  at  140°-1«°  fielda,  whan  treated  with  water  and  hTdrochloric  adtC 
hcsTTColonrlcaadropaof  a  uqidd,  the  greater  part  of  which,  conaiating  of  plnmbo- 
tetrNhy],  distils  over  betwera  ltlS°and202°ibot  thacomponndis  most  eosilj  obtained 
in  the  pnre  state  bj  distillalioa  in  a  rareAed  atmosphere.    (Bnckton.) 

PbunbotcMthjl  it  a  ttansparent  eoLonrlsss  liqnid  of  speciflc  gnri^  162.  Under 
the  ordinal?  ^eamre  it  boils  with  partial  decomposition,  at  a  few  degrees  above  200°, 
bnt  nnder  s  pnaaore  of  7'S  inehea  of  mercniy  it  boils  without  decomposition  at  112°. 
■■■       '  >      .      ■.  .  aftune  of  lead- 

■ride  of  plnmbo- 

FfbiOm'y  +  Ha     -    Ppb(CPH')Hn   +   Cff-H.    (Buckton.) 

Utttlky  i-eompoundM. 

VlBmb«tmn«t&r>-  Fb*(7H*  —  Fpb(CH^  —  PpbMe*.— This  compound  has 
not  Jet  been  obtained  in  the  free  state,  but  its  salts  are  prodaced,  with  erolntion  of 
hydride  of  methyl,  bj  treating  plombotetramethyl  with  acids :  (.jf.  with  hydrochloric 
acid,  the  re&ction  being  precisdy  similar  to  that  which  takes  place  in  the  case  of  the 
coneepondiug  etl^l  oomponnd,  as  rapresented  by  the  equation  jnst  given. 

CUoride  iff  plm^olrinulJtgl,  Fpblf e*Cl,  thns  obtained,  separates  from  the  solution 
on  cooling  m  loiw  needlM  ver;  mnch  like  ehloride  of  l«sd.  If  Uie  boiling  of  the 
plnmbotebsmethjlwith  hydrodiloric  add  be  too  long  eoDtianed,  ehlc«ids  of  lead  is 
apt  tobe  formed. 

Bromide  cf  Ftimibotrimetlal  ia  somewhat  more  soInUe  than  the  chloride. 

The  iodide,  PpbMe'I,  is  obtuned  by  adding  iodine  to  phunbot^tramethyl  till  the 
colour  becomes  permanent  (iodide  of  metbyl  being  probably  formed  at  the  same  time : 

PpbMe'  +  P  -  PpbMe'I  +  Mel). 
The  prodoet  is  a  white  aolid  mass,  mixed  with  yellow  iodide  of  lead,  spangly  atdabla 
in  water,  easily  in  aloohi^  and  erystallising  in  long  colourless  needles,  which  nuj  be 
■nblimed.  By  distillation  with  caustic  potsah,  it  yields  the  hydrate  of  plumbo- 
trimethyl,  as  a  stioDg  baaie  oil,  smeUing  like  oil  of  mustard,  and  solidifying  in 
piismatie  neadlee.    (Cabonrs.) 

n«B»bM«bam«tlVl>  Pb*C*H"  •■  Ppb(CH')'  -  FpbMe<.— Produced  by  the 
Mtion  of  iocUde  of  methyl  on  an  alloy  of  S  pts.  lead  and  1  pt.  aodinm,  or  better,  by 
treating  chloride  ttf  Imd  with  linc-methyL  It  ia  a  rolouriesa,  mobile  liquid,  having 
a  ramphor-like  odour,  insoluble  in  water,  bnt  aolnble  in  alcohol  and  ether.  It  boiU  at 
160°,  decompow*  at  a  ttw  depeei  above  that  temperature,  bnt  may  be  distilled  with- 
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out  altaratlan  in  a  gw   irbldl  do«fl  not  set  npon  it  (Cahonri).     . 

Battlerov,  hovem',  it  smeUs  like  BtnvbarTiw  or  moold,  not  »l  «ll  lilce  campUor, 
boile  at  100°,*  and  irhen  fiee  &om  Einc-niethyl,  aaj  be  diatiUrd  wiUioiit  deeompii- 
dtion  in  contact  vith  aii ;  in  a  sealed  tnbe  contaming  ctUorocarlioiiats  of  tthji,  it  raaj 
be  heated  to  200°  vithont  decompoaitioa.  Kb  Tapoar-dennty,  dFtermined  bj  Gaj 
Lnaaac's  method,  ia  S'SS  at  llS°,and  9-S2  at  130°;  odcnlation  •-  9-2S.  It  appean 
then  that  the  compound  is  converted  into  a  perfect  gaa  at  a  temperatnie  Teiy  Uttla 
above  its  boiling  point.    (Bnttlerov.) 

FlamboUtrainethjl,  like  the  enrmspondiDg  ethjl-componnd,  doaa  not  onite  direetlj 
-with  oxygen,  eUorite,  or  iodine,  bnt  ia  decompowd  thereby,  yielding  coinpoanda  in 
which  p^ofthe  tnetbyl  !a  repUeed  bjthe  acting  elements,  bnt  belongicg;  to  tbe  same 
type  u  plombotatramsthTl  itself;  e^.  iodide  of  plumbotriethjl,  ft>b(CT')'I,  hj  tbe 
action  of  iodine.  TraateairiUl  ociA,  it  vielda  hjdiide  of  tnelliTl  and  a  aaltof  plnmbo- 
Iriethyl.    (C.honr..) 

TiMltB  BOAW.  Lead-salta  of  the  ht-adda.  Common  lead-pUater  (p.  IflO)  ia 
a  pr^)aiatiDn  of  tbia  kind. — Falmer  in  1H6  patented  tbe  prepaiation  of  a  lead-M^ 
for  greaaing  tbe  axles  of  railway  carriage^  fte.  It  ie  prepared  by  beating  the  impora 
oleie  add  obtained  fram  tbe  mannfactoie  of  (tearin-candlea^  and  itirting  Utbaige  into 
itaalongaatJMlitb«igeisdi>8<dTed.  Befamueltiamizedwitbaeettainqnanti^ofai] 
m  tallov, — A  compound  of  lead-oxide  witb  t^e  aoda  <d  linaeed-oil,  prepAred  by  decomiia*- 
ing  tbepotaeh-eoapof  linawd-oil  with  eolntion  of  acetate  of  lead,  aerree,  vhen  dieeolnd 
in  oil  of  turpentine,  for  printing  on  iraU-paper,  preTious  to  gUding  it  iritb  gold-leaf  or 
Pntcfa  metal,  or  dusting  it  with  irool-aheannga  for  the  pradnction  of  flock-pattcnii. 
The  metjJlui^cal  name  of  emtain  prodncCa  obtained  ii 


woAing  of  lead-or«e  containing  aisenic  or  antimony.  The  following  table  exhibita 
the  compoaition  of  two  leed-Bpeisaes  analyaed  by  Bodemann ;  a,  &om  Clanatliid ;  i, 
from  Andreaibei^  and  another ;  e,  by  Ahnind  ttmn  tbe  Lower  Harta : 


Sulphate  of  lead  (aee  Sdlfutu). 
See  Chlobofhtiu.  (I  S22), 

XSAr-KBB.     See  EBTTHBOParu.  (iL  £U6). 

XM^r-TmsAOVr,    Bee  XunaofKTLL. 

XiSATsm  consist*  of  the  aldna  of  aninuli  prepared  by  a  proMM,  OFntheraeriea 
of  processes,  called  tanning,  by  which  they  no  preserved  from  putrefying  while 
moist,  and  rendered  aoft  and  pliable  when  dry.  Tbe  sHna  are  Srvt  freed  ttom  epider- 
mia,  &tty  matter  and  hajta,  by  steeping  them  in  rnilh  of  lime,  or  in  an  acescent  in- 
fneion  of  barley-  or  rye-meal,  or  spent  tan,  which  seta  op  a  alow  fermentation ;  by 
either  of  tbeee  modes  of  treatment,  the  epidermia  and  (lie  cellular  tiama  in  wbidi  the 
bain  ere  rooted,  are  disintegrated,  ao  that  the  hair  and  epidermiB  can  then  be  «w3y 
removed  by  sraapinc.  The  skins  thns  prepafed  are  then  ateeped  in  an  infnmoo  of  some 
mbstancs  capable  c^  uniting  with  the  truB  skin  and  converting  it  into  leather.  The 
materials  need  for  this  purpose  are : 

1.  Tannin  or  lannie  aeid,  in  the  process  of  tanning  croperly  so  called,  which  ia 
applied  chiefly  to  the  atoQtar  kinds  of  leather,  made  from  tlie  hides  of  oxen  and  hones. 
The  true  skm  of  animate  is  a.  gelatinous  tissue  (ii.  B26)  end  gelatin  unites  with 
tannic  add,  forming  a  tongh  insoluble  subetnnce  possessing  tbe  properties  of  leather 
(iL  7tB).  Several  snbstancee  are  used  by  the  tanner  as  sources  of  tannic  add ;  but  the 
most  valuable  and  most  extendvely  used  of  sU  is  oak-bark.  The  foUowing  sub- 
stances are  also  used,  sometimes  alone,  bnt  more  generally  as  addltjone  to  the  oak-bark: 
— Sumach,  &om  the  bark  of  iTAuacDttnus  or  AAu>«oWrina;  cat  ecbn,  or  TWrnJii^Ki- 
Hiea,  chiefly  from  variorte  spedee  of  Aeaeia  (i.  816)  ;  dividivi,  tbe  cniahed  pods  of 
Cataipinia  eoriaria;  mimosa,  from  the  baA  and  pods  of  various  kinds  of  Avsopu,  a 


•  Thli  boHtai  polnl  Uten  froin  (hel  at  phuobMHrf  llijl  (ibovl  1MI°1  bf  W,  or  WV 

!H>  In  tbe  IgmiaW.  wbanu  the  balllDi  point  of  phmbntemnMlijI  tniad  Ih  CibaiLn  ..,..  .„  , 

>«aM)broBl]r«D  Brbf  IIPftrsa(baMr*B«o(CH*liiUiafBninlB.    Kswbd  ceivarlBf  UiedlC- 

<«T.  ud  [In.  II  u  RHffid  tbat  the  dJOtnoMilw^rt •BOBBU  ta  lOP  et  npwanli  Ttir  >K^  nolRnleat CHI 
rnd.  Tb*bollta|pei"i°'P'™i^"***™"*^l«>u'M>T>at>ktswlsllwr<Aic«B(n 
DilofT  tbao  that  awemlDed  bj  t^slMuri. 
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4.  Zi»u,  fiv  parchmBDt,  whioh  is  prefared  from  ctlf  or  BliMp  Bkici,  and  fix  Uie 
iboDgpc  kiudi,  &oni  aawa'  or  pi^B  lUn. 

For  the  dstaila  of  all  Ihaaa  pioesgaes  ve  must  raftr  to  Ur^i  Dietionary  of  ArU,  ^, 
(ii.  074 — S8S),  ind  the  BmAoSrIertitek  dtr  CimnSe  (it.  702—810). 

KBOAWOXXC  AOXB.  C>*H>*0>7  Leatmorin,  a-Ornllic  aeii.  (ScllDDek, 
Ann.  Ch.  Phum.  ilL  1S7 ;  Ut.  261 1  IxL  73.— Bochlsdei  «ud  Heldt,  Hid.  Ixriii  1. 
— Stenhouae,  Md.  Izriu.  Bit  Ixx.  313 — Strecker,  iitd.  Ixriii.  13.— Laureot 
and  Oarhardt,  Ann.  Cb.  Phja  [3],  xziT:  Slfi.— Robiqnet,  Ann.  Ck  Pbjs.  zlii. 
330  ;  Qm.  xii.  377.) — Thu  aabiUnce,  vhich  tb<  diacoTered  Lj  Schnndc  in  1812,  ia 
txtncted  from  MTeial  licbena  baloogiiLg  to  the  genera  Lecanora  and  Variolaria.  The 
Uchana,  in  tha  «tata  of  fine  powdu',  an  ezhanated  with  ethar  id  a  percolator,  and,  on 
anpontiag  liie  ather,  ■  reaidae  U  obtained  which  is  to  be  iraahed  with  ethsr  on  a 
targa  hnnel  till  it  ia  ajtonrlaaa,  then  eihanated  with  miter,  and  djatalliwid  from 
alcohol  (Schnnck).  BoehlBder  and  Eeldt  exhanat  tbe  lichen  {Evernia  prwnattri) 
with  a  mixtore  of  aminonia  and  alcohol,  dilute  the  alcohol  with  a  thiid  of  ita  Totnme 
of  watoi,  and  aatorate  with  acetic  acid.  Lacanoric  acid  then  aepaiatea  in  gre;  flocka, 
irtiich  aie  waahed,  dritd  at  100°,  diaotred  in  a  ioibII  qnantitj  of  boiling  abaolDte 
alcohol,  and  purified  bj  redTetalliaatioD. 

StaDhooM  macaratce  the  lichen  ^Boeetila  Unctoria)  with  water  mrrad  with  slaked 
lime,  pracipitataa  the  filtered  liqoid  with  hTdrochloric  add ;  waabea  and  dries  the 
lona  neciintata,  and  digactt  it,  when  aenlj  dir,  with  abaolnte  alcohol,  taking 
>t  to  Doil  the  liquid,  which,  on  eooling,  depodta  the  acid  in  crjatala. 
— 'e  add  m'stallisee  in  calonrleas  stellate  naedlea,  apariiigly  solable  in  cold 
o  cold  auolui ;  moderate];  salable  in  boiling  alcohol,  aolnble  in  ttitr  and 
in  acttie  add.  According  \a  Scbonck,  1  pt.  of  lecanoric  acid  requires  for  solatioQ 
2,fi00  pts.  of  boiling  water,  150  pts.  of  aloohol  of  80  per  cent,  at  16° ;  6'IC  pti.  of 
boiling  alcohol,  uid  SO  pta.  ether  at  165°.  The  aolotiOQ  reddens  litmus.  The  ciya. 
tallisod  add  does  not  loae  weight  at  100°. 

Lecanoric  uid  given  bj  analjaia  A9'4a  to  B0'fi9  carbon,  and  4-40  to  1-00  hydiDgeo, 
whence  Stenhouse  deduced  Uie  formula  C"H>V,  which  Oerhardt  altered  tA 
C''H"O'(60-37parcent.  C,  4-lOH,  and  3S'23}.  This  latter  fbrmulareadilj  a^laina 
Uie  aonTsrnoa  Mlecanorie  into  orsellie  add  (I'lt/ra). 

Lecanoric  add  jialds  bj  diy  distillation,  a  Tisdd  oil,  together  with  orrin.    It  dis- 


•olvea  readilj  at  ordinary  temperatures  in  lime-water  or  baiyta-water.  and  is  predpi' 
tftted  tharafrom  by  adda  in  tJie  form  of  a  jelly,  and  without  alteration;  but  if  Uie 
aatnratad  sidalion  be  boiled,  the  lecanorate  of  barium  or  ealdum  changes  into  the  much 
lB.at»  SDlnble  oridlinate,  If  the  ebullitioli  be  pntlonged,  <xrbonate  of  barium  or  -fl^wT 
is  predpitaled,  and  atti*  remains  in  solutioii: 

CffK)'  +  HK)     -     2(?H'0*     »     2C0*  +   ICHKi'. 

Lannocle  Onelllnlo  Ordn. 

aaqtuTM  by  exposure  to  the  air  a 
In  Gonlact  with  ij/pecUorile  tjf 
eaicnan,  wcauonc  aaa  immeoiaceiy  assumes  a  nia  tint,  quickly  changing  to  brown  and 
yellow.  Theaddhaatedwithml^Aiirioiwt^  isgradnaDyeonTntedintoorciii.  Boiling 
nitrie  add  comerta  it  into  czalic  add.    Boiling  aotUe  add  diBoIvea  it  readily,  and 
depoaita  it  in  mall  needles  on  cooling.    By  boiling  with  aleohai,  it  it  converted  ii ' 
.......      ^  ,       .     t  .  cod  1^  pafunng  hydrochlorie  acid  I 

i,  sstniated  at  the  boiling  heat. 
Tha  anuaoniaeal  aolntion  of  lecanoric  add  forms  white  predpitatea  with  baaie 
tuelaie  of  Itad  tai  nitrati  ijf  diver ;  but  the  silver  pradpitate  is  quickly  reduced.  The 
alcolloUe  folntion  gradually  jnoducea,  with  an  alcoholic  aolntion  of  aoetaU  of  topper,  a 
li^t  a^lr-green  ptedpitata.  It  doea  not  predpitata  the  alcoholic  solationa  of  neutral 
acetate  of  lead,  marennc  chloride,  chloride  of  gold  or  nitrate  of  silver.  A  few  drops  ol 
ftrrie  cUoride  impart  to  it  a  deep  purple  colonr. 

The  Iscan orates  gndually  decompose,  espedally  when  heated,  yielding  orsellinie 
acid,  and  ultiroateiy  occin.  The  bariiim-tait,  C"H"BaO,  is  obtained  by  dissolving  the 
acid  in  cold  baryta-water,  pasnng  carbonio  add  into  the  liquid,  and  treating  the  ■pn- 
dpitata  with  alcohol,  which  diaaolvee  the  leeanoiate  of  barium,  and  depoaita  it  in  email 
atellate  needles.  Aecordii^  to  fitenbonse's  analysia,  it  containa  49-37  par  cent.  C, 
S-SI  H,  and  19-40  baryta;  the  fbrmnla  requires  49-87  C,  8-37  H,  and  19-73  baryta. 
The  caldmn-talt  is  a  gdalinona  predpitate,  abgbtly  soluble  in  water  and  aloMol, 
'  by  mixing  an  amnoDiaealsolntmaf  theaddwithcUimdeaf  caleram.    11m 
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liKtd-tatt  IB  pKcipitated,  leandine  to  Sodileder  and  Heldt^  («i  miziiig  the  bcnUnv  al- 
coliolic  BolndiHU  of  leanorii!  acid  uid  acetate  of  load ;  tlie  pndpitate  tliM  obtaiiwd 
piobablj  coniiBts  tor  the  DUMt  part  of  orselliiiate. 

XiSCIA>OSnr.     Sja.  with  IiBCUiosic  Agro. 

bBUCranr.  Ooblej'R  MatHntitqufM.  (Gohlej,  I.  Pbann.  [3]  ix.  1,  83, 
ISl  1  xL  409 ;  xii.  6 :  xrii.  101 ;  zviiL  107 1  xiz.  40«  i  xii.  241 ;  zxx.  341 ;  miii. 
lSl.)~The  egg*  and  milt  or  loft  nM  of  the  cani  and  herring  the  jolk  of  poaltrj-egn, 
the  biBiD  of  [he  domectie  fiml,  of  man  and  of  the  atie^  tchoiu  blood,  oz-Dile,  and  Uie 
bt  of  the  gardcn-aiuil,  contain,  together  with  eholeoteiin,  olain  and  maigarin,  a 
TiBCona  anbriance  which  ii  dacompOBed  In  btrilinp;  with  addnlMed  water,  jielding 
curebrin,  oleic  add,  matgarieaeidaDdpho^iGa^j«ncac>d(iiS9l).  Of  thcae mdncti^ 
Goblej  rrgaida  the  cerebrin  as  adTentihon^  the  other  time  ■•  reealtiiig  tkm  the 
decompantion  of  a  Don-isolable  lubstance,  leeilMn.  The  portion  of  pi^B  tale  atdnble 
in  alcohol  and  not  predpilable  In  ether  contuni,  beddea  cboleitaiD  tad  ordina^  ttia, 
1  phosph(»etted  at  coireaponding  with  OtMm'a  lecithin,  luid  RSolTiUe  br  uuliitg; 


wi^  bai7ta-wat«i  into  phoepbo^^ccrate  of  barium  and  inaoluble  buinm-aalla 
(St  reck  er,  Ann  Ch.  Fharm.  "•""  35fy  A  conetitnent  of  jolk  of  tgg,  TtsembHng 
ear-wax,  described  br  EodweieB(Aiui.  Fhum.  lix.  201),  agieea  alao  in  [oopertiei  with 

the  gubstauce  described  by  Gobtej. 

When  caipa'  eggs  are  eihanited  with  t&et  Or  btuliiw  alcohol,  and  the  eidation  is 
eTaponted,  there  renuusB  a  rnddish-Tellow  aaft  imua.  which  irtien  rediasolTcd  in  boiling 
alcoiiol,  leaTS*  a  small  qoantit;  of  oil,  and  aaparatea  again  aa  a  Tiiu»iu  mass  on  cooiing. 
It  niaj  alao  be  obtuned  in  the  ume  manner,  tmt  lam  pnie,  from  yolk  of  rgg  (ii.  364).^ 
When  the  comminated  and  partially  dried  milt  of  the  caip  is  shaken  np  with  euer, 
the  ether  takes  np  the  greater  part  of  the  Tiacoiu  matter,  and  the  leat  msj  be  obtained  bj 
repeated  boiling  with  alcohoL  On  ersfiorBting  the  alcoholie  solution,  tmnsfening  the 
viacons  matter  contained  in  the  residne  to  ether  by  agitsdon  therewith,  and  eraporating 
the  ethar,  the  Tiscons  matter  is  obtained  tree  wm  the  salti  taken  np  bj  the  alcohol. 


the  lower  wateij  lajer  of  liquid. 

Qileaa,  or  hai  meidy  a  bint  tcIIow  or  eranee  tint ;  it  ia 
itjal,  and  has  for  the  moot  part  the  odonr  of  the  material  ftom  irtuch  tthaa  been 


The  riscous  matter  is  eolonrieas,  oi 


It  BWella  np  when  Ikeaied,  dun  without  meltuK  pyes  off  ai 
leaves  an  acid  carbonaeeona  reoidne  containinjc  phosphoric  acid.  When  esposed  to  the 
air,  it  does  not  tnm  acid,  and  aiUnraids  yi^ds  the  same  deeompoaition-prodneta  aa 
that  wbirtt  has  been  prepaied  withont  exposore  to  the  air.  When  shaken  op  with 
water,  it  forms  an  emnlnon  which  doM  not  become  sour  or  exhibit  the  pmimee  of 
n  after  12  hours'  boiling,  but  on  boiling  it  with  water  contain- 
ilorie  acid,  oleic  and  marBatic  tcida  ate  formed,  which  rise  to 
n  oil,  and  phosphoglTceric  add.  which  remaina  diaaolTed  in  the  water. 
Addition  of  alctdiol  acceleivtes  this  Oecomposition,  whidi,  in  riscous  matttr  from  yolk 
of  egg,  lakes  ^aoe  at  the  msie  heat  of  the  water-bath,  bat  in  that  derired  fkom  other 
aouiees,  not  till  aftvl  half  an  honi's  actoal  boiling.  Hie  o^gen  of  the  air  has  no 
infloence  on  the  dMompoeition.  Bcadea  the  prodneta  abore  mentioned,  them  are 
obtained  oeiebrin,  and  aometimai  also  oholeatarin,  okdn  and  Btigazin,  which  howerer 
are  ce^idod  bv  Oobley  as  acddenlal  admiztniea. — A^neotti  alialii  and  tdialine  cor- 
bonaUt  at  the  boiling  heat  pivdneo  the  same  deeompciaition  u  the  mineral  adds.  When 
the  riaonu  mattsr  i^  yolk  of  egg  is  sbakan  op  with  water  containing  potash  and  heated 
in  f  he  water-balh,  acetic  add  eepaiattsoleicandmargaiicadds&om  it;  with  the  tiscoos 
nutter  of  the  bnun  or  fhnn  any  other  source,  boiling  with  alcoholic  potash  is  necessary 
to  effect  the  deeompooition.  Carbonate  of  potossmm  alaa  does  not  decompose  tlie 
Tisoons  matter  merely  at  the  heat  of  the  watec-bath,  bnt  only  on  actual  boiling. — Six 
hours'  bojliu*  with  oesAs  (lactic  or  tartaric)  add  does  not  produce  any  deeompndUon, 
12  houc^  b^ing  only  an  imperfect  decomposition  of  the  riscoDS  matter ;  bnt  by  24 
hoor^  bralinfc  it  is  completely  decomposed,  with  fiamation  of  phosphoric  add  and 
glycerine.    (Oobl  ey.) 

From  the  emulsiou  formed  by  iiKiter,  which  frotlia  like  aoap  (Qobley),it  is  predpi- 
Uted  by  common  Bait    (Kodweiss.) 

The  riscooB  matter  dinolTea  sparin^j  in  cold,  earijy  in  boiling  alceiot ;  it  is  alao 
solnble  in  tlier.    (Oobley.) 

KBOMnrirm  This  name  ia  given  by  W.  H.  Taylor  (SilL  Am.  J.  [2].  ixci. 
273)  to  an  alkaliBe  sBl|dkate,  tbond  by  Le  Conte  in  the  carem  of  Las  Piedia^  near 
Comayagiia  in  Hondnraa,  and  mobahly  formed  f!ram  the  ezeremente  of  bata,  which 
freqnent  the  cavem  in  large  nnmban.  The  mineral,  when  freed  from  adhering  organic 
matter,  ia  colourlesB,  permanent  in   the  air,    and   haa   a  saline,    bitter  taate.      It 

forma  prismatic  crystals,  which.  Decoding  to  Dana,  are  brimetiio  combiDation^ 


byGoogIc 


LEDEBERIT£-LEEE.  067 

oP.3>P.»f3.  j  Poo.vPie.  Aaglt  »P  ;  nP  -  103O  12";  «1^  :  (b^  -  1X11°; 
4fie:  4  PB  orer  tlw  pnndpsl  uii  -  127°  30'  to  128°.  Haidsm  -  3  to  2-6. 
Aoconliiig  to  Tarloi'B  wuQjna,  it  omtuiu  12-S4  per  cent.  (NH')*0,  3-67  E*0,  1716 
Nb*0,  41'97  so*,  I9'4£  irater,  2'SO  orguiic  reaidQe,  and  a  trace  of  phosphorio  acid, 
agreeing  with  the  ibrmola  U^O<.H*0. 

The  tbnn  of  this  mbstance  agieea  eeMDtiallf  with  that  iMigned  by  Uiticheitich 
(Pc^.  Ann.  IriiL  469)  to  the  salt  *'^^^jSO'.aH»0.    (Jahrealwr.  1W8,  p.  726.) 

KSmmXTK  A  mineral  horn  Cape  Blomiiloa,  Kotb  Sootia,  hBTiDg  th«  form 
of  gmelinilB  (ii.  934}  and  the  same  fbrmula,  bat  with  onlr  one-thiid  the  imonnt  of 
water.  Speofio  gravity  -  2'16«.  AnalvaU  brHaTes  (Sill.  Am.  J.  [3],  zzv.  78); 
49-47  per  cent  8iO',  21-48  AlK)-,  11-48  CaK),  S-O*  Sa'O,  0-1*  FeK),  8-18  P*©*,  and 
S'fi8  water  (-  9S  »> 

KBDIVAVWXO  Aoro.  C*H^>'7  (E.  Willie^  Ann.  Ch.  Hiarm.  Izxiv. 
S63.— Roc  hied  er  and  Sehwarta,  &iii.  36fl.)— A  Tanety  of  tannic  add,  obtained 
from  the  learea  of  the  manh  inld  nwemacy  (Ledum  piUuitn).  It  ii  pr^irad  bj  pre- 
dpttaling  the  alcoholic  decoction  of  the  l«me  with  water,  after  diitiUins  off  the  aloobol ; 
pi«dpitating  the  filtrate  with  nentnl  acetate  of  lead ;  diaacilTing  the  precipitate  in 


basic  acetate  of  lead ;  decomponng  the  precipitate  nnder  water  with  mlphjdric  ac 
and  cTaporating  "the  flltiste  in  B  itreaia  of  carbonic  anhjdride  (Koehfeder  ana 
Schwarti).  feditannic  add  than  remains  as  a  reddiah  inodarone  powder,  eaailj 
■otnbls  in  water  and  in  alcohoL  The  aqneona  aolntioii  is  colonred  ^vk-Men  br 
fmie  chloride,  and  fbimi  jellow  precipitates  with  acetate  of  loul  and  statuuo 
chloride 

Kan^LAJiTIUJi.    A  jellow  Or  led  pnlnnleDt  snbatanM,  prodneed  by  boiling 
aqneooB  leditannic  add  with  nlphoiic  cr  fajdiochlorio  add.    Acowding  to  Willigk,  tt 
'  s  CTH'C,  and  is  thrawore  podoced  ftvm  leditannic  add  by  el'~~' —         * 


■olTed  in  alcohol,  fbrma  a  red-brown  pradpitate  with  an  aJ 

acetate  of  lead.    By  dry  distillation,  it  yieUa  an  oil  and  oTitala  of  pyiocatediin. 

(Willigk.) 

KSSVIK,  4>ZK  or.  The  statementf  of  difltrent  obserrers  respeetina  tUi  oil, 
which  is  obtained  by  '^'«*iii"'g  the  leaves  of  Ledwn  paluitre,  or  tha  entira  plant 
at  floworing  tine,  with  water,  (ohibit  eoniidenble  diveiaitiea.  According  toWilligk 
(Wien.  Akad.  Ba.  ix.  102),  it  eondata  for  the  most  part  of  a  hydnxatbon  isomeric 
with  oil  of  tnipentiM^  and  ^  an  coTgenatid  oO,  O*H'"0'.  According  to  Orasa- 
inanD(Repert.Phann.zxzTiiL  CS),  it  condtts  of  1  pt.  TolatUe  oil  and  2  pta.  camphor 
or  stean^itaDa,  whidi  may  be  semiated  by  alow  distillation,  the  volatile  oil  passing 
oTw  flnt.  The  camphor  forma  ooloarleas,  slender,  tian^arent  prisms,  lAieh  melt  at 
a  gentle  heal,  and  snbUme  at  a  stronger  heat,  difihaina  a  pungent  odour,  which  pro- 
duces head-ache  and  giddinen.  The  camphor  consists,  according  to  Suchnez 
ij.  Phaim.  [8}  zxix.  318),  of  a  hydrocarbon  isomeric  with  oil  of  tnrp«atine,  and  a 
ijdrato  of  that  hydrocarbon,  C-(PK)'  -  6C»H".3HK).  It  Is  nearly  insoluble  in 
water,  diseolvM  easily  in  hvdrochlt^c  add,  less  in  acetic  add,  and  ia  quite  inaolnble 
in  sqneoBB  ammonia,  but  diseolves  readily  in  alcohol  and  ether.    (Bucaner.) 

According  to  A.  Frohde  (J.  pr.  Chem.  Imnii.  181),  the  oil  obtained  from  the  plant 
by  dislillabon  is  reddish-yellow,  has  an  add  reaction,  sniells  like  the  flowering  ^ant, 
is  slightly  sohibte  in  water,  easily  in  alcohol  and  ether,  and  does  not  depodt  any  solid 
camphor,  ■ ' —   — i-j  --  — ^^_  i^_  « — ^^^_j —     ^ttn. —  i — ._a  ^_^,t  _- 


eren  when  cooled 


TBlerianic  aejd!^  an  oily  add,  hanng  the  penetrative  odonr  of  the  plant,  and  con^rting 
probably  of  C*H"0*,  a  fbrmnia  eloeely  related  to  that  of  oridnone,  CBKy  (a  800^ 
which  substance  likewise  eiists  id  the  plant  The  portion  of  the  ml  which  doc*  uot 
unite  with  potash,  yields,  by  rectiScatJon  in  a  stream  of  hydrogen,  a  portion  lidljng  at 
100°,  and  isomeric  with  oil  of  turpentine,  while  between  240°and  343°  an  oxygenated 
oil  passes  over,  having  the  compoeition  of  eridnol,  CH^O. 


^■MIMXn.    A  mineral  Ibnnd  near  Leeds  in  YoAabira,  omtaining,  a(  _ 

Thomson's  analyaia,  TIE)  per  cent,  sulphate  of  ealdmn  and  28-1  sulph^  of  barinm. 
It  spears  to  be  merely  a  mechanical  niijctuTS  of  the  two.    (Dana,  ii.  £07.) 


t.Coogle 


5G8  LEELITE  — LEGUMIN. 

.    Fmrte 
K'O        MntO     C>)0     Mi'O     SO>        noi       piO>     pbHptiUb  Nan 
Bulb    .  32-35      S-04     12'<lfl     2'70    8'34      S-04     1509      13-29      1'1»  «  100-00 
Stem   .  ISeS     11-13    36-10   tnee  IS-fiO     1977      .   .         10-M     tnee  -     99'W 

KSSUra.     8;D.  with  HSLLETUMTI  (p.  141). 

XSSnnWi  or  VtffetatU  CatHn,  ma  disoovBred  bj  Eiohof  in  1S05,  ind  whm 
Mlled  bf  him  vhlltt-mtiMald  (M.  aUnm.  J.  d.  Ch.  t.  A.  OcUsn,  n.  126,  HB).  Ha 
ftund  it  in  pcM,  dmiu,  aikl  lentiU.  A  nmikr  nitiogsniud  sobitaDee,  cotncUd  from 
nraet  asd  bitter  almimdf  and  termed  amandin,  hia  b«o  innadgjtttd  b^  Pronal, 
H.  Tosel,  BooUav,  and  odien,  who  ooniideKd  the  aabstanee  in  qoMtim  t«  b« 
identied  with  aninul  eaaein.  Biseonnot,  and  aftarwudi  Liebift  tura  antrad  at 
the  aame  leralt;  they  And,  indwd,  tliat  lagnmin  and  caMin  an  perfoetlj  identioU 
in  composition  and  propertiea.  Damaa  and  Cahonra  on  the  other  hand,  ahraja  ob- 
tained a  anbatance  containing  leae  <»rbon  and  more  aitnigen  than  caMin,  and  pos- 
amrring  aomewhat  diSermt  propertiea.  Their  rjuIthb  agree  Terr  doarty  with  one 
another,  but  it  ia  highly  probable  that  the  anbatanoe  analyaed  contained  ai 


le  tha  preparation 
■  almraida: — The 
;  the  product  ii 
A  added  abont  ita  evn 
weight  of  cold  water.  AAer  the  whole  Itu  Wn  macerated  for  an  hour,  it  ia  thmva 
on  a  cloth  and  preased,  and  the  lianid  portion  on  standing  depasita  a  certain  qnantitr 
of  alarch.  The  adntion  is  now  dariflod  by  Bltcatioii,  uid  acetic  acid,  diluted  with 
8  or  10  timea  ita  weight  of  water,  ia  gndnallj  added.  Immediately  on  the  addition  ol 
the  add,  a  perfectly  white  floccnlrat  predpitate  ia  formed,  which  may  be  eaai^  ecdlacted 
□n  a  filter  and  waahed  with  water.  Care  Diiut  be  taken  to  aroid  an  ezceaa  of  acetic 
add,  in  which  Icgnmin  ia  readily  aolnbla  Tbe  legnmtn  ia  then  waahed  witli  alcohol, 
dried,  pnlTeriaed,  and  digeat«d  with  ether,  wMcfa  remorea  all  fttty  matters.  The 
product  ia  again  dried  in  raeuo  at  140°  (Gerhard t,  TVaili,  iw.  4M),  Haricot-beana 
cannct  well  be  imbatitnted  fbr  the  abora  anbatance,  ainee  tbey  contain  a  gnmmy 
matter  which  renders  (he  filtration  and  waafaiug  exceedingly  tediooa.  Aceotding 
to  Lowenbero;,  the  product,  obtained  as  above,  ii  •  mixtnre  of  Icgnmin  and  albumin, 
and  after  it  haa  bean  waahad  with  boiling  water,  M>nl«iiu>  a  dMompoaition-prodnet 
of  legnmin,  mixed  with  albmnin,  'Hie  aeptia&>a  of  Quae  two  anhstaneaa  may  ba 
effected  by  diaotring  the  mtxtnt*  in  ammanist  er^nrating  if  the  (Eie«SB  of  ammonia 
adding  ehlnide  of  eodiiun,  boiling  flltain^  and  precipitating  the  flltnte  with  aoetia 
acid.  The  [sedpitate  ia  waafaed  fiiat  with  cold  water,  then  with  boiling  alcohol  and 
ether.  The  inAuion  of  peaa  and  almonda  also  contains  a  third  body,  vbidi  is  pred- 
pitated  by  acetic  acid ;  it  ia  insolable  in  noeaa  of  the  add,  bnt  aolnlje  in  para  water. 
The  ammaniacal  solntion  ia  partly  predpitated  by  bailing  with  chloride  of  aodiom  aA«T 
flTSTionting  the  ezceaa  of  alkali. 

leder  pnriflea  legumin,  prepared  by  the  first  method,  hj  treating  it  with  o 


predpitated  by  acetic  acid.    The  well-waahed  predpitate  : 
fillerad  again,  and  repredpitated  by  acetic  acid. 

Fropertut. — The  solntion  of  legmuin  doea  not  coagnlate  by  ebnlUtion ;  but  wlisn 
arapoiated,  beoomea  coTered  with  a  pellicle,  like  milk  (Lie big).  Purified  legiunin  ia 
insoluble  in  eold  water ;  with  boiling  water  jt  yields  a  product  riclua  in  carb«a,  adaUa 
in  water  and  ineolnUe  hi  acetic  add,  together  with  a  leaa  earb«iiBed  body,  inaidnble  in 
water  (Lowenberg).  The  body  analysed  by  Dnmaa  and  Cahoors  had  the  following 
properties : — When  predpitated  nom  a  concentrated  solntion  by  weak  acetic  add,  it 
alwaya  presented  a  nacreona  and  irideecent  appeannee ;  from  a  weak  lolation  it  ia 
deposited  in  flakes.  It  is  insolable  in  cold  alcohol  and  ether ;  also  in  boiling  water 
and  in  weak  bailing  alcohol.  It  disnlTrs  largely,  bowmer,  in  cold  water,  ana  when 
the  liquid  ia  heated  almost  to  boiling,  it  coagiualre,  and  giree  a  pndpitate  of  ccAering 
flakes  leiy  like  coagulated  atbamin(Oerh.  it.  493).  9«rhardt  Ibinks  that  Liebigmay 
have  experimented  witb  theaqneoaa  extractoflegnmin  obtained  directly  from  peaa,  &«., 
which  probably  contains  that  substance  in  combinaticn  with  alkali,  forming  an  inco- 
agulable solution  like  the  alkaline  albuminates.  The  trtnh  aqneona  extract  of  the  firuit 
of  tbe  leguminoeEe  is  always  neutral ;  the  legumin  precipitated  therettvm  br  an  add 
alwaya  reddena  litmus,  even  after  prolonged  waahing.  When  this  aolntion  la  left  to 
itael£  it  coagnlates  in  £4  hours,  at  a  temperature  of  16  or  20°  0.,  yielding  a  gelatinooa 

^~ltata  Gke  the  coagulum  of  milk.     The  mother-liquor  ia  decide£y  add,  and 

_  . .^  lactic  add.    (Liebig.) 
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OzjgMi  .  . 
PmiftMl  legmum  sometmieB  MDtains  ti  mocli  u  71  p«r  eent.  uh  (RoehlcdeF)^ 
The  ash  ii  perftctl;  vhite,  hu  an  alkaline  reactioD,  and  eontaiiia  a  large  qaaatiCj  of 
potaah,  parttjr  in  combinalioa  vith  phosphoric  acid.  The  insolnble  portion  of  the  aoh 
u  oompoaed  of  pho^hata  of  calcinm  and  magnesiuin,  aa  well  aa  a  httle  phoa[^ate  of 
iron.    (Liabig.) 

y51ckar{Bep.Brit.  Aasoc  18£7,  pr.  60 ;  J.  p.  Chem.  Ixit.  320)  fonnd  in  legnmin 
prepared  tciaa  peaa  and  bwna,  the  blloving  perceotags  of  aah,  phoapbonu,  and 

Latnnla.  Aita.  pboiui.         pkur. 

Prom  green  peaa 1100         1383        0-870 

The  tame,  precipitated  with  a  small  ijoautil;  of  acetic  acid      .    .  I'SSO        OSTI 

The  nine,  precipitated  with  excess  Ot  acetic  add      ,        ...  2130        O'SSl 

From  white  peoa       ........     I  '46  I  'S20 

Ficm  white  Froidl  beans 071  t-7S0         O'fiSO 

Norton  (Fharm.  CentF.  1847,  p.  460;  1848.  p.  340)  also  fonnd  in  legnmin  prspar«l 
&oin  peaa,  sweet  almonds,  and  oats,  frtnn  0'8  to  S'3  per  cent.  phonAorns.  The  laise 
amoDDt  of  phoaphoroB  found  by  Tolcker  and  Norton  rendera  it  probabte  that  InKonua 
contains,  or  is  aasociated.  with,  actanpoond  of  phoqihoric  acid,  parhapaphoqihog^ceno 

Decomotitiont. — When  legmnin  ia  sn^ected  to  dry  diatillatioa,  it  swells,  jields  a 
nUowiah  distOlate  containing  carbonate,  sulphide  and  acetate  of  aounoniiuD,  and 
leana  a  lesidne  of  shining  chaicoaL    (Braconnot.) 

Legnmin  distilled  with  aeid  ehronuOt  iff  votattiam  and  diluli  nilphurie  aeid  yields 
an  add  liquid  which  smella  of  pmssic  acid  and  bitter  almond  oil,  contains  a  conai- 
deriUe  quantity  of  proasic  add,  with  a  small  quantity  of  formic  add,  bnt  do«s  not  give 
thereadjona  of  the  aldehydes  with  potash  or  with  nitrate  of  silver.  When  rectified  over 
mercuric  oxide,  tiie  first  portion  of  (he  distillute  exhibited  a  more  aromatic  and  ethe- 
lenJ  odour  than  the  original  liquid ;  the  seeond  portion,  which  was  corered  with  a  thin 
layer  of  oil,  contained  brnaoicadd(4  ptJi.  to  1,000  of  leguntin)  valerianic,  butyric,  pro- 
pionic, acetic,  caprotc.  and  probably  also  camrlic  acid  (F  t  c  b  d  e,  J.  pr.  Chem.  Izxrii. 
290).  In  a  second  aeriea  of  experinienta,Frdhile  found  among  the  prodoctj  of  ozidiilioD 
of  legnmin,  Taleronitrile,  acstonitrile  (not  distinctly  rccogmaed),  and  a  third  uitrile, 
probably  propionitrile. 

All  acidi  coagulate  the  solution  of  legnmin ;  the  predpitatea  rediasolve  in  axeeas  of 

When  legnmin  is  boiled  with  dilutt  mlphtcrie  aeid,  lendne  ia  tbnned.  Dry  legnmin 
saturated  ^liieoncmtrated  tidphuria  cuid  diaaolTes  dowly  and  forms  a  brown  sMntion, 
but  no  glycocine  ia  produced. 

Ctmcentrated  tiitrie  aeid  diaaolTes  dry  legumin,  with  erolntion  of  nitrons  fames. 

Dilute  kydTocUorie  acid  predpitates  legumin  like  acetic  add.  The  ooncenliatod 
add  diaaolTca  it  with  the  characteristic  blue  tint. 

When  gelatinous  Iceumin  is  placed  in  contact  with  coneentrstad  aetiie  aeid  it  absorbs 
the  add,  and  swells,  becoming  semitraosparent.  The  product  is  oompletalT  soluble 
in  boiling  water,  A  gammy  residue  of  legnmin,  soluble  in  water,  ia  oMained  on  era- 
pomtion.  A  solntioa  of  legnmin  is  immediately  precipitated  by  dilnte  acetic  add,  and 
the  predpitate  is  redjaaoli^  by  an  excess  of  the  add.  forming  a  perfectly  clear  iKdnCion 
This  ia  reprecipitated  by  adding  ammonia :  the  predpitate  disaolvea  in  an  eieeas  of  thi 
add  (Dnmae  and  CahouTs).  Liebig  found  legumin  insoluble  in  weak  acetic  add . 
L^wsnbrag'a  legnmin,  which  is  inaolnhle  in  water,  dissolTes  in  an  exceas  of  a«etia  add! 

Solution  of  legnmin  is  predpitHt«d  by  tribadc  pAotp&mn  acid,  also  by  osaiie,  tar- 
tarie,  maUe,  aaSeitrie  addt;  Uie  predpitates  ore  leadily  soluble  in  eiceis  of  add. 
Legiunin  ia  disaolTed  in  the  cold  t?  voiaih,  toda,  and  amnumia.  Heated  with  fixed 
alluli,  it  STolTea  ammonia,  and  sulphide  of  ammoniom  ia  formed  in  the  solatioi 


■TheeutnauanlUiican  In  Uia  olhnr  lUlrHi  of  HH.  Dumu  vul  Cnhoun  tUl  be 
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Baryta  and  litne  fona  msolabU  eompoonds  with  legamin,  u  vith  casdn.  like  casein, 
solution  cflegnmin  predpitatea  muij  earthj  and  metallic  ulto,  liut  doe*  not  predpi- 
tuta  Bolphato  of  magnennm,  or  Uie  acetate,  or  oilier  mlta  of  caldnm  in  the  cold  ;  on 
applj'ing  a  alight  heat,  tlie  liquid  rapidly  aoagolBleo.  Bracoiuiot  attribatea  the  balden- 
ing of  vegatablea  oooked  in  nelenitio  iraten  to  the  tormatian  of  these  lime-aomponnda. 

A  concentrated  solution  of  legumin,  to  which  rennet  baa  been  added,  does  not  begia 
to  coagulate  foi  seTeml  hoon ;  aAer  21  honre  all  the  legumin  is  predpitated.  The 
coagnlatioD  does  not  appear  frtaa  this  to  be  due  to  Ute  free  add  contained  in  the  renaet 
(pnmas  indCaboureJ.    Putrefying  legumin  acts  as  a  poweifal  fbrment 

Drj  baans,  peas,  lenbls,  &0.,  contain,  on  an  aTorige,  aboat  2S  pd  cent,  of  nitro- 
senised  matter  (l^jnmin,  albumin,  &C.),  a&d  are  the  moat  nntritive  of  vegetablea.  At 
the  same  lims,  th<7  are  defideot  in  Btarcfa  and  &t.  The;  are  not  generallj  a  T«rT 
vboleeome  fbod  in  large  ^nantitj,  except  toi  men  enjojmg  nbnst  hesAh  and  engaged 
in  seTere  labour.  L^j^in  appears  to  be  mncb  more  indi^stible  than  insalnbU  eaaein, 
as  caeein  ia  &r  more  indigeetiGle  than  the  fibrin  of  meat.  C.  K  L. 

*-»»■*»»»"'■      Native  chromate  of  lead  (i.  934). 

XMMMMM.OUJ!TMt  Belenide  of  merciuy  and  lead  from  Tilkerode,  near  Lehrbach  ; 
probably  a  mechanical  mixture  of  the  tvo  aelenidei,  inasmuch  as  spedmens  &om  dif- 
ferent parta  of  the  same  vein  exhibits  Terj  difibrent  pioportiona  of  lead  and  mercury 
(see  p.  SS8). 

KMK  U  Ji  TITMi     Syn.  with  K>TBDi,m 

spheroidal  state  of  liquids  (p.  88),  first  obasrred  by  Leidenfiost. 

ZiSMVA.  Duckvetd. — Flsnta  of  this  genua  are  Tsry  rich  in  inorg;anie  subetanon, 
and  have  accordingly  been  recommended  for  n«e  as  manure.  In  a  spedmen  of  Levma 
(KJttor  growing  in  Uie  riTcr  Enre,  in  Fnnce,  Harvi  Mangon  (Instit.  18 SI,  p.  107) 


..._  er  yhmphofk      Otbm  mineral 

(  wIUkhU  sUngB]).    Nlmgn.       BMca.  Ubw.  iciiL  emiiUiumi, 

ei-1  3-6  S'7  8-3  l-l  19-3   -  100 

Liebig  (Ann.  Ch.  Pharm.  er.  109)  obtained  framLtvma  triiviea  growing  in  a  manh, 
16'6  per  cent,  ash,  and  from  a  litre  of  the  surroanding  water  O'llfi  grm.  of  salioe 
residue.  100  ^Is.  of  the  sUghtij  ignited  plant-ash,  a,  and  of  the  saline  residac  of  the 
water,  b,  contained : 

CO     MgtO       NiCT        Ka  K'O       vem      TfO^     P«0"    .    SO"         SIO« 

a.  1S-S2      JS'08      fi'90      l-4fi      1316       .    .       736      8-73      6-09      12-86 

b.  Z5O0     12'!8     1010        .     .  3'97       0-47       0'73       2-62       8-27         3'34 
KamrZAW    B&mTm.      apbragide.— The  A^tula   o^fMryJi  of  the   Qreeks.     A 

jellowish-grey  earth  or  cloy  freqnenfly  marbled  with  rusty  spots.  IhilL  Fracture 
fine  earthy.  Meagre  to  the  IoucIl  Adheres  slightly  to  the  longoo.  When  plunged 
in  water  it  fitUa  to  pieces,  with  diseopgement  ot  air-bubblea.  Its  eoostitaenta 
are,  6S  silica,  11'5  alumina,  0*25  fflagnema,  0'2£  lime,  3*S  soda,  6  oxide  of  iron,  S'fi 
water  (Klaproth).  It  has  hitherto  been  {bond  only  in  the  Island  of  Stalimena 
(andent  Lemnos).  It  is  reckoned  a  medicine  in  Turitey ;  and  is  dug  np  ddIt  onc«  « 
year,  with  religious  solBDuutieB,  Cut  into  spindle-shaped  jHeces.  and  stamped  with  « 
seal.    In  andent  tune*  it  was  eateemed  an  antidote  to  poison  and  (he  plagne,       U. 

KSHOW.    See  CiTBUs  (L  1003). 

KHB^Uk  Erman  Lou.  The  aii^^ried  seed  of  this  legnminons  plant  contain^ 
according  to  Ecocken  (Ann.  Ch.  Pharm.  iTiii.  224),  &om  34  to  3S  per  cent,  atarch. 
Horsford  {Hid.  199)  Ibimd  in  100  pta.  of  the  seed,  30'!  pts.  of  non-aaotised  matter, 
to  2'S  ash  and  130  water. 

Po^giaUrj.  Hiarm.  [3].  xzx.  180,  25JS),  and  Freseuius  found  in  100  pt&  of 
air-dned  lentils,  the  following  constituents : 


36-6        7-0        1-6        28-0        2S        120        23         140        tWenius, 
Levi  found  in  lentil-seeds  fiom  Worms  2'06  per  cent,  ash  of  the  composition  giren 
below. 

The  straw  of  lentils  contains  0-01  per  cent  nitrogen  (Boussinganlt);  the  air- 
dried  straw  contains  27  per  cent,  water  and  84  per  cent,  sabstaneea  soluble  in  dilute 
alkaline  ley,  S7  per  cent,  woody  fibre,  and  39  per  oent,  aah,  having  the  lollowiiig 

■  WIUitnMaraluiaiDi. 
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LENZmiTE— LEPARGTLIC  ACID. 

Com^onUon  of  Lenlil-aih, 


Futadi   . 
Soda 

Oxide  of 
Feme  oxide 


2-5      30 
aO      0-8 


suit*  ....  1-3 
Phoophoric  add  .  .  36-2 
Snlphnric  acid  .  ... 
Chloride  of  ■odium        .      7*4 


AeeoidiBg  to  Bohwir^  >  h«eUM  of  groimd  yields  abont  I.SSO  ka<%ratamea  of 
aeed  and  3,700  kHogninmei  of  straw ;  the  fiimm,  tlieie(bi«,  contuning  30,  Uw  Utter 
144,  and  the  irbol^  171  kilOKrammea  of  minoal  eonititaent*  (Handb.  d.  Chem.  ii. 
[3]  83!}. 

ItMM  tJM  ITMi  A  Taiie^  of  kaolin  iiom  the  pegmatits  of  La  Vilate  Deaf 
Chantclonpa  (Haute  Tienne),  of  a  cImt  brown  Coloor,  tender,  hot  not  plastic 
Bafbre  tha  blowpipe  it  hecomes  reddieb,  bnt  doea  not  ftise..  It  is  decompoeed  by  hot 
aalphorie  acid.  Contains,  according  io  SalTJtat  (Aon.  Ch.  FhjB.  [3]  xixi.  102), 
SS'Saper  cent,  ailio,  36*00  alanuna,  ISC  fenic  oxide,  and  21-00  water  (agreeing 
nearl;  with  the  formnk  SAl'C.SSiO'.SHK)),  brddoi  018  magneaia,  0-60  alkalis, 
2-0  gelatininu  silica,  and  l-Mqnaiti  (~101'62). 

IMOXMAMDTI^  A  hjdtWsd  silicate  of  caldam  and  ilnininiiun,  occorring  at 
Rchroiniti  ID  Hnngarr,  and  at  Copper  Foils,  Lake  Saperioi,  in  oonocliDic  ciystala,  in 
whidiaiP:  »P  -  83"  SD'andSfioao';  oP:  wP  -  H4°  aeaToge  parallel  to  «P, 
Tfliy  peifect;  baoil  imperfect.  Also  colamnor  and  gnBolor.  Hoiduess  •■  3  to  3'6. 
^>ecme  gnntj  —  2'25.      Lostre  on    c1eaTags-&cca  pearly;    elsewhere    TiDeona. 


Coloor  white,  sometiiiiea  jellowioh,  aeldom  brawnish.     SubtnualDcent.    It  nsiiallj 
-telann     - '     "        "       ' 


whitens  on  ezpoaore,  like  lanmontite ;  bnt  the  Tarietj  from  Lake  Superio  does  d 
Befbre  the  blowpipe  it  exfoliates,  fioUia,  and  easily  melts  to  an  enameL    It  dissolTM 


Scken 

mill. 

■asr 

54-93 

es-00 

SBSO 

22-49 

21-36 

31-69 

B-06 

lO-SO 

10-M 

13-e4 

12-30 

11-83 

100-00 

102-16 

WW 

The  ansIjMi  do  not  an«e  well  together.  The  first  Biial;Bis  of  the  Hungarian  mine- 
ral sgrew  ^piDxiinMe^  with  the  Ibrmola  (3Ca'0.48iO').4(Al«0".3SiO")-*-lfiH»0. 
which,  however,  is  improbable ;  that  of  the  Ameiicoa  minenl  may  be  repreaented  by 
the  much  nmplw  finmnla  (CrfO.SiOiMAlH)'.33iO')  +  SH'O,  ot  2CaAll*S?0'.3H'O, 
which  is  that  at  a  metasilicatc^  and  diffin  from  the  fonnnla  of  lanmontite  (p.  472) 

]  with  lonmontile.  Delffl  foi 
off  11-44  per  aenL  at  100°. 
capoiciamle.    (Dana,  ii.  SOS;  Bamm 

XSOVAWDZTS.  A  ijntled  felapathic  rock,  occurring  at  Charlott^  MecUen< 
bnigh  Coon^,  and  in  the  Steele  Hine,  JHbnlgompTy  Coonty,  North  Carolina,  and  re> 
pognised  by  Oenth  (Sill.  Am.  J.  (2]  zxxiii.  197),  as  a  tme  porpbyiy,  spotted  with 
iron-  and  manganes«.compDiiiids.  The  CTpto-OryStalliiui  (elspathic  base  ts  intes- 
■persed  with  siull  crystals  of  oitWlasa  and  qnoKi.    Analysis  gave : 

«0>         Al<0>      F<<0>     MsW     CifO        Ni<0       K>0     tgnUlon. 
76-92       14-47       0-B3       O-OS     0'02         4-08       4-01       0-64    -    100-00 
agreeing  Tcij  nearly  with  the  compoaitioD  of  Bmitea's  mnrnal  tiachytie  snbstancft 

KBFAMUiAl  A  volatile  base  containing  the  elameDta  of  I  aL  diamylamine  and 
1  at.  lepidine;  C'^'Tt.C'H'N  -  CrH"»',  prodoced  Iff  the  action  of  iodide  of 
amyl  onlepidine  (p.  S73). 

X.aVABO'rxiO  AOXD.  Efyn.  with  Ancaoic  ocm  (i.  269).  Arppe  has  lat«^ 
shown  (Ann.  Ch.  Phonn.  cxxiv.  86}  that  I^nrent^s  Axdaic  ac(d  (L  477)  has  the  sane 
compositiou  as  lepargylia  or  anchoic  add:  it  appeora,  however,  to  diflbr  so  mndi  from 
the  utt«r  in  nelttog  pointy  solubility,  and  the  properties  of  some  of  ita  salts,  that  the 
two  adds  can  scarcely  be  regarded  as  identical  l^hich  is  Arppe'a  view),  bnt  only  aa 
uomerie. 

Aielaie  odd  is  moot  easily  obtained  by  heating  eaator-oil  with  3  pta.  of  nitric  acid. 
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of  agetHLe  grtTitj  lit — I'S,  tdd«d  Vy  Bmall  poitioiu,  eontiiimiig  tha  opeistioi]  for  12 
honri,  then  sepuktiii^  the  odd  liquid  from  tlie  nmunisg  oil,  adding  freoh  acid,  and 
contuming  Uie  oxidation  foriuioUierday.  The  vdd  liqmdu  then  to  be  separated  from 
the  ca\  aiS  added  to  the  former  poition,  the  vhole  eraporated,  with  addition  of  water, 
and  freed  from  oil,  which  then  sepaiatea,  hj  means  al  a  tap-ftumeL  The  eleai  acid 
■olnCioQ  duly  coneoDtrated  yields  a  white  gianular  maaa,  whieli,  when  freed  &om  oxalia 
add  by  waahiiig  with  cold  and  nojitallisation  from  watm  water,  and  from  other  more 
soluble  adds  l^  melting  the  ecyrtala,  polTariainff  the  (tMed  mass,  and  treating  the 
powder  with  water,  leaTea  a  miztue  ot  aadaie  and  mbetia  soidB ;  uid  on  t»itii%  thia 
reaidus  with  cold  ether,  the  aaelaie  add  i*  diaaolved,  irtul*  the  anbertc  acid  remaiM 
behind.  Ths  ethereal  aolntion  is  ert^otatad,  the  teddne  is  dissolTed  in  hot  wator,  and 
the  Bolntion,  freed  from  any  oil  that  may  still  renuun,  is  enpoiated  to  the  oystalliaing 
point.— Azelaic  add  in  alao  obtained  in  a  nmilar  maDiier,  together  with  serenl  Other 
adds,  from  almond-oil,  spermaceti,  and  oleic  add  (Arppe,  Ann.  CL  Phum.  <ix. 
288;  Jahreeber.  1861,  o.  3Sr). 

Aielaic  add,  prepared  as  abore,  has  the  compodtion  CH"0'.  It  eryitallise*  on 
cooUdk  from  a  moderately  concentiated  aqneons  solution,  sometimea  in  Urge  luTniim, 
■ometunea  in  lon^  flaUenad  needica  eereral  iochcu  long;  the  cryBtals  are  traiispareat 
and  colourless,  with  Tilreone  lustre,  bat  of  no  determinate  Ibrm.  From  a  Teiy  dilute 
iolutioii,  it  separates  in  imiiUer  lamime,  which  under  the  micneeope  exhibit  scTcral 
forma,  via.  oblique  rhombic  prisms  with  acute  anj^es  ot  about  22°  aqnare  tahlea,  and 
thin  flattened  prisms.  It  dissolTea  in  700  ptd.  water  at  Ifi°  [leHTKylic  or  anchoie 
acid,  according  to  Buckton,  in  S17'l  pte.  at  18°) ;  it  ii  more  soluble  in  ether,  and 
still  more  in  alcohoL  It  meltsat  106°  Asparfrylic  acid  at  lH—lie",  Buckton;  par- 
tially at  llfi",  completely  at  124°,Wiri^;  and  volatiliBea  with  psitial  decompodtion  at 
higlrnr  temperatures ;  the  raponrs  sxcite  conghing  bat  not  so  strongly  as  sucdnie 
acid.  Heated  with  caustic  barvta,  it  is  reaolred  into  carbraiie  anhydri^  and  hydride 
of  heptyl.  CH",  together  with  small  qnantitiei  of  other  hydrocarbons ;  €^"0*  — 
SCO'  +  C'H".     (E.3.Dals,  Chem.  Soe.  J.  xTJi.  261,) 

The  aielaiiteB  of  the  alkali-  and  slkaline-earth-metals  are  soluble  in  water,  the 
csIdom-Balt  being  the  least  •olabte;  those  of  the  heavy  metals  are  insoluble.  Thn 
nrc  all  decompoaed  by  dilute  nitric  aaid,  with  separation  of  oyalalliDe  axelaic  add. 
The  neutial  wits  form  with  thioridt  of  iToicnen  a  copious  (fyntluine  prodpitat^  with 
ferrie  chloride  a  brick-red,  and  with  gapfig  mlphate  a  blue-green  predpitate. 

Barium-talfs. — The  atid  tail,  C*H"BaO<,  ia  obtained  by  neutzalising  a  hot  Mlatioil 
of  the  acid  with  carbonate  of  bsiinm.  [BockCon  did  not  encoeed  in  preparing  ta  add 
anchoale  of  biirinm.]— A  warm  concentrated  sotatioD  of  the  add  nntraliaed  with 
hydrate  of  bariam  yields  a  gnumlar  predpitate  of  the  salt  C^''Ba'0'.(?H'^BaO*, 
which  may  be  ciystalliaed  from  water,  but  when  washed  with  hot  vater  )■  converted 
into  the  nmfraf  oaU,  C^'<Ba<0<. 

The(iiMini-Ma;CfH"Ca'0<,  isTsiyBpBrin^rsoIuble.  Thai!opper-*alt,C'H"CaK>*, 
is  a  Uofr-green  precipitate ;  the  Uad-nUt,  O'E'Tb'O',  a  white  predpitate.  Tho 
nagnanm-talt,  (^H"Mg*0*.3HK),  is  efflorescent^  and  separatee  from  solution  ii 


dried  in  the  exsiccator,  give  off  half  their  wal«r,  leaTii^  granolar  crystals  containing 
CH"Sr*0*.H-0.    (Arppe.) 

ftSKSnra.  CHW.  (Gr.  Williams,  Edinb.Phil.Traiw.  xiL  I^SJ  377;  Qm. 
xiT.  103.) — A  volatile  oi^anic  base  homologont  with  ehiooline,  and  obtauied,  together 
with  that  base,  and  several  others  of  the  eerie^  by  distilling  quinine  or  dnchonine 
with  water  and  hydrate  of  potaadum  (i.  809).  The  bai«a  are  first  aeparatnd  by 
fractional  distillation, — the  portion  which  diatils  above  199°,  espedally  that  between 
216°  and  243°,  consisting  of  chinoline  and  lepidine,  the  latter  being  fbond  chiefly  in  the 
portion  boiline  above  270°, — and  the  aeparation  ia  completed  by  fractaonal  djstal* 
lisation  of  (heir  platinum-ealts. 

A  base  isomene,  and  originally  supposed  to  be  identieal,  with  lepdine  ia  contuned 
in  coal-tar  oil,  and  may  be  separated  by  collecting  and  recti^ug  the  portion  which 
distJla  between  2S0°  and  267°,  and  completing  the  purification  bv  frwtional  raystalli- 
•ationof  the  pUtinum-aalt  as  above.  This  base,  now  called  iridolioe.  is  distinguished 
from  lepidine  hy  its  lower  boiling  ptnnt,  by  certain  difllerences  in  the  characters  of 
its  nits,  some  of  which  cryBtallise  less  easily  than  (he  corresponding  salts  of  lepdine, 
and  in  particnlar  by  (he  reaction  of  its  amyl-derivative  with  ammonia  (p.  973). 

Lepidine  is  an  oily  base  reeemblinff  chinoline,  of  specific  gravity  1-072  at  \6°, 
boiling  between  2Sfl°  and  271°  (iridohne  boils  between  292°  and  267°).  Vapour- 
daofit;,  obs.  -  G-14,  cole.  —  1-9S. 
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Lepidine  ia  wimewIiBt  decomposed  by  boiling,  Tielding  pjnliol  and  cmrbonirta  of 
tmnKMiu.  B7  iodide  of  ntt^/l,  Mt/I  and  amyl,  it  u  oonToted  into  iodids  of  meth^-, 
ethrl-  ud  imjl-lfindyl-unmoniain  (p.  S73). 

Bath  lepidioe  uid  iridoline  fbrm  crjiwliiabh  nlt« ;  the  iiidoliiie^alb  flmBll  of 
rmpbtlulene.  The  iydroMonOa  of  botit  Imhs,  CHII.HCl,  form  amaH  colonricM 
needles,  which  do  not  melt  at  100°.  Thej  fbrm,  with  cUcridi  qfeadmaim,  ciyitelline 
donhle  mUm  oontainina  C'H'N.ECLSCda ;  and  wiUl  dieUoride  of  plaiiiHm.  the  aalt 
C"B*!f.HCLFtCl',  Thieh  ia  inaolnble  in  aloohoL  The  plataimm-flalt  of  iridoline 
cryatAlliaM  Ims  readily  than  that  of  lepidine. 

The  nitrnta,  G^H'N.NO",  fimn  hard  priama  irtiieh  are  penuuient  in  the  ur,  and  do 
not  malt  at  100°. 

Jeid  ekroaaU  of  lejndine,  !C'*H*IT.H>0.3CV0',  cryataUvea  in  long  Rolden-Tellow 
needlsa  which  decompose  at  100°  when  moiat,  bnt  not  when  diy,  and  Teare  chromio 
oxide  wfaan  ignited. — Add  cirtmait  t{f  iridiiiine  ia  an  oil]'  componnd  iriiich  does  not 
CTTstalliee. 

Dtrivalivet  of  LtfUin*. 
C»H>fK  -SX  C<*H'.— The  iTdriodat*  ot  this  Uat,  ot  iodide  of 

amjl-lepid^l-ammoniom,  CH^NI  -  H[(C*H"){C"H')Hri,  is  obtained  hj  heating 
lepidine  with  iodide  of  aayl,  in  nnall  crTStots,  el^htlv  aolable  in  water.  Iliii  iodide 
treated  with  potash  or  ammonia  is  eoDYnted  into  a  splendid  bine  aomponnd  (Or.  Wil- 
liams), called  iodide  of  peUmine;  the  reaction  is. 

aC"H"NI  +  KHO     -     (^WiPl  +  KI   +  WO. 
kfUjI-auHulaB.  ptfuDlu. 

When  treated  with  moist  oxide  of  ailnr,  it  yields  tbe  baac,  and  6nm  this  the  othir 
■altsof  pelaminem^be  obtained  (see  FKuxun).  The  crude  distillate  ftem  cin- 
ehoniDe  treated  with  iodide  of  amy  1  and  potash  yidds  a  similar  bine  componnd  (known 
eommerdall;  as  MnoUi*  blvi  or  «3niiii7w  (L  87S),  which  connsta  mainly  of  iodide  of 
pelauine,  together  with  a  small  qoantit^  of  the  homologona  componnd  CH'ST, 
derived  in  aaimilar  manner  fKim  chinoune.  (Hofmann,  Compt.  rend.  Iv.  819; 
Proe.  Boy.  80c.  ziL  410). 

XMMnylta»4efMln«  m  KepMmlM*.    C*H>^  -  0'*H"S.O"B?Ti,  or  periiapa 
(CH")«1 
(C»H')"lH'.  (Or.  Williams,  Chan.  Soe.  J.  xri  37£.)— When  lepidine  is  cohobated 

H*  J 
vithiodideof  aaiyl,  abnnrn  ^jrapy liqaid ia  obtained,  which  aolidifiea  to  amaat  of 
errstals  oa  eooling.  On  rnestodly  boiung  this  maas  with  water,  the  sreater  part  dia- 
solTea,  yidding  a  aolntion  <aiodide  of  amyl'lepit^l'ammoainm.  A.  oonodeiable  portion 
howerer  remains  ondinolTsd,  and  thia  portion,  if  snbJKted  to  prolonged  ehnllition  in  a 
retort  with  eanstic  alkalia,  deoomposes,  yielding  a  distillate  eotuisting  of  water  and  an 
oiL  The  latter  dissolTn  for  the  moat  part  in  bydrocblorie  add,  and  the  solntion, 
eraponted  to  a  moderate  bnlk,  fiinns  two  layers,  tbe  npper,  which  appean  like  a 
ooloorleae  oil,  aolidifying  on  cooling  In  a  masa  reaembling  paraffin,  while  the  lower  ia 
merely  a  saturated  aqneons  solntiOD  of  tbe  same  anbstance.  The  parafSn-lihe  hvdto- 
ehlorate,  tteotsd  with  alkaUs  and  distilled,  yields  dianylina-lepidtne  sa  a  Tolatile  base, 
which  maT  be  dried  with  aticka  of  potash,  and  taadeied  DBarly  colonrlrss  by  rectiflw- 
tioiu  It  has  a  fragrant  odonr,  and  when  perfectly  diy  distils  at  about  17S°>  Taponr- 
densit*,  oba.  -  10-40;  calc  ~  in-SS. 

HyareeJJenOt  (if  Unamina,  C*H'^ET*.3HC1,  mdts  below  100°,  is  sparing  soluble  in 
watOT,  and  nnut  be  dried  in  a  vacnnm  before  being  heated  over  the  water-oath. 

Ckli>TBj)laliBait. — On  adi^ng  an  ezceaa  of  strong  hydrochlorio  acid  to  a  solntion  (rf 
the  basF,  BO  as  to  obtain  the  bydroehlorate  as  an  oil  floating  or  ""  — '~  ~  ~~''  '' — 
a  conaiderable  eznias  of  diebloride  of  platinam,  an  adhemve  jS.]<n 
may  be  washed  by  agitation  with  cold  water,  dried  orer  oil  of  1 
and  then  orer  the  water-bath.  It  is  perfectly  aolnble  in  aloohol,  and  has  the  composi- 
tion. C-H-ICaHCl  JtCl'. 

GolJ-ttUt. — On  adding  trichloride  of  gold  to  a  solntion  of  the  hTdrochlotate,  a 
choecdate-ocjonred  precipitate  is  formed.  whiiJi  qnieUy  changes  to  bright  green ;  it  is 
tolnUe  in  skohol,  fimnmg  a  g^een  solntion. 

Lspamine  disBalved  in  attone  nitrie  acid  yieldi  a  red  solution,  bom  which  cm  dila- 
tion, a  red  oil  separatee,  probably  a  nitzo-compound. 

T^  heating  lepamine  with  iod^  oftilij^  in  a  sealed  tabe,  a  syrupy  liquid  is  obtained 
which  iriien  distilled  with  pots^  yield*  a  vdattle  oily  base,  probably  ethjl-lqiamine. 
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It  diBiolTea  readil;  in  hjdrocMaric  scid,  fonning  a  salt  «hid)  is  niieb  more  difficult 
to  erjataHitie  than  hjidrochJorate  of  Upamine. 

Btbyl-lepldliiv.  CHi-N  -  CkH^CH^N.— Tha  hTdriodat*  of  tfau  boss,  or 
iodidt  of  itJ^-itpidgl-amtiiMuuni,  [(CH*)(C»E')H^NI,  is  obt^ed  by  hMtin^  lepi- 
dine  with  iodide  of  ethjl,  in  broini  )uwdlH,  vhieh  ifter  TcciTniillisBtioD,  ubibit  a 
baautiAil  cuuTy-^ellow  colour,  becoming  tmnnentlj  bleod-red  at  100°.  Treated  with 
luoiiC  oxide  of  ailrar,  it  jields  the  eoncBponding  hf  drat«,  which  when  tnated  with 
hj^lrochlohc  acid  and  dichloride  of  platinnm,  jidda  the  pUdiinni-aalt,  C"H'*NCLPtCl*, 
soft  at  first,  bnt  soon  becoming  ciyBlaHioe. 

■Bettaj-l-lepldlne.C'iHiilT-CH^CH^N.— The  hydnodate,  or  iodide  of  m*%t 
Upidyl-irmmoniun,  C'H'^MI,  i^  obtained  in  ixjOtia  by  heating  lepidine  with  iodide  of 

XS*nK>cnOCn&  Nadie  Iron  ore. — A.  hjioMiA  tema  oiide  of  the  sanw 
eompoaition  ta  gothite,  Fe'O'.H'O  (iL  9i0),  ocenmng  at  Spring  HiUa,  Montgomei; 
Coonty,  Pennijlrania,  in  minute  radiating  crrataU  or  nannlar  Males,  and  natheij 
aggregationB,  imbedded  in  fllatnu  red  oxide  of  uon,  and  id  nodnlei  of  chalcedony. 

J^ltOtOIXTM,  Lilhia-micB,  finmd  at  Bogena  and  Iglan  ia  Moravia,  in  the 
island  of  Uldn,  Sweden,  and  in  other  loealitiea.    (See  Uic*. ) 

XgyntOira^AW.  A  Tariety  of  mica,  so  called  from  its  naij  stuLctore  and 
blade  colour  (Xtrband  fuAai),  eoneisting,  according  to  Soltmann's  analysis  (Fogg. 
Ann.  L  664}  of  S7'40  silica,  11-60  alnouna,  27'6S  ferric  oxide,  12't3  femnis  oxide, 
9-20  potash,  0*29  lime  and  mBgneds,  and  0'60  water,  corresponding  with  the  formula 
(Fe'0;E:'0).(AI<0*:  Fe'0').2SiO',   which  is  ndmuble  to  that  of  an   orthodlicate, 

The  mineral  forms  crude  masses  of  granular  scalj  straetnre,  coniistinB  of  small 
acalefl,  sometimes  exhibiting  the  form  of  six-sided  tables ;  according  to  WSbler,  it  if 
completely  decomposed  by  hot  hydrochloric  or  nitric  acid,  the  sQiea  sepanktitig  in 
crystalline  scales  Uke  those  of  the  mineraL  It  is  found  only  in  one  locality  in  Sweden, 
probably  at  Feisberg,  Wermland. 

™  (L  308). 

T  Eurite.   A  granular  oomponnd  of  felspar  with  qoart^ 
sometimes  eoutsining  ganet. 

IMOOAXZLXXa.  C»H"lf.  (A  W.  Hofmann,  Proc.  Hoy.  Soc.  xii  2  ;  Jshres- 
ber.  186Z,  p.  34.)— A  base  produced  bj  the  action  of  redndng  ag^ts  on  losaniline, 
and  related  to  it  in  the  sane  manner  as  indigo-white  to  indigo^tne ; 

C-H'TT"     +     H"     -     CfH"N'. 


It  may  be  obtained  by  leaving  hjdrochlorate  of  rosaniline  in  contact  with  metallic  zinc^ 
or  mora  easily  by  digenting  a  salt  of  rosaniline  (or  commercial  fachsine  or  magenta)  with 
sulphide  of  ammoninm.  A  yellow  rednons  mass  is  then  formed,  which  is  to  be  finely 
pulverised,  washed  with  water  and  diisolTsd  in  dilute  hj^roehloric  acid.  The  solation 
fomu  with  concentrated  hydroehloiic  acid,  a  copious,  crystalline,  brown  or  fellow 
precipitate,  of  impure  hydrochlorsLc  of  leucaniline,  which  may  be  purified  by  repeated 
solution  in  dilute,  and  predpitatton  by  concentrated  hydrochWie  aod.  It  cn>atalliBea 
from  boiliog  dilute  hydrochloric  add  in  tc^  smsll  rectougnlar  plaUs,  which  are 
obtained  qoite  pore  l^  reoystallisation  from  water,  or  by  precipitation  of  the  alcoholic 
solution  with  ether. 

Leucaoiliue  ia  predpitated  &om  the  sedation  of  the  hjdroclilorate  as  a  white  powder, 
acquiring  a  &int  rose  tint  on  axpoeora  to  the  air.  It  is  nearly  iniioluble  in  cold, 
sparingly  soluble  in  boiling  imfer,  whence  it  separatee  in  sznall  crystals,  slightly  soluble 
in  ether,  easily  in  alcohol.  It  turus  red  when  heated,  and  melts  at  100°  to  a  dark-red 
transparent  liquid,  which  solidifies  to  a  lighter- coloured  mass  on  cooling.  By  oxidising 
agents,  each  as  peroxide  of  barium,  ferric  chloride,  and  esppciall;  chromate  of  potaesium, 
it  is  easily  converted  into  roeauiline.  It  uniteswlth  sulphide  of  carbon,  chloride  of  ben- 
zoyl, and  sereisl  other  bodies,  forming  compouuds  which  have  not  yet  been  examined. 

liie  salta  of  leucaniline  cnstallise  well,  especially  the  sulphate  ;  they  are  all  soluble 
in  water,  aod  are  precipitated  hj  adds.  The  k^drochlorau,  C»K"S<.3HC1.HK),  ^vea 
up  its  water  only  when  heat«d  for  a  long  time  in  a  stream  of  hydrogen.  On  boiling 
its  Bolntion  with  excesi  of  leucaniline,  the  latter  sepotates  out  in  s^endid  crystals, 
without  forming  a  less  acid  salt;  The  cAloroplatinatt,  C"H"N".3HCL3PtCl".HK), 
is  sparinsly  soluble  in  cold  water,  deeomposibre  by  boiling  water,  and  gives  up  its 
water  with  difficulty,  eren  when  heated  aborc  lOO".   The  nitrate,  C^H^N'.BHHO'.IPO, 
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torma  lAdU  uaedlei  mAMii  in  wstei  tuid  m  alooliol,  bnt  not  in  ether,  oiilj  ^aiingly  in 
nitiu  acid,  and  iaxnapoaag  at  100°. 

Trl»li*iiTi  HwoaimiiH.  C"H"(CfH')'N*.— Obtuned  hj  Qa  Bcti<m  of  radnciiiK 
•genu  on  tfiphanyl-rosuiiline.  The  bine  Kdation  of  the  hydiochlonte  of  thii  bMa 
ii  dsixdoiisMl  bj  one  and  hjdiochloric  acid,  and  the  dear  liquid  (mated  with  water 
Jidda  a  pncipitata  lAich  maj  be  purified  by  sohition  in  ether.  The  mne  oompooiid 
is  obtained  u  •  brittle,  ncm-Maio  remii,  bj  the  action  of  sulphide  of  ammoniiuii  on 
hydioeUonta  of  triphtmjl-ioeaniline,  It  it  Bjihydioui,  and  vhen  treated  vith  oxi- 
duing  ageaiM,  Is  neonTerted  into  triphenyL-rouuiiliDe.  (Hofmann,  Compt.  nnd. 
iTii.  3fi.) 

J  — .«.  »«*»■■■■— w     SeeLmnra. 

■if.MimMiM»»«»^»  A  TBiietj  of  dilortte  (i.  914)  Ihnn  EQatonat  in  the 
TTial.  Breithanpt  regards  it  aa  an  altered  chlorite.  Konumen  firand  in  it  only  S'62 
par  cent  wat«r  i'"«*""<  of  1362,  the  percentage  in  normal  chlorite.    Kanngott  re^rdi 


.  C^"0'.  (Streeker,  Aan.  Ch.Phann.lxriii.  G5;  Qoaiman, 
iitd.zci.135;  Waage,  i^.  ezriii.  29fi;  Thndichnm,  Chem.  Soe.  Qn.  J.  p.  ut.  307; 
Franhland,  Froc.  Boy.  Soc  xii.  3M;  Frankland  andDnppa,  ibid.  ziii.  140.)— 
An  add,  bomologoag  iriUi  lactic  add,  produced : — 1.  From  laieine. — a,  'When  nifario 
oxide  na  is  paned  throarii  a  solution  of  leucine  in  atrong  nilrie  add,  nitrogau  ia 
erolTed  and  leodc  add  i*  formed  (Streckei)-  The  aame  Te«lion  takes  ^laee  when 
Htaraa  add  ia  pained  thron;^  •  wdntion  of  leodne  in  mnn  water  (Thudiehnm),  or 
water  lE^it];  addnlated  with  nitric  add  (Waage); 

O^wNC  +   HNO*     -     CfHiK)*  +  M»  +   HK). 

iMdlw.  Kltrcn  Lnde 

Cahonra  had  prerioualy  obeerred  (Compt  rend,  xivii.  8S8)  that  a  peculiar  add  ia 
fimned  when  an  aqueous  aolutiou  01  lencine  is  left  to  itaeU — p.  When  ehlcotne  gaa 
not  in  BiceeB  ia  cautioaaly  passed  through  a  solution  of  leucine  in  caustic  soda,  lende 
add  is  formed  and  may  be  separated  from  the  mixture  in  the  aams  mannei  as  benao- 
glycollic  add  (i.  648)  from  hippnrie  add.     (Qoismann.) 

a.  From  oxalate  of  ^tyl,  bj  the  action  of  nne-ethyL  The  direct  product  of  thil 
actirai  is  pmtebly  zmooleude  ether,  a  body  not  isolated,  thus : 

CWO*  +    ji^^'i     -     C'K"(ZnCTH')0'   +   Zn((?H')0. 
Oidiuof         ZlDc-rtliTl.  ZIdcdImkIo  BlhylUa 

■ttijl.  itlnr.  of  iIdo. 

The  iiDColeacic  etber  ie  conTeTt«d  b7  the  action  of  water  into  leude  ethai: 
(?H»Zn((?H')0'  +  HK)  -  C'H"(C*H')0'  +  ZnHO; 
ZlnadBicle  Mbar.  Lauclc  Mtwr. 

•od&om  this,  the  barium-Hall,  and  thence  the  add  itself  is  eastlj  obtained.  (Frank- 
land.) 

TrtpOTOtitm, — 1.  Pure  leucine  is  dissolTed  in  boiling  water  sli^tly  addukted  with 
nitria  acid ;  nitrouH  add  gas  is  passed  through  the  warm  solution  ss  long  a*  nilnwen 
coutinuss  to  escape;  the  Uquid,  which  turns  brown  and  gradually  depodts  brown  flakes, 
is  1^  to  cool,  then  a^tated  aereral  times  with  ether ;  and  the  ethereal  extracts  ai« 
eranorated.  The  imdne  is  a  brown  oily  li^^d  not  misdble  with  water,  wbid) 
gradually  solidifln  to  a  ndio-OTBtalline  mass.  The  aqueous  solulion,  freed  from  leude 
add  by  repeated  aritation  with  ether,  left  on  ersporation  a  conaidetable  qnantjty  of 
nibo-lencic  add. — To  purify  the  crude  lencie  add  thus  obtained,  it  is  dissolved  m  a 
large  quantity  of  water  (a  smaller  quantity  diuolTM  it  but  imper&ctJy) ;  the  bailing 
liquid  IS  mixed  with  an  aqueous  solntioD  of  acetate  of  due  ;  and  the  precipitated  leueate 
of  dnc  is  washed  on  the  filter  with  water  (which  diseolves  bat  a  small  quantity  of  it), 
poriGed  bj  recryatallisHtiou  from  alcohol,  uien  suspended  in  water,  and  decomposed  1^ 
sulphuretted  hydrogen.  The  filtered  solution  is  but  very  slightly  coloured,  and  when 
erapoiated  to  a  syrup  and  left  to  stand,  pelds  Icucic  add  in  colonrlees  needles.  If,  on 
the  other  hand,  Uie  dnc^alt  be  tuspended  in  alcohol  and  decomposed  by  snlphnretted 
'    '  "  is  obtained  in  hu^  brittle  [oisms.    (Waage.) 


hydrcwen, 
3.  Thn^ 


from  axidising  the  leodc  add ;  aratates  the  s^p;  naidae  with  ether  (or  eztiaefs  the 
lendc  add  from  the  aqueous  solution  by  agitation  with  ether,  without  prerions  erapora- 
radon ;  in  which  case,  howarer,  the  treatment  vith  ether  must  be  repealed  a  ^at 
tiiunber  of  times) — and  pnrifica  the  crude  leudc  add  from  Hdhering  brown  oil,  either 
by  solution  in  cold  water,  filtration  and  reciystallieation, — or  by  strongly  pressiiu;  the 
coloured  crystals  between  bibulous  paper— or  by  predpitating  the  aqueous  sohition 
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vith  scetalfl  of  lead,  dMompotiiig  Ihe  waahed  pndpitste  wiih  mlphorett^  hjdragen, 
and  eraponitiiig  the  Sltrale  alhet  ons  the  water^lnth  at  a  vei;  modente  heat,  or 
oref  Bolpknris  add. 

3.  Oulie  ether  ia  mixed  irith  ile  own  weight  of  linc-eth;],  in  a  vmmI  sar- 
rounded  hy  aold  water,  to  prereiit  rise  of  tempennire  and  the  eonmqneDt  oeearrenoe  of 
a  Moauda^  Tesetion,  attended  with  the  evoludon  of  latge  qnantltiefl  of  ethylene  sitd 
hydride  of  ethyl ;  tonrda  th^  eod,  howerer,  the  reaction  requirsfl  to  be  asaiated  by  the 
application  of  a  gentie  heat>  The  mixture,  which  generally  remaina  flnid,  ia  mixed  after 
cooling,  with  ita  own  Tolome  of  water  (whereupon  toirenta  of  hydride  of  ethyl,  derired 
from  eiceaa  of  zinc-etbyl,  are  grolred),  and  iuljB«inently  diatilled  in  a  watsr-baCh. 
Weak  alcohol  containinz  an  etbereal  oil  in  aolution  then  paasea  orcr,  and  a  farther 
quantity  of  the  oil  may  be  obtained  by  addi^  water  to  the  reaidne  in  the  retor^  and 
continuing  the  diatillation  on  a  land-bHth.  'Hie  oil  £>  precipitated  bom  the  aleoholis 
diatillate  bjwater,  added  to  that  which  floata  on  the  sorfiu*  of  the  watery  distillate, 
then  dried  over  chloride  of  calcium,  and  rectified.  The  principal  portion,  which  diatila 
between  17*°  and  176°,  conaista  of  lenmc  ether.     (Prankland.) 

The  proceaa  may  be  greatiy  aimplified,  and  a  lai^er  product  obtained,  by  generaling 
the  dnc-ethTl  during  the  reaction,  namdy  by  heating  a  miztme  of  amalgamated  due, 
iodide  of  ethyl,  and  oxalic  ether  to  the  neceaaary  tempentore.  The  operation  ma;  be 
oonaidered  complete  whan  the  mixtnie  baa  aalidifled  to  a  rennona-looking  m 


thii,  wheD  trsBtad  with  water  aa  above,  and  diitilled,  yidda  a  conaidsrable  quanta^  of 
leneio  ether.    (Fianklsnd  and  Dnppa.) 
ThelancicetlwFheated  withhydi^ofbciitllll,  isconraitediiitoleacataaf  barimn. 


PnperHtt. — LeoeiG  acid  fbnni  coLoraeaa  needles  (Streckei);  needles  or  hard, 
brittle  prisma,  of  tlia  trimatric  or  monodinie  lyitMn,  according  to  the  mode  of  prapa' 
ration  (Waage) ;  radiar;  groap  of  needles,  having  a  mother-of-peari  lustre,  with  a 
beanliftu  Tsrie^  of  concentrio  martiiip,  1^  those  irf  some  kinds  of  larch-agaiio 
(Thndichnm);  it  is  heanoE  tiian  watOT,  and  eats  like  hsrd  soap,  almost  like  steario 
acid(Thiidicbnm);  it  has  an  add  tasta^sndreddens litmus  (Thadichnm);  a  bitter 
taste,  and  strong  acid  reaction  (Waage).  It  melts  below  tO0°and  solidifl«i  on  cooling 
(Thndichnm);  melts  at  73°,  and  sometimes  aolidi£ea  at  a  few  d^«ea  below  ths 
melting  point,  sometimes  remains  liquid  even  when  cooled  to  (fi  (Waage).  It  ia 
easil;  sohible  in  vai*r  and  in  aleoltol,  soluble  also  in  ttJur, 

DteonrnMiimt. — 1.  Lencic  add  volatiliees  at  100°,  affNUentl;  without  deconpod- 
tdoD.  When  it  is  placed  on  a  wstch-slaa  and  heated  over  the  water^bath,  the  aides  of 
the  glass  become  mngod  with  cryatue  of  the  sublimed  add,  which  dissolve  easily  in 
water,  leaving,  however,  a  few  flocks,  probably  consistii^  of  the  anl^dride.  The  mass 
iriiich  remains  in  the  middle  of  the  wstch-g^ass  is  ^mpy,  dissohee  in  wat^  oolj 
after  pndongsd  boiling,  but  is  easilysolabls  in  slcdiol  and  Mher ;  it  probably  also  con- 
sists of  laamc  anhjdiide  (Waage).  The  add  hestad  Ibr  some  time  m  the  water^oven, 
oontinnidly  gives  off  add-smelbng  vspoun^  and  does  not  aflerwaids  solidify  on  cooling 


formed,  when  the  aqneoo)  solution,  even  if  dilute,  is  heated  to  the  boiling  point  or 
ev^toratad  (Thndichum).  I^Dcic  add  maybe  boiled  with  vrater  without  decompo- 
sition, and  liBcee  OTily  of  it  distil  off  with  the  watra  (Frankland). — 3.  Leadc  add 
strongly  healed  in  the  air,  givee  off  thick  fbmes  and  blackens,  then  takes  fire  and  bmns 
with  a  yellow  smoky  flame,  leaving  a  small  quantity  of  charcoal,  which  is  qnicU;  and 
assilj  consumed.    (Ihudiehum.) 

XB«a»taa.  Lends  add  fbrms  crystallisable  salts,  the  composition  of  moat  of 
which  may  be  represented  by  the  formula,  l?H"MO*.  An  add  silverAlt  appears 
however,  to  exist,  which  ia  perhaps  C^"AgO'.CH>*0>.  But  aeeording  to  the  itifga 
at'>mic  weights  now  aaaigned  to  most  of  the  mrtala,  the  fbrmnla  of  the  add  ahonld  be 
C"B7H)',  and  that  of  ita  normal  aalts,  C"H'fH"0'.  The  add  nlver^alt  will  then  be 
CHBAgO*.  The  salts  are  for  the  moat  part  obtained  by  boiling  the  aqueous  solntion 
of  the  acid  with  the  comspondiog  earbonatea  (Thndichnm).  Tliey  are  la«g  soluble 
than  the  lactates  in  water,  more  aolnbla  in  alcohoL    (Waage,) 

Ltveate  of  Antmonium.-the  acid  alightly  anjierBatutatsd  with  ammonia,  and 
evaporated,  leavea  a  thick  homogeoeoua  reddne,  in  which  no  trace  of  erntalliaation  can 
be  observed,  even  oiler  drying  for  several  weeks  over  oil  of  vitiioL    (Thndichnm.) 

Liueatt  of  Barium,  CfH^BaO*  or  CH^BbaO*— Obtained  by  dig»ting  the 
aqueous  add  with  carbonate  of  barium,'  or  by  heating  Iracic  ether  vrith  hydrate  of 
bwinn,  separating  the  sxoess  of  baiyta  b;  eubonic  aiid,  flltoing  and  eraporating 
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(Frankland,  WasKA.  Thadichiim).  It  dusolTM  with  moderate  bcilit}'  in  warm 
water  and  dilute  akohol,  and  aeparaUa  bma  boUing;  alcoEiol  in  beautiful  colontleiiB, 
nikj,  l^minuT  erjAaiM,  vbicti,  like  moet  lencstn,  retain  KXiiething  of  the  appearance  of 
leucine.    (Waage.) 

Laueale  e/Caleiuut,  C*H"CsO>  erCH'KIesO'.— An  aqueous  eolation  of  theadd 
neutialiled  with  dialk  or  mill  of  lime,  and  Iril  to  emporate,  jielda  the  caldom-Balt  in 
fine  needlee,  eaail;  salnble  in  water  and  in  aleoboL 

Leueaie  of  Cobalt,  C^WCoO*  or  C'B'K^coO'.— The  diliite  aqueone  add  boiled 
with  Bice»  of  carbonate  i^  cobalt,  thRii  filtered  and  eraporated,  depooila  light  imits  of 
apink  cdIoot  while  moiat,  but  of  a  veiT  pale  nue-coloDr  or  almoat  vhite  when  drj. 
Tdk  aalt  li  but  (laringly  soluble  in  cold  water,  and  not  much  more  eolnble  at  the 
boiling  hrat.  It  oyatalliBea  in  needles,  which,  imder  the  microacope,  appear  to  be 
ananged  in  globular  manea.    (ThndiehnnL) 

Leucalt  of  Copptr, — When  a  dilate  nqneone  anlntjob  of  Weie  add  ia  treated  with 
a  dilate  solution  of  ammonio-eulpbale  of  copper,  the  coloar  of  the  eo^ipar-falt  changes 
to  light-grepn.  On  boiling  the  uqnid,  it  becomes  paler,  and  on  toobii^  depoeita  light 
green  gnnulea  of  leueata  of  cohmf.  Under  high  powers  of  the  mlooecoM  these 
granules  appear  se  ballt^  formed  i^  aradiaiy  arrangement  cf  needles  (Thudieham^ 
A  solution  of  leodc  add  mixed  with  aoetate  of  copper,  fbrma  a  green  floecnlent  pi«dpi- 
tat«,  ■my  Bparingjj  soluble  in  vatMv  even  at  the  boiling  boat,  bat  eaaUy  cryatalliaed 
from  Iniling  alcohol,  &om  which  it  aepantes  in  very  beantifol  light  blue,  shining, 
balk;  scales,  which  do  not  undergo  anj  diminution  in  weight  at  100°.    (Waage.) 

Leucale  of  Liad. — On  sdding  aoetate  of  lead  to  a  lolution  of  leudc  add  or  B 
leucate,  a  copious  white  flaky  precipitate  is  formed,  which  on  boiling  dissolves  almoat 
entirely  in  the  liquid.  Any  portion  remaining  undissolTed  meltB  into  a  white  mass, 
which  is  soft  like  redn  while  warm,  but  becomes  brittle  and  hard  on  cooling.  This 
anbttance  is  insolnble  in  water  and  alcohol,  even  on  bdling,  and  seems  to  be  a  basic 
aalL 

a  boiling  solution  of  the  acid,  no  precipitata 

>  liquid  becomes  miJky  on  cooUns.    In  a  sbcat 

B,  it  deposits  the  lead-salt  as  a  light,  granular,  white  mass,  which,  auder  the  micro- 
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Litieatt  of  llagneiivn, — Sparingly  soluble  in  water,  deposited  In  crusts  on 
erapcostion.    (Thudichum.) 

LtvcaUi  of  Slereury. — Mereune  Leticate  may  be  prepared:— o.  Directly,  liy 
disBolTing  tteshly-predpitated  moist  mercuric  oxide  in  aqueons  leudc  add.  A  flaky 
predpitate  gradually  ensues,  which  on  heating  becomes  red  and  granular,  and  adheres 
to  the  sides  of  the  glass.  Oa  cooling,  a  new  predpitate,  consisting  of  whitish  ^obrtles, 
is  deposited. — b.  "ay  adding  mercunc  nitrate  to  an  aqueous  aotution  of  leocie  add,  a 
whitish-red  predpitate  is  fbrmed,  which  diaeolves  on  boiling,  and  on  cooling  is  sgain 
dt^ionted  in  reddish  grauDles. — c.  'Sj  adding  the  mercnrial  solution  to  the  leucate  of  an 
alkali-metal. 

MnnMTOtu  LeacaU. — When  a  solution  of  meraurons  nitrate  is  added  to  a  solntion  of 
leocie  acid  a  slight  turbidity  ensueo.  The  addition  of  carbonate  of  •odiom  producM  a 
ta^itmt  reddish-white  [svcipil^ie,  which,  on  boiUn^  beconMS  red,  then  dull  grey,  and 
deposits  metalhc  mercury,    (Thndichnm.) 

The  lencatea  of  mercniy  bare  a  great  tenden^  to  beeome  reduced.  Hie  meroorio 
■alt  easily  passes  into  the  mcnmrons  salt.  The  mercuric  sal^  moreorer,  has  a  great 
tendency  to  beeome  basic  and  insolnble.    (Thudichum.) 

LmeattefPotaiiiitn  it  produced  by  the  action  of  aqneoos  potash  on  leucic 
ether,  and  separates  as  a  semi-solid  soap  on  the  surlbce  of  the  potHsh-solntion,  if  tha 
latter  is  concentrated.    (FrankUod.) 

Liueat6t  of  ait«er.—a.  Setiiral-ialt.  CJ^'AgO'  or  C"H"A^.  is  obttined  by 
adding  nitrate  of  sUtbt  to  the  scJution  of  the  add  nentralteed  with  ammonia,  or  by 
boiling  the  add  with  oxide  of  silver,  and  may  be  rendered  quite  colourless  by  recrys- 
tallisation  Itom  boiling  water,  in  which  it  is  moderately  solnbla.  It  is  anhydrous 
(Waage).  Nitrate  of  silver  added  to  a  warm  solution  of  lencate  of  anunoninm,  potas- 
sinm,  or  sodium,  forms  a  wmions  white  cryitslliue  predpitsle,  which  jncreasee  as  the 
liqnid  cools,  and  blackens  if  left  in  the  mother-liquor  (Thudichum).  It  confsina 
45-2  per  cent,  silver  (Waage);  44-14  (Thudichum) ;  calc  46-IS  per  cent 

Aeid  talt,  CH^AgO*,— A  hot  dilate  solution  of  leodc  add  decomposet  reeentlj 
Vol.  IIL  P  P 
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id  earbonato  of  (Qtbt,  with  efl!9rT««MiM«.  nentecwof  theeMrboDatooffOTtr 

.  "         Bh-gwy,  bat  the  xad  is  not 

entinly  nantnliwd.    The  hot  flltnte  fonu  no  deposit  od  otwling.    The  Utraipt  to 


«cip{Ut«d< 
id  the  nodi 


poitoon  of  the  lencste  b 


tmponlt  it  orer  the  ntsT'liath  produces  s  bUck  precipitate  of  niatti  ahm. 
Toiut,  thenftn,  be  srapoiated  is  •neaa  am  oil  of  TitrioL  After  pivloiiged  ttaai  ^ 
•  tew  erjiilm,  ot  a  ^aaay  lustre  ud  sppeariiw  nndei  the  mietosMpe  u  gnops  of 
rikombie  plates,  are  deposited  at  the  nugiii  of  the  dish.  The  liquid  then  botwrnes 
earned  mth  a  pellicle  and  er^Miation  is  impeded.  At  ■  later  stage  con^lomenlee  of 
needles  an  dqionted,  which,  when  canfnln  dried  orer  sulphutic  aad  in  tscuo, 
appeared  a  HtUa  UackMied,  like  moat  eilrei^ts,  bnt  are  not  dMompoaed.  Silver  bj 
analjaia  2S'91  per  eest;  the  formula  requires  391  per  oenL     (Tfaadiehnm.) 

Ltuctltt  a/  SodiutH. — The  aqaeons  add  nentnlised  with  nrbouate  of  sodium,  and 
eraporaled,  lesTea  a  ^rrupy  residue  coTered  with  a  ciTStalline  cnuL  When  thie  iTTup 
is  left  am  oQ  «f  Titnol,  mrstals  form  in  it,  which  nnder  the  micnmcope  exhibit  a  cha- 
laetariatiotDb-^i^e,  with  ritombicplatMinCersperaed  here  and  tbere.   (Thadieham.) 

Ltutmttef  2itte,  CTH^'Z^O' or  CH^ZaiO*.— This  lalt  is  oblained  bjnentnt- 
ising  like  dilat*  add  at  the  bailing  heat  with  carbonate  of  nn<^  and  Slteiing  at  the  saine 
temperatore.  The  tolatiofi  deposits  a  thin  crust  od  cooling.  ET^orated  OTer  the 
water-bath,  it  toaa  becomes  covered  with  a  cnut,  sJid  on  cooling  depcaita  bulkj  msases 
of  needlei^  which  man  be  separated  bj  filtmion,  pressed  between  biboloos  paper,  uul 
drird  bj  aaposare  to  the  air  or  o*cr  the  water-bath.  The  best  erjatals  are  obtained 
from  asalalian  containing  ezeess  of  leoeic  acid  (Thudichom).   Fis  Waage'smode  of 
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'WhitCk  with  splendid  dlky  lostre  ;  exhibits  nndar  the  niCToseope 
masses  of  needles  (Thudichum);  extniuflj  light  scales,  of 
^lil**'''^  whilepoas  and  silkr  lustre  (Waage).  It  is  sparingly  soluble  eTsa  in  boUing 
water,  Ms  in  «i^  water  (Thndichnm);  diasohes  m  300  pts.  water  at  16^,  and  in 
201  pla.  bixling  water,  more  soluble  in  alcohol  (Waaee).  Toe  air-diied  salt  contains 
«C^"ZoO'.a'0  or  CH-'ZDiO'.ffO,  and  giTea  off  it.  water  {61  per  cent)  at  100» 
(Waage).  The  aohTdnnis  sak  gives  b;  aniJjiis,  13-87  per  cent  carbon,  S-3S  hjdro- 
gen,  and  20-10  sine,  the  fbnuola  requiring  14-01  carbon,  672  hTdrogen,  and  19-92  cine 
(Thudichnm).  fintphjdria  acid  [mcipitiitea  the  sine  cainpletely  (Waage);  sccordiiig 
to  Thodiohum,  on  the  eontrair,  the  precipitation  is  onlj  partial,  even  sAer  the  sololion  . 
baa  bsen  lepwtedlj  sntunted  with  the  gas. 

Vmmaa  mamm.  Ze«M>b^£:cAyi,<?H*0>-(?H"(C'H>)0'.~Tha«»i>iatHm 
and  [ffepantiail  of  this  tamfaaxA  bj  the  action  of  linc-cthjl  on  oxalic  ether  ban 
■Iread;  bean  dssoibed  (p.  S7fi)-  It  is  a  colourlesa,  transpaieut,  srauewtkat  oilj  liquid, 
possessing  a  pecnHsr  pniatratlng  ethereal  odour,  and  a  ahaip  taste.  It  is  insoluble  in 
■m*Ut,  bnt  dissdves  readilj  in  aloohol  and  ether.  Speciflo  gravi^  O-seiS  at  187°. 
Boiling  pointy  175°.  Taponrslensitr,  obs.  —  <'241;  eala  S-6W.  Tmtsd  with 
hydnte  of  baiiuB  m  potaMium,  it  yields  the  correnionding  salta  of  leude  add. 
(Frankland.) 

KBUiUMBtV-SmrainUO  AOD.     See  Thdih-suijVU kic  Min>  (p.  2SS). 

^nronia.  CH^VO*.  Formerly  called  .lpo»7><-<2ttw and  GusouOiirfe.  (Proust, 
Ann.  Ch.Phys.  [S]x.40;  Braeounot,  ibid.  xiii.  119;  U ulder,  J.  pr.  Chem.  xrt 
S90;  Bopp,  Ann.  Ch.E1iann.lzix.  20;  Laurent  and  Qerhardt,  Ann.  Ch.  Pl^a. 

CI  xxiT.  331;  Cahonra,  Compt  rend.zxTiL  SM;  Limprieht,  *»n.  Ch.Phsm.  Terr. 
S;  Ofissmann,  Osii.  za.  18*;  xcL  129;  Strecker,  ii^  liriiL  »;  Om.  xi.  13fl.) 
— This  •abstanee  was  first  obaerred  by  Froust^  in  1818,  as  a  woduct  (^  the  pntreAction 
of  cheese;  and  Bracramot  in  1S20  fousd  it  among  the  products  of  decompositiou  qf 
animal  substonoes  br  anliAnria  add  ;  Mulder,  in  1838,  showed  that  the  two  substances 


e  (CHIIO^  and  alanine  (CfH'NO'X  and  may  bo 

regardad  as  lactamic  add,  (CH'V)''    ,  bsing  related  to  Uune  aeul  in  the  same 

H         )0 
iBfnatr  •■  ^eodne  to  glyooUic  add,  and  alanine  to  lactic  add. 

OacmTtMt.—  ln  oldi£nese  (Proust).    In  fresh  calf  a  liver  (Liebig,  Chem.  Briefly 
S  AnlL  ibt) ;  also,  together  with  tynein^  in  the  human  liver,  in  e   '  ' 


but  not  in  the  healthy  liver  (Frericha  and  St&deler,  Jahiesber.  18M,  p> 
.  ..eccrdingtolattfteaeardieaby  meMchemisu  (ibiil.  1866,  703;  IBfiS,  fifiO),leu- 
and  ^fTOsine  sre  •nrj  widely  diffused  in  the  animal  organism.   Leoeiiie  also  exists. 


together  with  tanrine^  inoaite,  and  uric  add,  in  tJie  tissue  of  the  lungs  (A.  CI' 
Ann.  Ch.  Fharm.  xdi.  3S9>  According  to  Oornp-Besanes,  Ann.  Ch.  Pharm. 
iii.  7X  it  occurs  in  many  parts  of  the  ^(landolar  syetem,  viz..  in  the  thymoid  and 
"  -er,  and  espcdilly  la  the  pancreas.    Jl  has  been  Knind  alao  in 


thyn^  gUndi,  in  the  liver,  and  espcdilly  la 
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tha  farun  of  axea  (W,  Mailer,  Ann.  Ch.  Ptuuio.  dii  111);  in  tbe  pmeteu  of  dxcd 
(Scherer,  Jnhjwber.  18fi9,  p.  S10)i  in  the  alomach  and  inteatines  of  the  pupa  of 
botti!rilie«(SchiTarieDbach,iii<11867,  p.  fiSB),  uid  in  the  flT-agaiic,  ^^aarrnuniiM- 
nirnu.     (Lndwig,  iiiii:  1882.  p.  Sl6.y 

FvuUion. — 1.  In  the  decompositioii  of  geUtiD,  muacuiai  fleah,  leganun  or  wool  (oi 
-whits  of  fgg.  accofding  to  Mulder),  bj  aalpharic  acid  (BraconnotJ;  together  with  a 
amall  qoantit;  of  ^jcodne  (Ualder).  Qorup-Beaanea  also  (Ann.  Ch.  Fhann. 
orilL  330^  If  bnting  wool  with  sulphuric  acid,  obtained,  together  with  ToUtile  ocida 
nd  a  large  qnanti^  of  ammonia,  aboat  3  per  cent,  of  tjroeine,  and  a  rather  large 
qvanljtj  m  leiudDe  containing  snlphur.  The  leneina  wsa  obtained  free  from  STdphnr 
Igr  dttK^Ting  it  in  rather  dilute  potaih-lej,  boiling  it  with  a  solution  of  lead-oxide  in 

--■--'■    flUOTing  fton  gr'-'---'-  -'  '--^ ._i^^ —  .i.  jh^  . ^-l  _i..i.— s .-i 

ling  to  dirneaa, 
to  ciyataUue. 

•L  B;  heating  ham  with  dilute  snlphnric  acid  (Hinterberger),  also  bwetha  with 
^roniM^  bj  heating  elastic  dssue,  especially  the  cervical  ligament  (Zollikofer),  or 
bathen,  hedge-hogs'  apines,  human  hair,  the  wing-cases  of  cockchafere,  or  globulin  and 
-  matin  ftom  ox-blood  (Lejer  and  K51[er,  Ann.  Ch.  Fbefm.  Inxiii.  332},  or  silk 
interbarger.'^eD.  Akad.  Ber.  li.  4eo)  or  concblolin  (Schlosaberger,  Zeit«clir. 
laLpharm.  1860,  p.  421),  Wil2i  dilnte  njphnric  acid.  Erlenmejec  and  Schdffer 
(Zeilachi.  Ch.  Pharm.  1S6B,  p.  31S),  by  boiling  1  pt.  of  Tuious  albuminous  and  gela- 
tinoDB  mbBtancea  with  &  pta.  of  a  mixture  of  I  pt.  sulphuric  add  (H'SO')  and  1^  pta. 
Watar,  obtained  the  foUowing  quantities  of  leucine  and  tyrosine :  Cervical  tigunent 
yielded  ^  per  cent  tyrosine  and  38  to  4G  per  cent,  leucine ;  blood-flbrin,  2  per  cent. 
proline  (oq  eniporatiDg  the  neutral  liquid  to  abont  I'OS  to  I'lO  specific  gravity),  Qiea 
U  per  cent,  leucine ;  fleah-fibrin,  not  quite  I  per  cent,  trrosinc^  and  about  18  per  cent. 
Uociue ;  white  of  hen's  eg){,  1  per  cent  tyrosuie  and  about  10  per  cent,  leucine ;  horn 
(iMBted  with  10  pts.  of  the  atxiTS  add  mixture),  3'6  per  cent,  tyrosine,  and  about 
10  par  cent,  leaeine.  The  sereral  substances  were  decompoaed  by  three  honra'  boiling 
witA  the  add  as  eompletelj  as  when  the  boiling  was  continned  fbr  36  or  40  hool*. 

X.  By  the  action  of  dilute  afida  upon  iodican.     (Schnnck,  p.  217.) 

4.  By  bcoling  white  of  eg^  gelatin,  or  fiesh,  with  potash-ley^  glycodne  being  fanned 
•t  the  MUne  lime  (Mulder).  Hence  also,  when  the  juice  of  mangold-wunel  la  boiled 
widilime.    (Hoehitettor,_J.  pr.  Chem.  nii.  36.) 

G.  By meltingBlbnmiiijBbrin,  casein  (Bopp^oT  hom  (Hinterberger) with  hydrate 
of  potassinm. 

0.  In  the  putrc&ction  of  casein  or  gluten  underwater  (Froust,  Mulder);  some- 
times abnndimtly,  sometimes  only  in  traces  (Cahonrs).  Also,  together  with  tyrosine, 
ammonia,  butync  add,  andlactio  acid,  by  the  palrebction  of  yeast  (A.  MuIIer,  J.  pr. 
CheoL  Ivii.  162,  447).  But  according  to  Hesse  (J.  pr.  Chem  Ixi.  34),  the  substAnce 
ragarded  br  Muller  as  leudne  contains  3  or  4  per  oent  sulphur,  and  is  more  soluble 
in  aloobol  uian  leucine  (see  PsmooLluoim,  p.  SB2). 

7-  B;  the  action  of  hydiocyanio  acid  and  dilute  hydrochloric  add,  with  the  aid  of 
bMit,  OD  Taleral-ammonia  (Parkinson,  Aim,  Ch.  Phaim.  xc  141;  Limpricht,  Md. 
xerr.  24S): 

HH'.0'H"0  +   CNH  +  HCl   +   WO     -     C^'HO'  +  NH'CL 
It  WH  sUted  br  Oossmatui,  that  thitJdine  is  oonvrnted  into  leudne  by  the  action  of 
Mout  ailfrr-oxide,  aeooiding  to  the  equation: 

o^sar  +  2Ag«    -    owmo'  *■  aAg«; 

bnt  aeoindin^  to  Eofmann  (Chem.  Soe.  J-  x.  1S3),  thialdine  thus  beated  gives  off 
the  whole  of  its  nitnsen  in  the  form  of  ammonia. 

Prtparaiioa. — 1.  Finely-chopped  beef,  washed  with  water  and  then  strongly 
pessed,  is  mixed  with  an  equal  weight  of  oil  of  vitriol,  snd  gently  heated  till  it  is 
completely  dissolved ;  the  fat  is  ekimmed  off  aAor  cooling ;  the  mixture  diluted  with 
water  amounting  to  3^  times  the  weight  of  the  meat ;  the  liquid  boiled  for  9  honr^ 
viUl  fr«qnent  reuewul  of  the  water {Out  snlphnric  acid  removed  bv  ch&lfc ;  the  Qltrate 
•nporsted  to  an  extract ;  this  extract  repeifedly  boiled  with  alcohol  of  34°  Bm. ;  the 
moltina  alcoholio  tincture  evapcaated;  the  dry  residue  exhausted  with  cold  alcohol ; 
the  rssidual  mistore  of  leucine  and  a  small  quantity  of  matter  predpitable  b;  tannin 
dissolved  in  wato';  aiolation  of  tannin  car^llj  aoded  to  it  hydrops  as  loog  as  any 
preeiiatate  ansnes;  and  the  liquid  Altered  after  a  ttvr  seconds,  then  evaporated 
(BraeoDiiot).  Ilie  Isodna  laepaied  by  Braconnot  appaan  adll  to  have  contained 
g^codne.    (Mnlder.) 

3.  I  pt.  of  dry  albumin,  fibrin,  or  casein,  biM  from  fat,  is  boiled  with  4  pis.  of  dl  of 
vitriol  and  12  pts.  of  water,  in  an  open  vessel,  the  ebullition  being  coatinued  fbr  a  day 
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ir  contiDOkny  rsnewcd     Or,  bnttor;  1  pt  of  tlie  nlwtMKe  Is  diMohed  in 

ing  IiTdiochloric  idd ;  the  liquid  mixed  with  tori  pts.  of  oU  of  Titrul  tui 
Tat«d  OTer  tne-wataivbatlitill  the  g;re&ter  put  of  the  h;dr<xhloric  add  is  expelled. 


4  pta.  of  etrong  hTdiochloric  idd ;  the  liquid  mixed  with  tori  pts.  of  oU  of  Titnol  and 
eTBporat«d  OTer  the-wataivbatli till  the g;reaterputoftheh;dr<xhloric  add  is  eipelT  ' 
uidthe  MBuiniag  blnek-bniwii  piti^h;  or  BTrupv  mus,  in  wbichmintitecrjatalHfb 


ii  disaolTcd  in  hot  watn.  Either  of  these  acid  liquida  is  boiled  w 
lime  to  Pipel  snunonia,  then  atniined  Chrangh  a  linen  bag ;  the  clear  Bltrato  tmt4^  with 
•nlphurio  Kid  to  predpttato  the  lime  whiii  is  held  in  a  aolnlion  by  ■  product  of  de- 
compoattioa^ttie  excess  oT  add  ia«cipital«dbf«Mtite  of  lead,  and  the  excfsiof  Irad 
hj  Hilphfdiic  add;  and  the  Sltrate  evaporated  to  a  sTrnp,  l^m  which  in  a  t&w  days 
leadne  and  trrosine  o^BtalliBe.  The  crfMalsare  tteed  tconi  the  ifrupj  mothep-liqnoF 
bj  digestion  u>  88  per  cent,  alcohol,  and  the  leucine  erparsted  from  the  tyrosine  and 
brown  matter  b;  treatment  with  water,  bydratsd  oxide  of  Ixt^  and  animal  ^tumn-1 
M  in  the  fllth  mode  of  preparation. 

S.  1  pt.  of  MW-boTo  BhBTiDgB  IS  boilcd  With  4  pta,  of  oil  of  titriol  and  13pta.  of  water 
for  30  honia,  the  water  beioR  renewed  from  time  to  time,  the  liquid  then  anpenaturated 
with  milkofliniei  the  wboto  boiled  Cor  U  hoara  in  an  iroujiat,  then  stntined  through 
a  conical  hag  and  •^eeaed,  and  (he  liquid  mixed  with  a.  Terjali^t  pxeeaa  of  sulphuric 
add,  flltovd,  and  GTaporated ;  it  then  yields  at  flrat  ai^erical  cryBtalline  masses  of 
tnoone,  and  aftarwarda  laminated  numm  of  leucine  The  latter  are  pressed  between 
r,  freed  (Mm  I»own  mattfr  by  wishing  with  absolute  alcohol,  and'ayBtallised  fana 
>  of  hotwater,'tyro«DetheD  separating  first,  and  themother- 


purer,  freed  (Mm  Mown  matti 
aouition'in  a  imall^nafltity  ol 
tiqaor  aftarwarda  yielding  leui 


Braer, 
t  (ibid.  <di.  2^1)  hoils  2  lbs.  of  hom-shayings  with  6  lbs.  antphnr: 
and  )3lba.wat«r  for  24  hours,  renewing  the  water  as  it  ev^ioateii,  then  ■npemturalea 

with  lime,  and,  after  filtering  off  th "   "    "     '■-■■"  -'- -    -""         ' 

it  with  a  quantity  iVoialie  at''  ~ 

filtmd  from  calcic  auhite,  ai 

depoaits  groups  of  yellowish  la 

may  be  obtained  by  sr^xiTatJng  the  mother-liquor.    Hie  oystAllina  mass  ia  then  dia- 

aolred  in  miiii  a  quantity  of  hot  water  that  the  aolnlian  on  cooling  yielda  arj*t»1a  of 


r  tor  24  hours,  renewing  the  water  as  it  ev^ioateii,  then  ■npemturalea 
ifter  filtering  off  the  gvpanm,  eraporatee  the  filtrate  to  12lbe.  and  mixes 
by  H  oxalic  acid  snf&cient  to  produce  a  alight  acid  reactian.  Ilie  liquid 
lie  oialiLte,  and  evaporated  tul  a  Clyslaltine  film  fbrma  jmon  its  snrnct^ 
>f  yellowish  lominc  of  leudnc-mixed  with  ^roaina,  man  Of  which  e^atala 


^yroaiQe  only ;  the  leucine  aolutdon  i»  then  decoloriaed  with  animal  ehareoal,  eruotBtei 
uid  the  leucine  which  smaratee  la  pnrifladby  pressure  and  raciTStalliaation  from  Ih 
alcohoL  WBaga(Ann.CLFharm.cxTiiL295)proceedaintheaam«w^aaSchwaneri^ 
excepting  that^  ttirr  precipitating  the  laM  portiona  of  lime  with  oxaEe  add,  be  mixes  the 


ts  the  sepanted  leucine  from  water  and  dilute  alcohol ;  and  flDallr  decolorises  it  by 
Doiling  with  a  small  quantity  of  hydrale  of  l™d,  and  ren  »--i  i         .-i— 

dric  add.    The  leudne  thus  prepared  itill  relains  2  percent. 


:.  White  of  efg,  gelatin,  or  flesh,  is  boilnl  with  p 
composed ;  the  liquid  neutralised  with  aulphuiio  ad^ 
•itiaeted  with  alcohol    (Uulder.) 

S.  I  pt.of  thapowdetof  dryiJbumin,!flbrin,sr  eaaein:freefromfat,i«addedtolpt. 
of  faydnta  of  potaaainm,  heated  to  fliaion  in  an  iron  crucible  of  26  timea  the  capadty ; 
and  water  carefnlly  added  aft«r  half  an  hour,  iriien  the  nrJent  frothing  arising  from 
the  eacape  of  water  and  ammonia  has  sabnded,  and  the  brown  colour  mich  the  mix- 
ture at  flirt  eihibila,  i*chanB6a  t«i  yellow;  if  the  liquid  be-then  saturated  with  acelic 
add,  filtered  hot,  and  graduioly  cooled,  it  yields  tnfts  of  needles  consisting  of  tyroeine. 
These  crystals  completely  fill  the  flhrate,  when  the  proeea  is  well  conducted ;  oo  the 
other  hand,  they  are  leas  abnndant  the  longer  the  hsion  has  "been  continued. — The 
liquid  decanted  from  the  mritals  of  t^rodne  is  eraporated  tiU  a  crystalline  fllm  qipein 
<m  the  anr&ce;  then  set  aode  tor  24  hours  and  ezhansted  with  stronc  alcohol,  which 
leaves  ayatala  ceT  leucine  and  the  still  nmuiiing  tyrosine  ;  the  liqiiid  is  mixed  with 
alcoholic  ndphurie  acid,  and  decanted  from  "the  cryatallised  sulphate  cf  potasdnm  i  the 
alcohol  separated  from  it  by  er^xoatioii,  the  nU^uiic  add  by  lead,  and  thenthelead 


t^  anlplgrdrw add;  and  the  BOlatitm  finally  eraporatsd,  whersupon  it  yield*  erystala  of 
lendne  and  a  greaay  ajrop,  the  qnanttty  of  whidi  ia  laaa  in  piopoition  «a  the  fosion 
has  been  longer  eontinned.  To  purih  the  leodnefrom  ^roeme  and  a  mnall  quantity 
of  loown  c<&uring  matter,  it  ia  disaUTed  in  aoch  a  quantity  of  hot  water  that  only  a 
email  qusntity  of  leneice  may  separate  on  cooling,  together  with  the  ^rosine ;  the 
mother-liquor  is  digested  with  hydrated  oxide  of  lead,  which  nrmores  the  colouring 
matter  together  wi£  a  small  quantity  of  leudne ;  the  flltiste  in  treated  with  lulpbydriB 
add;  and  the  flitrale  thus  obtained,  which  has  merely  ayelloviah  oolonr,  ia  eTaporaled 
inafias]:  till  a  ci^stalline  fllm  loTms  on  its  sorfhce.  It  tbsB,  on  codling,  yields  cqrstala 
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of  leneine,  wbieh  mmt  be  wauhed  iritli  cold  water  ud  alcohol,  and  deeolotiMd  bj 
treatmeot  with  animal  ehucoal  and  reciTstallimioa.— If  ths  object  bsmMdy  to  obtain 
leadne,  and  not  bnWne,  it  is  landent  to  heat  the  potaah-miiture  till  the  •trongest 
intnmeacence  is  orer.  At  that  itage  of  the  proctm,  the  iMne  ^naiitit;  of  lendne  i« 
formed,  but  no  ^ronns.    (Bo  pp.) 

6.  Onept.  of  cheese,  miiBcnlar  fleah,  or  white  of  ««,  is  left  to  pntnfr  with  £0  pis. 
nf  «st«  for  nx.  weeks  at  a  tempeiatoie  somewhat  aboTe  20°;  the  reaulling  tnrtiid 
solution  boiled  with  a  small  ^nantit;  of  milk  of  lime;  the  lime  precipitated  Ijj  a  Teij 
■light  eiMUof  enlphnrio  acid;  tbeflltrato  buled  down  and  precipitatrd  by  neutral 
acetatoof  lead;  the  decanted  lipoid  treated  with  nlphjdric  add ;  tjie  Bltrabe  erapoiatcd 
to  a  syrap ;  and  the  leoeine  idueh  OTStaUiaea  thera&om,  is  freed  from  the  lemaining 
^rnp  by  means  of  alcohol,  and  porifled  hj  odution  in  water,  treatment  with  hydratrd 
oxide  of  lead  and  Bnlphydric  add,  crystalliution,  and  washing  witii  cold  water  and 
alcohoL  When  the  aboTe-mentioned  alcoholic  solution  of  the  syrap  is  eraporated  to 
complete  drynm,  and  the  nddne  dinolTed  in  aCaoInte  alcohol,  the  solntioa  itiQ 
depnita  a  small  qnaotity  of  leucine.    (Bopp.) 

7.  The  cerrical  ligament  at  the  oi,  after  bong  freed  from  the  snrnnadiog  flbroua 
tinoB  bf  boiling  with  water  contaiuinz  acetic  add,  and  rabrnqQeot  scraping  with  a 
knife,  and  (if  necrasary)  fr'om  ttt  by  £gmtJon  in  «tbm,  ii  boifed  flu  18  or  SO  honra 
with  dilate  anlphnric  acid  (8  pts.  eil  of  vithol  to  12  pta.  water),  the  water  being  re- 
[daced  as  it  eraowatea.  "nie  reaohing  adntlon  ia  mixed  with  a  slight  excess  ot  thin 
milk  of  lime,  ana  bdled  far  some  hoait;  the  filbato  exaatlyneatnliaed  with  sntphnrie 
add  and  erapoiattd;  and  Iha  liqni^  after  flltoation  from  tile  separated  fnlpbate  of 
cnldom,  is  again  vraporated :  it  than  yielda,  espcdallj  on  cocding,  impure  lendn^ 
which  may  be  pnrUed  l^  reeiyatalliwtiim  from  bi^  idaold.  This  procaae  is  pecnliarlj 
adTanlaeeona,  as  the  aod  mother  Kqaora  mTstalHse  to  the  last  dropi- jidding  nothing 
but  lendQc  (Zollikofer,  Ann.  Cb.  Phann.  lizxiL  182;  aompare  Soasmann,  m£ 
xd.  130.) 

8.  ValeTal-ammonia  is  boU«d  in  •  r<>toit  with  I^dnicyanic  and  hjdmchlorie  adds 
till  Uie  oily  layer  oonaifrting  of  the  ftued  ammonia-componnd  has  eomplctelj  dis- 
appearedi  the  eolntian  is  then  left  to  itself  tiff  the  greater  put  of  the  refuting 
chloride  of  ammoniam  has  crrstallised  ont ;  the  hydrochlonc  acid  removed  by  means 
of  hydiated  oxide  of  lead,  ana  the  lead  br  solphydric  add ;  the  filtrate  ia  erapoiated 
orer  the  waf  (r-bath,  and  the  residne  dissolred  in  hot  dilnto  alcohol :  the  salntion  thus 
obtained  yields  eryntalB  of  pure  lancine.     (Limpricht.) 

Properlia, — I^udna  eryetallisM  from  alcobel  in  soft  nacreana  aealei^  lighter  than 
water  and  resembling  cholceterin.  It  snblimea  completely  at  170°,  in  cotton-like 
flocks  withont  fusion  or  decomposition  (Mnidcr);  according  to  Behwanert,  on  the 
contrary,  it  melts  at  170°.  It  is  epanngly  soluble  in  tola,  bnt  dissolves  eadly  in 
hot  vmter ;  sparingly  in  alcohol  of  ordinary  strength  (in  B6B  pta.  of  oold  alcohol  of 
spedflc  granly  0-82B  aecordicg  to  Mulder),  very  sparingly  in  absolute  aleohoL 
According  to  ZollikofcT,  it  diesolTesi>abont27p(B.  of  cold  water,  in  1040  pta.  of  oold 
alcohol  of  98  per  cent,  and  in  BOO  pta.  hot  alcohol  of  98  per  cent  It  is  iaaolable  in 
ether.  Ila  solability  in  water  and  aLeohol  ia  incraaaad  bj  the  prcMnce  of  acetic  acid, 
or  an  alkaline  acetate. 

Jkettmpotition*. — 1,  Leodna  Ikeated  to  180°,  yields  a  yellow  distillate  haying  an 
ammoniacal  odour,  and  solidii^g  in  the  cold,  while  a  brown  resinoas  mass  re- 
maina  in  the  retort.  The  alcoholic  Bolntion  of  the  distillate  has  an  alkaline  reaction, 
and  when  treated  with  hydrochloric  acid,  ciTea  oflT  carbonic  anhydride,  aod  yidds  a 
■olnlion  containing  hydrochlorata  of  amykmioe,  together  with  sal-ammoniac  Tbn 
resolution  of  the  leacme  mto  carbonic  anhydride  and  amvtamine,  whidi  is  the  princi- 
pal reaction,  is  similsr  to  that  of  phenyl-rarbomic  add  mla  carbonic  anhydride  and 
pbenylamine,  and  shows  t^t  leudnc  may  be  regarded  as  amyl-oarbamie  acid : 

CH'^O'     -     CO*  +   C*H"N.    (SobwanertJ 
LtadDS.  AUTUnlDe. 

—3.  Lendne  heated  in  contact  with  the  air  bums  readily,  and  with  a  white  Buna, 
— 3.  An  alkaline  aolotiou  of  leucine  eipoead  to  tlie  action  of  oiime,  yielda  aarbouie  add, 
bntyrio  add,  and  other  volatile  fetty  adds,  ammonia,  and  probably  also,  in  the  earlier 
stage  t^  the  decompcaitioa,  cyanic  add  and  Taleraldaliyde  (Qorup-Beaanss, 
Ann.  Ch.  Pharm.  czxt.  210). — i.  Leadne  is  decomposed  by  cUoritu,  fbnuing  a  hud 
brown  body,  dmilar  to  that  obtained  with  glyoodne  (ii  VOS).  and  a  red  Tolalile  liquid 
(Mnlder).  When  chlorine  ia  passed  into  water  in  which  lendne  is  mspended.  a«»- 
bonio  anhydride  is  erolTed,  and  a  torUd  salntion  is  fbrmed,  from  which  *»  «^  liaoid 
separates,  connsting  of  a  mixture  of  Taleromtrile  and  ablora-valetDtutrile  (C*E*Cm) : 
the Bolutian contains hydrochlarateoflencin«(8ehwaiieTt). — 6.  StJpkiMiciail^ihida 
ia  nptdlj  abaoAed  bj  lendne,  fonnii^  a  brown  viasd  lipoid,  whidi  at  100^  givea  off 
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ciirbouic  and  Bolphimiu  moIiTdridM,  tod  if  then  distiQed  irith  water,  jieldt  a  ttit- 

grant  liquid  boiliiig  at  BT°,  and  fbnaing  ci7«tallina  eompoondi  iritli  the  acid  dolpbttw 
of  the  alluili-metaU;  probably,  therefore,  Taletaldehyde  (Schiranert), — 6.  Lvnaoc 
heated  for  »me  time  vilh  a  aiifflcient  (]iiantit^  of  nitrie  aeid,  ia  completdy  reaolTsd 
into  gaan,  bnt  bo  long  aa  the  decompositiOD  ia  incomplete,  the  still  remuaing  portioD 
fihibila  tiie  oharacten  of  nitrate  of  leneine  (Mulder). — 7.  When  nitric  oxide  ia 
niHied  into  a  solution  of  leucine  iu  nitric  acid,  nitrogen  is  eralred,  and  leacio  acid, 
C'H'"0',  ia  fc-med  (3 tracker,  p,  67S).  The  aaino  and  ia  fcrmed  whan  chlorine  ia 
pasaed,  not  in  exceea,  into  a  dilute  aoludon  of  leucine  in  eautie  aoda  (QoaamanD). 
— 8.  Chlorine  gea  peaiod  to  aatnration  into  a  solution  of  leucine  in  ctLrbonate  itf  potaa- 
aium,  fbmu  chloride  of  cjMK^n,  valerianto  add,  and  Talaionitrile  (Ooi 

— fl.  Leudue  disfilled  irith  '   "'     " '  '"'"'"    -'■-■-  - 

valeionitrile  and  carbonic  ai 

CTKH'C  +  0'     -     CBPN  +  CO*  +   2ffO. 
When  atrooger  iDlphnric  add  ia  used,  TslGrianio  add  paasas  over,  and  the  leddaa  oob- 
"    D  Undne  ia  diatilled  with  paroxidt  of  Itad  and  wat«F,  mly  a 
m  over,  bnt  a  large  qnantitj  of  bn^rsl  a    '    ' 


vhich  dystallise  togethar  in  the  form  of  butjiml-aminoaia. — 10.  Bj  prrmiuiginiie  add 
it  ia  molred  into  ammonia,  oxalic  add,  and  Talerianic  add  (Neabaaer,  Ann.  Ch 
Pharm.  ctL  dS). — 11.  Leudne  fused  irith  ^drait  ^jiotanium,  giTaa  off  ammoDia  and 
hydrogen  and  brnu  Talemta  of  potaasiom  (Liebig,  Ann.  CL  Phorm.  Irii.  117). 
12.  An  aqoaoue  solution  of  leucine  smita  a  rerj  oi&iiBiTS  odour,  and  fbrmt  a  pecoiiu 
acid,  perhaps  leudc  add  (C  aboura). — In  a  Taraiom,  the  aqneoDS  MilDtitn]  of  leuciDe 
appeare  to  remain  ondecomposod  (Q-oesmann). — 13.  When  a  eolutton  of  1  pL  of 
leucine  iu  water  ia  set  aride  for  some  weeks  in  contact  with  a  quantity  of  maiat^rin, 
which  in  the  drr  state  would  weigh  ^  pt,  putre&ction  tokce  place,  the  greater 
part  of  the  lendne  is  decomposed,  and  ammonia  is  product  together  with  aoch  a 
qoBQtitT  of  Tolerionlc  add  aa  cannot  be  whollj  prodnoad  from  the  fibrin.     (Bopp.) 

ComUtiatiom. — I.  Witk  acids.  Leudne  disBolTeeeasiljinadds,  forming  djttollis- 
ftbleaalte.  The iyrfrocWwoto,  CH'TiCHCl.  forms  CryslJe  very  soluble  in  water.  The 
niirati,  C*H"KO'.HNO',  celled  also  nilroleucK  acid,  forms  oolourices  needles.  SttraU 
of  letieiiK  and  Aonun  contains  41'01  per  cent  baryta  (If  alder).  2/itratt  of  Uudm 
and  oaidtim  tarmx  mommellated  gronps  conbuning  water  of  epritulisatioii.  SitraU  qf 
kueint  and  magnaitim  fbrmt  small  granalor  dja^la.  Leodne  also  fbrms  a  crystalliiM 
enlt  with  mtrati  cftUlKr.    These  salts  baye  probnbly  the  formula  l?H"NO'.lfKO*. 

3.  With  bases.  Leudna  dissolves  readily  in  caustic  oUi'm,  bat  without  neutralising 
them.  The  aqneoDs  soIiUion  of  Uadne  does  not  predpitate  the  solution  of  any  metallic 
salt  excepting  bade  acetate  of  lead. 

Cufrieiali$, — Beeei  '  

fbrming  a  bluish  liqi 
baring  the  colour  of  k 
or  C"H"CcilTO*.H'0.    (Gossmann.) 

Ltad'taltt. — On  cantioasly  adding  ammonia  to  a  boiling  aqueous  solntioi)  of  leucine 
and  neutral  acetate  of  lead,  cafreoiui  scales  are  deposited  containing  Fb*0,2CH"IfO'  or 
C'H-PpbTPO'.H'O  (Strecker,  Ann.  Ch.  Pbarm.  1ml  BB>.^Q««mann  obtuned  a 
salt  of  uie  same  composition ;  bot  in  one  experiment,  perh^  in  consequence  of  a 

Gcoliai  degree  of  concentration,  he  obtained  laminated  gronpe  of  crystals  inwiiililinit 
.jidoHtfl,  and  containing  9Pb"0.20"H""NO'. 

Memirie  jott,— Recently  predpitotad  manjnria  oxide  diMolrcs  tbij  readily,  and 
in  considerable  quantity  in  aqueous  leudne  ;  and  the  solotioi^  when  erapotated,  de- 
poaiu,  first  orstalline  nunnles  and  aflerwards  lomime  containing  17'3  per  cent,  mer- 
curic oxidor  ierefbre  HgK).20*NH"0»  or  C'"H»Hhg"NK)'.H'0.    (Qoaamann.) 

Aquenufl  leudne  is  not  prwdpitoted  I^  nereurie  nitrate  or  chloride ;  bnt  on  addition 
of  potaah  or  ammonia,  a  white  bulky  predpitate  is  formed,  which  dixiolTes  in  eiona 
of  potash  :  the  predpitate  gisdoally  becomes  gelatinous  and  decompoeee  daring  washing 
(Qossmann).  AccordingtoB.  Horfmann,on  the  aantratr  (Ann.  Ch.  Pharm.  Ixxxrii. 
123),  fiura  leucine  is  predpitated  by  nuMnrio  nitr^e  in  white  flakaa,  without  red 
eolounng  of  the  supernatant  liqoid,  the  jHodaetion  «f  sadi  a  eoloar  indicating,  the 
presence  of  tyKwiiia. 

Aqneoos  leocine  added  to  a  aolntdon  of  mmvnmt  ttUraU  throws  down  an  abun- 
dance of  white  flocks,  the  auperoatant  liqoid  aeqninng  ared  colour.    (Brkoonnot.) 

Vaewdolaaelne.  This  name  is  applied  by  Hssae  (J.  pr.  Chem.  1«<.  S4)  to  a 
Bulphuielted  eompannd  nearly  related  ta  leudne,  foond  by  A.  Htiller  among  the 
prcrtlucts  of  the  decompodtioo  of  yeaat  (p.  679).  It  contains  S  or  4  per  cent  salphaiv 
and  is  pariiaps  C'^"K'0"S.    It  is  mon  soluble  in  alcohol  than  leadn^  and  whaa 

r,„i,z.ctvG00Qlc 


LEDCITE—LEUCOLINE.  S83 

pnrifled  u  completel;  u  posdble,  foimi  ■  vhihi  ipon^  mws  compoMd  of  ■*»*ning 
huniDKi.  WIieQ  e&ntioiulj  heBt«d,  it  aublimea  klmoU  wiUunit  decompositioii.  It 
melti  tit  210°,  and  nhtn  dutnied  in  on  Ktmoopben  of  carboiiio  uihTdnda,  jielda, 
together  with  moM  ToUtile  compooniU  coDtaiDui^  nitmgeD  and  lalphB*,  a  woolly 
*  maaa  of  adenlar  oTBtals  nwnnblmg  phloriim,  luiTiiig  the  compoaitiMi  C'H"NO,  and 
dinotnng  in  dilute  soda-Ier  with  eriuutioa  of  ammoiiia ;  this  Eubatsnce  is  deaignatad  bj 
BeBoe,  Isneonitiile.  The  oChei  produeta  of  the  dry  diatillatioD  of  pamdnleiieiDe 
are  mlphjdiia  aai,  hydroefaiui!  add,  a  InowiiiBh,  tarrj,  fetid  lalMtaaee,  and  asiml 
Tobtile  baws,  indnduiK  •mmonia,  mrtJijlamiiiB,  dimethjIannM,  tritjlaaiinr,  and  a 
conaidanble  quuititj  of  amy laminv.  „ 

KMiratTK  A  mlicate  of  alvoiininm  and  potaBinm,  (KAU>StK}*, 
noDODebru:  eijatala,  die  nnal  fbrm  bdng  tba  ikoai-tctiu«dro&  or  b  ^ 
bMMW  ««U«d  leDcttt^Mdna  (&.  180,  ii  ISSj  Qcav^a  oobift  TB17  impnfeet ;  amftca 
of  ci7*talae?aii,bDt«eldomaliiiung^  TbaniiiendoR«noeeanduaemiiiat«diiignuna, 
laralj  in  paontar  maami.  HiudnMa  —  <'5  to  t.  Bpedfie  gtaTitj  m  2'48S  to  3'4{>. 
LooOa  riteMma.  Coloni  ath-grejor  nioke-p«7,  whit&  Strtak  ODColaaNd.  Tnniln- 
cent  to  (^laqae.  Fractmc  oonchoidaL  BrilSe.  Infdaibia  before  th*  Uowpipe,  except 
with  b<«as  or  carbonate  of  "'""■"i  with  which  it  Mdta  with  difflcnltf  to  a  okaz 
globole.    Qivea  a  fine  bine  with  eobolt-aolntion. 

AtuifyteM.—a.  From  Albano  near  Bona  (EUproth.  BtOr.  ii  M).~b.  Front 
Fompeii  (KUproth,  iliid.).--ti.  Fn>m  Somm*  (Awdajvw,  Ft«.  Ann.  It.  107).— 
d.  F^mVeeaTiaa,  eniptioo  of  1811  (BannDetsbarB  iNd.  xeniL  Ui\. — *.  Fnm 
Teanriiu,  emptioa  of  1816  (Baminelibar^  ibid.).-— ^  From  Siadan  en  l«ka  Laaoh 
(Biacho^  Ciem.  Gtotogit,  iL  2288): 

m.  t.  t.  4.  t,  S- 

Klica  .  .  U  H-B  6C-0fi  H'2A  67'H  fi6-33 
Alnmins .  .  33  236  2303  23'2S  3339  23-07 
Potaah    .        .        22        !»-«        20-40        30-0«        12-45        13-2« 

Soda 1-03  0-41  6-04        '  640 

Lime 0-S2  0-3»  D-23 

Fotie  (Side 0-14  0-49 

Loai  by  ignition       ._^       _; .  .    ■  .    .  Oifl        

SB  07-6  100-60  IDO-SO  100-11  B9-SS 
rhe  fbnnnla  (EXl^i<0<  01  E*O.Al<0'.4SiO*  nqnina  66-58  siliea,  23-10  alumina,  and 
31.36  potaah.  The  potash  is  sometimea  replaood  to  a  eansidenble  silent  by  aoda,  aa 
in  e.  i^Af.  Abich  fbnnd  in  a  specimen  fromVeanvioa  a  atill  enatsT  amount  of  aoda. 
Leneite  oeenn  in  Tolcanic  formations,  both  ancient  and  mo<&m  ;  it  i>  abiindint  in 
trachyte  between  Lska  Laach  and  Andemach  on  the  Bhine ;  the  flneet  and  largest 
ezystals  an^  however,  obtained  from  TesnTios.    Ifear  Borne,  at  Borglietta  on  the 


north,  and  Albano  and  Fraacste  to  the  >onth,  some  of  the  older  laTaa  appear  to  be 
almost  «ntinJy  composed  of  it.  This  lenritic  lava  u  nied  to  Ibm  milblones,  ar  ' 
tnilUtonea  made  of  it  bare  been  diieoren-d  in  the  exeaTations  at  PompeiL 


Lendte  ocean  altered  to  hispar,  nephelin,  and  kaoUn.  Ijsadtv  altered  to  |lai^ 
felspar  haa  been  obserred on  SommabyScacohi.  (Daaa,  ii.  331 ;  Bammalaberg, 
Xtneraleltemie,  p.  646.) 

JiMOOVS^M^  An  organic  base  obtained  6Dm  coal-tar,  iaomeiie  with  ehfaioline, 
C^H'N.  The  two  basei  harinB  this  compositioii,  the  tnta  oblained  by  the  dry  diitil- 
lalion  of  qninine  and  eincbonme,  the  otW  among  those  of  the  distillation  of  coal, 
were  formerly  thoogbt  to  be  identical,  and  the  name  chinolins  was  ^filled  to  both. 
SabMqtient  lewMfches,  hoverer,  baring  pointed  oat  important  diflinncee  between  the 
two^  espedallj  in  their  behavionr  with  iodide  of  amyl,  the  baas  obtuned  IWim  eindio- 
nine  ia  now  oistii^Tushed  as  diinolbe,  and  the  coal-tar  baae  (originallj  called  Itlual 
bj  Bnngc^  wba  discovered  it)  m  leocoline  (tuo  i.  869). 

Each  of  these  bases  has  a  sedes  (tf  bomologaea  eotnsponding  with  it,  and  dittoing 
in  a  wmilar  manner  from  their  isomer*  in  Uie  other  serie*.  The  fallowing  namea 
have  been  proposed  by  Qreville  Williams  (Chem.  800. 1.  xvL  377)  to  diatingniah 
the  isomeiic  tmsea  of  the  two  aeiiea : 


Lenco^ne         .        .    CH^        ,        .    Cbinolina 

Iridolina.        .        .    C'HTT       .        ,    Lepidine 

Cryptldine        .        .    C"H"N  .    Dispoline 

The  higher  hoDudognM  of  chinoline^  aa  tu  as  CH^K,  have  also  been  obtained;  the 

eormpondiDg  bases  in  t^  leoooline  MoiM  ai«  at  prsaeat  anknowa.    (ftoo.  tMj.  80a 

xiii.  312.) 
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LEUCOLITE  — LEUCOPHYLL 
Sfn.  witli  PrcMin. 


K<E*0*.— A  vhita  nibriuioa  o1)Uln»d   hj  dia  itec»miM&M  «f 
_EV  8i'H*0',  noder  the  inflnenoe  of  light  and  watn  (Wohler,  Ann.  Ch.  Fbaim. 
mxTii  S6S}.    See  Sojcnnt. 

&BVOOWZO  Afm.  OnorrMMie  osi^  (7HV.  (Will,  Ann.  Ch.  Fhiiiii.<ZTiu- 
117;  Lerch,  ibid,  exiir.  20.)— An  mcid  pntdooad  tKm  cnconie  mai  (ii  110)  It; 
oxidatjon  uid  Buomption  of  iratei : 

CHSJ*  +    0    +   SffO     -     CffO*. 
When  k  Kilation  rf  eroeoiuta  of  poUadam  is  treated  iriA  eblotiDe  cr  nitric  eeid,  it  ia 
dscolorind  tod  ixarrtaMi  into  leooonate  of  potawBinni,  in  tba  lattoc  otM  with  er*^- 
tion  of  Ditric  oxide. 

The  edd  [T  prepared  by  decomposing  the  biriam-tBlt  with  BDlphnrio  moid}  foima  m 
ooloorieai  ajnip,  which  when  heated  above  100°  tonu  veUow,  and  is  eonrtftad  into 
croconio  acid.  It  is  tribasic,  and  famia  white  of  pale  jellow  ailta,  whidi  ara  onetaUi^ 
beii^  eaailr  conTtrted  into  crooonatM,  espedallj  m  preMnee  of  alkalis.    (L*ieb-J 

The  bc^iitm-talt,  C*H>Ba*0*,  is  obtained  aa  a  floe^ileiit,  rellowiah-wlute  pieeipitat* 
bj  addiBK  bairtA-trater  to  tha  aolnlion  of  the  poUaaiiun-aalt,  pceparad  aa  abor^  till  it 
becomea  alkaluis.  <WilL) 
The  ba.^4aU,  C'H'FbK)',  aod  tlie  atlBsr-aa^  C*H*Ag«*,  an  light-TeUow  preeqatatea. 
Polauiitm  tall.  Whea  a  aolntion  of  eraoonate  of  potMmm  deeolodMd  aa  abovo 
wiA  (UoiiiM  or  nitrie  add,  ia  nevtnUaad  with  Mostio  potash  OTCM^onate  of  potMRimi. 
the  liquid,  jnit  at  tba  pnnt  of  aatnntioD,  exhlbita  a  tnoaieat  ph^  of  ebkma,  fhnn 
tolonileaa  to  pnnile-re^  blniah-rad  and  jellawiBh ;  and  If  the  aolntion  ia  caneanbated, 
an  abundant  jellowisb-white  prediatate  is  fbnoed  at  the  aame  tidie,  whidi  ndiasidTCa 
in  ■  large  onaati^  of  water.  Thia  imdpilate  waa  finnd  bj  analjaia  to  hare  the  eoa- 
wkition  C*H'Eiy,  bnt  the  le«].wat  obtauied  fmn  it  br  predpitetion  with  n«etate  of 
lead  exhibited  the  normal  compodtiou  9H*PtW,  wboiee  it  ia  toobaUe  that  tJM 
sparingly  eolable  potaasinm-aalt  with  1  at  nwtal  really  ooofiBted  of  the  tripotasaie  aalt 
mixed  with  free  Innroiue  add  (Will).  Aocoiding  toLereh,  the  solntioiKtf  tttenonnal 
potassium-salt  is  decompoaed  b;  nantialiaation  with  potaah,  yieldii^  a  amall  quantity 
of  a  black  salt,  probably  dihydroearbo^lata  of  potaadani  (p.  190),  togather  witb 
«uUte  and  a  oolonrleaa  crTataUiaad  potainiim-aalt. 

he  decompoailJOB  of  paendoleneine  (p.  S83). 
odnnm  and  caleinm,  oeenmng  in  syeoita, 
itallte,  on  a  small  roeky  islet  near  the  month 
t  was  Grand  by  Eainark.  It  is  tzimetii^  with 
sed  to  one  another  at  an^ea  of  SS^"  and  86f°, 
.  Haidneaa  —  S-6  to  4.  ^)edfic  gnri^  — 
h  pale  diity  seen  n  light  wua-yellow  ct^oor, 
phoeaeent  when  heated  or  strack.    It  like- 


A  product  of  tlie  decomposilJOB  of  psendoleneine  (p.  S83). 

A  silicate  of  glodnnm  and  caleinm,  oeenmng    in   syenita, 

together  with  alhite,  alnolite  and  yttrotantallte,  on  a  small  roeky  islet  near  the  month 
of  the  Lsngeanndflord  in  Norway,  where  it  was  Grand  by  Eainark.  It  is  tzimetii^  with 
imperfect  deavaga  in  three  directiwu  inclined  to  one  another  at  an^ea  of  SS^"  and  86f  °, 
bnt  omally  occniB  maasiTe  and  columnar.    "--'  •.. -_  .      o      !«_         t^ 

2B74.     Itist  '       -         '--  -'  — -'- 


sio-        r         G'o       jtfo'       c«»o       Ks^ 
4703      e-57        1070        103        28-87        0-17 
with  traces  of  ferria  ai 
by  the  fonnnla,  4NaP.8(aCa1 

Xdinapkatu,  fiom  the  xireon-eyeoite  of  Norway,  is  oeariy  related  in  ci 


apable  of  tnming  green,  and  to  undergo  this  chaoge  under  the  inflnence  of  ongpn 
rendered  aettve  by  Qie  ageon  of  light.  The  existence  of  snch  a  nibstance  is  rendned 
piobable,  according  to  Saco,  by  the  Eui:  that  the  plasma  of  thoae  Tcgetable  cells  which 
qnickly  torn  greax  on  eiporara  to  light,  containa  a  snbatanee  which  inatantW  aanimea 
a  bright  TenSgris-green  colour  when  bron^t  in  oontaet  with  stning  salphario  add. 
and  thnt  the  same  reaetiDn  is  exhibited  by  the  ready-fcsmed  li^t  green  granolee  of 
chloniDhyll  itself  whereas  the  [Jaama  of  oella  which  do  not  tnm  green  in  light,  does 
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XSOOOFSBXrai  Kadre  pnto-anenide  of  iion,  FeA«  at  FfeAa',  abo  called 
mrienetidBnte  (se«  jv  30B). 

^1>OOX)»IM.  An  smmoniBeal  eolntion  of  orceiD  ilightlj  acidalAtcd  witli  hj- 
drDchloric  add,  a  eomplctel;  deoolorued  by  immendng  ■  piece  of  linc  in  iL  If  am- 
monia be  tben  added,  a  white  pracipitaU  called  Inicorcmu  ia  tbrmed,  vhich  on 
eipoBoie  to  the  air  baeoniea  nalet,  and  fluallj  purple.    (Saa  Obcbik.) 

UlTOOrmuo   ACXD.    lAnrent'a  Oximidt.    (^Schliefer,  Add.  Ch.  Fharm. 
tri.  i.) — Formed  when  an  aqneona  aoIotioD  of  aUozanic  add  (l  138)  ii  rapidly  boiled 
doim  to  a  Bjrnp:  oold  water  ii  then  added,  which  leaTea  the  leoootnrie  add  nndiaaolTed. 
a  white  eryatAlliiie  powder,  inaolnbla  in  oold  water,  alowly  bat  tmther  Bbimdajitlj 
.1^  ir,  i».i;..»  ^t.—  »K.d,AA  :*  *■■**■  ii:-^  ^^  cooling.     It  is  readily  aolnblo  in 
ti,  adda,  and  by  the  aid  of  heat  de- 


iie,  bence  it 


genUe  ^ 

mooia-aolntion  yielda  on  evaporation  ciystala  of  the  ammoninm-aalt,  whose  loliitian 
predpitatea  nitrate  of  ailYer.  Lenootnrie  add  ia  not  decompoaed  by  boiling  wiA 
atnmg  nitrie  add.  It  appeara  to  be  monobaaic  Schlieper  foond  it  to  contain  Sl'lfi 
per  cent,  carbon,  2'80  hydragen,  and  21-Cl  nitmgeti,  whence  he  deduced  tlie  tat- 
mnla  CHVO*,  requiring  3130  carbon,  281  hydrteen,  24-36  nitrogen,  and  4174 
oxygen.  Qerhudt  pointed  oat  the  improbability  of  thie  (oimula,  aa  it  contain!  an 
TineTen  number  of  atoma  of  hydrogen  and  nitic^en.  Baeyer  inggeata  the  IbrnmlA 
(7H*I4<0*,  which  require*  33'9S  per  cant,  carbon,  1'89  hydrogen,  20-41  niUogen,  and 
8772  oiygm.  F,  T.  C. 

XWOKTBAV  or  1»M  V  U  iMW AW.  A  product  of  the  decompoaition  cf  caae- 
augar  by  heat,  having  a  hero-rotatory  power  of  1C°  br  tJie  tranaicion'tint  (ii.  SS4). 

&■  VZOATZOX'.  The  mechanical  proceea  of  grinding  the  parte  of  bodiea  to  a 
fine  paete,  by  mbbiog  them  between  the  flat  £ice  m  a  stone  called  the  muller,  and  a 
table  or  slab  called  Uie  etona.  Some  liquid  ia  always  added  in  this  ptocna.  Tha 
advantage  of  levigation  with  a  stone  and  mnller  over  that  of  triturating  in  a  monur 
ia,  that  the  materials  can  mora  easily  be  screed  tt^ether  and  subjected  to  the  ai 


of  the  muller,  than  in  the  other  case  to  that  irfthe  pcetle;  and,  from  theflatneaa  of  the 
.....  ^_ 

e  are  ^ven  under  Lian 


two  snrfacea,  they  cannot  elude  the  prcasure. 
A  flgnre  and  deacription  of  a  mill  for  levigating  litharge  a 


{p-814). 

!Umwa>  A  hydnted  silicate  of.  caldum  and  aluminiam,  occurring  in  rhombo- 
hedral  oyatala  truncated  by  tha  basal  face  oR,  which  greatly  predominatea,  and  alwaya 
in  twin*  eomponnded  panllel  lo  oB.  Ai^e  B :  B  —  106°  4' ;  oB  :  B  —  138°  1' ;  ratio 
of  prtndpa]  to  secondaiy  axes  —  0'83S8  : 1.  The  ctyatala  are  often  striated  and  often 
in  droaea.  Hardneaa  —  4  to  4'£.  Spedfic  gmii^  >>  2'09  to  2'16.  Lustre  vitreous. 
ColooriesB,  whit«^  reddish  or  yellowish.  Transparent  to  tRmalscent.  Befoni  the  blow- 
pipe it  nelta  to  an  opaqa«  blebbj  glass.  When  pnlverisad  it  dissolves  in  adda  with< 
out  galatiniaing. 

Aaidym.  a.  b.  bom  Fmrai,  by  Benelioa  ;  e.  bom  Skji^  t?  Connel ;  4.  from  Ireland^ 
by  Damonr  (StmuiuMtry't  liintrtUcltBmU,  p.  802) : 

ao>        A1<0>         C*>0       ViK       K>0      II|>0       H*0 

a.  48-00      20-00        8-36      2'Se      Oil      0-40      lS-30     -     09-83 

b.  47-60  21-40  r-OD  4-SO  ....  18-19  -  0079 
c  4S'S0  22-47  072  I'BS  1-36  .  .  1S'61  -  lOOSl 
d.    44-48      31-77      1071       1-3B      1-61      .    .      1741     =     99'38 

Beneliua'  analjaia  gave  the  formula  of  ehabasita.  Damonr'^  which  eontuna  leas 
mlica  than  the  reat,  leads  to  the  formula : 

Ca'O.Al*0'.83iO'  +  4HK)or(Ga'Air'H*)8i"0".2HK>, 
whitJi  ia  that  of  a  hydiated  ortboaQicate. 

Levyne  ia  fonad  in  unygdaloTd  at  Qlenarm ;  on  Hat£eld  Moss,  Ben&ewshire ;  at  Sa- 
lanymn,  Faroij  atGodhavn,  Diaco  laland.  Greenland;  and  at  Skagastrand  in  Iceland. 

»-TmnrTilTfc  A  variety  of  augita  trota  Lake  Lhera  in  the  Pyrenees,  where  it 
occurs  both  ciTstallised  and  lamellar,  and  of  a  deep-green  or  olivB.freen  colour. 

KIATBXB.  AocordingtoW.  Procter,  iun.  (Am.  J. Pharm.  zxzi.  666),  enmaria 
occurs  in  microscopia  priama  on  the  dried  leavea  of  Liatrii  adoraiittimtt,  »  plant 
growing  in  the  Sonthem  Stated  of  ITorth  America. 

XZUTMBVXTM.  Anativephoaphateof copper, 4Cii*0J^'  +  sq.orCn'F0*.CaHO, 
fbnnd  at  Libetbcn  in  Hnngaiy,  and  oucc  loealitiea.    (See  PaoSFKATM.} 
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^COBBWnr.  Oa'*V.  (aiii.xT.lig.)— ABnt0tuiceuomraiewlthrtareIi,<Keiimi^ 
Id  BaTOKl  Bpraeaof  mon  uid  lichen,  NpMially  in  thewxalled  IceUnil  mom  {(ktrariii 
iffondtoi),  wUeh  is  nallj  t,  liehan.  Aeeoiding  toMaiohfc*  (J.  pr.  Cham.  Is.  7  X  it  n 
ftnmed  from  Btareh  by  Oie  aetion  of  the  fMe  Mid  ii  tb«  cluti  It  is  cortncted  from 
leeluid  moaa  by  muwiating  the  cliapwd  UdiaB  fbr  tmn^-fonr  hcnm  with  ■  laige  qaui< 
li^  of  cold  mter  containing  a  snmU  qiuntity  of  carbonale  of  lodiiiin,  and  eoutinuine 
the  treatment  till  the  liquid  no  longor  toatea  bitter.  It  ii  then  boiled  with  watei',  and 
the  boiling  dKoction  iistniiiied  throngh  alin«n  doth.  The  liquid  on  cooling  coBguUte* 
to  a  kind  ci  jelly,  irhieh  dries  up  to  a  hud  bnUlenuM  (Berialiaa).  Pay  en  mnona 
the  bitter  matter  by  waehing  the  lichen  BuewsinFely  with  etlux,  alcohol  of  opecifle 
eiKTity  083  and  0-9O,  cold  mlar,  very  Teak  oolution  of  verbcoiate  of  ■odium,  aqneoui 
taTdnichloiio  acid  of  the  iitrength  of  1  percent^  and  pure  water.  DaTidaou  (Ed. 
N.  FhiL  1.  zxriii  260)  maceratoa  112  Lbs.  of  Iceknd  moea  fbr  a  fortnight  with 
potaah-ley  prepared  from  llbi.  of  peailosh,  or  for  six  days  with  niUtof  Ume  pKpaied 
from  6  Iba.  of  lime,  tben  waahee  with  diLute  hydrochlorio  add,  and  flnaUy  with 
watra.  Chloride  of  lime  may  also  be  used  for  the  maceration.  £nop  and  Schneder- 
mann  (Ann.  Ch.  Pbann.  Iv.  I6-()  treat  Iceland  moaa  with  a  large  quantity  of  hydro- 
chloric odd,  and  precipitate  the  solatioii,  aftar  dilutioD  and  ■training,  with  alcohol 
The  prediatited  lichiuiin  is  then  freed  from  water  and  rendered  friable  by  iweoted 
treatment  with  abeolute  alcohol,  and  freed  from  adhering  hy drDoUoria  acLd  by  im- 
menion  in  ranning  water. 

lichenln  in  the  diy  state  fbnna  a  hard  brittle  maa^  tuteUu,  bnt  baTing  a  faint 
odour  reeembling  that  of  lichens.  In  cold  water  it  awella  up  without  £aidTiBg, 
dieeolTes  in  bailing  water,  and  is  deposited  in  the  form  of  a  jelly ;  b^' prolonged  boiling^ 
howcTer.  it  loeee  the  property  of  gelutinisinft  and  IS  conTerted  into  a  ganuny  au^ 


■tance,  probably  deitnn.  When  the  aolntion  in  boiling  water  is  left  to  evaporal«^  the 
lichenin  separates  ■■  a  rongb  pellicls  on  the  surface,  licheotn  is  insolnble  in  alcohol 
and  ether. 

Dilute  aeidt  diasolve  lichenin  and  convert  it  into  glncoee.  SUric  acid  heotad  with 
it  eoDTerta  it  into  oxalic  add.  Pure  lichenin  is  merdy  coloured  Tellow  by  KtSnt ;  bat 
a  green  or  blue  oolonr  is  often  prodoced,  from  admixture  of  atanm. 

MJtOMMMMt  The  following  enumcrutian  of  the  [^oiiinate  eonititnenta  of  lichoni 
is  dTenby  Rochleder  in  Gmelin't  Haadfiueh,  viii.  64: 

Baomyeet  mam,  Pers,     See  analysis  by  Brandea     (Bed.  Jahib.  xxr.  I,  SS.) 

Biatora  liunda,  Fr.  Contains  aauic  add.  (Enop,  Qotting.  gdehite  Aniogen, 
18*3,  a  n.  8  Stnck,  la  ;  aod  Ann.  Ch.  Fhann.  ilii.  108.) 

Cktraria  acvUata,  Fr.  Contains  no  cetrarin,  but  mois^taroh  (]jeh«nin)  and  liohaiM 
(famaric)  add     (Weppen,  Pharm.  Centi.  1838,  No.  13.) 

Cetraria  itlandiea,  Ach.  Contains:  fomario  add  (Schodler,  Ann.  Ch.  Fham. 
xrii.  87)  and  csUnlar  sabstance ;  starch  not  deposited  in  grannies,  bnt  unifbrmlj  dis- 
tributed among  the  cells  (lichenin)  ;  cetmric  acid,  Lichenatearie  acid,  tallodilore,  lU, 
snrar,  gnm,  yeUow  extractive  mattrr,  a  brown  substance  fomied  from  eetrarie  Mid, 
and  a  body  not  exactly  determined  (Knap  and  Schnedermann,  It.  144).  lUa 
lichen  always  contains  ^nmina  (Enop,  J.  pr.  Cheia. nxriii.  S4T).     It  nmtoina  a  Utm 

Quantity  of  a  carbohydrate  (lichenin)  convertible  into  sngar.  (C.  Schmidt,  Ann.  d. 
harm.  IL  29). 


Gadonia  pyxidata,  Spr.  Contains  a  laige  quantity  of  a  carbohydrate  couTertibb 
info  sugar.    (C.  Schmidt^  lac.  cit.) 

dadonia  nat^ferina,   Hoffm.     C^^  Tim^firina,  L.)    Contains  nanic  aeid 

IBochledcr  and  Heldt,  Ann.  Ch.  Phoim.  xlviii.  13),  and  a  large  quantity  irf  ooibo- 
lydrate  convertible  into  sugar.     (C.  Schmidt,  loc.  cil.) 

Emmia /arfuraeta,  Mann,  (Parmdui,  Atii.)  Contains  nmic  add  (Roohleder 
and  Helot,  loe.  eil,).  See  an  aiialysis  of  this  lichen  grown  on  a  pine-lras,  hy  John. 
(Chpra.  Bohr.  vi.  41.) 

EetrmaoeMniliuca,^!.  (PdrnuAa  «imnenfa«i,  Ach.)  Containa  nsoio  add.  (Knois 
loe.  dl.) 

Everma  pnttuutri,  Ach.  Contains  usnic  and  evemic  adds(9tenhonse,  PhiL  Msg, 
[3j  uxiL  300).    Bochleder  sad  Heldt  found  lecanoria,  but  not  a  trace  of  osua 

£iiFrnia  vulpina.  The  experiments  of  Bebert  (Ann,  Ch.  Phaim.  ii.  342)  on  the 
BOM^Ied  'ndpnlin,  aeem  to  show  that  this  lichen  omtoini  chnMpliuie  odd.  (Btna- 
li«i,  JohreAer.  xiL  SM.) 
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iJltJi'lnii eomi'HiKin,  Ach.  f^-*-;— ■  lay qT..int;tjrnf.^.i.«.j^i^]^^^m,  (Bibcod- 
uot^  Aju:  Ch.  Fhjt.  [2]  xiviii.  319.) 

Lnanora  PareUa,  Ach.  {ParmeiUi,  Schaer.)  CoDtum  ;  thtM  fkts,  tumin,  paiel- 
lic  iciil,  lecanorie  add,  chlorophjll,  and  gam,  wbicfa  givn  &  gmniih-blae  eoloor  with 
iodine  (Scbanck,  Ann.  Cb.  Phum.  liT.  2£7).  Ths  wren]  iprciea  of  iiwaaora  cuo- 
lain  lecanoric  add.    (Schnnck,  ibid.  xli.  167.) 

Ltddia  Candida,  Ach.  (i^K>r^  Dec)  ContainB  a  larga  qnantitj  of  <miiUt^  of 
caJdnin.    (Braconnol,  lee.  eit.) 

Lecidia  gngn^ldea,  Schaer.  f^om  th«  BrocJmk.  Containi  nnia  add.  (Knop, 
toccU.) 

PitrmdiaeiUarit,AiSi.{BomraciUaTit.)  8« anatjna br  John.  (ChcBi.8ehT.Ti.  SB.) 

Parmdia  patirtina,  Adi.  Contuns  ehiTSopbanic  add,  a  fellow  iioii-ci7alallinble 
cokxinng  mattrr  (Boehleder  and  Heldt,  tee.  cit.),  and  a  cacbohjdnts  eoDTertibU 
into  sogar  (C  Hcbmidt,  fcc.  etf.)  Thiii  lidien  ooataini :  ajellowaod  a  led  cctoLting 
inaUn',  wax,  cryatalline  stearin,  ehtotophjll,  aoft  reain,  gnm,  Kchcnin,  Tagctkble  mu- 
cilage, sagnr,  extractiTe  matter,  tnew  of  Tolatile  oil,  and  pJvW^to  of  oaJciain  (Hal- 
berger,  Snchn.  Bepmt.  xItjL  )79);  compare  Sander  (Veber  iit  Wan^ehtt, 
Socdershanaeii,  181fi;  andKaato.  Arch.  Tiii.431);  Hannhardt(l>UMr(.«u<.  £oiari« 
mirietinm  Jiuivti*  clem.  Kielaniie,  181B);  Sahradar  (B«ri.  Jahrit.  IBIS,  p.  44); 
Markowit>(Schcr.  Aon.  i.  4S8);  Thomson  <Adq.  Ch.PlianD.liii.  353  and  SCO). 

Parmdia  pAgModtM,  Ach.  Contains  erfstallisFd  phyndin.  (Gerding  ArvK 
Pharm.  Ixnvii.  L) 

Paraelia  laxaiilii,  Ach.  Contains  a  small  qoantity  of  carbahjdrat«  oumrtitJa 
intoannr.    (a  Schmidt,  be.  »(.) 

PatMaria  hamaiopia,  Eoffm.  {Pamtlia,  Ach. — Pal^taria  rubra,  Hoffm.— .Piir- 
ndia,  Ach. — PattUaria  vmt^ta,  Deo. — iWawttu,  Ach.)  Coolsia  la^a  quantities  of 
oxalate  of  caldnm  tBraeonnot,  ^eit.).  P.  i^nuionu  and  f .  mrIom  contain  nsnie 
add.    (Knop,  JOB.  oil.) 

PatfOeria  lartarta,  Dec  {Pamdia,  Ach.)  Contains  large  qnantitiss  i£  cxalate 
■tfraldam  (Br  a  con  not.  Ids.  cif.)  In  a  n)ecimraifram  Nu^aj,  Stenhoaseflne.nf.) 
feand  gyn>phorie  add.     See  analTiis  bj  S.  T.  Eserbeck  (Ber,  Arch,  irl  13S). 

Peltigera  canina,  Hoffm.  Cantaina  a  caibohTdiate  conTsitibls  into  sugar, 
(C.  Sclimidt,  A».  d^.) 

Pertuiaria  eomnnati*,  Dec    CoDtaiDf  a  luge  qnantit;  of  oxalate  tf  caldnm. 

Ptaeodium  eekrotneum.  Dee.  (Panndia  nxiaila,  Ach.)  and  Ptamdium  radiotian, 
Dec  IParmdia  radima,  Aeh.)  Contain  Terrluse  qnantitiea  of  oxalate  of  "I""'", 
(BraconBot,fao.«(.) 

AaiRd/ina  eaUearit,  St.  rar.  /atttgiata.  Contains  large  qnantitiea  of  starch,  colonr- 
ins  matter  and  bitter  substance,  and  a  amall  qnantitf  of  saccharic  add  (Beraelioii 
Scher.  Ann.  iii.  07).    Contain!  mnic  add.    (Bochleder  and  Heldt,  loo.  <i<<.) 

RamaUita  caiicarit,  Fr.  tar.  Jraimta,  Ths  ash  conlaina  a  large  qnantitj  m  fetrio 
oiide,  bnt  acaicsly  a  trace  of  potssh  (John,  Chem.  Schr.  n.  37);  tolnble  and  coag^ 
lable  albomin  (Berselins,  S^ier.  Ann.iii  208)  :  lichenin,  ai]dnsniaBdd(IioehtedeT 
and  Helot,  Ik.  eit.) 

SaeaUa  Montagnti,  Belen.    Contams  MTthrio  add.    (Stenhonse,  be.  cit.) 

RocutOa  tinetoria,  Ach.  This  licben  (var.  /uciforniiM,  horn  Aiuola  and  Madagiw- 
ear)  contains  eirthilc  acid<Heernn'ser7Uirin,  £ans'i  eryChrifin,  ii.  £02),  a  fatty 
BubstancB,  rocoellio  add,  a  brown  aubstance  eitiaotable  by  potash,  chloro^Jlyll,  and 
ash-constitnenta  (Sehnnck,  PhiL  Mag.  J.  [3]  xxii.  184).  Soeedla  tituUma  from 
SoBtb  America  was  Ibond  by  Steahonse  (FhiL  Maa.  [3]  zxxiL  300)  to  contain 
o-orscUic  sdd ;  the  same  lichen  from  the  Cape  of  QoodHope  contained  ^-oraellic  acid 
and  roccellinin.  Stenhonse  and  Soonler  are  of  opiiiioo  that  the  Boocdla  Utteleria, 
nr./ueifiirfm*  analyaed  by  Sehnnck,  was  really  S.  Mimliaiui. 

Sjnamaria  dmnu,  Via.  Contains  dtrnndunia  acid.  (Ihomsos,  Ann.  Ch. 
Fbirm.liiL  2<6.ji 

Sauamwia  Untigera,  Dec  {Parmtlia,  Ach.)  Contains  &  i»rj  Lirge  qnanti^  of 
oxalate  of  caUiira.    (Braeonnot,  toe.  eU.) 

SHetapiih>oi%aeta,Axk.  ContainslidHoui  and  a  bitter  prindple('Weppen,Fbarm. 
Centr.  1838,  ITo.  13)  Teiynear  cetraiio  add  in  oompositiiHi,  and  named  stictic  acid 
by  Knop  and  Sebaodermann  < J.  pr. Chem. izxix.  303);  oompan  John  (Chem. 
Schr.  Ti.  38). 

Vlotolaria  etcnienta,  Ach.  Contains  a  Urge  qnantity  (IS-  per  cent)  of  Enm. 
(Kirchhoff;  Seher.  Ann.  iii.  21S.)  /  v       t~ 

UktUaria  ttragMa  oontaim  s  ta^  qnulily  ttf  oxalata  of  cnldom  (Bri 
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588  LICHENSTEARIC   ACID. 

Utnta  barhat»,  Fi.  Contains  nmie  acid(BochladeraiidH(:Idt,  Ine.  m(.),  and 
Ueheniii.    (Berseliaa,  Bdier.  Ann,  iii  20£,) 

Onua  barbaia,  Fr.  mr.  Jtorida.     (  Utnta  fiorida,  H  o  f  f  m.)    Contains  asnic  >cid 
■  (Kngp,  be.  at.\  knd   a   niuU  qnuiti^  of  mbohjdtata  coDreitible  into  mgar. 
(a  Schmidt,  foo.nt) 

CraM  ia'rte,  Hoffm.  (tT.  barbata  ■ni.plicata.Fi.)  Cantaim  UBme  add  (Knop^ 
loe.  «<.).  bitter  principles  giun-augar,  lichenin  and  a  soft  akelelim  (Betselias,  Scher. 
Ann.  iiL  203).  Contains  a  lai^  qnantitj  of  carbobjdnte  eonTsrtiblB  into  ngu. 
(G.  Sehmidt,  loe.  eit.) 

Variolaria  amara,  Ach.  CoatsinB  picrolichenin  (Alms,  I^iann.  Zeit  1832,  Ko.  % 
17 1  Ann.  Ch.  Phirm.  L  61.)  Contains  cUoropbf  U,  and  a  colontlea^  cijetallisablB, 
bitUr  sabalance,  forming  vidi  ammonia  a  red  non-biltar  rcain  (QregOTj,  J.  Fbann. 
Jam  1SS£,  p.  314 ;  Phann,  Centr.  1836,  No.  39).  Contains  picnlichanin,  tiro  renns, 
cbtoropbTll,  gom-sugai',  bitter  extractiTe  matter,  oxalate  of  calciam,  silicic  acid,  iron 
andcellidose  (A  Hiilter,  Pbarm.  Centr.  1841,  "So  47);  compare  FilhoL  and  Bon- 
ehardt     (J.  de  HM.  de  Tonloaie,  tjL  201,  and  Pharm   Centr.  1S44,  No.  3S.) 

yariolaria  aoBaiamu,  Ach.  (grown  on  a  Umo-trBe).  Contniu  va^  matter,  RTwn 
eolonring  msitbir,  a  bitter  and  acrid  piindple,  nncmtallisable  sngar,  oiiaUte  of  eakiDm 
(47  per  cent),  a  gnbatanos  reaembliog  asimiu  gelatin,  JEc  (Braeonnot^  Ann. 
Chim.  Fbya.  [2]  tl  132.) 

Varioiaria  dtelbatii,J}ee.  (Lieimdealbattit,  Ach.)  SeeannlTsii  bj  Itabiqnet(Ann. 
Ch.  Phja.  [21  Izii.  286),  vho  ftiand  varioUria  in  this  liclwu,  and  prepared  orcin  &om  it. 

On  tlM  eoknuing  matter*  of  licfaenr,  aee  AxoBiL,  Ebtthsio  acid,  Etbwcio  acid, 
GItbothomc  Amu,  Lbcamokio  Acm,  LimuB,  Ossaujo  Acm,  Oxon,  Vane  Acm, 
Tabiolaum. 

KtCaSWSTBAmSO &CZB.  C'<H'*0'.(SchnedeTmann,andKnopAnQ.Ch. 
Fbann.  It.  140.) — An  acid  exiating  in  Iceland  moaa  {Ciiraria  iaiamUea),  and  piobablj 
alflo  in  the  Bj-agaric  or  toadstDol  (Agarieut  mutcariut)  (Bollej.  Ann.  Ch.  Pharm. 
Ixzxri.  SO).  To  prepare  it,  Iceland  moas  is  boiled  fbr  a  qnarter  af  an  boor  in  alcohol 
containing  carbonate  of  potiHiam;  the  atnined  decoction  la  mixed  with  aipesa  of  hydro- 
eblorie  acid ;  and  the  whole  ia  diluted  with  4  or  5  volnmes  of  water.  Tba  precipitstA 
thereby  formed  is  washed  with  water,  and  afterwards  boiled  three  or  fbnr  times  with 
alcohol  of  42  to  4fi  per  cent  On  cooling  Che  alcoholic  solution,  a  mixture  of  lichm- 
Btearic  and  eetrartc  acids  with  a  third  anbstance,  is  separated,  &om  vbich  the  lichen- 
stearic  acid  is  taken  ap  bj  bailing  rock-oil,  and  again  deposited  on  cooling  or  more 
oomplelflij  on  partial  distillstion.  Pnrification  u  «Ket«d  b;  TeOTstalliaing  frtHU 
alcohol,  with  Che  help  of  animal  diarcoaL 

Pmpertitt. — The  add  forms  a  loose,  white  man,  eonaisting  of  delicate  erjitalline 
lamijDK  having  a  pearl;  lostra.  From  a  sohition  in  Tory  dilute  alcohol  it  is  obtained 
in  small  rhombic  tables ;  on  concentrating  the  solntion,  fartly  in  oily  drops.  It  is  in- 
cdorona,  has  a  randd,  harsh,  not  bitter  taste,  melti  at  about  120°  without  loss  of 
weight,  and  mlidifles  to  a  crystnllioe  maa  ;  is  not  volatile. 

It  ia  perfectly  inaolable  in  Nu(«r,  bnt  diswlTse  readily  in  dholml,  c(<i<r,  and  ot^  both 
fixed  and  ToUtUe. 

The  ti^U  of  lichensteanc  acid  are  permanent  in  the  air,  and  are  decomposed  by 
acids,  with  separation  of  lichenatearic  add.     Their  BolntionB  froth  np  on  boiling. 

AmntoniUTiC-tttii. — The  eaail;  prepared  solution  of  tlie  add  in  warm  aqnpona  ammo- 
nia fbrniH.  on  cooling,  a  white,  elastic  jell;,  ^>pasring  under  Che  mieroaeo^  to  eontaia 
g,  eitremdy  delicate  ciyatala.   The  salt,  when  diy,  is  wliite  and  silky, 

Thei; 
sodinm  with  a  solnble  barium-salt,  ai 
in  boiling  water.     

Ths  lead-aalt,  CfH'^PhO',  is  obtained,  b^  predpitating  the  agueons  aodinm-nltwith 
neutral  acetate  of  lead,  in  whits  flakes,  wtuim,  on  boiling  the  liqaid.  melt  to  a  yellow, 
seoni'-flnid  mass.  It  is  brittle,  soflena  between  the  Bngers,  and  beoomee  semi'ftaid  at 
100°,  at  which  temperature  also  it  appeaiB  to  decompOae. 

Potatnm!i-»all. — A  solution  of  the  add  in  aqueous  oarbonate  of  potassium  throws 
down,  when  concentrated  by  evaporation,  yellowish  flsket^  wbiti  are  soluble  in  water, 
but  insoluble  in  alkaline  liquids.  If  the  solution  be  ev^torated  ti>  dryness,  and  ths 
reddua  extracted  with  boiling  absolnte  alcohol,  a  part  of  the  salt  ia  obtained,  or 


cooling,  as  an  indistinctly  crystalline  powder;  and  the  remainder,  on  concentiating  the 
solution,  in  the  form  of  a  syrup.    It  dieEolves  easily  in  water,  forming  an  alluline 

■11^  by  nitrate  of  silver, 
b^  and  eaking  togetho 
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liquid,  which  tastes  like  soap,  and  froths  in>  on  boiling. 

The  lilvtr-tall  is  thrown  down  from  a  solution  of  the  sodium-salt^  by  nitrate  of  silver, 
as  a  ^yish-white  predpitate,  taming  violet  oti  ezposoTC  to  ligh^  and  eakiiig  together 
in  boiling  water.    It  decomposes  below  100°. 
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Tha  todium-ialt  is  obtuned  in  the  Hune  numisr  aa  the  potassfom-ialt.  A  eonc«n- 
tnted  aqueoni  ooliLtian  throwt  down  white  grftnolgB  on  Btanding. 

Til  MMMWMITMi  A.  rilic&te  tbnnd  in  a  red  faUpot  poiphjiy  on  Mount  Tumso, 
rieimMi  nils;,  Tnol,  erpatalliaed  in  nx-sided  prianui  without  diatjnd,  claamge. 
Hudnea  —  S-fi.  fipedflc  gnvitf  ~  2-18.  Colom  greenish- grey .  Fractnra  iplinterr. 
Befontb»UowtdmitwbiteiUBiidintiime*ae^biKd<MSDOtfas&  Cootuns,  secording 
to  UfttigBka  (BibL  oniT.  W.  ICT),  44-66  p«c  cent  nlica,  36 '91  alnioina,  1-S4  ferria 
oxide,  l-iti  mlgMBW,  9-90  putuh,  0-92  Mdt,  and  6-06  water  (—  100*38).  Uwignae 
ngudi  it  u  [niiite  (q-v.) ;  Bcoordina  to  Blum,  Bndthanpt,  uid  Hsidiugac,  it  is  a  paen- 
dcmunphof  nnhelin.  It  has  alio  been  regarded  h  an  dtcntd  dichroite.  (Dana,  iL 
226 ;  Bammelaberg'g  Mineraleimit,  p.  887.) 

TiTWlOirm.    Calcio-nranic  carbouftte.     See  CuBomira  (i.  7SB). 


J  63-71  per  cant,  carbon,  8B6  hydrogen,  482 
nitrogen,  and  32'S3  oxTgen,  fbnad  by  Schetar  (Johieaber.  ISfil,  p.  G97)in  the  fluid 
of  the  spleen. 

LLaviUTM.  Saaitt,  Ytniie, — A  silicate  of  inm  and  caldam,  oeeuiing  in  tri. 
metric  cryatala  in  which  cbF  :  aP  —  110°  12';  oP  :  f  m  -  146°  20';  tatio  of  prineiFal 
ana,  brachydia^nal  and  macrodisgODal  ~  0-66  ;  I  :  1'46.  Obaerved  combinntian, 
a.P  .  P  .  «Pl .  a.P2  .  =.Pa  .  aP*  .  «!■»  ,  oof «  .  P  .  Sf »  ,  2t»  .  iP«,  .  af  2. 
Lateral  &cee  osaally  striated  longitadinally.  CleaTsge  panllel  U>  the  longer  diagonal, 
indiatinet.  Also  columnar  or  compact  maasiTe.  Hanlness  —  fi'£  to  fl.  Specifls 
pari^  -  8  8  to  4-a.  Lnatre  Bubmetallic  ColonrbUck,  otTarions  shadi*.  Streak tlack, 
locliningtogrejorbrown.  Fracture nneren.  Brittle.  Before tbe blowpipe  it melte eaailj 
to  a  magn^c  globule^  It  is  eaaily  and  (Wmpletelj  decomposed  by  hot  hydrochloric  aciil 
AtuUyta:  1.  Sttaraejtt  I^RammtUber^ i  Mimniiehtmit,  p.  740).-  2.  Hamiaelg- 
I)ei'g(tW<I.).— S.  Wackernagel(tit<l): 

SIO*  T^iy  F«to        Hn'O  C*<0        Al^O*         IHO 

I.Elba.    29-28        3300        3100        243         1378        061         1-27     -    101-27 

2.  „        2983         Z2-fifi         32-40  1-50         12-44         ,      .         100      -     100-32 

3.  „       29-45        SS-79        2860        094        1«'19        .     .        .     .     -    100-27 


LieTrite  occiu*  in  the  Island  of  Elba,  in  Urge  solitarj  eryatala  and  aggrwated  orya- 
talliaations  in  compact  aogite.  It  ta  also  fbn^  at  Foenun  and  Skeen  in  I^rway ;  in 
SiberU ;  near  Andreaaberg  in  the  Bartz ;  near  Fredaoo,  in  tiie  Tyrol,  in  gianite ;  at 
Schneflberg,  in  9aiouy ;  and  near  Bytown,  Canada. 

Kobell'a  WeirUU,  a  maasiTe  granular  mineral  from  Scurrasko  in  Hnngaiy, 
containing  34-SO  per  cent  nlica,  0-12  alumina,  42-38  ferric  Oiide,  If '78  feiroot  ozid^ 
0-28  manganoDS  oxide,  G-84  lime,  and  100  water,  is  lomptimes  regarded  as  lienite. 
It  is,  howarer,  hardn  (hardness  ~  6  t«  6-S],  fuses  with  difBcultj  and  only  on  tiM  edges, 
and  is  but  imperfectly  soluble  in  acid&    (Dana,  ii.  263.) 

IJUMT.  Light  is  the  agent  which  makes  us  acqnaiutedwith  the  existence  ofbodiea 
through  tJie  organ  of  sight.  It  is  likewise  one  of  the  moat  important  agents  of  chemical 
change.  Plants,  with  few  exceptions,  are  abaolntelj  dependent  npon  it  fbr  their  exis- 
tence and  derek^ment;  thepeaternuntberof  animals  are  incapabte  of  li-ring  in  health 
and  -rigow  nnlaa*  anineeted  to  ita  inflnmca ;  and  a  rarie^  of  chemical  prooeasea  both 
natanl  and  artificial  depend  in  great  measure  npon  its  agency. 

The  serenl  Tiawa  which  hay*  bean  entertained  reapecting  the  nature  of  light  may 
be  ranged  under  two  heads,  tlie  systamof  emission,  and  the  system  of  nndnlationa: 
The  tonaa,  iuggest«d  in  ancient  times  by  Empedoclra  and  Democritus,  afterwarda 
adopt«dby  Qasseadi,  and  brooght  to  tiie  utmost  degree  of  completenus  t^wHchit  is 
■usceptible  W  Newton,  sapposes  light  to  couBlat  of  minute  particles  emitted  ftom 
Inminoos  bo^ea,  and  traTelling  through  apace  nith  immense  rapidity  till  they  reach 
the  eye.  The  latter  theory,  the  germ  of  which  may  be  found  in  the  writings  of 
Aristotle,  auppoeea  that  objecta  ore  rendered  risible  hv  -ribrationg  excited  bylnminoua 
bodies  in  an  elastic  medium,  called  the  Bi-Han,  pervading  all  apaoe,  and  filling  up  the 
intervals  between  the  molecules  of  ponderable  bodies.  Ideas  similar  to  this  were 
advocated  by  Beaeartea,  Hallebranche,  and  Qrimaldi;  but  it  was  in  the  hands  of 
Euyzhens  t^  the  theory  fliat  assumed  a  definite  shapes  and  was  rendered  capable  of 
affoiding  an  euct  expliuiBtian  of  known  &cts}  and  by  the  anbsequent  labours  of 
Young,  Fresn  el.  Caucby,  and  others,  it  has  been  biou^t  to  sitch  a  state  of  psifbctioQ 
that  it  is  cBDable  of  accounting  lor  most  of  the  phinomana  of  light  in  their  ninnlMt 
detalLi,  and  haa  even  anticipated  many  important  results,  subsequently  conBimed  by 
obserration ;  whereas  the  theory  of  emission,  thoagh  it  gave  a  satisfactory  accoont  « 
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non  of  Om  pbraomnia  known  in  Newton's  lime,  ia  ■Itogethn  muble  to  aeooaiit  ftt  A 
mt  tnunlxc  of  ltd*  which  Iutb  riDM  been  diicoTered.  The  wBTe-theoiy  it  therefore 
now  DniTdnallf  accepted  M  the  true  repneentatiTe  of  the  phenomena. 

The  exiatoDo  of  B  fluid  or  madiara,  lueh  aa  the  tbeo^  sappoaaa  to  odat  la  the 
edaatial  apaeea,  m^  be  ttgu^i  almoat  aa  a  matter  of  eertaint;  :  for  the  motiona  of 
inwrita  aie  Anmd  to  be  retarded  in  a  inumeT  which  eoiicot  be  aooonnted  far  on  any 
other  hnathaaiai  Thii  pbenomenan  haa  beenpAitieolarljBtndiedin  thecaae  of  Bneke'a 
comet,  Aieh  nvolTea  about  the  eon  in  a  period  of  three  jeoia.  Now  tbia  period  ia 
found  lo  be  oontiQaall;  din^shing,  ahowing  that  the  comet  ia  gradually  appoai^ng 
the  ann,  an  effect  which  can  011I7  be  acconntad  for  lij  aappoeuw  ita  motion  to  b«i 
letaided  br  the  aetioa  of  a  KoatiiiK  medium.  Hoteorer,  a»  the  ligfat-waTee  an 
<*<>ninutt«d  freel;,  not  only  throogh  the  oeUstial  epacea,  bot  alao  throngh  air,  water, 

,  and  other  banapoient  media,  we  must  likewiae  tappoae  that  the  epaeea  between 

.ja  nu^eenleB  of  tbcoe  bodin  are  filled  op  bj  the  ether.  It  will  hereafter  be  ahown 
that  Um  elastici^  of  the  ether  ia  diiFerent  in  different  media. 

In  llie  preaeat  article,  after  speaking  of  the  sonrcM  of  light,  we  ahall  endeavour  to 
ahowhowthewaTe-theoryia  a^ied  to  explain  the  eeTeral  phenomena  of  Kadiation, 
Interfsrenoe,  Reflection,  Eefraetion,  Absorption,  and  Polariaation. 

Xha  ehMiical  action  of  light  will  be  treated  in  a  aepante  artiele. 

Simttt  ef  LigU. 

The  sun,  the  fixed  ttan,  eettaiii  metaora,  and  t^restrial  hodiea  in  the  statea  ol 
Ineandeacenoe  and  phoephoreacence,  ihine  bj  their  own  light ;  all  other  bodin,  ter- 
reatrial  or  eeleatial,  are  vieible  only  when  the  light  of  a  Hlf-laminoua  bod;  falla  npon 
them.  Our  knowledge  of  the  peculiar  otHiditioiu  which  render  hodiea  aelf-laminona 
ia  not  TBij  exact;  bnt  asauming  that  viaion  is  produced  bv  ondulationB  in  an  all- 
perrading  elaotie  medinm,  we  must  sappoee  that  theee  undulations  are  excited  hj 
Tibratoi7  moTementa  in  the  particle*  of  laminons  bodiea.  This  snppoeition  is  more- 
over in  accordance  with  the  eoocluaiona  deduced  from  the  phenomena  of  heat  (p.  131). 
Tb»  particles  of  all  bodies  are  supposed  to  be  in  a  state  of  conatant  motion,  and  it 
dependa  npon  the  inteuit;  and  rapidi^  of  this  motion  whether  the  eflbet  prodnced  on 
our  aenaea  by  the  uadulationi  therebj  excited  in  the  muroDttding  (4i>MeaI  ne^nm,  is 
that  of  heat  alone,  or  of  heat  accompanied  by  li{;hL  We  shidl  aee  hereafter  that 
the  Don-lnminona  heat-wavea  are  of  less  r^id  nbration  than  thoae  which  likewise  pro- 
duce light  Aooorditlgly  when  the  lempemtnre  of  a  bodj'  ia  gradoall;  raised,  it  first 
giTM  ant  heat  nnaooompanied  by  light;  bnt  at  *  ceit&in  tempemtnrx,  the  Tibrationa 
become  rapid  enoogh  to  excite  in  the  ethereal  medium,  wavee  which  produce  in  one 
organa  the  arnaaUoQ  of  red  light,  and  at  still  higher  temperatures  vibrations  are 
prednced  of  a  rapidity  oarresponding  ia  those  which  excite  the  sensation  of  y ellov  and 
of  blue  light,  which,  together  with  the  red,  produce  the  combined  aenaatian  of  wbilo 
li|^t.    (&e  BAnuTioH  or  Hut.  ) 

A.  body  may  be  raised  to  Iha  temperature  neMsiaiy  to  render  it  InminoDS,  either  by 
ehemicBl  action  (combustion)  going  on  within  its  own  moss  (t.  g.  the  burning  of  metals, 
wood,  hydioearboaa,  ^),  or  by  heat  imparted  to  it  from  without,  as  by  the  combustion 
of  a  neighboonng  body,  by  the  electric  ennent,  bj  mechanical  agem^  such  as 
'  '  *'  ~  ~.  or  ^araiMion,  or  by  the  inn's  rays  Baneen(iat«d  upon  it  by  a  lens  or  miiror. 
in  nthfv  of  the  thi«e  itatet  of  aoud,  liquid,  and  gas,  may  be  bmn^t  to  the  in- 


heoea  the  brightest  0 , ,_._ 

taiaed  to  a  Teiy  Ugh  taaperatnre  by  the  heat  of  th«  oombnstion. 

The  light  of  the  inn  and  of  the  find  stan  is  in  all  probability  due  to  ineandeaeenee; 
indeed  recent  obanrations  have  shown  that  the  Inminona  atmosphere  of  the  ran 
eontaina  many  of  the  metals  which  exist  in  our  own  ^bc^  and  nnuUr  oUmvaliona 
haTS  been  made  on  sereral  fixed  itara 

Photpkoreiaenei, — Uany  bodies;  noder  pecniiar  eii«amatancee,  are  thrown  into 
inch  a  slate  of  ribiation  that  they  emit  light  without  perceptible  eTolntion  of  heat; 


FhoaphoTUB, 
at  ordinary 


ihoTUB,  in  the  Rata  of  slow  eombostion  whidi  takee  place  on  expoeinj 


s,  giTsa  off  amd  Tapoma,  which  shine  in  the  dark  with  a  faint 
Uaiah  lig^t:  hence  the  term  fliotpiioreaettit  has  been  extended  to  all  bodies  which  ex- 
hibit a  similar  luminosity,  fnm  whatever  cause  it  may  arise.  The  phosphorescencs 
of  decayed  boiUea  of  punta  and  animals,  as  of  dead  wood  and  putrid  sea-flih,  ia 
familiar  to  every  one.  The  flowers  of  certain  living  plants,  especially  those  of  a  bright 
yellow  or  red  CMOur,  as  C^mdvia  affieitmU;  Tivpaclvm  tmg'ia,  Hiiianliuf  aitnmta,  and 
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AfUMr  eriailala,  h&TB  bMQ  obMrred  to  emit  &  indden  BMhii^  lif^  on  Sue  nminm 
vnmogt,  ■  little  after  KUMt  Some  [4aDtB  alao  emit  in  tJie  cUrk  &  foint  eoDtiBiion* 
£ght,  piibMj  •iWhk  frnu  the  MmbiMioti  of  ■ome  nbitaaee,  ««cli  u  s  hrdiwuboit, 
•Bitted  ftamtbm;uii  pIxdMiBeiionliubeenobMnediiitlieleareaof  P^ftolaccada- 
MnMlra,lrluoh  ahine  atnight,  Bomndinea  with  blQish-gnen,  acmetimse  witbjellairiih-greeii 
I^lL  nie  meiid  urilkj  jmca  of  (Xpa  lif  flmoNim  (ft  Bruiliu  plaat,  ptobablT  in  the 
anplwBUMeom  ofdar)  tmiu  li^  br  *ewetil  hoaxt,  ttttr  flowing  fnim  ■  wound  in  tlie 
pUnt  BUtOMvtfta  tuhttrrmua,  a  elant  which  grovs  io  nine*,  emits  ligbt  bum  its 
whole  ■nr&cc^  bat  eepedaUf  froia  the  whitish  growing  potnti^  and  m  limilai  pheaa' 
nenon  haa  been  obeened  in  other  enbtenaBean  planti. 

A  mon  fcniilijT  kind  of  phonihneKmce  is  that  exhibited  by  nianj  liTing  animals, 
as  bj  the  glow-worm  and  fire-^,  and  the  nnmb«rl(«s  small  marine  animab,  such  as 
cnataoea,  mednioe,  poljpoFa,  and  infdmria,  which  giT«  rise  to  the  phosphoreeeenee  of 
the  sea  at  eight.    In  man;  aniioalH  the  phoephorwcence  is  an  aL't  (^  the  will ;  in  ' 
othen  it  takra  plaoe  at  a  particular  period  of  life. 

In  nearly  all  phorphonocent  plaidx  and  animali,  the  phoaphorasccnee  appears  to  be 
dne  to'~cheinieal  action,  in  het  to  a  slow  combustion :  for  it  iocreaaea  in  bngfatness  in 
jmie  ozjgen  gas,  and  ceases  altogether  in  a  Taenom  or  in  nitrogen  or  canonic  acid 
gas;  tils  phoepWeaeenee  of  decaying  fish,  howerer,  lakes  place  in  DittogenM  well  aein 
aar  (0*  mrgen. 

Rio^IiMCweneviiiar^BEcited  artifldallyin  slaiKennmberof  bodiMb^anycaose 
lAieh  acts  their  partielee  in  rapid  Tibntion  j  Tie.,  by  ieal,  by  the  declrie  dueiarfft,  by 
weafaxftaj  octinl,  and  by  inaolation. 

1.  Blanj  Bolid  bodies  become  phosphorespent  when  thrown  upon  a  heated  sorEuw  ; 
■ndi  is  we  ease  with  diamond,  ch^k,  certain  Tarietjee  of  flnor^par,  oyitep-Bhella, 
paper,  floor,  npedallr  that  of  maiae,  and  indeed  with  most  well-dried  organic  sab- 
(laneea.  This  effect  is  not  to  be  contbimded  with  incandncence,  for  it  takes  place  at 
tetnperatares  much  below  an  ordinary  red  heat ;  and  the  light  emitted  is  geneially  of 
■  bine  or  violet  tint,  instead  of  the  dull  red  of  indpient  incandeaemce. 

2.  A  lamp  of  eugar  thrAngh  which  a  powerAiI  electric  discharge  is  passed,  shines  for 
Mvoal  seconds  aftvnraidB  with  a  heantifiU  liolet  light ;  and  a  nmUar  effect  is  pro- 
dtued  on  man;  non-ooDdoding  min«^s,biit  not  on  mttals  or  other  snbatances  of  good 
omdneting  power.  Substances  which  have  loetthe&culty  of  becoming  phosphoreacpnt 
In  heat  or  by  Insolation,  recofer  it  alter  they  have  been  subjected  to  repeated  electric 
duchargea.  There  can  bo  but  litUo  doubt  that  the  immediate  effect  of  the  diecharge 
ia  tc  t^w  the  pnrticleB  of  the  body  into  a  state  of  rapid  ribration,  whldi  is  thai 
Commnnicsted  to  the  Burronnding  ethereal  medium. 

S.  The  pbosphoreecance  prooucsd  by  friction,  percoidon,  and  other  mechanical 
srliona^  eenerally  lasts  only  aa  long  as  the  disturbing  cause  continues  to  act.  In  man; 
eases  a  dsrelopment  of  electricitj  takes  place  at  the  same  time,  and  to  this  the  light 
nay  be  partly  or  in  some  cues  wholly  due ;  sometimes,  however,  the  light  mined 
appears  to  be  a  direct  consequenoa  ot  the  vibratory  motion  communicated  to  the 
puticles  by  the  mechanical  diatnrbance.  Adnlaria  atmck  with  a  hammer  so  as  to 
a[dit  it,  emits  at  each  crack  a  light  which  may  taK  fbr  sereral  minnt«a;  and  when 
inonnd  in  a  mortar,  it  appears  SO  on  fire.  Quartz,  floor-spar,  rock-salt,  and  sugar 
Skewise  exhibit  light  when  broken  or  ponnded. 

Light  is  often  emitted  during  the  change  of  state  of  bodiea,  especially  in  the  passaga 
flom  the  amoiphoua  to  the  crystalline  state,  and  the  separation  of  mystals  from  a  sola- 
tion  (L  200). 

4.  RuoliMon,  or  exposure  to  the  snn'i  lays,  derelops  pfaosphoreaeene*  moat  eanly  in 
anbstances  which  are  bad  conductors  ofheat     Most  calcareous  a  '    ' 


_..  .-s  capable 

01  oecoming  phosphorescent  by  insolation:  e.ff.  carbonate  and  tntphateof  calcinm, 
flnor^por,  petrifactions,  shells,  and  pearls. 

Cannon's  pAofpiDTUi,  prepared  by  heating  calcined  oyster-shetla  with  nlphnr,  emits 
after  insolation  a  yellinr  light  bright  enough  to  show  ths  time  1^  a  watch.  The 
phosphorescence  may  even  be  excited  by  expoanre  to  the  light  of  a  candle.  The 
Solvffruan  jiKoaphomt,  prepared  by  stronglj  igniting  heavy  spar  with  gum-bagocanth, 
emits,  after  insolation,  a  br^t  light  which  lasts  (or  more  than  a  day.  Baudom'i 
plutpltena  (flised  nitrate  ofealdum)  emits  a  irtut«  light,  Kamonda  sometimea 
remain  phoa^JioreMeDt  for  an  hour,  after  exposoie  to  the  son  fbr  a  f^  aecDiids  only- 
Certain  otganic  aabstances,  e,g.  flour,  sugar,  gam,  white  wax,  and  reein,  also  idiine 
•ftw  intcdatioii. 

Fttim  rrcent  reaeuches  by  E.  Becqaerel,  it  appears  that  the  number  of  bodie* 
lecdned  phas{dtor«aoent  by  insolation,  is  muiJllaiReT  than  has  hitherto  been  sn^osed, 
phosphoreaoenee^  lasting  for  a  few  seconda.  or  rarely  Ibr  a  few  minutes,  being  exhibited 
Oy  nnmeroaB  minecob  and  salts,  chiefly  with  alkaline  or  earthy  baaes.  (See  Doguin'i 
iraiU  dt  Pl^i^m,  ir.  260.) 
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For  muMMD*  daUili  nlatjng  lo  ptuxpttonaeeaee,  *a«  GvuHn'i  Sctmdioei 
(i.  tBl— 200). 

7V  BtHrie  Light.— T\xt!  pHogv  of  slactrici^,  when  it  maoti  with  >  Mrtun  naiit- 
BDM,  ia  keeompaiued  bj  light,  more  or  Ish  bright  in  proportion  to  ^la  Bliength  of  tha 
elum  and  the  degiwi  of  naiatuice.  As  the  i&chuve  m  all  oiaea,  even  in  tha  meat 
hi^^  larafled  aCino^hraea,  aooh  ai  Qaniat'a  Cuba*  (iL  3B1).  takea  place  thniugh  Uie 
mediom  of  mateiial  iwtielca,  we  may  inppoaa  in  thia  case  alio  that  the  light  owe*  ita 
origin  to  ribiationa  axdt«d  ia  theaa  partidea  bj  tha  eUotrie  astion. 


manner  in  which  the  vibrationa  of  Inminona  bodies  are  tnuta- 
■ittad  in  wavea  or  imdoktioiu  throng  tha  nirtoniidin«  ether,  it  will  be  necMaajy  to 
eODiidei  ahortl;  the  natnre  of  nadaiBtioiia  in  genmil.  A  vavt  at  undidation  i* 
a  dUtnrbeuce  excited  in  ooe  part  of  a  body,  and  commnnicatod  to  the  other  parte  in 
Mgnlar  moivaiion.  For  ei&mple,  a  stone  thrown  into  water  depteaaea  the  water  at 
the  part  whfre  it  ia  thrown  in  ;  the  portion  to  de^iraged  exeita  a  lateral  preasnre  on 
thoae  immediatel;  anmoiuiing  it ;  and  these  acain  exert  an  upward  pmaore  on  the 
paiticlea  external  lo  them,  and  form  s  raised  eirde ;  aflenrudt  theae  portiona  1UI,  and 
u  jyilng,  posh  np  other  particles,  utnsted  external  to  them,  and  thna  the  undnlMion 
aantiniuSf  apreads  outwards  in  oonoeotric  drcl«  till  it  oxtenda  to  the  wh^  sotfiMxi  of 
the  liquid.  Now  it  is  important  to  notice  that  theae  particlea  hare  to  pjogiesaiTa 
motion ;  Ihej  merdy  move  np  and  down,  as  may  be  aeen  by  obaerring  the  motion  of 
a  l^ht  body  floating  on  than :  there  is  on  appearance  of  prograssTO  motion,  bnt  it  ia 
odIj  an  appearance^  ariaing  fn>m  the  ume  form  or  state  of  motiMi  being  aucceesively 
eommnnic^ed  to  the  difienmt  parte  of  the  liifoid.  The  wave  tnvela  onwanla,  periius 
for  niilaa.  or,  as  in  the  case  of  the  ocean  tide-waie,  all  round  the  globe ;  bat  the 
.  indiTidnal  partidM  of  water  merely  move  in  vertical  lines  thiongh  spaces  not  eioeed- 
ing  a  few  iert  Again,  in  the  owe  of  the  waves  in  air  which  prodnoa  sonnd,  the 
iaoindaal  partielaa  of  air  merely  nwve  backwards  and  forwards  thiongh  small  intfrral^ 
the  motion  b«dng  fintexdted  in  the  particles  immedialely  in  oonlactwith  the  aounding 
body,  afterwards  eommnuicatad  by  theae  to  the  next,  and  aa  on,  and  this  eommmiiM- 
tion  of  the  nbratory  notion  Crom  parlide  to  partide  eonatitntes  a  mte  of  sonnd. 
Hare  again  the  progioaa  of  the  wave  mnsl  be  cuefoUy  distingnished  bom  tha  motion 
of  the  mdividoal  particlea.  Sonnd  travels  through  the  air  at  tha  nte  of  about  1100 
feet  in  a  second ;  now  if  the  individual  particles  of  air  whose  vibration  produces  the 
sonnd  were  to  rash  onwards  at  that  rate,  eveiy  sonnd  wonld  be  acoompanted  by  a  dia- 
tnrbanM  of  the  air  amoonting  to  a  bnrrieane. 

Thoa  it  is  also  in  the  ease  of  light.  The  motioos  of  the  individoal  particles  of  the 
•tbsT  take  place  tbroogh  immeaeonibly  small  apacea,  bnt  are  commnnicated  with 
in|mTm  r^iiditj  to  the  next ;  &om  these  to  those  beyond  them,  and  so  on,  even 
through  the  vaat  distaneea  between  the  heavenU  bodies.  So  long  is  the  ether  through 
whidi  the  light- wave  ttsvela  ia  of  nnifbrm  density — aa  we  mnat  suppose  it  to  be  in  free 
qMoe,  and  in  ELedift  of  anifimn  oonstitntion,  such  as  wat«,  gUas,  and  othtx  nncrys- 
tallised  bodies — the  wave  spreads  witli  eqnal  velodly  in  all  directionB;  aonaegaentlj, 
•11  the  particlea  to  whicb  the  motion  extends  at  the  same  instant  are  (itoalea  on  the 
mrCiee  of  a  sphere  having  the  lianinaaa  body  in  its  centre,  and  the  illnmination  extends 
in  lines  at  rinit  angles  to  thia  wave-iorfiwe,  that  ia  to  say,  in  stntieht  hnea  radi^ju 
from  the  Inminons  body:  th«ae  lines  are  called  rays  of  light  mien  any  change  (9 
density  takes  place  in  the  mediom,  the  wave-snrfkce  is  no  longer  petfecUv  sphmcal.  and 
the  rt^  are  broken  or  curved  according  as  the  change  of  density  ia  sa<£deD  or  gradual, 
liw  vibrations  of  the  particles  of  an  elastic  medium  may  be  of  two  kinds  :  I.  Lirecl 
or  tongitudinal,  when  the  line  of  vibration  coincides  with,  or  ia  parallel  to,  the  direcdon 
in  which  the  ware  tr&vels  onwards,  as  in  the  esse  of  sound-waves  in  air.— S.  Trimneru 
or  normal,  when  the  particles  vibrate  in  directions  at  light  an^^  to  the  motion  of  the 
wave,  as  is  the  case  with  wavM  in  water,  and  with  the  vibratioDS  of  a  stretched  cord 
let  in  motion  by  drawing  a  bow  acroaa  it. 

SaEtpoae  a  particle  of  an  ilastia  medinm  to  b«  difttobed  in  any  direction  whatever, 
This  diieetion  will  ia  general  be  obliqos  to  the  line  j<nning  thia  particle  with  the  next, 
and  the  aetoal  velocity  of  the  particle  may  be  reaolved  into  three  others,  ooa  in  tha 
dii«iii0B  of  the  line  <rf  jmietioa  between  the  two  partjdas,  that  is  to  sav,  in  the 
direction  in  wbidi  the  ware-motion  proceeds,  the  other  two  in  a  plane  at  right  angles 
to  it.  The  flist  eompooent  determines  the  lon^tudinal,  tha  other  two  £e  lateral 
motion  or  vibration  of  the  particle ;  and  the  relative  distanona  to  which  these  two  kinds 
of  vibration  are  propagated  depends  upon  the  peculiar  constitntion  of  the  mediom. 
When  the  air  is  set  in  motion  by  the  vibratiouj  of  a  sounding  body,  it  is  the  long!- 
todiaal  TibiMions  which  travel  onwards,  producing  a  Muriea  of  compmsionB  and 
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dilatatioDa  of  tlie  air  tHong  tha  line  of  the  mra,  and  thue  motioDi  aJttinatelj  rucMng 
the  par,  produce  the  effect  of  eoond :  the  lateral  Tibrationi,  od  the  other  hand,  apprar 
to  be  atuckly  nztingiiUhed ;  at  all  eveiili,  thej  produce  no  affect  man  the  ear.  With 
the  nbiatioDa  of  the  Inmint&nMia  ether,  however,  the  eaae  ia  eiacOj  raTMsed ;  for,  aa 
will  be  seen  hereafter,  the  phanomena  of  polarised  light  ahow  plauil;  that  the  ttananna 
Tibratioua  of  the  ether  are  the  odI;  ones  which  aftet  our  riaoal  tagaos.  With  r^jtid 
to  maaj  pheDomena,  however,  the  particnhir  diceetion*  i^  tlie  nhnting  partiolea  niaj 
be  left  out  of  conaidentioD. 

Jo  axpUin  more  dearlj  the  mode  of  tninaniiiion  of  the  tnnsrsrae  Tibrationa  of  the 
ether-inolecala,  ta^ttae  that  a  row  of  these  particlea,  a,  &,  e,  d  (Jig.  SIO),  aitnat«d  in  a 
hoBu^neoiu  roediDm,  ia  brought  b?  any  djatorbing  fbrce  into 
the  poaition  a  b'  </  (f .  The  warn  of  the  forcea  whi^  hold  the 
particlea  nt,  n,  of  the  contiguaue  rove  in  their  plaoee  will  then  be  i 
altered.     If  the  iti«placement  itself  ia  amall  in  comparison  with  —- 

Out  diatancea  between  the  molecules,  the  forcea  at  right  angles  •  •  •'  •  • 
to  the  line  of  diaplacement  will  remain  unaltered ;  but  the  ** 

repulsion  exerted  hj  b  upon  a  in  the  direction  of  displacement   •  *■)•      ■'    •"   • 
has  increased,  wlule  that  of  d  upon  n  ia  diminished.    The  same        **    '*      *'^ 
ia  tme  with  reapect  to  m,  and  all  the  particlea  in  the  aame   *      *    ^      *      * 
horizontal  row,  which,  therefore,  aoon  mcrp  in  the  aume  direo- 

tion  as  a,  A,  e,  d.  Tbia  latter  row  of  particlea  ia,  hovsTar,  uned  back  to  its  original 
positioD,  with  a  force  equal  t«  that  with  ifhich  it  aet  the  otber  particlea  in  motioa; 
BO  that  its  Telocity  in  thp  primai^  direction  ia  gradually  deetroyed,  and  it  retuma  ti> 
its  origjnal  poaition,  whiob,  hnwevm,  it  paasea  beyond,  in  coneequenoti  of  the  momentum 
which  it  baa  acquired,  thus  perJbrming  a  aucceaeion  of  amall  nedllations  like  those 
of  a  pendulum.  Similar  oectllatiana  are  performed  snccesaiTcly  by  the  second,  third, 
and  other  rows  of  paiticlee ;  and  if  ^  the  time  that  the  first  row  of  particles,  a  a' 
{Jig.  641),  haa  completed  a  single  osculation,  backwards  and  fivwards,  the  vihraloij 
motion  has  extended  as  &r  aa  £,  the  gv.  nij 

lOWB  of  particles  between  a  tC  and  "' 

h  V  iuchisiTe  will  exhibit  all  pos-  { 

■iUe  phases  of  the  morcmentL  The 
distsBce  a  h  hstwean  two  layers  of 
comapanding  phase  is  the  length 
of  a  complete  ware;  therayra,  '  <  , 
or  the  waT»-BDrbfe  □omul  to  it, 
baTenas  this  diatanee  in  the  time 
in  iriiich  the  row  of  particlee  a  tC  ' 

perfhrma  a  complete  oacillntion.  The  '  .        .       *    - 

greatest  diatance  attained  by  any  > 

particle  from  itii  position  of  equitibriiun  during  the  time  of  a  complete  oscillation,  ii 
called  the  amt>litude  of  the  vibrst^on.  It  ia  proportional  to  the  greatest  Telocity  of 
ihe  particle  during  its  passage  through  its  poaition  of  equilibriuDL  The  intensi^  of 
the  light  is  propoitionafto  the  vit  eftui  of  the  *ibratary  partjdea,  and  therefbra  to  the 
sqnare  of  the  amplitude  of  the  vibration. 

Velaal^  af  Xdgftt.    The  rate  at  which  a  wave  tzavels  through  an  elastic  medinm 
is  a  function  of  its  elastidty  and  density,  and  when  theae  are  known,  as  in  the  case  of 

sound,  the  rate  of  propagatjon  may  be  ealmlsted  a  priori,  by  the  formnla  e  —  _/ ^ 
(sea  p.  41).  But;  in  the  case  of  lifht,  these  elements  are  unknown,  and  therefore 
the  vdodt/  can  (mly  be  determined  by  obaemtion.    The  following  methods  have  been 

1.  By  Ohttnaiiimt  of  the  EcUpti  qfJiipiUr't  Satellitft.—TioM  method  waa  propoaad 

andcarriedout  by  the  Danish  aatronomarRoniBr  in  167S.  He  fbnnd  that,  when  the 
earth  ia  between  the  sun  and  Jnpiter,  that  ia  lo  aay,  at  its  least  diatance  from  that 
[danet^  the  nearest  of  Jupiter's  fbnr  moons  entara  the  shadow  of  the  planet  at  intervala 
of  42h.  as"  Sit*.  Now,  calcelating  from  thia  the  time  at  which  the  lOOth  eclipse  should 
take  place,  observation  showed  a  retardation  of  IS  minutes  bebiod  the  oalculated 
time.  But  in  the  same  interral,  the  earth  bad  travelled  about  half  round  its  orbit,  and 
had  therefore  increased  its  distance  from  Jupiter  by  nearly  half  the  diameter  of  that 
orbit.  This  then  was  the  diatanee  which  the  light  from  Jupiter  had  paasad  over  in 
ISminutea;  and  thence  the  velocity  of  light  was  fouud  to  be  7 T.OOOJeagues,  or  167,600 
geographieal  milea  par  second.  At  this  rate  it  takes  8'  18'  to  reach  ua  from  the  ann, 
4h.  l(r  from  Neptuo^  and  about  10  years  from  the  neareat  flxad  star  (01  Cygnif. 

2.  'BjOe  Abtmiiim  of  ikt  Fiatd  Asra.—The  motion  of  the  earth  in  iu  orbit,  oom- 
tnaed  with  that  of  tha  light  coming  from  the  stars,  causes  them  to  appear,  not  in  their 
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true  pUen,  ^ittt  in  the  diraetkm  of  the  mnltuit  oT  thew  two  motioDa.  ^e  appurot 
poriboDB  of  all  tba  «tan  acr,  kcaordiaglj,  ihifted  in  Uia  dirKtion  in  which  the  aaith  ii 
moTJng,    Sadi  Mav,  in  the  Mwne  of  the  eaitb'i  annual  n 


fUine  lamid  it*  ttM  plaea;  lor  a  itai  jn  the  pole  of  the  ecliptic,  this  ellipeo  it  neiirij 
B  euda'of  90*444*  appHMlt  diatueUr.  The  tangent  of  thia  angle  siTea  the  latio  between 
UiBTelMi^of  light imI that  of  flieMuth  in  iu  orbit;  and  the  latter  being  known  bj 
iiidep(ade>itobMmtioti,the*elooi^of  light  ii  thence  found  to  be  106,073  geogr^^ucal 
uilei  pet  aeoond,  a  naolt  difining  from  that  of  Rdmer  hj  Ian  than  I  per  cenL  It 
mut  aleo  be  obevred  that  BSmer'a  method  gim  the  Telocitj  of  rdlected  light  in  free 
■faoe,  wheraaa  the  abeimtioo  mathod  givei  the  Teloat;  of  direct  light  in  sir. 

S.  Jftuumun'  o/  tin  vdodtg  of  UgU  by  tmaS  ditamxt.—m.  Fating t  nrtioA  A. 
toothed  wheel  hanng  ila  teeth  of  the  aame  width  aa  the  interrali  between  them  ia 
made  to  rerolTe  r^ndlj,  so  that  ita  teeth  maj  pan  ihrongh  a  boun  of  UAt  procMding 
from  a  lamp  or  other  aoqrce,  the  light  being  thna  interc«pt4*d  by  the  teetOt  and  peaaing 
Ihroogfa  odj  at  inlArrala.     Tti*  light  whi^  pamea  between  the  teeth  of  the  wheel  ia 


lellecttd  peipendicnlatljr  from  a  plane  minor  {daeed  at  a  greatdiataoca;  itthenrptnm 

aloDB  the  aam*  path,  and  a^iain  paaae*  between  the  teeth  of  the  whecL    Sow,  during 

a  oceapied  t^  the  lu^  in  bsT^ling  twice  ov«r  the  apaoe  between  the  whert 


and  the  miirat,  the  wheel  wl  hno  performed  a  eactain  part  of  ita  rarolnlion ;  and  if 
it  toina  with  a  due  degtea  of  Talodl?,  the  lif^t  which  haa  paaaed  in  the  fint  inatanoe 
between  two  of  the  teelh  will  ttzike,  at  iq  nton,  mi  the  ^m  of  a  tooth  instead  of  a 
apaoe  between  two  teeth,  ao  that  an  obaerrer  looking  throng  the  wheel  in  the  dirPcCioD 
cf  the  minor,  will  not,  in  that  ease,  perceive  an;  light.  The  time  whioh  the  light 
takee  to  paaa  from  the  wheel  to  the  mirrar  and  return,  ia  therefore  equ&t  to  that  ii 
which  a  tooth  of  the  wheel  moves  into  the  pisue  □     '      '  .      •     .. 


return,  u  therefbre  equ&t  to  that  in 
aue  prcTiDnal;  oocnpied  by  the  apice 
slcoWed  from  the  known  velocity  of 


nukea  t  revolntioni  per  aeoond,  eadi  tooUi  will  paaa  into  the  jUioe  of  the  preceding 
tooth  in  —-  of  a  aacond,  and  into  the  place  of  the  ^Me  next  ptMeding,  in  - — -  of  a 
■eomd.  Fiaean'a  ezptrimanta,  in  which  the  wheel  and  minOT  were  placed  at  a  diitanoa 
of  8638  metres  (between  Tniesnea  and  Hontmartre),  gave,  aa  the  Telod^  ot  light  in 
r,  T8,B41  leagoea  of  4  kilranebea  each  per  aaoond.    Bomer's  method  gave  77,000 


of  Boond  of  evny  pite£)  trsTef  with  the  vme  velooi^.  T^  oonduaion  mav,  howanr, 
be  re(|arded  aa  eatabliahed  by  the  bet  that  all  the  itara,  whatever  may  be  their  eolonr, 
exhibit  eqnalabeRatioD,  which  oonld  not  be  the  caaeifl^a  of  difflient  colour  tnvelled 
with  different  velodtjee. 

$.  By  fWOM  of  a  BtvohiM  Jftnw. — Thii  method,  pn^oeed  by  Ara^,  and  carried 
ont  indq>endsntlT  by  Foucaolt,  and  by  Fizean  and  Bregnel,  ii  eimiUr  in  principle  to 
that  by  which  Wheatatone  determined  the  velocity  of  electricity,  and  offbidi  the  meana 


.-,  n,  capable  of  revolving  on  a  vertical 
m  the  line  S  S,  which  reflects  it  to  «',  a  point  aymmetrical  with  8', 
At  thia  point  ia  pUoed  a  concave  i^teiic^  minor,  M,  whoa* 
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c<^tN  at  Bgaxe  is  in  a.  The  light  Uling  od  this  mimn'  U  rcflrctsd  bick  icijn  along 
the  moe  path,  io,  to  the  plane  minor,  mn,  which  again  raflacta  it  to  8  in  a  Snta  coin- 
ddiiu  with  the  incidnit  light,  Thii  will  be  the  case  in  all  poaitioiu  of  the  miiror  n«, 
TooTUed  the  li^it  ii  nAeet«d  from  it  to  U.  Aa  tb«  iow^  thus  aent  badi  to  S  would 
IM  confinnded  with  the  {ooideiit  beam,  an  luuilvered  p^e  of  glaw,  ai,  is  placed  is 
■och  a  pooitioi^  that  the  light  blliug  upon  it  in  Ibe  dtrrction  oS  may  Iwputlj  reflected 
to  «,  when  it  m^  be  oba^red  b;.  an  eTS-pieoe  ^uniihed  with  a  vertieBl  wiie.  If  the 
miim  mn  be  made  to  revolve  dov^.  aji  eye  placed  at  *  will  aee  the  inui^  i^  the  line 
ot  light  at  interrala,  bat  if  the  miiTor  tnikee  noTe  than  10  tuma  in  a  eecond,  the  image 
will  be  aeen  contiDiloiuIj ;  and  if  the  eje-piece  be  a^jnated,  ao  that  the  image  ahdl 
emneidB  villi  the  win^  whoi  the  nuiror  makea  from  SO  to  30  lerolutiona  per  eecond, 
it  will  be  seen  to  deriate  in  the  direction  cd  the  lotatioii  when  the  rate  la  incrcAaed 
to  aeTCnl  hnndred  tmna  pec  neosd ;  H,  fcr  examri^  the  mirMv  tuna  in  the  direction 
of  the  txtow,  the  image  will  be  diaplaced  from  Sto  B,  oi  from  a  to  r.  The  eauae  of 
'*"■  ""  '  "         -  •   -   -  -  ■      -■   e  to  rOTolve  thMogh  a  aenaible  angle, 

ng  from  oU>/  and  ftom  j'  to  o,  ao  that 


n  be  the  number  of  tonu  performed  bj  the  mirror  dm  in  a  sacond,  and  F  Ihe  vekKdtf 
of  the  li^t.  The  mirror  om  having  moved  into  Ihe  poeition  si'it',  bj  the  time  tbnt 
tliB  ray  rdleetad  ttom  H  retunia  to  it,  the  deviation  would  be  einial  to  the  angle  SuB, 
if  the  raj  were  not  deflected  by  the  Una  eK,  or,  which  romra  to  the  aame  thing,  if  the 
point  e  coincided  with  o.  8n[^ioaa,  flrat,  that  thia  ie  the  case  ;  then  the  angle  SoR  ia 
oqnal  to  twioe  the  an^  a,  thMogh  which  the  mirror  levolves  during  the  time  oeeni^ 
ty  the  lit^t  in  paaiing  over  the  apace  Zm'  —  ST.  Thia  time  i»  -^,  and  eiikce  the 
Mirror  makea  n  tnma  in  a  aeoond,  the  angle  ■  ••  -w-.  The  angle  of  defieotioa  of  the 
ny  ia  tlieielbre  -p-,  and  tha  «0Tr«*pmdii^  am,  whose  radios  is  o8  —  r  ■«-  ^  ia 
J    -    !..!,.a    .     '"^j,"'). 

Bat  the  nfleeted  ray  ia  actnan;r  deflected  by  the  lens  K.  Draw  S'n  thnmgh  th* 
optic  centre  e  end  the  point  R',  wluch  ia  the  image  of  i*  in  the  mirror  mV.  The  imaco 
ot  B',  fbnned  by  the  Una  E,  will  than  be  at  ^  and  the  angle  of  deviation  will  be 
8eB  o  >.  Now  the  txiangea  oB'S',  OB'S",  give  ain  B'cS'  -  sin  I  -  ^  _^;  and 
do  ICaff  -•  «ln  2a  —  -r-  Hence,  replamng  the  angjes  (which  are  jtry  small)  by 
their  sines,  and  sittatitnting  for  3a  its  value  -pr,  we  Snd  I  —  .,  .    j,   ;   and  fbi  the 

areSB  m.  D  -  Zrrt: 

„  Swrtir       .  _  awPnr 

"   -  WTT)'  "'""»  "^    -   JjTTTj' 
ft  formula  which  f^ves  the  vdocily  of  light  sa  a  ftmction  of  the  deriatioa 

Hie  aame  met^  servea  alao  to  meaanre  the  velocity  of  light  io  water  or  any  other 
liquid,  a  tnbe  T  containing  the  liquid,  snd  dowd  at  the  ends  with  flat  glasa  p1at«, 
being  interpoaed  between  the  mirror  mn  and  M'.  As,  however,  the  li^t  woold  be 
refruted  by  the  liquid,  and  therefore  the  focna  would  not  fidl  on  H',  a  diverging  lena 
ia  [daced  at  L  to  oompensate  for  the  deviatioD  thence  aiising. 

Moreover,  as  the  oolunm  of  water  dace  not  occupy  the  entire  spaoa  between  the 
mirrors,  the  Telod^  calcalatad  as  above  from  the  obsOTved  deviation  ia  only  the  mean 
Teloci^  of  light  in  a  space  ocenpied  partlj  by  water  aitd  partly  by  air.  ZiCt  U  be  this 
mean  velocity ;  is  and  a  the  epacra  occupied  by  the  water  and  «r  respectively ;  V  and 
F  the  corresponding  real  velootiee.  He  times  occupied  by  the  light  in  tzavening  the 
•pacaa  a  and  v  an  ^  and  «,  and  the  whole  time  ia  — _«, — .  Hence,  dividing  tl|e 
total  qiBCe  a  +  <B  by  the  tinu^  we  And  for  the  mean  vslooily : 
^  FTic+iB) 

atr  +  vV 

^    "  (o +«.)>-<!  ir 

By  this  method  it  is  found  Hiat  the  velocity  of  ligjit  in  w«tw  ia  less  than  In  ab,  a 
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fMQit  wtilch,  w  will  be  *«n  bramlW,  ie  in  AceordaDM  with  the  wnvf-thtorj,  while 
it  m  directly  c^ioeBd  lu  thu  which  would  toUow  trom  the  Oxorj  of  emisiiaii. 

iBMpaltr  •(  Ufkt.  ^Hh  iDtauily  of  the  light  raravvd  by  s  >nHk(»  ftom  iinj 
f^Tm  •anna — that  ia  la  taj,  the  qnanti^  of  light  receirsd  hy  m  nnit  of  the  wazftct — 
dapandi  partly  oa  iti  diitanee  trma  that  loaKe,  partly  as  the  obliqni^  at  which  the 
light  lUla  upon  it. 

1.  7%*  iHleniiiy  of  l'g\t  manaiing  from  a  point  miru*  ittterielf  a*  tie  (jomw  of 
(Jb  duttmet.  For,  u  the  andnlationi  axdted  by  the  Inininoni  sonice  tiaTal  with 
equal  velocity  in  nil  direotions — mppoaing  the  mediDm  uniform — Ihn  may  be  re- 
garded as  iprrading  out  in  eoac«9tno  Bpheriol  larfuwe  of  ouutiDuiUy  ioeraadog 
magnitude :  and  ai  theee  nu&ce*  are  to  one  aaotber  u  Ihe  aqoaree  of  their  ndii,  it 
follewa  that  the  qnantily  of  light  rmeiTed  bv  a,  unit  of  mr&ee  will  rmrj  iuvenndj  a> 
the  aqnare  of  the  ndioa  of  the  tphrre  of  which  it  linma  a  part — that  ia  to  aay,  aa  the 
■qnaie  of  its  dietaaca  ftom  the  himiuoai  poiot. 

If  thp  Inminooa  body  ia  of  finite  dimenaioiiB,  din  ptMedioff  law,  betng  ^iplieable  to 
the  light  emanating  from  each  point  of  ita  anrftcc,  mDHt  likewiae  hold  good  with 
Knrd  to  the  whole,  proridnl  the  body  ia  •uAoientlj  diatantto  admit  of  all  ita  poinla 
bang  regarded  as  e^ully  diatant  from  the  illuniDMl  earbce ;  and  aioca  the  wppereot 
dianietFr  lariea  inrenely  aa  the  diatancvt  t^  iitiaititji  of  tin  Hgil  leiil  eonr  in  lUrtet 

..-_  J.  ^.. *  ^i J,- — . J  yjg  i^parmt  nrfaa  of  tf" 

inical  angle  of  a  i 

„  *. 

It.  TltttnttntUgof  tJuligidTtcemdbsmsmrfiKevarimBtilueoliiui^iluoitgU 

■dUcA  the  incident  ra^  make  vritlt  the  normal  to  thai  turfaoe.    F(»  mppoee  ±  a 

ifig.  648)  to  be  a  portiMi  of  the  illmninated  aniface,  eo  unall  that  the  nji  foiling 

upon  it  may  be  regarded  aa  paiallcL    The  qoaji- 

Fig.  M3.  tlt^  a  light  received  by  A  B,  ia  the  same  aa  that 

which  would  &11  on  ita  projectioD  B  C,  on  a  plane 

I  peipendicularto  tbedirection  of  tfaemya,  and  Oiare- 

fore  expoeed  to  their  full  effect;  beaw  the  intenaity 

of  the  light  foiling  on  [heee  two  BUrfacea  ia  invenely  aa 

theirareaa;biitBC-AB.eoaABC.Aaa)aSBN, 

the  an^  which  the  incddent  raja  make  with  the 

normal  bK. 

8.  neinlentils/offhtHffhtaiiaiiatmgfTonaieff- 
hntninu  tvrfaa,  U  jyrvjiortionai  to  the  eotiiu  of  the 
angle  tehieh  the  rayt  make  loiih  the  normat.  Thia 
proportion  mnj  he  demonatrated  in  a  eimilar  manner 
to  the  preceding,  and  the  reault  may  be  rerified 
by  looking  thmogh  a  amaD  aperture  at  an  incandeecent  aurfaee,  aa  that  of  red-hot 
iron,  and  inclining  it  more  and  more  to  the  direction  of  the  raya  proceeding  &om  it  to 
the  rye.  In  acc^dance  with  thia  law.  it  ie  fiiuud  that  the  brightoeaa  of  a  Inminona 
anrfoop  ia  independent  of  ita  form  and  of  ita  poaition  with  regard  to  the  Tiaital  raje, 
the  impresaion  produced  by  it  on  the  ejf  being  the  nme  aa  that  [oodiiced  by  a  plane 
'  le  of  equal  intrinaic  Inatre,  whidi  ia  the  pngection  of  the  loiginal  aoiittce  on  a 
perpendicular  to  the  Tianal  raya :  a  red-hot  baU,  for  example,  eeen  from  a  diatance 
joat  like  a  flat  diac 


L^, 


Omtpttrimn  of  the  Intetuify  of  fuo  LUfnUttoui  Botavet :  PaumMwiuT. 
The  eye  ia  not  capable  of  jndgitig  directly,  with  any  great  approach  to  accuracy,  of 


o  lighta,  but  it  can  pcneiTe  with  great  nicety  whether  li 
_        ma  of  the  aama  anrfooe  are  eqnaUy  iUuminated,  or  '  '  '' 
ro  conCiguona  ahadowa  have  or  h»Te  not  the  aame  depth.    On  thia  principle  i 


if  the  inatnunenta  called  Pioiomeltn,  fbr  meaanring  the  relatiTO  inten- 
■i^ctdiffertnt  aouicea  of  light 
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ta  Ten  exact  nmlti  in  uunj  e*MB ;  but  in  aiipljuig  it  ta 
rmine  tliB  rdab're  tUimiuiBtiiiK  power  of  s  B&s-Sane  and  a.  candle,  a  d%ailtf 
■  from  die  diffivent  eolonnof  the  t«o  abadom,  Uut  of  the  saa  beiiw  blniali- 
m,  while  that  itf  the  caudle  u  yiJloimh-liroirn.     In  all  ench  caeea,  Bmiaen'* 
{ibotometer,  whoae  indicatioDs  do  not  depend  i>n  depth  (rf  ahadow,  is  mush  mem  imii- 

Bnnaan'a  Piodmefer  conriita  i£  a  acreen  of  Uiin  writing  paper  atretchnd  od  b 
fnune,  and  aatmatedwilli  aaolatioii  of  ipeimaceti  in  oil  of  tmpMitiiie,  eioi^t  a  spot 
in  the  eentie  alxmt  the  liia  of  a  ahiUing.  A  light  of  coaataut  uitenti^  being  placAd 
at  a  fixed  diatance  behind  the  icreeD,  tlu  nngnwed  tpM  ^ipean  daAer  than  the  rest 
of  the  Mreen.  One  of  the  lif^ts  to  be  compued  is  then  placed  in  fnint  of  the  icreeu, 
BO  that  ita  reflected  np  may  be  added  to  the  li^ht  tisnimitted  ft<»n  bfbind,  and 
a^jnited  ao  that  the  nnenaaed  niot  shall  be  illunuiutedjiut  se  mnch  as  the  net  of 
the  ani&ce,  and  shall  ttncfbte  be  no  longer  nsible.  Tbis  wiH  be  the  case  ndirn 
T  *■  r  ~  I  +  S,  denoting  br  T,  t,  tLe  qnantities  of  li^ht  transmitted  b;  the  nn- 
eoverad  part  of  the  ecrera,  and  the  part  eoTered  by  the  disc  TwspectiTeJ;,  and  by  R,  r, 
the  qnantitiea  reflected.  A  predsely  dmilaT  expenment  being  then  made  with  the 
other  sonrae  of  ligh^  the  intensities  of  the  two  will  be  to  one  another  a*  the  aqnarca 
of  their  distance  from  the  screen  at  which  thf  disappeaninoe  of  the  disc  tnlin  place. 
Bometiniaa  tlle  greaae  ia  applied  only  to  a  small  eirciilar  spot  in  the  centra  of  the  screen, 
which  then  tnnsmitB  mor«  light  than  the  rest  of  thr  snrfuce. 


e,  and  set  in  motion  bj  clock-woric  at  a  nnifonu 
icoud.  If  it  be  then  illamiaated  by  n  constant 
source  of  light,  snch  as  a  lamp,  it  appears  of  a  Dniform  ^j  tint,  in  conEKqaence  of 
the  duration  of  tbe  risoal  impiessian  on  the  e;e.  But  if  it  be  illuminated  hj  an 
initantaDeous  light,  such  as  the  plectiic  spark,  the  bhick  and  white  sectors  beconi* 
distinctly  visible,  and  appe&r  as  if  they  wrrn  flied,  because  they  hare  not  time  to  mov* 
through  a  sensible  angle  during  the  eiCreraely  short  interval  for  which  the  spark  con- 
tinnes.  If  now  the  intensity  of  the  light  afRiraed  by  the  spark  be  gmduaUj  diminished, 
as  bv  remoring  it  Is  a  greater  distance,  the  source  of  constant  ugbt  still  remaining, 
the  inerease  of  illnmin&tion  which  the  spark  affords  to  the  disc  ultimal^y  becomes 
too  feeble  to  render  the  Bectors  risible,  so  that  the  disc  still  eontinnes  to  exhibit  a 
nnifonn  grey  tint.  Tbe  relatire  intfoiiilini  of  the  CQuatont  and  instantanrons  lights 
at  which  this  limit  is  attained,  evidently  depend  upon  the  number  of  the  secton  and 
the  reloci^  of  revolalion. 

The  relative  intensities  of  two  olectric  spariu  are  as  the  sqnarea  of  tbe  distanoes  ta 
which  they  mast  be  removed  from  the  due  to-  canse  the  sectora  to  disappear,  while 
the  disc  is  illnminaled  by  a  constant  light.  On  tbe  other  hand,  to  nse  tbe  inatfoment 
fiir  comparing  the  intanaitin  of  two  cuntinnons  lighta,  a  sacceesion  of  electric  *pvh 
ia  made  to  pass  is  front  of  tKe  disc,  and  one  of  the  constant  lightt  is  siade  to  af^raich 
it  till  the  sectors  cease  to  be  diatingnishable.  The  asjne  experiment  being  (hsn  made 
with  the  other  light,  the  intensilies  of  the  two  are  as  the  squares  of  the  distances 
UioB  determined. 

By  means  of  this  instrnmsD^  M.  JUasson  has  demonstrated  the  following  laws  re- 
lating to  the  intensity  of  the  electric  light,  I.  11  ii  propcrtioncl  to  the  coated  mrfaat 
by  (M  ditchan*  of  mhich,  at  a  ooniiatit  diiUmci,  the  tpari  ii  prtidtuni.  2.  It  it 
inetrttly  at  tM  dittanee  bduetn  thoie  turfaai,  or  a*  the  tiieiittM  of  the  Jar,  S.  It  is 
proportional  to  the  tguare  of  the  ttrikit^  diitanee.  i.  The  quantiiia  of  tight  in  the 
iparii  art  proportion^  to  lie  {uonAfus  of  heat  developed  tn  a  wire  forming  part  oftht 
tame  eircvit. 

General  rttulit  of  pholomttrie  obeervation. — 1.  By  comparing  the  qnantilica  of  light 
emitted  by  the  same  number  of  fiames  in  dlilerent  [elbtiTe  positions,  it  is  found  £at 
Same  is  perfectly  transpaient ;  in  f&ct  the  luminous  effect  of  a  series  of  nindles  placed 
side  by  Hide,  is  the  same  whether  they  are  arru^ed  in  a  line  perpendiculsr  or  paivllel  to 
the  direction  of  the  rsya.  In  like  manner,  a  flat  gas-fiame,  like  that  of  a  bat's-wing 
burner,  givea  the  same  smonnt  of  light  in  hU  directions. 

2.  It  a^qwars  from  observations  l^  Boogner,  made  with  Bnm&rd's  photometer,  that 
one  of  the  shadowa  thrown  by  lights  of  equal  brightneae  disappears  when  one  of  theae 
lights  is  placed  8  times  as  far  from  the  screen  as  the  other — that  is  to  say,  when 
the  nearer  light  illnminstea  the  screen  64  time*  as  stnmgly  as  the  other.  Hence  it 
appears  that  light  emanating  from  any  source  becomes  imperceptible  in  preaenos  of 
another  S4  times  us  stroiw ;  the  disappeaiancs  of  the  stars  in  daylight  aluiwB,  there- 
'-  *'-  t  the  diS^ised  li^t  of  the  ^th's  atmoqihere  must  be  at  least  M  timet  m 
''  -'      ^t  to  ua  from  any  of  ths  stars. 
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combined  flune  ii  OMter  tliaii  the  •nm  of  Ae  intouitica  of  the  ieponte  SsmM.  Thii 
rtlectt  ftnt  obserrS  bj  Fnakhn,  appean  to  be  doa  to  the  Incrauwd  tampacBtore  *t 
the  fwt  where  the  flamee  ovedap.  BoDlfiKd  Ibimd  that  a  nnmbei  of  BiX  cotton  widu 
impiepMUad  with  oil,  gave  a  much  gieat«>  eawant  of  liglit  wh^D  they  wece  [daced 
ti^Bthec  needy  in  ooatac^  tJlan  irilen  th<7  w«n  ieparalad.  On  the  aamc  principle^ 
Arago  and  Fraanel  have  conatcncted  lamp*  for  %Qt-boiu«B,  in  which  a  nnmber  i^ 
DODcenfanc  wieka  are  anansed  with  muH  apaMa  between  them,  thioii^  which  a  car- 
Tent  of  aiz  ia  made  to  paM  %  thedisOghtofacIuDuie;.  The  flame  being  tranqiarait, 
a  eomideiaUe  amount  of  light  ia  thna  obtained  within  a  smalt  tpuw. 

4.  ^a  photiwnrtria  aMlwd  aarrBa  also  to  determine  the  iUamiaatJng  eoniTalenta  of 
diAnnt  hf^t-ginng  materials.  BomJnd  tbnnd  that  100  pound*  of  wax  bornt  in  the 
lOttB  of  a  taper,  vera  equal  in  liaht-eiTing  power  to  101  Iba.  ^  tallow,  if  the  candlea 
wen  well  ■nnfbd.'imd  229  Ih*.  if  the  wieka  were  allowed  to  grow  long;  to  100 It^ 
of  oUra  oil  burnt  in  an  Aigand  lamp,  and  IIS  in  a  lamp  biniing  wUnont  amoke; 
alao  to  1I£  lb*,  of  npe  oil,  and  120  Ibe.  of  liuaeed  oil  in  a  c<Hnmon  lamp.  Fielet 
ealculated  the  tbUowiue  table  of  the  expnue  perhonrof  varioui  modm  of  illumination, 
fielding  a  qoantitj  of  light  eqnal  to  tlMt  affonied  bj  a  gu-jet  homing  at  tha  nte  of 
S  eentimee  p«i  hooi : 

Csnellamp     , 

Cuidle  of  B2  g] 

Candle  of  10  gi 
It  ap^Hiifr' 

matenala.    1    .  .       ■  ■         = 

of  ail  to  the  flame,  the  fbrm  of  the  wick  or  bnmer,  and  the  length  of  the  flame.  For 
munaniiia  detetminatiani  of  the  i!lnminatjng  oqmTalente  <rf  Tanont  kinda  (rf  g>M,  and 
other  li^t^Ting  nibatanGea,  aee  Ur^t  oSt.  ^  Artt,  fo.,  aitidea  C0U.-OU  (L  7M) 
and  lucwHtTiav  (ii.  493). 

When  two  or  mora  WBTea  paai  orer  the  sune  part  of  a  medium,  each  of  them  aS^ed 
theparticlea  of  the  medinmdifltarbedbjtlie  other  joataa  it  wonld  have  aftbcted  theaame 
pArticlea  in  a  abtte  of  nat.  Coneeqiientl;,  the  atale  of  an  j  particle  ad&oted  hy  the  two 
wBTca  at  once,  will  be  the  same  as  that  which  would  hava  reanltod  if  it  had  beta  first 
diatorbed  bj  the  one  ware,  and  then  the  second  had  acted  npon  it  while  in  that  dia- 
tnrbed  state.  Thna  the  htdgfat  of  Che  tide  ia  fonnd  bj  calculating  the  heiglita  to  which 
it  would  be  raised  bj  the  sun  and  b;  the  moon  acting  separately,  and  tuing  the  som 
or  difhrenee  aa  the  ease  may  be. 

Suppose  now  two  wKTea  of  equal  breadth  and  intensity  (equal  height  in  the  case  of 
water)  to  proceed  from  the  same,  or  nearly  the  same  point,  and  teiTel  onmrdi  one 
after  the  other ;  then,  if  they  mnet  in  anch  a  manner  that  the  phasee  or  altemationa  of 
the  one  coincide  with  the  phasea  or  altamaliona  of  the  other,  Ae  result  will  be  a  com- 
poond  ware,  hanng  the  som  of  the  intensities  of  the  separate  waves ;  thie  will  be  the 
ca«e  if  the  paths  along  whieh  thej  traTsl  befbre  meeting  are  of  eqnal  length,  or  if  ona 
exceeds  the  other  by  any  exact  number  of  whole  nndulauona,  a*  in^.  64t ;  but  if  the 
phaaaa  of  the  one  are  exactly  opposed  to  the  phaan  of  the  other,  which  is  the  case 
Fig.  644. 


when  Iha  one  wave  is  behind  the  other  by  anjy  odd  nnmbci  of  balf-unddlatiMi%  aa  in 
fy.  64S,  a  wave  will  be  iat>duaed  whose  intensity  equals  the  difference  of  the  inteosiliea 

fig,  64e. 

of  the  aenBMt*  waves,  and  if  tbeae  are  equal,  the  vibraloiy  motion  will  he  completdy 
deetrojed  and  the  particlea  of  the  medium  bronght  to  rest  along  the  lAole  line  of  the 
combined  ws<rea.    If  the  paths  of  the  two  vravea  do  not  diffir  by  any  exact  number  of 
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greater  than  the  diffimnce  of  tha  nparate  tbtm.  Thi*  eorapontion  or  (oparpontioa 
of  oaeUlatioiu  U  called  Intrrfateiica.  In  older  that  it  ma;  take  pkea  along  a  whola 
line  of  WBTB,  it  u  clsar  that  the  componeiit  mrea  niuat  he  of  the  aane  breadth,  and 
that  tfaej  miut  proceed  from  polnia  raj  near  each  othn,  otherwiae  disir  patja  arill 
intmeet  onlj  at  iaolated  points. 

Let  D*  DO*  enqniie  whetber  these  prindples  are  ap^ieable  in  the  ease  of  light.  If 
Ught  conoala  of  imdnlatians,  and  these  nndnlatioitt  are  goremed  b;  ordinaty  ms' 
chamrnl  lavt,  it  mnat  follow  that  two  mjs  of  tight  may  mret  oae  anotba  in  noh  a 
manner  as  to  eoanleract  each  othei'i  aetjon  and  prodaee  daAnaM ;  andaooh,  i&fiaet^ia 
(bond  to  he  the  case. 

Sappose  I,  m'  {fig.  64S)  ta  be  two  ladiast  pointa  nr;  gIosf  lanther.  and  pndaoiDg 
in  the  luminiferoua  ether,  waxes  of  the  ania  length  (of  i«d  li^it,  for  uampls)  and 
alWHji  in  the  aame  phas«  of 

Tibiation  at  the   iaatant  of  ^V|^.  M6. 

•tarting  frnm  th«e  poiota. 
Imagine  aUa  two  seriea  of 
spherical  mTe-enrfsces  har- 
ingthepniule  j,  i' for  crnbes, 
and  with  radii  iauTvaeiag  nic- 
cesniTelj  by  half  the  length 
of  a  wave  —  -=.  These  eur~ 
nues  will  nit  the  plane  of  the 

Which  will  intenect  one  ano- 
ther in  the  manner  ebown  in 
thefignre,  in  which  each  two 


a  dotted  line,  are  a 
by  the  internal  ^  and  eatji  ~ 
pair  of  altenats  area  (both  ~ 
full  or  both  dotted)  by  the  ~ 
inlerral  A,  or  a  whole  imdnla- 

Coneider  now  the  point  a,  situated  on  the  line  Aj>,  drawn  perpendicniar  to  u',  tfaroogli 
its  miitdle  point  A.  The  two  njt  M,  tfa,  bniDg  of  eqiul  length,  are  in  the  same 
phiiee  of  vibntion :  eonseqaentlj  their  inlemitjea  will  he  added  to  one  another  and  will 
produce  increased  light,  and  the  same  effect  will  be  Dfodnoed  at  e,  e',  and  at  all  the 
wterrectioos  of  the  continuovu  arcs,  where  the  difference  in  length  of  the  im 
proceeding  from  the  points  «,  *'  is  eqoal  to  anj  mnltiple  of  X  ot  to  any  even  mnlti^ 
<lt  =.  Bnt  at  n.  n'  or  anj  other  intenwctiolis  of  a  eontiunons  and  a  dotted  are,  wheta 
the  difibnuioe  in  length  of  the  raja  tn,  a'a,  &a,  is  eqnal  to  •<  or  any  odd  mtdUple 
thereof,  the  rajs  are  in  oppodte  phases,  so  that  their  Tibrations  act  against  one 
another,  and  ue  amonnt  of  loht  at  those  points  is  less  than  it  wonld  be  if  only 
one  of  ike  raja  arrived  there.  The  distance  between  the  points  s,  *'  being  nv;  tmau 
compared  with  A  a,  the  imrtkce  ane  is  Tery  nearly  plants  so,  that  if  a  whit<  acreen 
be  placed  there,  a  ■neeeenon  of  hnniiicva  pmnta,  a,  e,  c*,  &a,  will  be  famed  apmi  it 
sepacatsd  by  dark  mcee, «,  n',  && 

Iflhesoarceai,  J,  inateed  of  being  laminoni  points,  are  lines  of  light  peipeodicnlar  to 
the  plane  of  the  flgiue,  a  aeries  of  dtemate  b'^t  and  iaA  bandi,  or  fringea,  will  be 
produced  parallel  to  tboee  lines. 

The  eondidoiu  eesmtial  Ibr  exhibiting  these  dieela  tre,  that  ths  two  huninons 
Bonrcea  (,  a'  shall  he  Teij  near  one  another,  and  that  the  waves  emanating  from  them 
shall  always  be  simnltansonsly  in  the  same  phase,  llieae  conditions  ars  moat  easily 
fulfilled  by  the  following  arrangement  devised  by  Fresnal : — 

A  beam  of  light  entering  through  a  rectangular  slit  in  the  ahntter  of  a  darkened  room. 


and  pasaing  through  a  plate  of  nd  glass,  is  condrosed  at  8  to  a  *eiy  fine  line  of  lidi^ 
by  Bcyliiu&icallensLL;^'-  Bifl)of  rery  abort  focas.  The  raye  there  imas  eaeh  other, 
and  fall  npon  two  plane  mirmra  Isi,  Im,  placed  l<^etheT  at  a_Tei7  obtoae  an^e,  and 

r  reflection 
points  a,  f*. 
nonbting 

byGoogIc 


having  their  line  irf  intersection  pandlel  to  the  line  of  li^t.    The  ray*,  Ktttz  reflection 
*  "'  ■        I,  noceed  as  if  they  had  mioinally  i         '   * 

ali^  to  the  pinot  S,  behind  each  of  the 


fiom  these  mirron,  noceed  as  if  they  had  miginally  iasned  from  two  points  a,  f*. 
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pland  IMUI7  In  mm  plane,  tht  pdnti  «  ^  ue  yvj  dose  togMher,  w  that  til  the 
coDJitionB  ire  MAllad  tat  th«  prodnetioD  of  b^t  taA  duk  binges  on  the  ktmd, 
u  above  dcacribed. 

iMtMd  of  nSacting  the  li^t  ^tergtaa  from  8  from  hro  plane  inimn,  it  11117 
be  auids  to  mm  thnragh  a  glaw  pncm  tuning  a  TB17  lain  ivfraetiiig  ta^ia.  Thb 
fringM  tito,  tnftitatl  of  baiog  nociTed  on  >  acreeo,  mar  be  Tiaved  throng  ■  teUacopa^ 
Bad  tlMir  ai^nlar  Imailllia  MtiBatad  by  murometiual  nuMnremait. 

ff  tilt  Uam  of  light  fnc—dmgfiom  muof  Hit  foiaU  t,  *,  b»  inUniftti,  lit  wJuU 
ef  a>  fiiogt*  duaffimr,  and  the  U^  ftom  tlia  otbtr  Nuea  pndiuM  »  miftn 
''  «  Ml  the  BcnM),  plainly  ahowing  that  thefriogM  are  pmdneed  17  thaeowt- 
nMof  thei^apxtoaadingbontlutwo  nacea. 

.      a  ^  lie  UttgOi  ttf  U<  mm*  nf  %U_Tlu  lavadtba  of  the  fiingea 

haTiDg  bean  MeertaJaBd,  *a  ibora  deaeribed,  an  tMy  calculation  givea  the  lengtlu  of 
the  vanaof  the  putietJai  light  I7  which  they  we  prodnced.  'infy.  61A,  the  length 
of  the  iraTe  *•  ia  (qa»I  Ut  the  diatanee  to.    Now  the  corriliDeai  tnangle  ate  nuy  be 

tegeided  ■■  a  right-M^led  tiiangle,  adioae  hynothi  

centn  to  the  &it  bn^  lateral  (Mnge.     Horec    _.  ._.  __, 
■le  eqnal,  IweaiiM  theii  lidM  ue  recpectiTe];  popnidicalai  to 

X  -  1  ain  >. 
Hence  ta  obtain  the  Tilne  of  X,  it  fa  tnflldent  to  meaanie  the  an^e  jo/  with  a  re- 
peativ  dide,  and  the  diatanea  ae  with  a  mioometei,    A  mon  asMt  moda  c<  dater- 
minatuo  will  be  deaeribed  henaftar. 

The  length  X  ia  proportional  to  the  diatanoe  so,  Kow  the  breadth  of  the  fHna;ea  ia 
li>Dnd  to  be  neeteat  in  rad  tmd  leaat  in  Tiulet  light,  and  of  intennediate  breadtha  for 
the  intvmf£ate  eidtran  of  the  apectrom ;  hence  alao  it  followa  tbat  tit  Imfftiu  of  tit 
vaoM  are  grtateit  m  nd  and  Itait  in  wiolet  l^it, 

niefinmola  A  •■  -,  in  which  «ia  the  Talod^  of  light,  andii  the  nnmber  of  Tibnt- 
(ioni  p«ir  aaeond,  ihowi  tliftt  the  Tibratioiia  are  moat  rapid  in  Tiolet,  and  leaat  i^nd  in 
Md  light. 

The  length  of  the  wave  and  the  rapidi^  of  vibration  of  the  particlee  of  the  ether 
determine  the  colour  of  the  ligh^  jiut  M  the  length  of  the  aound-waTe  and  the  rata  of 
Tibrationa  of  the  paitielea  of  the  air,  determine  Uia  pitch  of  aonnd. 


FbudlhM**Bd 
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— ,  which  givea  the  brnidth  of  the  ftingee  In  teinu  of  the 
n,  ehowi  that  for  each  colour  they  ate  brooder  in  propo^ 
.    If  it  is  too  large,  that  is,  if  the  dietiince  j  j'  is  too  great 
ID  proportion  to  ^  a,  the  friiigea  disappear  altogether ;  tbey  are  *tiU  vieible,  howertr, 
when  thia  angle  haa  ■  ma«utnde  of  eeveral  degten. 
"  le  fknngea  b^nff  of  dilbrent  breadth*  in  the  difltrent  adonred  ligbti^  and  white 
,»a^h*re«S«V -'     -    "  ■ "--     ^  ■ 


vaTe'leikgth  end  the  angle  • 
tion  M  t£at  angle  ia  amallfr. 


light,  aa  w 


a  be  ihown,  being  a  miitore  of  all  the  edonn  of  the  ^lectmn. 


.__  .  "    -    ,  .  *  ain^ly  bright  khA 

dark  sltanate^,  bnt  exhibit  a  enoceaaion  of  colonra  produced  by  the  combination  of 
the  simple  colonra  in  Tariona  prnpartions,  and  not  eeparated  by  any  abaolutelj  dark 

Moreorer,  theae  coloured  fringes  are  mnch  leu  nnmeroni  than  the  mmple 


another,  aa  their  diitunce  irota  the  ceotM  ii 
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killed,  luiil  i«aodDce  white  light     Even  the  nmple  fringea  formed  i: 

light  bfcome  1pm  utd  Ina  diatmct  ar  *^—  -"-^-  ' "—  — >~   — ' 

appear  vheii  the  different  bptveen 

equal  to  a  cert&in  nmnbcr  of  h&lf-andiilBlicuis.  The  caDU  of  this  disappearance  is, 
that  the  light  used  in  the  eipraiment  is  neTer  absolutelj  homogeneouK,  and  that  the 
want  of  pCTfeet  eqnalttj  betnen  the  lengths  of  the  WMvee  which  eompOBe  it,  nltimatslr 
tnakM  itaelf  peieeptibUi,  the  fiingea  of  different  breadUu  overlapping  and  effiuing  each 
Dther  in  the  same  mannar  aa  when  white  light  ii  used,  thoosh  at  a  much  greater 
dietanee  fmn  the  centre.  WhateTer  kind  of  light  'a  emplojei£  the  Mnges  are  more 
diatinet  and  numeroiu  in  psopottioD  aa  the  lino  of  Lght  ia  namiwer,  provided  it  be 
wide  enodgli  to  give  the  required  amount  of  illumination ;  for  it  ii  erideot  that  a 
brood  aperture  ma;  be  regarded  aa  a  number  of  narrow  ooea  pUced  aide  b;  aide,  each 
prodncing  ita  own  aet  of  fiingea,  which,  ai  thej  do  not  coincide  in  position,  will  orerlap 
and  e&ce  each  other  more  or  leea  completelj. 

If  a  TBIT  thin  plate  of  glass,  mica,  Beienite,  or  other  transparent  substance  be  placed 
in  ftcnt  01  one  of  the  mirrora  {fig.  646),  no  that  the  rajs  proceeding  from  one  of  the 
points,  (,  (',  shall  be  obliged  to  pan  throogh  it  before  reaching  the  scroen  or  telescope, 
the  whole  of  the  fringes  will  be  displaced  towards  the  side  on  which  the  tranapuent 
plate  ia  sitnated,  so  t£at  the  central  fringe  a  will  do  longer  be  opposite  to  A.  Suppoee 
the  displacement  to  be  towards  the  ri^t  of  the  flgnre;  then  the  line  I'a  will  be 
ahorter  than  *a.  Nov,  as  the  two  rajs  forming  this  central  fringe  most  contwa  the 
same  munber  of  wave-lengtha,  it  foUowi  that  these  WBTe-lengtha  are  less  in  the  more 
bighl;  re&BctJng  aabstance  (glaas,  &c)  than  in  Che  air.  The  v^lueitj  of  the  light  is, 
therefiire,  diminished  in  the  more  highlj  refracting  medium  ;  and  experiment  shows 
that  the  retardation  thna  produced  ia  greater  aa  the  refracting  ^wcr  is  greHLar.  This 
result  is  in  acoordanee  with  the  direct  measurement  of  the  velocity  of  li^t  in  ail  and 
wat«r  (p.  69S),  and  likewise,  aa  we  shall  preaenlly  see,  with  the  law  of  refinction. 
Moreover,  as  the  TOlocitj  of  transmission  of  vibrations  in  an  elastic  mndiom  is  related 
to  iti  elastieity  and  density  by  the  m^uation  <^  —  3 ,  it  follows  also  OM,  the  elasticity 
of  the  ether  is  least,  or  its  density  greatest,  in  the  most  hiehW  refracting  media. 

The  Iranapannt  plate  used  in  the  experiment  Just  described  mual  be  eititmely  thiD ; 
otherwise  the  fringes  will  disappear  altogether,  just  as  if  an  opaqae  screen  had  bren 
interposed.     A  thicker  plate  would,  in  tscl,  ahift  the  fringe*  beyond  Iho  8t 

the  two  ^sterns  of  waves  meet  each  other,  namely,  the "■  —  '■ 

straight  lines  passing  through  >,  >'  and  the  intersection,  I, 

BUhstitliMi.  The  principle  of  interference  serves  to  explain  some  very  remarkable 
and  beaatiful  phenomena  which  are  obeHrred  whan  light  passes  by  the  edge  of  an 
opaque  body,  or  through  a  small  aperture.  The  eSects  thus  produced  consiat  in  this, 
that  the  light  benda  to  a  certain  extent  within  the  geometric  shadow  bounded  by 
str^ght  lines  drawn  from  Qie  luminous  point  through  the  edges  of  the  opaqne  body, 
just  as  a  wave  in  water  wiU  torn  the  angle  of  a  wall,  or  spread  itself  thnmgh  a  bole 
ui  any  fixed  obstacle.  The  result  is  the  formation  of  a  number  of  alternate  bright  and 
dark  bands  or  coloured  fringea,  sometimps  within  the  shadow,  sometimes  beyond  it^ 
sometimea  in  both  pkces  at  once.  These  effects,  furmerly  known  as  Inflection,  but 
nowcalledDiffraction,  admit  of  ctimpleteeiplana-  n-     ,  . 

tion  on  the  wave-theory  of  light,  but  are  quite  inaipli-  'V'  6-17. 

cable  on  the  theory  of  emission.  I 

The  explanation  of  difllrsclion  on  the  undulatory 
theoiT  depends  upon  the  geucnl  principle  first  enun- 
ciated by  Hayghena,  tint—Tht  vArationt  ofaaiaoe        ■m 
of  light,  at  each  of  ila  puinlt,  buj^  be  regarded  at  the     /N, 
rettUtant  of  the  demmtary  moBtmentt  which  ipoidd  ifj)^  ? 
communicated  to  it,  at  the  tame  instant,  byaU  the  parti       >; 
ef  the  (dins  Vfave  in  any  one  of  its  previtna  potitionM. 
For  it  is  evident,  from  the  elasticity  of  the  ether,  and 
the  &cilit7  with  which  vibratory  movements  are  tTans- 
mitted  through  it,  that  its  particles  do  not  vibrate 
independently  of  each  other,  but  that  each  may  be 
regarded  as  a  centre  of  disturbance  with  regard  to  all 
around  it    IDonsequentIv,  each  point  of  a  spherical 
wavB,  nm  (Jig.  0i7],  will  produce  by  its  vibration,  a 
number  of  secondary  spherical  waves,  which,  spreading 
out  with  ths  aame  rapidity,  will  have  for  their  en- 
veloping  sur&ce— that  is  to  say,  tbr  the  general  sui^ 

face  of  the  wave  as  it  spreads  outwards — another  spherical  snrfaee,  ni'n'.  concentric 
with  tht  former.    Hence  the  vibratioD  imparted  to  any  point  P,  by  the  wave  inn. 


he  fringes  beyond  the  space  in  which 
lel^,  the  space  bounded  by  the  two 
iction,  1,  01  iho  mirrors. 
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Uutt  point,  majr  be  rmnled  u  ths  rMnltant  of  all  ibe  ■acondaij' 
nttiiig  fnini  the  uTenl  pniotB  of  mn. 


diBtuFl>ui«4  emanttiiig  fnini  the  uTenlpniDtB  i 

To  deMFmine  ths  munim  in  which  the  movemeDt  of  P  i<  kfbcted  b;  the  MTenJ 
[|  of  the  mre  in  bdv  of  its  previoiu  poaitiana,  (tniir  jP,  cutting  [he  mve  mh  in  A. 
}.  S4S),  *nd  dMignating  the  diflance  AP  b;  y,  deicrib^  ttom  Fun  centra,  and 
wilh  the  nuiu7,7  +  jA,7  +  2.|X,  7  +  3.^A^&c, 


^.$ 


Fig.  6^ 


1  namber  ol 


catting  the  vitc  in  llle  poinlt 
.  ,  .  .  .  ftnd  dnir  tlie  etcaight  linei  Pa, 
Th,  Pa,  Ac,  vhich  eridentlj  diAr  from  nnother 
by  half  a  Tave-length.  Ilien  it  will  be  fbond  that 
the  intsTTHli  An,  ab,  &e,  aie  not  equal,  but  ««• 
~.  tinnalty  diminiih  bom  A  towarda  m.  Farther, 
^  '  Ter;  point  in  a/i,  thera  eziau  a  point  in  Aa, 
thnt  the  linpi  diSiWn  trom  thew  pointj  to  P 
difitobyiA,uid  cnnsHiiieQtlj  ths  wans  enuiuitini; 
these  pDJuta  to  Fwill  ba  in  eonqilete  diacont 
Hence,  if  Aa  were  equal  to  a^  it«  tSert 
would  bs  camplatelj  nentimliaed  bj  ah ;  bat 
this  not  being  the  caae,  ai  csn  onlj  neutnliae 
part  of  Aa,  a^  then  remaina  a  portion  of  the  an 
Ao,  which  produces  a  oertain  degree  of  illumina- 
tion at  P.  There  ia  a  fbither  reason  why  at'  neu- 
tralises only  part  of  An,  and  that  ia,  that  it  act* 
more  obliquely.  Similarly,  cd  will  neutralise  a 
part,  bat  only  a  pari,  of  the  action  of  be.  Henc^ 
It  will  be  seen  that  the  illmnination  prodaced  at 
P  by  the  t^f-waTe  An  ia  tlie  sam  of  the  sflecU  of 

order,  counting  from  A.  In  all  caaea,  bowcTor,  it 
ia  only  neeessuj  to  take  accoant  of  that  part  of  the  ware  which  is  Tciy  near  to  ths 
line  sP:  for  at  a  greater  distance,  aa  at  m,  the  arcs  tl,  ba  become  very  nearly  eqoal, 
and,  moreoTsr,  their  action  on  F  ia  tbij  oblique — for  both  of  wtiich  leasoos  their 
eflect  on  F  may  bs  neglectsd.  The  arc  An  acts  exactly  like  Am,  ao  that  if  the 
illuminBtion  produced  by  Am  be  det]ot«d  by  1,  that  of  the  entire  ware  tan  will  be 

The  area  An,  ai,  &c  are  called  elements  of  interferancs,  and  the  point  A  il 
called  tbe  pole  ofthe  point  P. 

The  direction  of  Tibratian  of  the  etber-moleenle  P  at  anj  instant  is  determined  br 
that  of  the  flrst  elfmcnt  Aa,  of  the  half-waie  Am;  and  if  this  portion  were  intercepted, 
the  point  P  would  then  vibrat*  in  the  direction  determined  by  the  movement  of  ai, 
which  is  opposite  to  thnt  of  Ao.  Hence,  itappenrathat  the  action  of  Ao  on  F  is  greater 
than  the  i^ultant  actions  of  all  the  remjuning  elpmcnla,  ab,bc.  &a.:  for  the  motion  of  P 
changes  ite  direction  sccordiog  as  the  element  Ao  acts  upon  it  or  not.  The  same  is 
true  with  rtgard  to  each  of  the  elements  ai,  be,  &c,  the  action  of  each  one  of  them 
OD  P  bang  greater  than  the  reaultsnt  of  all  beyond  iL 

Now,  suppose  part  of  the  half-ware  An  to  bs  inteiespted  bj  the  inteiposition  of  an 
opaque  screen;  then  the  are  oi.  which  destroyed  a  great  Dart  of  the  eflect  of  An,  is 
removed,  and  the  point  F  rpceires  more  light  than  it  did  befbre:  for  the  effbct  of  ai 
is  greater  than  that  of  all  l^e  rest  of  the  ware,  from  &  outwarda,  taken  together. — 
Next  mpposs  the  screen  to  tenninats  at  h ;  then,  since  oft  deetroyB  the  greater  part  of 
Ad,  and  the  rest  of  the  vara  is  intercepted,  F  will  now  recaire  leea  light  than  it  would 
if  ^e  aereen  were  not  there.  In  the  same  manner,  it  will  be  found  uat  whenever  the 
scraeo  is  so  placed  aa  to  leave  an  odd  number  of  elements  of  the  wave  (tee,  the  point 
P  will  bs  more  illamioated  than  it  wonld  bs  if  the  screen  were  not  there,  and  the 
contraiy  if  an  even  namber  are  left  free. 

These  principles  lead  immediately  to  tbe  siplanotion  of  ths  phenomena  of  dil&action, 

1.  Fringei  produatd  by  rat/t  patting  ^ong  iXt  tdga  of  a  sffrscn. — Suppose  a  beam 
of  homogeneona  light  proceeding  from  a  luminona  point  8  {fig.  618),  or  bettec  from 
a  One  line  of  light  paaeing  through  S  at  right  angles  to  the  plane  of  the  figure,  to  pasi 
bj  the  opaque  aereen  AB,  of  indeGnile  extent  towarda  B,  and  fall  upon  another  screen 
CD,  covered  with  white  paper.  The  boundary  of  the  geometrical  shadow  will  be 
detennined  by  the  straight  line  SAP.  The  light  received  at  P  will  proceed  born  the 
half-wave  Am,  and  may  be  represented  b7  1 ;  and  £rom  the  preceding  explanations  it 
follows  that  the  points  e,  <(,  be.,  so  situated  that  Ac  —  as  —  )\;  Ac  —  ifo'  -  jx.  will 
receive  more  light  than  if  the  aereen  were  not  there,  and  will  therefore  be  the  centres 
«f  bright  friogea ;  and  on  tba  eontrai;,  the  poiutp  »  n',  &&,  Gm  wliieb  As  —  A*  —  A 


=cbvGoot^lc 
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Ah'  -  iV  -  SA,  &c,  viU  n 
therefore  be  the  a 
Tha  [KBMiDee  of  a 


erei;  poiat 


&om  the  i»nrcB  of  light  b;  the  edge  of  the  •cnen 
eieeeda  the  rtiught  line  (8e)  dnvo  to  it  diiwAlr 
from  the  lumiiioiii  soiuce,  by  an  odd  number  of  hut 


nndnlatioiu,  and  diminiihes  the  intann^  of  the 
light  at  even  point  bo  mtuCed,  that  the  l»oken 
line  (SA,  An)  pK>e«diiig  to  it  from  the  luminoiu 
point  h;  the  eigr  of  the  laeeii,  ezondi  the  stntight 
line  joiniug  it  with  the  Inminoiu  point,  bj  ta  (Mil 
number  of  nAlf-andalatioiia. 

dsrii  (Hngee  an  piodnced  bn^  Uw  seoMtetrieal 
ahadowMAB;  thej  m^  either  be  laeeiTed  on  the 
screen  OD,  or  Tiewed  bj  s  taleaeope  diiaeted  ' 
i>dge  A.  thd  Utlor  being  of  eonrse  the  ' 
Thej" 


le  better  method 


diidact  u  their  distance  from  the  edge  of  the 
ehiidow  increoMS,  because  the  aocceaeiTe  Mira  Aa, 
ab,  bd,  be  do  not  neotraliee  each  other'i 
imfdetelj,  ao  thnt  a  until  qiuuitit;  of  li^bt  alwl^ 


le  ningea  ai 


braadeat  in  nd,  and 


in  fiolet  light ;  and  in  iriiite  li^t 


«,for  F 
^edi 


I  hjpertioU,  having  the  points  A,  t  for  its  foci.  The  dark  binge 
nple,  of  the  mth  onter,  girea  Aji  —  bn  m-m.iX;  and  anbtiaoting  thcia 
nitndee  tnm  $i  >■  <A,  we  aaTe  jA  —  An  +  (n,  or  an  —  A»  >■  (A  — m.  h. 

inee  m  —  An  ia  thtfolbre  conatant,  whaterer  maj  be  the  length  of  AP ; 
cmieeqaentlj,  the  locna  of  the  point  n  ia  a  hyperbola  whoae  fod  an  A  and  8. 

Then  is  ■!»  a  certain  qnantitf  of  light  wiiUn  tht  gtomttrieal  thadom.  Fcr  anj 
point  p  aituated  to  the  right  of  F  (&i,  840)  RceiTes  light  from  a  certain  portion  of  the 
wais  Aai;  bat  thiapDitioQ  ia  miBDeT  and  &rther  bom  tha  eoneaponding  pol^  aap 
ia  mora  remote  fiom  P :  hence  the  bri^ttnaaa  of  the  light  diminiahea  rapidly  from 
the  edge  of  the  ihadow  invsida;  bnt  Qi»  diminntkin  ia  oontinnon*  and  no  fringea  are 
prodneed. 

IHnget  at  tht  tdgt  of  a  JUirror. — Eaja  reflected  from  the  edge  ot  ft  plane  miiror 
inclined  to  their  dinction,  proceed  aa  if  the;  had  originallj  iaanad  btaa  a  line  ig  tight 
eitnalfd  ajmmelrically  behind  the  minor.  The  apafe  bejond  the  mirror  maj  there- 
fore be  compared  to  Uie  opaqne  acreen  in  the  experiment  hut  deacribed :  hoiee  the 
frineee  an  prodnced  tovaida  the  antfaM  of  the  mirror,  whilst  a  eoDliniuHia  li^t  ia 
Tisible  (at  a  ghort:  diatance  beyond  tt. 

2.  FHngti  prodiiaed  iy  norrou  rtelangtilar  apertmti. — Li^hl  paasing  tbroogh  inch 
an  aperture  may  form  fringee  in  the  beam  of  light  itaalf  and  in  the  ahadov,  aepsiBtely 
or  (t^ether.  accoidins  to  the  width  of  the  elit  and  the  diatsnco  at  which  the  &in^  are 
viewed.  They  may  be  obaerred  by  meani  of  a  very  eimple  apparataa,  conaiatmB  of 
two  thin  platea  of  copper  fixed  in  a  nnall  frame,  one  of  them  being  npable  of  sliding 
backwarda  and  forwuds,  so  aa  to  vary  tha  width  of  the  apertnre  at  pleaanre.  On  \<xA- 
ii^  at  the  flame  of  a  candle  or  other  source  of  lisbt  through  the  aht,  brilliant  coloured 
fringes  ture  seen  pualtel  to  the  edgea  of  the  eht  Theae  fringe*  are  also  vety  dia- 
tiniSy  seen  on  viewing  the  flame  of  a  candle  between  two  fin^m  held  np  so  aa  to 
leave  a  very  narrow  apace  between  them. 

Inlemal  Fringa.-^jet  A3  (Jig.  650}  be  the  alit,  8  the  source  of  light,  rendered  homo- 
geneous by  paSBing  through  a  eotoored  glaaa  ;  and  soppoae  in  the  first  place  that  the 
screen  A'B',  on  which  the  light  is  thrown,  is  placed  at  audi  a  distance  that  AP  —  oF 
andBP  — oP  — }x;  then  all  Uie  points  d  the  part  AB  of  the  wave-anrfsce  will  be  in 
accordance  with  each  other,  and  &ere  will  be  a  bright  band  at  F.  The  same  will  be 
the  case  a  forUeri,  if  the  screen  A'B*  ja  still  farther  removed,  ss  to  A^B".  Bnt  if 
the  screen  be  moved  to  a  shorter  distance  finn  the  slil^  such  that  AP  —  pF  ia 
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en  if  fl  is  ereD,  e>c 

f  elements  of  interferance,  whoee  actions 
deatim  each  othsr  two  tnr  two.  Thers  will  then  be  a 
dark  Und  at  the  oent»r  point  P.  I^  on  the  other 
hand,  n  i«  odd,  there  will  remain  one  deitient  whose 
aclioa  ia  not  neatisliied,  and  thv  CcnCnl  band  will  be 
bright.  Henct^  aa  tbe  screen  is  gradoallj  removed 
fiulber  from  the  apertnie,  tie  cenljal  band  will  be 
alternatel;  bright  and  iaA,  nntil  the  distance  is  such 
that  AP  —  oP  -  i\,  at  and  brjond  which  it  will  be 
■IwH^  bright.  Tne  same  sltematione  maj  be  produced 
by  diminishing  tlis  width  of  the  apeitore  A£,  while  the 
diBtunce  oP  remains  eonntuit. 

There  ant  also  ftinges  in  the  beam  of  light  to  the  right 
■nd  left  of  P.  Suppose  that  the  distance  of  the  scroan 
is  such  that  the  central  band  is  bright,  and  AF  -  oP  •• 
i\,  and  let  n  be  a  point  snch  that  Bn— An  —  3  . 1)L 
The  are  AS  ma;  then  be  divided  in  a,  so  tbat 
nB— no—  fia— nA  —  ^  The  vibrations  communicated 
to  n  bj  the  two  arcs  A«,  nB  will  then  deatioj  one 
another  to  a  great  extejit,  so  that  there  will  be  a  dtA 
bund  at  n.  At  c,  so  aituiit^d  that  c'B-eA  »  |  A,  there 
will  be  a  bright  band,  because  the  src  AB  mav  (hen 
be  divided  into  three  elements  of  interference,  and  so  on. 
A  OTeciaelj  aimilar  explanation  applies  to  the  case  in  which  the  central  band  is  Auk. 

The  interior  fringes  recede  farther  from  the  eenli^  point  F,  as  the  distance  of 
the  screen  is  greater  in  proportion  to  the  width  of  the  aperture ;  and  wben  the  screen 
is  placed  at  such  a  distance  that  BA'  —  AA"  *  )a,  the  first  duk  baud  will  be  at  A', 
■nd  coneequeutl^  there  wiU  be  no  fringee  within  (he  beam  of  light  paasingtliroagh  the 
aperture  ;  the  distance  of  the  screen  at  which  thqr  Cease  to  he  produced  la  less  as  the 
aperture  ii  narrower. 

External  Frin^f. — The  mode  of  production  of  these  fringes  is  similar  to  that  of  ths 
internal  fringes  juxt  considered.  Any  point  K,  within  the  shadow  on  either  side,  will 
be  a  centre  of  a  daA  or  a  bright  band,  according  as  NB  —  NA  ia  equal  to  an  even  or 
an  odd  number  of  times  }X.  Thc«e  eitrmal  finngea  rapidly  lose  their  diatinctaesi  aa  tfatT 
recede  from  the  edge  if  the  geometric  nhadow,  and  diB«)pear  altogelbei  when  the  silt 
is  so  wide  that  the  vibrations  emitted  from  the  point  B  are  no  longer  sensible  at  A. 
For  the  simultsoeoua  production  of  external  and  mtsmal  fringes,  therefore,  the  qxitDre 
muat  be  neither  too  wide  nor  (oo  narrow. 

The  loci  of  both  the  rxteinal  and  internal  fringe*  are  hyperbolas  havii^  their  fod 
in  A  and  B.  All  the  fringes  are  btondeat  in  red  and  narroweat  in  violet  light,  and  in 
white  light  are  made  op  of  bright  banda  of  various  coloura. 

3.  Fringe)  pmduced  bg  (leo  nam™  ilite  twryrfose  togrther. — The  two  beamsof  light 
interfere  and  produce  fringee,  precisely  as  in  Freanel'e  eiperimeut  with  the  mirrors. 
This,  which  ia  Young's  form  of  the  eiperiment,  ia  similar  to  that  by  which  Orimaldi 
originally  showed  that  light  added  to  light  may  produce  darkness. 

4.  Fnagt*  produced  bi/  vtry  namne  tereaa. — In  this  case  also  fringes  are  pnvlnced 
both  within  and  without  Uic  shadow.  A  hair  or  a  thin  wire  held  between  the  eye  and  the 
fiame  of  a  candle  or  a  bnghttiueof  light,  exhibits  these  fringes  very  distinctly.  Suppose 
thatthescreen  A  B,inetead  of  being  of  indefinite  extent  towards  B.  aa  injiw.  619.  is  so 
nsjTOW  tliHt  the  light  passing  by  ^cb  of  its  edges  A,  B  ijig.  Sfil),  goes  beyond  the 
middle  of  the  geometric  shadow  A'B';  the  rays  will  then  act  npon  each  other  so  as  to 
produce  fringes  within  the  shadow,  independently  of  tboae  beyond  it  TTie  latter  are 
also  modified,  becauae  the  points  at  which  they  are  formed  likewise  receive  light  from 
the  opposite  edgo  of  the  narrow  screen,  which  contributCB  to  their  formation ;  in  Ikct, 
on  interposing  an  opaque  body  so  as  to  cut  off  the  light  from  one  edge  of  the  screen, 
tbe  exfemol  fringes  inunediatcly  alter  their  appearance,  and  the  intemtd  ones  disap- 
pear altogether. 

Formation  of  tttt  intemal  fringrt, — If  the  screen  AB  {fi^.  861)  is  not  eitiemely 
narrow,  the  intemal  fringea  differ  but  little  from  those  which  would  be  formed  1^ 
two  slitfi  placed  at  A  and  B ;  for  the  direction  of  vibration  at  any  point  n  within  the 
ehodow  ia  then  determined  by  the  action  of  the  two  etementaiy  portions  of  the  wave 
immediately  contigaous  to  A  and  B.  When  the  serpen  is  extremely  narrow,  the  result 
ia  the  same,  excepting  that  the  effect  of  the  Brat  elempnta  of  interference  Aa,  Ba,  of  the 
arcs  Aii  B^,  being  modified  by'lhe  other  portions  of  these  waves,  which  partly  neu- 
tnlise  their  action,  the  poinU^  a,  o',  from  which  the  lesoltant  actions  of  these  waves 
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Buj  be  coiuidered  M  prooeedlug,  are  Bitaated  someiriut  cloeer  to  A  and  B  than  th*j 
yrotM  be  if  the  poitiona  of  Qxe  wave  beyond  a  sad  a'  were  cut  o£  At  aaj  point 
«  witiin  ths  sbsdoir,  there  will  be  b  light  or   a  d«rk  ^^ 

band  (in  homogeneona  light),  nccording  as  o'n  —  on  ii  ^1' 

Cial  to  an  odd  or  eren  Dumber  of  half-nndnlationa,  ' 

e  point  P  in  the  middle  of  the  geometric  ahadov, 
beiDg  parfecUj  ayiataeaietl  with  regud  to  tlM  area 
All,  Da,  mceiTes  from  them  accordant  impulaee,  and  ia 
therefore  the  centre  of  a  blight  band. 

The  fringes  are  wider  apait  in  praportion  aa  AB  is 
nnallsr,  becvoH  in  order,  to  obtain  a  givea  difference 
of  length  in  the  raja  dm,  on',  the  point  n  must  then  be 
taken  &rther  from  P.  This  ma;  be  verified  by  riewing  s 
a  needle  held  puallcl  to  a  bnght  line  of  light;  the 
fringea  are  then  much  broader  Dear  the  point  than  near 

5.  Fringri  prodiutd  iy  jcrrma  or  averturei  teiiei  an 
very  tmall  in  ali  dirtetunu. — The  effects  in  this  caw 
are  much  more  complicated  than  in  those  above  conm- 
dered,  whi-re  the  edgea  of  the  screen  or  aperture  are 
supposed  to  be  stniiBbt,  and  so  rnucb  elongated  thnt  it 
is  sufficient  to  consider  the  effbct  of  the  cjlisdrical  vSTe 
mtuated  in  a  section  at  right  angles  to  the  screen  or 
aperture.  Bat  in  the  case  now  under  consideration  it  is 
neeassaiT  to  consider  !he  actions  resulting  from  all  the 

points  of  the  free  surface  of  the  wave,  and  the  problem  becomes  too  complicated  to  be 
treated  without  the  aid  of  the  higher  analyaiB.  We  shall  theiefiue  merely  enomerste 
the  efl'eeta  [Oiidnced  in  a  few  of  the  more  simple  cases. 

When  tajB  proceeding  from  a  lamlnoua  point  pass  through  a  nnaU rirvular  aperluni 
circnlar  fringes  are  formed,  both  within  and  beyond  the  geometric'  image.  The 
circular  aparturs  ma;  in  fact  be  regarded  as  a  cumber  of  very  nnrrow  rectilineal 
apertures  radiating  from  the  centre.  In  homogeneous  light  the  nnga  are  equidistant, 
and  their  diameleis  are  invereel;  as  that  of  the  apertore,  excepting  that  the  distance 
from  the  centre  to  the  first  rine  is  leas  than  that  betweeu  two  concecntive  rings.  The 
centre  is  bright  or  dark,  accordiDg  to  the  proportion  between  the  eiie  of  the  aperture 
and  its  distance  from  the  screen,  and  either  ue  external  or  internal  rings  may  disap- 
pear according  to  these  dimenaiona. 

A  malt  ciritilar  tergen  also  produces  fringea  aimibir  to  those  of  the  linear  frini^ 
formed  by  a  narrow  rectangular  screen.  At  certwn  distanco^  the  centre  of  the  shadow 
is  as  bri|dit  as  if  the  screen  were  not  thrre. 

A  tmati  reelaagular  aptrlure  fbnns  two  series  of  fringes  at  right  angles  to  its  sides ; 
their  diitancea  b«ng  inveraelj  as  the  widths  of  the  aperture  in  all  directions.  There 
is  also  a  grrat  number  of  small  spectra,  r(f;ularly  distributed  in  the  ""g"!"  spaces 
formed  by  the  two  series  of  fringes. 

7V»  imaU  circular  aptrturi»  placed  at  a  certain  distance  Brom  one  another,  form  two 
seriee  of  rings  just  as  if  each  of  them  existed  alone ;  but  if  the;  are  close  enough  to 
make  the  rings  overlap,  the  rays  proceeding  from  the  two  likewise  produce,  bj  their 
interference,  a  eeriea  of  very  close  rectilmeal  fiinges  at  right  angles  to  the  line 
joining  the  centres  of  the  apertures,  together  with  two  seta  of  oblique  fringes  passing 
through  the  middle  point  between  these  ceuties.  This  is  the  toigioal  experiment  of 
Grimaldi  already  referted  to  (p.  6<M). 

6.  Diffraeiian  tkrovgk  Qralingi  or  HFttvorka. — When  lig^t,  instead  of 
paseing  through  one  or  two  amall  apertum,  paaaes  through  a  great  number  of  them 
veryckise  togMher  and  regulariy  distribatad,  some  veir  remarkable  diffhiction  pheno- 
mena are  prodaced,  which  were  discovered  hj  Frannhofer.  Bnch  a  system  of  apertures 
is  called  in  optical  Unguage  a  grating  (riteau,  Fr, ;  Oitter,  Oerm,}. 

Frvmhofer formed  hia  gratings  t^l.  By  winding  a  very  fine  wire  roand  two  puallel 
•ffeWB  of  aqoal  diameter  and  very  fine  thread. — 3.  By  tracing  very  fine  parallel  lines 
on  a  film  of  gold-leaf  flxed  on  a  plate  of  glaae. — 3.  By  traciug  lines  with  a  diamond  on 
a  plate  of  glasa,  the  lines  thus  formed  b«iig  opaque,  while  the  intermediate  spocea  are 
transparent  This  is  the  method  dow  geaeniiry  adopted,  a  dividing  engine  being  used 
to  ensnn  regularity  in  the  lines.  3ranetimea  the  lines  ore  tiBced  on  gtasa  coveffd 
with  a  thin  coat  of  vanish,  and  etched  with  hydrofluoric  add.  When  great  rwnlarily 
is  deored,  the  number  of  lines  in  a  millimetre  must  not  exceed  SOO,  and  38  m  that 
space  are  sufficient  for  the  complete  manifestjitjon  of  the  phenomena. 

SfftcU  nf  Paraild  gratings, — A  line  of  light  viewed  through  a  grating  formed  by 
pMMlal  line*,  appears  just  m  it  wonld  to  the  naked  eye,  excepting  that  it  is  sonuwhat 


.CAIOgIc 


LIGHT:  DIFFRACTION. 


■^  bkTuig  Uie  TioUt  within,  and  it 


Fig.  662. 
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B  Huothei  dark  space  n 

, m  MTenJ  other  Bpoctrm  mora  and  more  ortended,  bot  orerUpping  eseh  other 

■ooie  Mid  more,  so  that  thsir  colotin  become  paler  and  finally  disappear.  Thns 
Rpedn  m«7  bowersr  be  Beparated  by  Tiewiiig  tbem  thmngh  a  pnsni,  the  fixed  linea 
then  appearing^  In  bomofteneooi  light,  nothing  is  seen  bat  isolated  banda  of  the  eolonr 
of  the  u^t  employed,  being  in  fact  the  confaponding  portions  of  the  several  spectra. 
Masson  hatobterTed  that  the  electric  light  newed  tmoogh  a  grating  exfaibits  bright 
linea,  as  whan  seen  through  a  prism. 

To  measure  the  breadUi  of  these  a, 
paraDsl  alits  t,  i  {Jig.  653],  the  distance  between 

Bystenu  of  spectra  ee,  eV  are  then  seen,  whioh  an  partly 

supecpoeed,  Init  ma;  be  distinguished  bj  ptaeing  one  of  the 
sUU  a  little  higher  than  the  other.  To  find  the  podtion,  or 
angle  of  deriktion,  of  say  given  fixed  line^  the  slits  moat  bi 


eoinddes  with  the  same  line  i  in  the  left-hand  si 
the  same  order  ftormed  by  the  slit  /.  The  angle  toe,  is  then 
equl  to  twice  the  angle  of  derialjon  soi^ht,  tul  ho*  — D  ; 
and  the  right-angled  trian^e osa gires  tan  Da  — , <vS  — ^, 
taking  the  angle  for  ite  tangnnt  The  ande  of  deviation  is 
therefore  given  by  the  distance  between  Die  slita  and  their 
distance  fK>m  the  grating. 
By  obserrations  thns  made  itisfbnnd  that: — 1.  The  middle 
points  of  the  snoeeasire  apeetra  ore  eqoidistaat,  or  in  other  words,  the  derialions  of 
these  middle  points  are  to  one  another  as  the  nnmbera  1,  2,  3,  4,  Ac 

S.  The  lengths  of  the  snccessive  spectra,  or  the  distances  between  two  of  their  cor- 
responding fixed  Unes,  are  to  one  another  as  the  same  numbers. 

t.  The  difference  of  thiekneu  of  the  opaque  and  transparent  linea  has  no  inflosnce 
•n  thfJpDaition  of  the  speetia,  bnt  merely  mndifiea  their  brightneBS. 

4.  The  lengths  of  the  spectra  depend  npon  the  Bom  of  the  widths  of  an  opaqne  and 
traoflnrent  space  taken  toirether ;  this  sum  is  called  an  element  of  the  grating, 
ma  dariatioD  of  uiy  given  Ene  is  inveteely  as  (he  distance  between  two  elemenli,  or 
it  is  proportional  to  the  nnmbar  of  elementa  in  a  millimrtje.  When  this  munbiT  is 
100,  the  first  spectnun  baa  the  aame  width  as  that  produced  by  a  flinti{;lBBs  piism  oF 
60°.  Horeover  the  spaces  occupied  In'  the  seveni  cotours  of 
the  speetia  are  sensihly  equal,  so  that  the  apeetrum  thus  fonned 
may  be  called  a  normal  tptctrum,  and  msj  serre  as  a  standard 
of  oomparison  fbr  the  irr^ular  BpMtn  prodnced  by  prismB. 

The  preceding  laws  may  be  compriBed  in  thr  eeoeral  formula, 
D  -  mlK,  iriiare  D  ib  the  deviation  of  s  fixed  bne  in  the  spee- 
tnun  of  the  m'th  cirder,  N  the  number  of  the  elementa  of  the 
gnling  in  a  milUmetM,  and  Jc  a  constant  depending  upon  the 
eohnit  in  which  the  line  ia  dtoated. 

To  emlain  tlie  mode  of  formaticn  of  these  difltactian  apactn, 
M  As  (fig.  613)  be  the  torfiwe  of  the  gntiog,  o,  ^  c^  i^  s  the 
mqne  q>acsa.  Snpocw  the  eye  plaoed  at  C,  and  the  distance 
C»  ef  the  line  of  light  to  be  ao  great,  that  all  the  rays  jaoeeed- 
ing  fcom  it  to  the  grating  may  be  regarded  as  purallel,  and  the 
•nrbee  of  the  wave  passing  by  the  point  A.  as  coindding  with  Aa 
If  the  gnting  were  removed,  the  alit  s  woold  ba  seen  in  the 
direction  CS,  and  no  light  at  all  would  be  seeD  in  any  o(h« 
direction,  the  elements  of  interfbrence  on  the  wave  A<^  neatial- 
idng  one  another  by  pain.  The  pieaence  of  the  giatingdoae 
not  impede  the  view  ik  the  sli^  or  alter  its  ^iparent  position, 
side  of  the  alit  thwe  is  a  dark  apace,  jut  as  if  the  gratiDg  ware  not 


Fig.  66*. 
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eoTHB  the  demCDt  of  tba  vavs  vhich  voold  eoontnact  the  action  of  the  pnoeding 
elnneat,  light  Till  be  seen  in  the  dinctioQ  Cd,  the  diitiuiM  Ad  being  gnater  in  pro- 
portiou  u  the  vje  u  fkithra  £nnn  th*  gnting.  K,  for  eiuDple,  the  •ngld  ACiI  u  of 
■neh  a  magnitude  that  iHy  —  «C  —  oC~«C~jAof  the  violet,  the  TJbratiaiw  comma- 
nicated  to  the  point  C  bj  the  element  tn,  will  not  be  deatnjed  hy  od,  and  TJolet  light 
vill  be  seen  in  the  dinclion  Co,  blighter  in  pniportiiui  H  the  edge  of  the  dark  ipaee 

To  iilniUt^'  the  deriation  dCA  —  ii,deBCTibe  the  arc  «r  having  ita  oentm  atC; 
the  triangle  der  gins  A-  —  X  —  eS  lin  <{;  and  lappoting  «( to  be  eonbuned  K  tamna 
in  a  milUmetre,  *■  have  then  1  ~  If .  eci,  and  the  preceding  equation  give*  lin  if  ~Ka, 
or  taking  the  angle  fbr  the  eine,  if  —  NA,  which  ia  in  &ct  the  gener^  (armnla  of  the 
diffiraetioD-apectra  (D  —  oiitN)  applied  to  the  ease  of  the  first.  ipectRun.  It  shows 
th&t  the  deviation  is  independent  irf  the  difFtfenee  between  the  opaqne  and  tJie  tnin»- 
parent  Bpaces,  and  that  the  ccnstaiit  i  is  the  length  of  an  nndiilation  coneaponding 
to  the  colour  ondep  conjuderation,  For  the  other  colcnrfl>  we  find  in  like  manner 
(f  —  S\',  (T—  Nx',  kc,  A  beitw  greater  A,  and  A~  neater  than  A'  Sec.  TEie  oolonn 
win  ther^oie  appear  one  after  the  other,  at  angular  £stanca>  aenaiblj  pcopoTtional  to 

Consider,  in  the  next  place,  another  element  of  the  gnting  at  imch  a  diotanoe  from 
A  that  the  difference  <JC  —  cC  —  2A,  or  in  general  to  niA,  m  being  a  whole  nnmber. 
The  inlerral  may  then  be  divided  into  2i»  elements  of  inteiferance  correaponding 
to  (Ufibcencea  of  distanee  &oin  C,  equal  to  JA,  and  theae  elements  being  of  even 
number,  the  aetiotu  reanlting  from  their  teverml  pointa  woold  counteract  one  another 
two  by  two,  if  there  were  no  opaque  spacrs.  Bnt  if  the  opaqaa  epacaa  cover  an 
tMWMn  mmber  of  tlemmU,  so  tlut  an  uneven  nnmber  bIbo  remains  free,  one  of  three 
latter  will  act  unopposed,  snd  there  will  be  lisbt  in  the  mrreapondiog  direction-  The 
triangle  edr,  then  gives  d  —  biAN,  which  is  the  general  formoU  above  given. 

It  nnains  to  be  seen  why  the  light  of  anyjparticnlar  coloor  is  wanting  between  the 
Inminont  band  which  corresponds  to  the  difference  of  dislaiice  niA  from  C,  and  that 
which  comaponds  to  (m  +  1)A-  Now  between  the  lines  of  the  gratins  corresponding 
to  these  two  bands,  two  lones  may  be  found  in  which  the  differencee  of  digtance  ^m 
the  ptnnt  0  tnerfasei  from  mA  to  mA  +  JA,  (hen  from  this  latter  to  ?rA  -t-  2  .  ^A  — 
(m  -f  1)A.  The  rays  emannting  &Dm  the  oorreepondlng  pointa  of  llieae  two  zones 
diftr  in  length  of  path  by  |A,  sod  deatroy  one  another  on  reaching  the  point  C. 
Daik  bands  will  therefore  oocur  in  the  direction  of  these  tones.  In  white  light,  how- 
erw,  Ute  colours,  hr  overlapping  one  another,  obliterate  all  these  dork  bands,  excepting 
the  flnt  two  on  either  side. 

If  the  source  of  light  is  too  near  the  gnting  to  allow  the  rays  to  he  regarded  as 
parallel,  the  same  mode  of  explanation  is  still  applicable,  onl^  it  becomes  neceeeory  to 
take  account  of  the  diff^nce  of  path  of  the  contiguous  obhque  rays  at  the  nuiment 
wbsD  they  reach  the  pating. 

The  Itemula  sin  a  —  siNX,  shows  that  when  NA  is  greater  than  1,  that  ia  to  aay 

when  ^  of  onsfoiuiUof  thegiating,i8UBS  than  A,  sin  ilbecomesgreatn' than  1,  which 
is  impossible ;  in  this  esse  therefore  no  spectra  can  be  formed,  and  in  fiut  gratinga 
which  have  their  bars  too  close  do  not  form  any. 

If  the  spectra  are  observed  in  any  other  medium,  as  when  the  slit  and  grating  ai 


tengdiol 


n  will  be  d,  -  Na, 
which  combined  with  the  eonatioD  d  ■>  NA,  for  the  deviation  of  the  some  port  of  the 
specbnm  in  air,  ^ma  ifj  :  A  ••  J :  A,  which  is  the  ratio  of  the  indices  of  refraction  ia 
the  medium  and  in  sir. 

Mtantrtment  ct  A.  The  equation,  sin  d  •  Na,  givsa  the  means  of  measuring 
vith  great  •cenrtq'  the  wave-lengths  coiresponding  to  the  sev^  flxed  lines  of  the 
■pMtrnm,  which  cannot  be  done  with  the  interference-fringes  in  Freanel's  aiperiment 
(p.  S99X  becaose  the  lines  are  not  distinct.  It  is  by  thia  method  that Babi net  deter- 
d  the  tbIdss  g^n  in  the  table  on  p.  600. 


tionisexpressedbylheftnmnlasinil  ~^^,  in  which  L  denotes  the  space  comprising  ons 
complete  set  of  bars.  The  successive  spectra  then  diffbr  greatly  in  brightness  ;  some 
an  very  palc^  and,  occurring  by  the  side  of  very  bright  ones,  putly  overlap  them,  but 
do  not  perceptibly  alter  their  colonra :  hence  lin«  ma^  be  distinguished  in  some  of 
that*  qractea  of  the  higher  radcrs,  which  cannot  be  seen  m  the  epeeti*  of  the  conespond- 
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ing  ordsn  teamed  br  ngnlar  grttingi,  tiecanM  the;  are  oblitcssted  b;  nprapcahHii. 
By  looking  at  t  candle  wiUi  the  tjtm  ntsrij  elowd,  ta  (hat  the  eye-lashM  form  a  grat- 
ing, a  honiontal  tine  of  vhitiah  light  it  genenilljr  aeen,  beeauM  the  eye-laahca  ore  for 
the  tnoatpart  at  naeqiial  diataucia ;  fnqoentljr,  howersr,  rerj  diatinct  ipectra  are  pio- 
dnced.  Vnj  flne  apectra  ma;  bt  Hea  1^  kioking  at  the  can  oi  a  bright  flame  tbrtmgli 
the  plome  <k  a  ctoitb  feather. 

Grattngt  or  Jfetworll  mlk  tjuart  or  round  hart  or  omiAm.— Qrutiiigs  with  iqiiaiv 
qmiuiea  ma;  be  fbrmed  of  two  leta  of  parallel  bara  enming  odb  BDother.  A  piece  of 
mnilin  oi  riband  exhibit*  inch  a  atmctara.  Such  gratjnga  torm  a  gmt  nnmber  of 
■mall  ipeelia,  aome  diaposed  along  the  arna  of  a  croeajwiallel  to  thoae  of  the  nqurea, 
odien  diatribotcd  obUqoel;  in  the  four  right  an^ea*  ^>he  appnuuice  ia  ver;  biiUiant, 
and  varies  with  the  sice  of  Uie  meahea  and  the  diataoM  of  the  Inminona  point 

Stfintiitg  Gratinai  or  Striated  8ur/aoet. — When  light  ii  reflected  &om  aar&cee 
eonatd  -mth  atrin  altcmatel;  bright  and  dull,  the  aame  epedia  are  pTodacad  aa  when 
it  ia  tiBiumitted  throogh  a  nating :  for  the  nflected  ia;a  ate  in  tlte  aame  atate  aa  if 
tiie;  had  bem  transmitted  thrcngh  the  itriatrd  mir&ee  fiom  a  point  aa  ttr  behind  aa 
the  actual  iDminooa  point  ia  brfbie  it ;  the  spectra  are  not,  however,  quite  ■□  bright  bh 
those  produced  b;  tnnmtiasion.  The  iridenxnee  of  mother-of-peai4  ia  prodnnd  bj 
to;  fliie  atrin  resulltiig  from  its  foliated  atructore  ;  a  eait  taken  of  it  in  aoft  wvx, 
ma8ti<^  or  fusible  metal,  ezhibita  a  aimilar  iridescence.  Pibroua  gjpnuo  czhibils 
eolonn  dne  to  the  Oune  caoHe.  The  (eathere  of  certain  birda  liksiriae  ove  their  bril- 
liant colours  to  diffiaction  of  the  light  reflected  &om  the  Ter;  fine  filaments  (tf  iriiich 
the;  an  composed. 

Half-polished  metals  aomrtima  exhibit  iridescent  eolou*,  dne  to  theparallel  stri» 
piadneed  b;  the  hard  povder  naed  in  polishing  them ;  bnt  as  these  stme  are  seldom 
n^llQlar,  the  ninal  effbct  is  merel;  a  vhitish  line  of  li^ht,  at  the  points  from  vhich  the 
njt  are  reflected  to  the  eye.    Sarlon'i  bttllonr,  which  an  metallic  buttons  haring 


When  a  wave  of  light  iraches  the  snrfiuM  of  separation  of  two  media  of  diSemt 
denaitie*,  ita  ribrations  are  not  onl;  propagated  onwarda  into  the  second  medium,  bnt 
likewise  reflected  back  into  tbe  fiiat,  each  panicle  of  the  ether  at  the  surface  of  s^wn- 
tion  then  becoming  a  centre  of  diituibanee  &om  which  fresh  waves  qiiead  out  in  all 
directions.  To  find  the  directiona  of  the  reflected  and  transmitted  waves,  let  MN 
tfig.  eSS)  be  tha  aepaiating  enrlaee  of  two  media  (air  and  water,  for  example),  and 
Boas'  an  incident  bnm  of  light  of  inflnital;  small  section,  so  that  the  rays  eompoeing 
it  ma;  be  regarded  aa  paralld,  and  the  ware-aui&ce,  be,  perpendicular  to  their  direction, 
■■  plane.  Now  the  aerarsl  points  of  this  wBTe-surface.  cb,  da  not  all  meet  the  aurhoe 
JCS  at  the  same  instant,  hut  each  point,  aa  it  reacbea  that  sur&ce,  becomes  a  centre  of 
disturbance  from  which  elementary  waves  are  excited  in  both  ]he  media  bounded  by 
VS.  Uoreover,  the  velodt;  of  propagatiim  of  the  waves  in  the  two  media  ia  different ; 
beaoae  tbe  density  of  the  ether  in  the  one  ia  greater  than  in  Ihe  other  (pp.'  595,  001). 
Bnppose  the  lower  medium  to  be  the  one  in  which  the  ether  has  the  greater  density, 
and  that  ths  velocity  of  trensmiaion  of  tbe  light-waves  in  it  is  f  as  great  aa  in  ths 
nmsr.  Then,  by  the  time  the  point  o  of  the  incident-wave  has  travelled  on  to  a,  a  wavs 
will  have  spread  onC  from  b,  in  each  medinm,  of  a  radius  &{  ••  oc  in  the  first,  and  bf  m, 
)  otr  in  the  second ;  also  from  an;  intermediate  point  e  (ea  being  a  portion  of  wave- 
■Difaee  parallel  to  ic),  a  wave  will  spread  out  of  radius  <^>-  aa  in  the  fira),  and  if  — 
I  M  in  Uie  second.  Now  each  of  these  elementaiy  waves  prodncea  no  perceptible  efTect 
by  ilaelt  a  aensible  disturbance  of  the  ether  or  production  of  light  taking  p]ac«  only 
wneie  a  niunb«a'  of  them  act  together,  that  is  to  sa;,  in  the  firU  medinm,  along  the 
plane  sorfoee  ad,  and  In  the  second  akmg  nf;  and  straight  lines  or,  br,  aq,  bj,tce., 
drawn  at  right  angles  to  these  sntiiiees  Am  Ote  several  points  between  a  and  b,  will 
^ve  the  direction  of  the  reflected  and  trantmitted  raya. 

In  the  flrat  medium,  the  trian^ea  ate,  abd  bong  equal  in  eray  respect  ths  angle 
aid  —  the  an^  bae,  that  ia  to  say.  Hit  ineidtnt  and  r^flnted  ragi  mate  equal  angle* 
aith  Us  r^U^ng  eur/aee,  and  liir^ort  otto  tnih  lit  normal  Pa.  He  an^ee  which 
these  i^B  make  with  the  normal  are  called  the  angles  of  incidence  and  reflec- 
tion respectively. 

The  symmetiy  of  the  figure  with  respect  to  the  plane  of  ineideno«^  i  s.  the  plane 
paaaing  through  the  incident  ray  and  the  normal,  shows  also  that  tke  r^lteted  rag  it 
eonbnned  in  the  fimt  of  xaddenct. 

The  ra;  which  passes  on  into  the  Second  medium  is  also  oontainad  in  the  [Jane  of 
incidence,  bnt  is  bent  or  refracted  ont  of  its  previous  direction,  and  don  nr'  — -^- 

the  same  angle  with  the  normal  a '  ... 

Poi-'- '  -    -       -  ■     ' 
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and  the  light-Mi^ed  t^aof^  abe,  al/  gCvA  as— a)  nn  i;  and  bf^ai  da  r 


That  is  b>  aaj,  thennMo/Me  anffltt  of  incidence  and  rrfractionon  to  otu  OMotier  in 
a  eimitaiit  ratio,  namdg,  tAat  of  tJkt  lietoeitieM  of  light  in  tht  too  media.  Tbia  rstio, 
vhkh  ia  also  that  of  tSie  lengtha  of  Che  vBTea  A  :  A.'  in  the  two  media,  ii  aSei  tha 
iodex  of  refraction,  abnlnte  or  relative,  according  u  the  raypasaeaftom  a  Tacanm 
into  a  poodeisble  medinm,  or  tma  one  poDdeisble  medium  to  another.  The  abeoluto 
index  of  refraction  of  a  mediom,  nmaUf  denoted  hj  the  letter  /i,  ii  the  reciprocal  of 
the  TsloeiCf  of  light  in  that  medium  referred  to  the  velodt;  in  a  vacuum  aa  nnitr ; 
it  it  aim^  grtaler  tkant  1.  If  ^/i'  an  the  absolnte  indices  of  two  contignoil*  media, 
B^  wBt«T  and  ghui.  tha  drBeetJon  of  a  n;  vtaog  from  the  one  to  the  other  will  be 
'  '  '    '    id  by  the  eqaation  ^  j  ^ 


vhJch  IJkewijH  holda  (tooA  if  /i,  f'  are  the  indicea  cf  refraction  of  the  raj  in  paming 
frxjm  any  one  mediqin,  as  air,  into  two  othara,  aa  water  and  fflaaa- 

When  ^  is  gmter  than  p!,  that  ia  to  wj,  when  the  Telcxat;  of  transmission,  or  the 
ktigth  of  the  wave  is  leas  in  the  aeoond  mediiun  than  in  the  Snt,  the  raj  ii  refracted 
towarda  the  normal ;  when  >•  ia  lees  tlun  /i',  it  is  ref^«cted  from  the  nomuL 

Id  the  latter  caae,  the  angle  of  inoideiice  msj  be  such  that  the  sice  of  the  angle  of 
lefraction  wnuld  ba  eqnal  to  or  greater  than  1 ;  under  such  cirenmstaneae,  the  raj  does 
Botpaas  into  the  aacinid  medium  at  all,  hnt  undergoea  total  reflection  into  tha  flnt. 
The  value  of  the  limiting  augle,  f,  at  vhich  refraction  ceases  to  take  place,  iagiTen  by  tha 
ii,ain(-AsiaM°  -^.. 


Xtnn'tefnn  of  the  rtfiected  and  riffracled  rayt, — The  preceding  explanations  show 
Qiat  there  must  be  refieetion  and  lefraclion  in  the  directions  above  determined,  but 
they  do  not  show  wh j  the  reflected  and  refracted  rajs  are  confined  to  these  directiona ; 
for  as  each  point  of  the  sur&ce  oi  (fig.  65fi)  is  a  centra  of  diatnrbance,  from  which 
waves  spread  out  in  hemispheres,  it  would  aeem  aa  if  raja  ahonld  be  reflected  and 
tmunnitted  in  all  diieetiona.  And  sach  is  in  fiict  the  case ;  onlj,  aa  Fretnel  baa  shown, 
«U  tit  rani  obUque  to  lAt  refinttd  and  r^fracttd  beam*  rabr',  qab^,  dettroy  one  anelher 
iy  their  mutual  interferetwe. 

Sufftoes  an,  ea'  {fia.  Q64)  to  be  two  parallel  refracted  rajs,  very  dose  together,  but 
tMJt  in  th«  direction  determined  bvthe  law  of  the  sines.  Draw  ea  md  o^  pmpendienlsr 

Vm.  m.  R  B 
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to  ta  taA  m';  thni  a  ribnilion  trf  Ui«  ray  "^  <»  na^ng  tli»  mataet  ^  wiD  hiTs 
tnvelled  orar  >  tfot  grrikCer  bj  aa  thaa  the  comsponding  ribmtion  of  Af  raj  le ; 
bnt  whan  tJw  two  urive  at  the  nu'foee  o^  itf  tha  r^«eted  wats,  te  will  have  mored 
orar  a  apace  which,  rxpreued  in  wava-lengUu.  ia  gtratet,  b;  /a  .  tfi—aa,  than  that 
paaaed  era  bj  (o.  Let  ■  be  the  atifrle  (^  incidancp,  aco,  and  ^  the  uigle  of  niftae- 
tion,  aoA  irf  tlie  ray  an.  Then  lie  ri^t-angled  niuiglBB  f^  mo  give  tfi-ae.anp; 
oa-M.BDi;  tlierefoi*ft.(fl  — a«~OB{p.sinp  -  «m  i") ;  and  IM  -  gina-aini- 
Now  IliP  nja  on,  m'  will  deitroj  one  anothar  by  interfareoce  when  th«  difierenee 


u  —  }\ ;  therebce,  vbsD  m  — 


_i^ 


>r  llw  interiilriDg  ibjb  an  doser  together,  the  more  tt 
a  equal  tA  fi,  thU  ia,  ^m  the  lefiBcted  1*7 


Thii  ibowi  that  lu  ia  an 
)  ntio  -: —  diSei*  from  fi 


when  it  ia  equal  tA  fi,  thU  ia,  wkia  the  lefracted  i»;  i«  in  tbe  direction  indicated  by 
the  Uv  of  the  ainee,  w  becomea  ioBnite,  and  therefore  there  ia  an  interference. 

A  preinaely  aimilar  conalruction  and  demoaiitnttion,  applied  to  the  reflected  laya 
an',  en"  f^.  iS6\  atrawa  that  the  contignoua  rcdected  raya  deatioy  each  other  in  all 


-k 

v^ 

F^.M&. 

'■ 

^ 

> . 

^^^ 

^X^         \i^ 

^ 

/> 

\ 
\ 

\/!><^^^ 

:^ 

^ 

^— — ""» 

\..--^  'V?><2 

9' 

\ 

\ 

-^  "-It 

1  rin  ^  ~  nn  ^  that  i<  to  my.  when  the  reflected  and  {TMidenl  ray* 
nake  equal  anglea  with  the  nonnij.  If,  howerer,  the  point  a  i*  very  cloen  to  the  IfA- 
hiuid  edge  of  the  mirror,  the  reflected  ray  m'  will  not  eiiat,  and  on  will  not  be  d»- 
atrojed.  Henee  if  the  mirror  ia  Teiy  narrow,  the  raye  reflected  obliqui-1y  to  Uie  bnni 
rabr  are  not  eomptetely  dfatn>y«d,  and  the  i^ected  beam  beeomn  dirergent.  Fnand 
verifled  thia  thewetioJ  dedndion  by  blackening  the  mrbce  of  a  mirror,  with  the  es- 
o^tion  of  a  veiy  narrow  triangalar  apace.  The  beam  of  light  reflepted  fttim  thia  apace 
wna  broedeat  at  the  nuroweat  part  of  the  reflecting  aurfiice,  so  that  the  image  which  it 
fcrmed  aa  a  Mce«n  waa  a  triangle  with  tmncated  sonunit,  in  a  poaitaon  the  moae  of 
that  of  the  reflwting  triangle. 

The  reflected  and  refracted  beams  are  always  lens  Lright  than  the  incident  beam. 
Tn  fact,  they  would  be  together  eqnal  In  intensify  to  the  incideot  beam,  were  it  not 
that  part  of  the  h'ght  ia  scntterrd  in  all  directions,  by  reflection  &om  minate  irregn- 
larities  on  the  anrfnce  of  the  medinm ;  and  secondly,  that  a  portion  of  it,  often  TPiy 
considerable,  ia  MppKrentlj  lost  )iy  absorption.  This  process  doubtless  consist!  in 
■  coRimnnication  of  the  vibratory  motion  of  the  ether  to  the  particlea  of  the  pon- 
derable body  itael^  the  particles  thus  set  in  motion  again  actine  as  centres  of  vilna- 
tioD,  and  exdtiur  fresh  nndnlatioDS  in  the  anmuadiDg  ethpr,  llierebr  rendering  the 
body  Tilible.  The  Tibrationa  excited  in  the  psrticlee  of  a  ponderable  body  I^  ths 
tnoremenla  lA  the  ether  likewise  prodncennmeroua  changes  in  the  state  of  the  bulf 
itsdf,  raiaing  ita  temperatnre,  and  setting  op  certain  cbsniical  actions  within  it,  whiih 
will  be  afteTwnrda  mere  ftally  conaidered.  It  ia  tne  that  the  etbcr  transmitB  ribratoi} 
oovcmenla  which  render  bodies  hot,  and  oUien  which  determine  chemical  chugu 


ubjGoogIc 


LIGHT:   EEFEACTION.  611 

in  thera  withovt  direct!;  rendmng  tham  Tuibta;  bnt  it  ii  ^baUe  that  the  lamia- 
■Fpraos  WBT«a  tbenmelvcs  likewise  alt^r  the  thermic  and  chemical  oonditioiu  ctt  a,  bod;, 
that  IB  to  aaj,  excite  in  the  moleeolee  of  the  bodj.  Tibrationa  irhieh  ramlt  in  th«rmic 
and  chemidj  chango,  and  do  not  again  excite  lumiiufrrons  wavea  in  the  ether.  In 
other  vorda,  a  cenaio  amonnt  of  light  i»  loet  in  prodadog  heat  and  chamii^  change. 
In  paaaing  through  a  tnaspsreat  medium,  such  as  glasa  or  inter,  vith  poliabad  mi- 
fice,  and  tbt;  litUe  colour,  the  amount  of  light  lost  bj  absorption  is  bnt  small ;  coloured 
me^  tnuiamit  certain  n;s  and  reflect  of  absorb  others.  When  hght  &lla  on  the 
Boiftceof  anooaqae  body,  each  aa  a  metal,  the  path  of  the  rp&Hc1«d  mj  cannot  be  fbl- 
loved,  ioainiucb  as  it  ia  completelj  absorbed  b;  an  eitremel;  thin  stratum  of  tJie  surface. 

The  general  laws  of  reflection  and  refraction  having  been  established,  the  application 
of  them  to  determine  the  path  of  a  refl»cled  or  refracted  raj  under  any  given  circam- 
Btanees  ia  a  prgblem  of  pore  geometry,  into  which  we  do  not  propose  to  enter  in  Ihia 
article,  farther  than  to  speak  of  re&sction  through  priim^  wMch  ia  of  apedal  import- 
ance in  the  determination  of  indices  of  refractiou. 

A  prism,  in  optical  Language,  ia  a  transparent  medium,  bounded  bj  plane  surfaces, 
not  parallel  lo  one  another.  The  edge  in  which  these  surfaces  meet,  or  would  meet,  if 
produced,  is  called  the  refracting  angle  of  the  prism.  Solid  priami  for  optical  use 
are  generally  mude  either  of  glass  or  of  rock-crjsta!,  and  with  triangolsr  section.  Such 
a  pnsm  has  three  refracting  sngleo,  which  may  be  either  equal  or  unequal  The  &Cfl 
of  a  triangular  prism  opposite  the  refracting  angle  is  called  the  base.  Liquid  prisms 
are  made  by  inclosing  a  transparent  liquid  in  a  wedge-ah^>Bd  glasa,  having  its  in- 
clined  sides  formed  of  plate  glass.  One  of  the  sides  may  be  made  to  move  on  a  hinge 
■o  as  to  vary  the  reA'aeting  angle. 

Let  us  now  trace  the  course  of  a  ray  of  light  through  a  prism.  If  BAC  ^fig.  6fi6)  be 
a  prism  of  ^ass  or  any  transparent  material  of  grestsr  refracting  power  than  the  snr- 
roanding  medium,  a  ray 

SI,    enlerii^   at   I,  and  Fig.  660. 

making  an  angle  i  with 
the  Dornial.  Ktl;',  will  be 
refrarled  within  the  prism 
in  the  direction  IE,  mak- 
ing with  the  normal  an 
angle  r  less  than  i.  This 
ray  emerging  at  B,  will 
pass  on  in  tJie  direction 
ER,  making  with  the  nor-  I 
mal  to  ths  fine  AC.  an 
angle  i  greater  than  the 
Hugle  r'  which  IE  makea 
with  the  same  normal. 
The  final  result  is  to  bend 
the  ray  away  &oni  the  re- 
fracting anp;le,  or  towurds 

the  baae  of  the  prism ;  accordinglj  an  eye  placed  at  B  will  see  an  object  S  in  tha 
direction  TtBI,  as  if  it  had  been  moved  upwards  towards  the  summit  of  the  prism. 
The  anglefioj  —  D  contained  between  the  incident  and  emergent  rays  is  called  tho 
angle  of  deviation.  It  ie  evidently  equal  to  the  sum  of  the  angles  lEo,  Bla;  that 
is.  J>  _  <  -  r  +  t  -  r'.  But  the  triangle  lEF  ahowB  that  r  +  r'  -  IFn,  the  ongla 
eontained  between  the  two  normals,  and  therefore  to  the  retracting  angU  of  the  pdsm,  a. 
The  deviation  ia  thsrefbre  given  by  Ibe  formnla: 

For  a  ^ven  an^e  of  incidence  i,  it  in 


IS  by  S,  and  therefore  «  by  >i>,  /•  being  greater  than  1 ;  that  is 
cresses  more  than  a,  and  coneequendy  D  increases. 

When  the  refracting  angle  is  constant,  ths  deviation  Tariea  with  the  angle  of 
incidence,  and  attains  a  minimum  value  when  the  incident  and  emergent  rays  make 
equal  angles  with  the  refractiug  surfeces.  To  show,  in  the  flrst  place,  that  this  latter 
condition  is  possible,  suppose  Uiat  an  incident  ray  coinciding  wiUi  thenormal  Nl  (fig. 
66T)  ia  gradaally  iaclin«i  into  the  position  SI ;  the  angle  r,  which  is  at  first  equal  ta 
0°,  will  also  ineroise  continually,  and  therefore  r'  must  ditoiniBh,  since  r  +  r  —  a  ; 
moreover  since  a  mnat  be  less  than  180°,  and  r  ma^increaae  to  90°,  the  inddantraj 
— "-^  -ventually  come  into  a  position  in  which  r  ~  r ,  and  therefore  i  «  ff. 

let  SI  and ''^  "■     '    "'  '"'       "  '       '        '"'  ' 

and  sappoeo  that  SI 
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and  theniftaK  r*  molt  iuerewe  bj  Uie  sun*  quantity;  e  will  therefore  klaauici«we,uid 
become  giwttw than  i.    But -i —  —  -=— /i  '^^  since  Bin  «  and  «in  r  are  greater  than 
aio  i  and  tin  r,  the  differenoe  betreen  ain  e  and  sin  r'  mnst  be  greater  than  that 
between  an  i  and  bid  r ;  d  for- 
'V-  *''^-  tiori,  therefore,  the  angles  c  and 

r'  must  differ  more  than  ■  and  r. 
The  angle  a  hiu  thenfore  in- 
ereaaed  more  than  j  has  dimi- 
niahed,  and  eonaeqaentJf  the 
deriatiMi,  fl  —  i  +  t  —  a,  moat 
aim  bare  increaaad.  In  a  simi- 
lar WH7.  it  may  bapshown  thai  if 
the  incident  ra;  enters  helow  SI. 
the  incresM  of  t  will  be  greater 
than  the  diminution  of  e,  Tbe 
deviation  ia  therefore  increased 
by  shifting  the  ray  SI  either  way 
from  ita  poaition,  that  ia  to  say, 
^'  lit  deviatum  it  a  niinimua  uitn 
tit  iiiddent  and  rmmycnl  ni|rs 
are  fgually  indined  to  tie  ivr/aaet  of  lit  prisii,  or  Ui  Ike  namalt. 
In  this  caae,  the  eipieesion  for  the  denalioB  becomea  D  ~2i  —  a,  which  giret  i  — 

— q —  1  also,  sinee  r  and  r'  are  eqnal,  we  havp  **  ~  ?  '  ^^^"^  ^^  ■ 
sin  i  _  ain  j  (a  4-  J>)  _ 

an  expressioD  which  gives  the  index  of  refraction  of  the  medimn  forming  the  priam,  as 

a  foDction  of  the  re&acting  angle  of  the  priem  and  the  angle  of  minimnm  deriation. 

This  affbrda  one  of  the  best  means  of  determining  indices  ca  refraction. 

Mtaturcnienl  of  lit  Indts  ((f  S'frartion  of  Solidt  and  Liquid*.—  1.  To  measnre  the 

•n^of  the  prism:  the  prim  ABC  (j!?.  GS8)  ia  fixed  in  anch  a  manner  that  its niges 
may  be  perpend  ienlar  lo  the  divided  circle  (5  a 
theodolite  o ;  and  a  mark  S,  placed  hE  Bach  b  dis- 
tance (hat  the  raya  proceeding  from  it  may  be 
regarded  «■  parallel,  is  viewed  through  tbe  tele- 
scope, first  by  reflection  from  AB,  then  directly, 
and  the  angle  &oi  —  d  is  meaEored.  The  theo- 
dolite is  then  moved  to  »',  and  the  eaine  mark  is 
riewed  directly  and  by  reflection  from  AC,  and 
theangleS'"o>— if  is  measured.  Balf  the  siunof 
tbese  two  angles  is  tbe  meaaare  of  the  angle  A. 
To  Dhow  this,  draw  AD  parallel  to  the  direction 
of  the  incident  rnja,  and  dividing  the  angle  A  into 
two  parts,  a  and  p.  Then  a  =.  8'£A  -  oiQ,  and 
therefore  2a  =  180"-  S'io.  Bnt  Sot  r.  d  =  ISO" 
—  ft'io ;  therefore  d  -  2».  In  like  manner  it  may 
be  shoira  Uiat  i—ift;  eonseqnentlT  a  +  ^  ^ 
A-ifdtf). 

S.  To  meamre  the  minimum  daviatioD,   the 

filed  on  a  snpport  capable  of  tnmiiig 

iew^  with  the  theodolite  0, 

the  prism  in  the  direction  om' ;  and 


Fig.  flSa 


on  a  vertical  axia.    A  very  distant  mark  n  {fig.  6S9) 
fiiat  directly  in  the  direction  mn,  then  throi         ' 
Fig.  «9. 


daifc  room,  provided  the 


the  angle  nuHn' between  theee 
two  diiectiona  is  redaced  to 
its  smallest  poaaible  magni- 
tude. The  angle  so  deter- 
mined is  the  angle  of  mini- 
mum deviation,  provided  tbe 
mark  is  so  distant  that  tbe 
rays  proceeding  from  it  may 
be  regarded  u  parallel.  A 
^=^1  distant  lightning-conductor 
-  -  fonni  a  veiy  goid  mark  for 
the  purpose  in  the  day-light ; 
be  Urge,  mey  also  be  used. 
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ObMTTktioiu  are  made  b;  utiflcial  ligh^  wiUi  a  l&mp  Bnrnnndtd  b;  &  jacket  of  tin 
plole  luTing  k  vertical  slit. 

In  ttiiB  last  ease,  the  mark  ia  seldom  £ii  snongli  off  to  allow  the  diTscgsnoe  of  tbe 
»TB  to  be  oepleeud.  Let  ■  be  the  angle  of  diTatgenoe,  tad  o  the  a^Je  mom'.  The 
tnaiiftle  meo  giVM, 

180°   -  a  +  0  4  (ISOO-M-flit)   -   ■  +  o  +  180O  -  (U  -  a), 
^lia  gita  i -m  ^ji  ^  o  *  *),  lad  therefi^e 

nn  !<(■  +  a  +  «) 

The  angle  n  nuv  1m  meomnid  bj  tiansporting  the  theodolite  to  m.  Bnt  h  « i*  VMjr 
■mall,  it  is  genenltj  conaidsred  Boffident  to  meamie  the  lengtb  of  the  pcEiptndiealai 
mF  and  the  distance  nF,  b^  abvlilhing  a  cord  from  o  to  m ;  thui  tan  ■  ••  — ^■ 

A  verj conTontent  mttbod  of  obtaining  paiallel  nja  is  b;  the  nee  of  the  colli- 
mator, an  iuetnimeDt  coosiating  of  a  teleuope-tnbe  Machened  indde,  and  baTJng  two 
wira,  one  TeMinl,  the  other  horiioDtal,  fixed  witliin  it,  and  crowiiig  in  its  axis,  when 
the  ^be  is  directed  towards  a  window,  the  wins,  being  illnminated  bj  a  beam  of 
nraUd  ia-3*,  form  a  ehadow  which  tasj  be  refprded  as  an  object  placed  at  an  infinite 
distance.  If  a  convex  lens  be  placed  at  one  end  of  the  tub^  and  tie  cross-wirce  in  its 
pripeipal  focos.  the  collimator  may  be  naed  in  tbe  same  manner  for  obeemtiona  with 
utificwl  light ;  for  when  the  other  end  of  the  tube  is  directed  towards  a  lamp,  the  ra.jB 
croesing  eooh  other  at  the  intcnectioa  of  tbe  wires  will  inne  parallel  attw  pasaing 
throngh  the  lena,  and  will  therefore  be  brought  to  a  fbcns  b;  another  teleecope  jnst 
like  those  proceedLog  ftom  a  celestial  ol^ecL 

In  all  obeerrations  of  indices  of  refinetion,  it  is  necMiai7  to  specify  the  colour  of 
the  li^t  to  which  the  obeerration  refers.  Solar  light,  and  lamp,  candle,  or  gas  light 
an  in  Hrt  of  compoeite  nature,  and  separsbU  by  refraction  into  colonred  rays  of 
nneqnal  refrangibilitj;  conaequentl;.  any  line  of  light  viewed  through  a  prism  appears 
widened  and  fringed  with  banda  of  colour  paralltj  to  its  edges.  It  is  osnal  to  make 
the  obeerrations  on  the  yellow  rajB,  which  are  situated  towards  the  middle  of  the 
ecdoured  image,  or  speclnim,  and  possses  tbe  greatest  brightness.  But  ai  each  colour 
occnpies  a  certain  breadth  in  the  spf  ctmm,  and  the  boundaries  of  the  sereral  colonn 
are  not  trrj  well  defined,  it  is  b;  no  means  certain  that  two  observations  made  on 
the  same  coloor  will  refer  to  exactly  the  same  part  of  the  spectrum.  The  difflcolM 
thence  arising  is  however  completely  removed  1^  the  observation  of  certain  fine  daA 
lines,  discovered  h;  Frannhofer,  in  Ihe  solar  spectmm  (p.  S2U),  which  are  parallel  t» 
the  lines  of  separation  of  the  different  cdonrs,  and  are  always  disposed  in  the  same 
manner  in  each  colour,  whatever  may  be  the  nature  of  the  prism.  He  apectia  ot 
flames  and  of  the  electric  light  exhibit  bri^t  band^  likewise  of  Bxed  position  for 
each  particolar  source  of  light. 

A  vei7  sbaiTily  defined  maik  may  he  obtained  without  recourse  to  the  fixed 
lines,  by  replacing  Ihe  vertical  wire  of  the  coUimator  with  a  sewing  needle.  The 
coloDied  bund*  parallel  to  the  edges  of  the  needle  overlap  one  anothr>r  towards  the 
point,  forming  a  well-defined  line  of  separation  between  two  very  distinct  ooloots,  a 
biniah-green  and  a  deep  mee  tint     (H.  Deville.) 

DittT-miiu^im  of  Befractive  Indict*  iy  InterftriTiee.  —  The  displacement  of  the 
fringes  in  Fresnel' 9  experiment  (p.  fiOO)  ftimishee  a  very  delicsto  method  of  determining 
indices  of  refraction.  A  thin  film  of  the  transparent  subataDce  being  placed  bdbm  one  lU 
the  mirrors  {fy.  BIS),  so  as  to  intercept  part  of  the  pencil  of  rays  rdlscted  from  it,  the 
number  of  iwiks  throngh  which  the  central  6ingp  is  displaced  IB  observed.  Let  B  be 
this  number,  «  the  thidEness  of  the  film,  n  and  «'  the  number  of  wave-lengtJia,  X  and  A', 
included  widiin  tbe  thii'kniien  t  of  tbe  air  and  the  bvnniazvnt  *^>™ ;  then 


Snt,  since  the  central  band  is  displaced  through  B  ranks,  ws  have  also  m'  —  s*  +  R, 
each  additional  wave-length  in  tlie  film  displacing  the  central  band  one  rank  further. 
Consequently, 


a  formnla  which  {^ves  the  index  of  refraction  in  terms  of  the  thickness  of  the  Bin  and 
the  wave-length. 
This  method  i>  especially  applicable  to  ^ses  and  vapours  (p.  616). 


,:cc.;,C00gIC 


614  LIGHT:  REFRACTION. 

ZMarmuMttoK  ^  Hm  Inda  qf  S(/r«elvm  ^  Uqidit.—l.  B7  tlie  tnetliod  1^  leatl 
draitttion.    The  liquid  ia  indowd  in  ■  wedge-iluped  TMad,  of  whuh  ^.  S80  npiMsnt* 
"'on.    The  ddM  >»  ftmned  of  thin  pi'"  -" —  —'■-'■-  --  ■  - 


filled,  it  ii  neeetmj  to  mtfon  the  denatioD  ^odnecd  b;  th«  priBm 

a^Sral     niiea  emptjjjKTioui  to  making  the  obsenatioii  with  the  Hqnid  to  be 

y^Sf      Buminedl    "Ae  Ont  deriKtian  u  then  to  be  dedael«d  btiiii,  or  added  to 

\^ff         Uie  lecond,  iocotding  u  it  is  in  Iha  asma  or  in  the  OODtisiy  diraction. 

^^  At  Uqaids  us  vaj  expansible  b^  beat,  tbtii  indica  of  refraction  maj 

be  lenaibl;  affected,  eren  b;  raiutioni  of  temperature  not  ezoeeding  those  of  the  sor- 

loonding  atmospbera.    It  i>  ukmboxj.  therefore,  to  make  the  obaerriitions  at  a  eonitsnC 

teoqientiut^  to  agitate  the  liquid  bnakly  before  making  the  obserration,  and  to  avoid 

nsiiig  the  duect  rajs  of  ths  sun,  vhieh  might  heat  it  nnequati;  in  pandng  tbnrngtl  it. 

2.  Bf  Mai  Ttfiectiott. — This  method  is  eepeeiall;  applicable  to  tsi?  null  qoantitiea 

of  liquid ;  also  to  imperfectlj  tranaparent  liqoids  and  pasty  mbataiicee,  locli  as  the 

njstalline  lens  of  the  eye.    A  small  drop  of  the  liquid  is  attached  to  the  lover  anc&ee 

of  k  ri|^t-anglsd  prism  BAL  ijig.  660),  reating  on  a  boricontal  nla  LL,  in  iriiich  a 


F^.K\. 


must  be  foUDed  of  a  mbstance  of  known  refno- 
live  index,  greater  than  that  td  the  Hqnid.  The 
drop  of  liqoid  is  rlewed  throng  the  prism  by 
means  of  a  small  Idescope  J,  toning  on  ttw 
oentn  of  a  giadnated  circle  wfaicb  ilides  np  and 
down  a  vertical  rale  Ii,  flied  to  tbe  tablsL  Ths 
telsMope  is  at  first  fixed  at  snch  a  heij^ht,  that 
oljJMta  below  the  drop  are  seen  throogh  it ;  but 
on  nadnallj  lowerii^  the  dirided  eirele,  the 


ia  then  fixed,  and  the  an^^e  ■  is  obserred.     Hie  angle  iiol  ia  then  eqtial  ti 
t^  limiting  an^e  f ,  and  ain  f  ••  — ,  ;i  baing  the  re&MtJTe  indai  of  the  priim,  and  fi' 
that  of  tbe  liquid.    Now  the  angle  B  >•  S0°  —  r ;  lliet«fbra  sini— coaa  —  fisinr  — 

u  coc  f:  hoieeoosf  — ,  and  rin  f  ■•  -v**!*— cos*a  —  -  ;  therrfbre 

Z*  >*  f 

WiJlaston derlsed a nodifleation of  this  method  b^  which t^e  rvtraetiTe indsx  maybe 
dotermined  withont  calculation  (see  Hiller's  £!»• 
Fig.  083.  tnenti  of  ChemutTg,  Srd  ed.  L  Ififi  ;  and  Dognin, 

Ttaiti  dt  Phytiqiu,  2«  ed.  ir.  160).  The  Si^t 
trouble  of  Mlcolation  from  the  preceding  ba- 
mnla  ia  not,  howsTsr,  a  serious  objcctiim  to 
the  method.  A  more  important  ol^ection 
arises  from  the  difiicnlty  of  makine  ths  priini 
exactly  rectsjignlar.  Ta  obriate  this  difflcultj, 
Ualas  osaa  an  acute-angled  priam  {fig.  662),  the 
ttn^le  b  of  which  is  luiown.  The  obserratiMi 
being  made  as  above  described,  ws  hare,  as 


-  SID  i;   and  the  triangle   In'n  giTsa  nlit  —  i  +  B  ••  9(fi  ~  b  \    wheno« 


■nd  (Mr  —  -  v*/*'  —  cob'(4  ♦  0). 

IW»PTeei     ^'  .  ^^t  _  eos(»  +  0)  cost  +  Bin  h^'iL*  -  cos'^}  +  fi). 

This  method  may  ako  be  applied  to  solids.    Sofl  bodies  like  wax,  or  gelatinoua 
organic  bodies  may  be  at  once  nttached  to  the  lover  surface  of  tbo  prism.    Hard 
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•ittached. 

The  wme  method  also  gives  the  index  of  relWf  tion  of  the  prism  itBflU|  ths  ohMTTs- 
tioD  beiiw  made  witbont  ftpplying  any  liqoid  to  the  lowerbi<a.  In  thii  ease,  nuce  tba 
medium  below  Ibe  prism  is  itir,  we  huTe  /i'  —  1,  snd  the  fbrmala  gives 

^  .  ^-^-/i  +  CO."  (A  +  3)  -  2coB  4  COS  16  +  fl). 

The  fblloviag  btUes  contsin  the  indices  of  nAvctioa  of  Mveial  solids  and  liquids, 

'■    r  methods.     Thaj  all  wlatp  to  the  ysllow 

WulliiBtou,  vMcb  nlsts  to  the  sztieme  red : 

Indicet  of  Refraetum  of  Sotidt. 


nftidlin. 

'~-- 

MuaofHlKUDn. 

ladHor 
rttmlliiii. 

ODHrrar. 

lekl    . 

2(0  to  2-97 

Brewster. 

Sugar           .         . 
Phirfiphoric  add  . 

1-636 
1-634 

Wollaston. 
Brewster. 

DiHDond         . 

iil  to 2 IB 

Br.;  Kodion. 

Sulphate  of  copper 

1631  to  1-662 

2-224 

Brewster. 

CHosdii  balsam   . 

1-632 

Yoi,e. 

Gloss  of  snti-t 

2'2ie 

Citric  acid  - 

l-6i7 

Bievster. 

moD7  .         \ 

Crown  bIbss 

1626  to  1-634 

Snlphnr    (ns-f 

2-llfi 

Nitie  . 

t'ei4 

tire)    .         ( 

PUte-glass  . 

l'6t4  to  1-642 

Zircon     .        . 

l-Sfi 

WoUsston, 

1-603 

Y<  ung. 

Borate  of  Iwa. 

IBfiS 

Beiscbel. 

ciown  gtss.;    : 

1-600 

Wollas^n. 

Caibouate    off 
l«d     .        i 

1-81  to  2tW 

Brewster. 

Sulphate   of  DO-) 

t-saium   .        ( 

1-600 

Brewster. 

Rnbj      .        . 

177B 

Ferrous  snlphale. 

1484 

Pelspw  .        . 

1-76* 

ThUow;  wm       . 

1-492 

TouDg. 

Tonmults       . 

IBIO 

Biot. 

Sulphate  of  m«g-{ 
Iceland  spu        . 

1488 
1-664 

Brewster. 
Ualus. 

Bnyl       . 

1-598 

Brewster, 

Obsidian     . 

1-488 

Brewster. 

1-Wl 

Gum  . 

1*78 

SmarsM.        . 

1-S8t 

Ham 

1-476 

Flint  glass       . 

1-67  to  l-fiS 

Br. ;  W. 

Alnm. 

1-467 

(VoltastoD. 

Ratk-M^ 

1S4T 

WoUaiton. 

Fluor  H«r 

1-436 

Brewster. 

1-646 

HewtOD. 

Ice     . 

1310 

Wollaston. 

Apophylbw     . 

I-H3 

Brewster. 

1-1116 

Brewster. 

I -643 

Widlwt™. 

Atdtet  nfBf/rertim  afUjuidt, 


Mao*  of  liquid. 

rracdti 

„^.. 

Muu  of  liquid. 

[adex 

ObUntr. 

Sulphide  of  carbon. 
OilofcaiBia    . 
Bitter  almond  oU     . 
Nut-oU  .        .        . 
Linseed-oQ     .        . 
OUofnifhtha        . 

OKya^on         .        . 

Oil  of  almonds 
Oil  of  lavender 
Sulphuricadd(iipe- 

ciflc  grari^f  1-7) 
Nitric  acid  (specitic 

grftvlQ'  1-4B) 

1-878 
1031 
1003 
1-600 
1-486 
1476 
1-476 
1-470 
1-470 
1-469 
1467 
1429 
1-410 

Brewster. 

Young. 

WolUston. 

j   Youn^  ' 
Wollaston. 
Brewster. 
Newton. 
)   Young; 
JWolburton. 

Solution  of  polMh) 

Sc*salt  (satniated) 
Alcohol  (rectified)  . 
Ether     .        .        . 
Alum;  saturated    . 
Hnmui  blood 
White  of  egg  . 
Vinegar,  distaied    . 

a.iiii  .      .      . 

Water    .        .        . 

1-406 

1-410 
1-676 
1-372 
1368 
1-866 
1-364 
1-861 
1-372 
1-389 
1-336 

Biot 

HflriAeL 

Wollaston. 
HencheL 
Young. 
Enler.juD. 

Young. 
(Wollaston; 
{  Brewster. 

Coogic 
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Tbc  indicea  of  lefractdon  usigD^d  to  ths  ume  lobstaiice  Ij  diSbrait  obsrann  oflen 


A  compafiBOQ  of  tht  iniiiMi  i^  nfractioil  of  diffeieut  mlxtuieM  laads  to  but  for 
geaeral  cuncluoiaiu.  Odb  of  tbi  most  reniaiiabls  u  fh«t  intUmnabla  nbatuicea  are 
■tfonglT  ipfractiTfl :  i.  g.,  nlphiir  ftod  phophoiiu  mmong  lolidB ;  oili  ud  hjdzoeubona 
■moDg  liqnidK;  it  wm  tbo  otMrnUMi  of  utii  &ct  tlut  led  Nowton  to  infar  that  the 
dUtoond  vould  Iw  found  to  contain  an  inflammable  prindpla, 

QMKnllr  ■peaking,  the  refiactinE  power  <tf  any  ona  mmtoHM  iooMM  with  iti  dan- 
aXji  Ihou^  itis  I7  nomeanatmeUiatthenfraetingiKnnn  of  diflbrant  nlMtanaM  an 
prnrartiimal  to,  or  even  follov  in  the  aama  Mdai  at  tncu  denaUie^  Jamin  fbnnd,  bf  a 
metliodpp       -'        •  .... 


<r  ia  inneaaod  bjoom- 


bjhei 


of  the  pther  is  tripled  b;  heat.  Numenmi  ezparimsDta  on  thia  aobject  haTe  been  made 
b7  Dale  and  QUdstone  (Phil.  Trana.  libi;  Ann.  Ch.  FhnJS]  Inii  117),  who 
operated  on  twelie  different  liquids  between  the  temperatorea  of  !*>  ajid  6ff,  naing  Hie 
method  of  minimam  denation.  The  priim  waa  pLieed  bonaantsllj  and  heated  bj  a 
Bpirit'lBmp  or  moled  bj  a  freecing  miitm*.  Tha  t«Bip«nlu«  waa  indicated  bj  a 
thermometot  with  which  the  liquid  waa  atimd.  The  fidlowing  table  "^m**'"*  a  portiMi 
of  the  result*  (see  also  page  626) ;  Ui^  relate  to  the  liiiAl)  U  ttw  loUr  ipedmn, 
excepting  those  with  phoephoma,  which  relate  to  the  line  0 1 


'''3"" 

Hulptidaor 

W«-. 

BUiiT. 

Alwhal. 

HWhjI. 

ikehbL 

UqDid. 

Sii 

0° 

16142 

1-8330 

10 

1-6340 

1-3337 

1-8S92 

1-8068 

1-8S79 

20 

i-azsi 

1-3320 

1-8645 

1-8616 

30 

1-6183 

1-8309 

1-34S6 

1-8S78 

2-07*1 

40 

1-8103 

1-3297 

1-3638 

I-83W 

2-0677 

1-6796 

60 

1-3280 

1-3491 

2-0608 

U 

]'32£S 

1-8437 

2-0616 

1-6SW 

The  KfrBCtiTe  index  of  vxUer  dinunishea  continnonely  between  —  1-3°  and  +  6-3°, 
the  direction  of  the  Tsriation  not  changing  in  the  passage  thion^  tJia  point  of  waTimirin 
densitj.    (Arago.    Jamin.    Daleand  OladstDiie.) 

In  the  pHSBSge  of  a  bodj  from  the  solid  to  the  liquid  state,  the  reftaetiTe  index 
■ometimea  dimiclBhea,  as  in  the  case  of  pAmpionc  add,  toax,  and  taUoie.  Sametiinea 
it  increases,  bb  with  Koter  and  ienw,-  sometimes  again  it  does  not  change  percepCiblj, 
BS  is  the  case  with  tugar. 

H.  Deville  (Ann.  Ch.  PhTS.  [8]  t.  129)  has  measured  the  index  of  refraction  of 
idciikol,  KHxtd-tpirit,  and  aalic  acid,  mixed  with  water  in  different  proporticiDB.  These 
■ubstancee  exhibit  the  greateet  degree  of  contnction,  or  of  dsneitj.  when  united  with  fat. 
water  («.^.,2C^*O.3H-0).  It  is  also  with  this  proportion  of  water  th&t  wood-iptTit 
and  acetic  add  exhibit  the  highest  degree  of  re&actiTa  power,  wherena  with  alcohol 
this  is  the  casi^  when  it  contains  \  at.  water  (2C^*0.H<0).  At  10°  the  refauttiTe  in- 
dex of  abailute  alcohol  is  13003  1  that  of  2C'H*0.H>0  is  18082;  that  of  aot^drona 
methrlia  alcohol,  CH<0,  Ul-3368i  of  2CH*0.3H'0,  1-3462;  that  of  anhjdiona 
aceUo  add,  CHW,  ia  1-3763  ;  and  of  2C'H'0'.3H»0,  1-8781. 

Indfx  of  Befraction  oj  Gtuei.  Br/raetitM  Famer.  Biot  and  Arago  determined 
the  re&actiie  index  of  atmospheric  air,  bj  the  mc-thod  of  minimam  deriation,  ndng  a 
hollow  gtasB  pristn,  called  a  Bord^t  priim,  consisting  of  a  glaoc  tube  (_fig,  603)  4  or  6 
centimetres  in  diameter,  and  having  its  ends  a,  b  cut  m  a  ilantinE  dinWion  and  doaed 
with  very  thin  plateaofpsrallelglaas.  The  prism  woa  monnted,  with  ila  re&Ticting  angle 
TPitical,  ou  a  Inase  lube  connected  with  a  Btop<»ck  and  aenwed  on  to  the  plate  of  an 
air-pump.  The  pressure  of  the  air  in  the  tube  waa  measured  b;  connecting  it  with  a 
siphon-gauge.  The  tube  having  been  exhausted,  filled  with  dry  air  seTeral  times,  and 
again  eihauated,  obserrations  were  made  with  it  limilar  to  thoae  descdbed  at  p.  012 ; 
with  this  exception  howerer,  that  as  the  refracting  power  of  the  exhausted  prism  was 
less  than  that  of  the  surrounding  air,  the  naxinntm,  instead  of  the  mnmnt  deviation 
was  obHerred.  The  deTiatioDs  being  ex^emely  small,  the  thickness  of  the  prism  pre- 
Tentcd  the  mark  from  being  riewed  directly.  To  obnate  Alia  difficultj,  after  the  moric 
had  been  liewed  throngh  uie  priem  represented  in  section  at  AB,  and  the  maximUDi 
doriatioQ  of  the  ray  meio  observed,  the  prism  was  moved  half  rouid  into  the  position 
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A'B,  sod  tlie  Bams  muk  again  olmeiTed.    Tha  imigs  m  ma  Uierabj  timnm  to  tlie 
opposits  Bide  of  the  raj  no  proceeding  diraetlj  bmn  the  ol^iaet,  so  that  the  angle  ioT 

tnM  equal  to  twice  the  angle  noi.    This  method  gave  lor  the  ir-" '~'^^- •  -!- 

at  0°  C.  and  0'T6  met.  barometric  pressure,  k 

referred  to  a  Taconm  as  the  unit,  the  nam-  ^ 

ber  1-00294, 

In  like  manner,  the  indicee  of  lehutioD 
of  other  sues  vere  detennined,  rrfeired  to 
that  of  air  ai  <mi^. 

Not  on  meaBaiiDg  in  Uiii  mannei  ths 
lefi-aetioD  produced  ^  air  or  othei' gasea  at 
difiarent  denntjea,  it  was  found  that,  at  p 


»aOt< 
the  quactit;  > 


,   vhich   ia  called  the 

_^_     .  .■,  ia  propnrdonal  to  ths 

density  of  the  gai — in  other  Toida,  that 
*^  7   ,  iriueh  maj  be  called  the  apeeifie 

refraotiTa  pover,  ii  a  canataot  quan- 
tity. The  lav  vas  not  Terifled  for  pieesnrcB 
gnvtet  than  that  of  the  atmoephcro,  on  ac- 
count of  the  difflcalt;  of  retaining  condensed 
gasai  within  the  hollow  priam. 

Snlong  deteimined  the  re&actife  powera  of  a  eoiuidenblB  nomlierof  gawi  and 
TBponiB  b;  the  following  method,  foonded  on  the  proportionality  of  Uia  refraetiTe 
power  to  the  deneitf.  A  dietant  mark  is  obeerred  ^  a  telaacope  through  a  Botda'a 
priem  filled  -with  d^  air,  at  a  preuore  A.  The  prism  and  toleacope  an  then  fixed, 
and  the  priam  is  filled  with  another  gaa,  the  preasun  of  which  ia  vuied  till  ths  image 
of  the  mark  again  coincided  with  the  wire  of  the  t«leacora.  The  lefractiTe  index  of 
the  gas  under  ths  preasnrs  h',  ia  then  eqnal  to  that  of  Uw  air  under  the  preeBore  i. 
If  then  ft'  and  ;>  are  the  indices  of  refraction  of  tlie  gi£  and  of  air  at  the  tamo  prenore 
k,  and  at  the  tame  temperature,  we  have,  eince  the  index  of  the  gas  under  tAB  prcs- 
■oie  &'  il  equal  to  i*, 

(.■"-li^i-l   _  1:4', 
wheuM  fi'  ii  cuilj  fbund. 


S^raetitt  pomer  of  Osua. 


Hrf,«U«po 

-^. 

.ssx. 

D.UU,. 

Viat  al  IK. 

'E? 

oiercil- 

AbKluU. 

Air 

1000 

0-000689 

1-000294 

1-000 

Oxygen       . 

0-9U 

0-0006*4 

1000272 

1108 

Hydrogen   .        . 

0*70 

0-000277 

1000138 

0-069 

Nitrogen      .         . 

1020 

0-000801 

1-OOOSOO 

0-971 

Chloraie      .        . 

2-623 

0-0016*6 

1-000772 

2*70 

Nitrom  oxide      . 

1-710 

+  0-228 

0-O01007 

1-O00603 

1-620 

Nitric  oxido         . 

1-03O 

1 0-068 

0-000608 

1-OOO303 

1-03B 

Hydrochloric  acid 

i-627 

+  0-020 

O-00O898 

1-0004*9 

1-247 

Carbonic  oxide    . 

1-1S7 

0-000681 

1-0003*0 

1-967 

Citrbonic  anbydiida 

1-628 

-0-093 

0-000899 

1000**9 

1-624 

Cyanogen    . 

2'83S 

0-001668 

1-000834 

1-806 

Ethylene     . 

2-302 

0-001366 

1-000678 

0-978 

Marehgaa  . 

1-604 

0-000886 

1-000*43 

0-666 

Chloride  of  ethyl 

3-720 

-b-obo 

0-002191 

1-001096 

a-284 

i-esi 

-0-130 

0-000903 

1-000461 

094* 

1309 

+  0-093 

0-000771 

1-000386 

0-6B8 

Phosgraa     .' 

3-936 

+  0-163 

0-002318 

1001169 

s-4*a 

S.ilphjdric  acid   . 

2-187 

0001288 

1-0008** 

1-191 

2-260 

0-001331 

1-000666 

2-23* 

Ether . 

8  197 

0-003061 

1-900168 

2-680 

Snlphide  of  carbon 

6-110 

0-008010 

1-000160 

2-6*4 

Phosphoretted  hydrogen      . 

2-682 

0-001679 

1-000789 

1-214 
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Bj  tliit  method  Dalong  hu  Bhown:  1.  Thit  tha  raftvctire  pomTof  ■  mutnn  of 
gues  il  eqn>l  to  the  meku  uf  tboae  of  th«  comtitaent  gue*  calculatpd  for  1h»  pr«8Bura 
to  which  each  gu  uBct<uilIyBuh<j«^ad  in  the  mixturi'.  2.  That  the  refnctire  power  of 
s  eooipoand  gu  u  not  pqiikl  to  the  mean  of  those  of  th«  oompuDent  gueii,  bat  le  >ome- 
timea  grrater  uid  ■om«tioiea  laea.    The  third  oolainn  of  the  fallowing  t&bla  eihibilj  the 


diflbrNicee  bftattn  the  oclnal  rc^actire  powerfl  of  certnin  compouod  rshv^  luid  thoee 
which  would  be  obtained  hy  adding  together  the  refrartiTfl  poven  <jf  the  several  oom- 
ponecta.  and  dividing  by  ihe  Toiume  of  the  compound  gu.  The  retraotiTe  power  of 
atmospheric  air  is  found  to  be  eiactlj  the  meun  of  those  of  its  two  coualtluent  gaaes, 
a  bet  which  ahows,  together  with  othera,  that  the  aii  ii  a  mixture,  aad  not  a  cam- 
pound  of  oxjgea  and  Ditrogen. 

The  numbeia  in  this  table  show  that  there  is  ui 
I  of  different  gaeea  and  their  deneit 
ample,  has  a  lower  densitj,  bnt  mneb  higher  tefcaetire  power  than  sulpharooB  snhj- 
dride,  and  ether-vaponi  has  about   tba  nine  deoti^  sa  chkiriiie,  Imt  double  tha 
K&actiTS  power. 

TiM  interferential  method,  the  principle  of  whidi  has  been  already  deocribcd, 
ii  tS7  well  adqited  to  the  mnuurement  of  the  refractive  indices  of  ^ses,  and  girea 
imolts  more  exart  than  tiuise  of  the  preceding  methods.  Amgo  and  FrMoel  a{^ed 
it  to  the  compariaon  of  the  refractive  indices  of  moist  and  dry  air.  lie  interfering 
rays  were  maoe  to  paM  through  two  copper  tabes,  each  a  metre  in  length,  and  doned 
at  the  ends  with  glass  plates  having  eiactlj  parallel  faces,  the  one  being  filled  with 
moist  and  the  other  with  dry  air.  The  fringes  were  then  Jbuad  to  be  displaced  to 
the  amonnt  of  one  band  and  a  quarter  on  the  side  of  the  dry  tubs,  showing  tbat  moist' 
air  is  mther  less  refractive  than  dry  air,  Preeipilaitd  tapmr  was  found  to  produce  a 
very  slight  increase  in  tlin  refracting  power  of  the  air. 

An  improved  apparatos  fbr  eipenments  of  this  kind  has  been  construfted  by 
JamiD,but  we  must  refer  for  the  description  of  it  to  his  memoir  (Ann.  Ch.  Phya.  [3], 
xlii.  S82),  or  Daguin's  TVatti  de  Piytigue,  iv.  402.  By  meani  of  this  appantus, 
Jamin  has  shown  that  vapour  of  water,  at  the  lemperatare  at  0°  and  at  0'76  met. 
barometric  ptvaanre,  supposing  it  could  exist  under  thoas  drcDnut&nces,  would  have 
an  ahsolnte  index  of  refraction  eqosl  to  I '00281,  which  is  leaa  than  thatof  air  at  the 
same  temperature  and  pressure.  The  refractive  power  of  aqneoua  vaponr  calculated 
by  the  formula  ^*-  1  is  therefore  —  0-000521. 

By  adding  to  the  refractive  index  of  dry  air  that  of  aqueoos  vaponr  in  the  saturated 
state,  under  the  pressure  which  it  poBaessea  st  20°,  Jamin  finds  that  tJle  diffetvuce 
between  the  refractive  indices  of  dry  air  and  air  satnratod  with  aqneoua  vapour  is 
only  0-000000726,  a  quantity  which  is  too  small  to  produce  any  sensible  effbcts 
with  Borda's  prism,  and  may  be  safely  neglected  in  the  calculation  of  atmospheric 
refraction  for  astFonomica]  porposes. 

Bffractioe  poimr  of  vapourM  prodacid  at  high  UmperatiiTa.  Leronx  (Ann.  Ch. 
Fhys.  [3],  Ixi.  3S6)  has  measured  the  refracbve  indices  of  a  few  of  these  vaponn  by 
the  method  of  leaat  deviation,  using  a  hollow  prism  of  inm  having  part  of  its  oppoeila 
fiu^cs  replaced  hy  flat  glass  plates,  and  provided  with  y  .      .      -■ 

and  for  keeping  the  pretsmre  of  ihe  vapour  equal  to  t 
indiee*  and  reiractive  power*  of  ths  vaponra  examined  ai 


fiolphnr      .  "  ,  .  1-001629  O-O032S8 

Pboephoinia  .  .  1-0013«4  0-002728 

Arsenio       .  .  .  1-091114  0-00222S 

Harenry      .  .  .  l-000(£5  0-001113 


aeries  trf'  brilliant  oolonn  in  the  following  order : 

Red.     Orangt.     Ytliovi.     Green.    Blue.    Indigo.     VicleL 

the  red  occupying  the  lowest  or  the  highest  place,  according  as  the  refracting  angle  of 
Ihe  prism  is  turned  downwards  or  upwards.  The  different  eoloiired  rays  are  therefora 
refracted  by  the  prism  iu  diSerent  degrees,  the  red  exhibiting  the  leeat,  and  tJie  violet 
ttie  grpatiwt  deviation.  Moreover,  if  a  small  hole  be  made  in  any  pact  of  Ihe  screen 
BO  ai  to  allow  a  narrow  beam  of  Ihc  rays  of  any  one  colour  to  pass,  and  this  lipam  ba 
transmitted  through  anotliiT  priun,  it  will  not  s^^iu  bo  eloDgatod  and  aptit  up  into 
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AiAerMit  eoloan,  bnt  trill  lunn  apOD  a  Micoqd  Bcreen  an  iuiiigii  of  the  mne  ihspe  ta  the 
•partara,  and  of  the  wnn  colooc  u  tlie  benm  before  pwMDg  through  the  second  prinm. 
In  tltii  wMud  lefiactioD  also,  the  rad  axhibitu  the  leaal,  the  riolel  the  greateeit  deviv 


It  wia  br  Dbserrationa  of  tbit  kind  that  Newton  made  the  crand  diecoTPiy,  that  Solar 
ligit  nujf  StupanUed  bgrffraelion  into  a  number  of  ragt  ofd^trent  ooiourt,  and  that 
to  taek  eokmr  tiurteorrttpondt  a  dutiiKt  drgree  o/ rffrangibilitj/,  tie  red  rag*  being  the 
ttatt,  tie  naUt  lit  nett  rrfrangible,  and  tie  intermediate  eoUntre  inereaeing  rrgulariy  is 
r^frang^iUb/from  tie  red  to  the  violet, 

Thia  leaaa  ia  eonflnnad  bj  the  fact  that  the  TPunion  of  the  coloun  of  the  apectmm 
prodiMM  whil«  light.  Thii  may  be  ahovn  bv  receinng  the  benra  nf  light  t,  re&actad 
Dj  apriam  P  (jt^.  666),  on  a  second  prism  P*  of  the  Buns  mibBtance  und  having  the 
same  refracting  angle.  The  rajii  are  thus  brought  back  to  paralleliam  and  fbrm  a  beam 
of  while  light.  A  very  limple  appaisCiu  tor  exhibiting  thia  racom position  of  white 
light  ii  a  lectangnlar  glav  trough  divided  in  hnlTes  by  u  diagonal  gluu  pnrtitioti  On 
ponnng  water  into  ona  of  the  diviaiona  and  paaiing  a  beam  of  analight  through  it,  a 
colonrM  ■pectmm  ia  fbnned;  bnt  on  pouring  water  into  the  second  division,  the  rays 
are  brought  baiA  to  parallelism,  and  the  eme^ent  beam  is  white. 

Another  mode  of  dsmonatiBtin^  the  recompMition  is  to  colour  ■  circnlar  piece  of 
card-board  in  aectora  with  the  tints  of  the  apectnun,  and  give  it  a  rapid  rotatorr 
■Dotion.  If  the  disc  rcrolrai  in  less  than  the  tenth  of  ■  second  (the  time  during  which 
an  imprtanon  reniaina  on  the  retina)  the  whole  snr&ce  appears  of  a  nniform  grejiah- 
white  tint,  the  deviation  from  perfect  whitenen  arising  from  the  impossibility  el 
aiMctlj  imitating  the  colours  of  ths  eppctmm  by  pigmenta. 

To  obtain  a  complete  leparstion  of  the  coIodtb  of  the  spectrnm,  the  prism  shonld  have 
a  large  rafraOing  ingle,  and  the  aperture  ahoald  be  aa  narrow  as  posaible  :  for  a  wide 
■fwrtOM  nu;  be  n^rdrd  aa  a  nnmber  of  narrow  ones  aide  by  aide,  each  of  which 
JKOduMt  it!  own  qiectnun,  the  mlonn  ol  the  Beveral  spectra  Ihua  fbimed  overliq^iing 
each  <rther  aod  prMoeii^  componnd  tints ;  indeed,  if  the  ^lertuie  exceeds  a  certain 
width,  the  middle  cf  the  image  will  receive  mys  of  all  colours  and  will  appear  white. 
For  the  same  reason,  the  beam  of  Ught  most  not  be  divergent,  and  the  apparent  dia- 
meterof  the  himinona  bodf  from  which  the  light  proceeds  must  be  as  small  as  possible: 
fin  tha  incident  light  nasaing  through  a  very  small  aperture  is  more  divergent  as  the 
'  ''  'sr  of  the  source  of  Ught  is  larger:  the  sun's  rays  passiog  through  each 
a  a  eona  having  a  TWtical  angle  of  30  minotes.  Newton  obtained  a 
veiy  bright  and  pore  Bpectmm  by  psHS- 
ing  a  biuad  and  thick  rectangular  bmm 
_  of  light  through  a  convex  leos  L  (/^. 
6B6)  of.Iong  focus,  jdaced  very  near  the 
~  prism  F,  and  receiving  the  light  on  a 
,  white  sereea  placed  in  the  focus  of  ths 
lena.  Each  colour  is  then  brought  to  a 
fljons  on  the  screen,  forming  a  bright 
narrow  spot,  the  whole  producing  a  very 
pure  spectrum  rv.  An  improvement  on 
thia  onanssment  is  to  use  a  inlindrical  lens  parallel  to  the  edges  of  the  prism,  whereby 
the  rays  <a  each  colour  are  collected  into  a  thin  fbcal  band  well  separated  &om  the  rest. 
Foocaalt  ba*  made  a  liuther  improvemimt  by  interposing,  between  the  lens  and  prism, 
•  diaphrKin,  to  stop  the  rays  which  would  peas  loo  near  the  edge  of  the  lens,  and  dimi- 
niah  the  Muupoeaaof  the  eotoored  images.  The  spectonm  is  more  elongated  in  prO' 
twrtiMi  aa  tha  lena  ia  placed  nearer  to  the  prism,  which  ia  then  briber  from  the  acreen, 
the  latter  beii^  placed  at  a  determinate  distance  from  the  lens. 


Fig.  666. 
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Toubtunabeamirfper&ctljhoiiiogeDeoai  liglit,  >  eoloored  beam  pamiiig  Qmii^  » 
■msll  hola  in  the  puti^  the  tcreeu  on  which  the  Bpectnun  pnidDCeduaboTe  UreceiTed, 
ii  tmmnittcd  tbn)iigh  >  Hcond  priim  ;  and  if  the  d^eiA«d  imi^  thai  fbrmsd  ia  M 
all  eloDgBl«d,  ihowing  Chat  the  original  coloured  beam  wu  not  qnite  homogeneoiu,  the 
light  of  a  portion  of  it  mast  be  pnmd  through  an  apeitnie  in  a  second  Kreen  placed  (o 
receiTe  iL  A.nj  thni  separated  will  be  fbnnd  to  be  periiMtlj  homogeaeoni  in  oolasr, 
and  of  uniform  refrangibility. 

Intlead  of  recemog  the  ipectrma  on  a  screen,  it  mty  be  viewed  direcdj  b;  holding 
the  priam  between  Che  eje  and  the  source  of  light,  the  red  nf  a  then  appearing  in  the 
higheet  or  loweet  podtiao  acoording  ta  the  lefncting  aode  of  the  prism  is  beM  down- 
wacds  or  upwards.  The  ipectnun  maj  also  be  magniSsd  t;^  Tiewing  it  throogh  a  tele- 
scope. These  methods  enable  ns  to  view  the  spectra  of  souicea  of  light  not  bii^t 
enoagh  to  throw  a  visible  image  on  a  screen,  such  aa  the  light  raflectsd  &om  a  sbrip  of 

"  ■" " in  a  dark  ground. 

t  of  the  moon  and  i 

„__      ,  _•«  similar  to  that  ot _.._, _. 

of  the  Sied  itan  exhibit  the  same  coloon  and  nearly  in  the  same  [ooportions.  Those 
of  ordinaij  flames  (h3rdrocaTbon  flames)  likewise  exhibit  the  same  cofoore,  hut  with  a 
larger  proportion  of  jellaw.  That  of  an  alcohol  flame  conaiala  main^  of  jrellow  light, 
and  if  a  little  common  aalt  be  mixed  with  the  aloahol.  the  flame  givea  a  perfectly  mo- 
nochromatie  yellow  lighL  The  flame  of  a  Buneen'e  bnmer  in  which  a  nit  of  lithinm  ia 
■■  id.giTee«»]     ■  ■  ■■       ■ 

FLud  Line*  i*  tie  Selar  Speetrum. 


ooDclnded  that  white  light  contained  rajs  of  all  degrees  of  re&aogibility,  r^olailf  in- 
ereasinf  bom  the  red  to  the  violet  Bnt  WolUnton  in  1803,  b^  looking  throi^  a 
good  flint  gtan  priam  at  a  very  narrow  rectangular  apetinre  ilFnminated  bj  snn-light^ 
peroeiveil  that  the  apectmm  was  intersfctod  bv  several  very  fine  daik  lines  parallel  to 
the  edges  of  the  prism,  or  to  the  botmdaiy  hnea  of  the  seietal  colonra ;  and  fiAeea 
yeiiTS  lUUrwards,  FTannhofnr  of  Monich,  without  being  acquainted  with  WollaatOD'a 
observBtiona,  made  the  same  discovery  by  viMriog  a  speclruni  formed  in  the  mauoer 
jnst  described  through  a  telescope.  The  lines  were  veiy  flni\  all  dark,  and  some 
perfectly  black,  and  Frannhofer  was  able  to  count  between  500  and  flOD  of  tham,  theii 
number  increasing  with  the  magnifying  power  of  the  teleecope.  These  lines  an  dis- 
tributed iiregularly  tlnoaghuut  the  whole  length  of  the  apectmm,  and  do  not^  fi»  the 
most  part,  occur  at  the  Uiuita  of  the  princi[wl  coloun.  Eight  of  them,  easily  din- 
tinguished  by  their  poaition  and  intenaity,  an  denoted  by  the  first  eight  letters  of  the 
alpJmbet,  begiunLng  from  the  red  of  the  apectrum :  they  are  shown  in  fiff^  067-  Some 
of  them,  when  examined  by  a  good  magni^'ing  tMjwer  in  a  wtJl -developed  spectrum, 
are  resolved  into  a  number  of  fine  linia  veiy  close  together.     There  are  two  more 


*hen 

The  aepect,  order,  and  relative  diatancffl  nl 
same,  for  a  prism  of  given  substance,  whatever  may  be  the  magnitude  of  its  refracting 
angle;  but  if  the  substance  of  the  prism  he  changed,  the  relative  distances  of  the 
flied  lines  and  the  relative  widths  of  tbe  aeveral  coloured  spaces  are  likewise  altered. 

To  obtain  the  linea  of  the  apectmm  well  developed,  it  is  necessary  to  use  a  prism  of 
very  ouilbrm  aubatazice,  free  from  atrin,  and  baring  a  lefnicting  angle  large  enoiuh 
to  yield  a  very  pure  and  extended  spectrum.  Priama  for  tbe  purpose  are  genenlly 
made  of  flint  glass  or  rock-crystal,  subatancea  having  a  high  dispernve  power,  that  it 
to  say,  the  power  of  refiractJng  the  red  and  violet  raya  m  very  diSerent  de^«ea  dp.  Sit). 
A  hollow  prism  filled  with  aulphide  of  carbon  ia  also  well  adapted  tnr  the  pnipOBe,  as  it 
is  sure  to  be  unifbrm,  if  preserved  from  vBriations  of  temperature,  and  its  dispersive 
power  ia  very  great.  To  form  the  apectrum,  the  sun's  rays,  or  the  difFbsed  light  of  (he 
sky,  entering  a  darkened  room  through  a  uarrow  alit,  or  condensed  by  a  cylindrical 
Ima,  are  made  to  pass  through  the  prism,  and  the  diapersed  beam  of  li^t  is  viewed 
thmugh  an  achromatic  telescope.  Tbe  lines  and  intermediate  spaces  are  therebT 
magnified,  the  number  seen  being  greater  in  proportion  to  the  magnifying  power  (rfthe 
telescope.     The  most  favourable  position  for  tbe  prism  ia  that  of  minimum  deviatdoD. 

Unea  also  exist  beyond  A  in  the  ml,  and  beyond  the  violet  in  a  space  occupied  bv 
K^  bint  Livender-colonred  rays.    The  flzat  wen  obaemd  l^-  Brewiter  in  *  ^Me 
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eqiudti>AB{fo.  fl87),tlMiM«oi>3l7SrJolinH8rBchel.  To wndartheM lines Tirihl*^ 

■erenJ  precantionfl  &re  peqaimd ;  amoDgst  others  it  is  neceflBsij  to  intercept  all  the  rays 

betreen  the  red  and  ndet,  and  line  the  tnbe  of  the  teleMope  with  black  Telret.    Bj 

Fig.  687. 
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igtheMVidothgrprecaatioDB,  and  nmng  a  prinn  of  oil  of  euras,  which  poaseesM 
re  nnrer,  BrevBtei  iraa  able  to  diAiiigDish  altogether  abont  1000  lines 

_i,  B  map  of  which,  together  with  a  ddineatioQ  of  the  two  exfremitieB  of 

theaolivq>eetnuii,ai  obaerred  bj  Gladatonswhen  theann  waa  at  abont  hiagreatart 
•Ititade,  i*  giren  with  a  papM  "On  the  linee  of  the  Solar  Spoctram "  Ijy  Brewater 
wd  Qladatooe,  pobliahed  in  the  Philoeophioa  Tmnsactiong  for  1880,  p.  149, 

A  still  pt»tm  development  of  the  apeftenm,  and  an  increaajd  nnmber  of  linn,  ie 
obtwnedfopMnngtie  tvathton^aaerieeof  priamB.  In  this  mannarKirchoff  has 
obaerved  about  2000  Knea,  and  baa  been  enabled  to  lay  down  a  tbij  elaborate  map  of 
th«  taiar  epectnim,  which  is  rablished  in  his  work,  tmnalated  by  Koseoe,  under  the 
tiOe—Sttearcha  on  tie  aolar  Bpectrum,  and  on  lit  Spectra  of  Oe  Ckfmical  Ebmenti. 

Qaasiot  has  oonatrarted  a  train  of  nina  flint  glan  prisnu  with  angles  of  46°,  and 
another  of  eleren  an!phido-of-e»rbon  raisms  with  ^angles  of  *6°  with  which  ihpthar 
obeocvatJona  have  been  made.     (Prot  Boy,  Sou.  lii.  6S9 ;  liii.  183.) 

Solar  light  reflected  from  a  while  snrfwe,  alao  that  of  the  clouds,  and  that  of  the 
moon  and  plaaeta,  give  spectra  exhibiting  the  same  principal  lines,  anddispoaed  in  the 
tame  order  ae  in  the  spectnun  formed  by  the  direct  faya  of  the  sun.  In  the  s^iectpa 
of  Mars,  Jiipiter,  and  Venus,  the  linos  D,  E,  F  may  be  Tarydearly  diatinguuhed. 
But  the  flied  atan  give  spertra  containing  different  linM.  That  of  SiHui  containa 
two  dark  lines  in  the  bine,  and  one  Tccy  strong  lino  in  the  green,  bnt  nr—  --  "■- 
yellow  or  orange;  that  of  PoUux  coctaina  aoTeral  &int  lines,  the  line  I 
apparently  the  same  place  as  in  the  aolar  spettrum.  See  further  a  paper  by  Euggme 
iLdMilfor.    (Proc  Boy.  8oc liii.  9*.) 

Effect  of  eolovred  Gatei  on  the  i^ppearanet  of  tha  Una.  When  a  ray  of  light  passes 
throogb  a  oolonred  gas  before  falling  on  the  prism,  dait  lines  make  their  appearsnco 
due  to  the  absorption  of  certain  rays  by  the  gas.  When  the  lig|ht  of  a  lamp,  which  of 
itself  givea  a  spoctrum  containing  only  bright  lines  ^  822),  la  pasaed  through  the 
red  Tsponr  of  peniitric  oiide.  the  Tiolot  and  blue  portions  of  the  epeotrum  are  covered 
with  black  lines  or  rather  banda,  which  become  broader  aa  the  density  of  the  gas  ia 
increaaed,  and  ultimately  join,  so  as  completely  to  oblitemte  the  violet  raya  ;  at  the  same 
time  dark  lines  make  their  appearance  in  the  yellow,  and  ultimately  Bitend  into  the 
red  (Brewster  PhiL  Mag.  13].  "■>■  *8*)-  Iodine- and  bromine- vapours  prodneo 
dark  lines  different  from  those  formed  by  peraitric  oiide,  appearing  flnit  in  Bie  green 
and  yellow,  then  in  tbe  orange,  and  at  the  commencement  of  the  red,  aome  being  qnita 
black  while  others  formed  dark  bands.  The  mere  existence  of  ooloor  in  a  v^Kjnr  does 
not,  however,  necewitate  the  exiatence  of  bands  in  iU  spoctrum.  The  rod  vapours  of 
chloride  of  tungsten,  for  example,  give  no  lines  whatever.  Heithw  c«i  the  position  of 
the  lines  be  infored  from  the  colour  of  the  gas ;  with  green  peichlonde  of  manganese, 
they  are  most  abundant  in  the  green,  while  with  the  ted  vapours  of  pemitrio  oxide, 
they  incroose  in  depth  and  nnmber  aa  they  approach  the  violet  The  vapours  of 
■iropla  bodi™  aa  wdl  aa  of  compounds  may  prodnce  linea,  and  two  simple  bodies  which 
ain^T  do  not  produce  them,  may  prodoce  them  abundantly  in  their  compounds  ;  e.g., 
neither  oxygen,  nitrogen,  nor  chlorine,  whan  ancombined,  prodnc«  lines,  bot  some  of 
the  oxides,  both  of  mtitigen  and  dilorine,  exhibit  the  phenomena  in  the  most  striking 
manner  There  art^  however,  oiidea  both  of  nitrc^en  and  chlorine,  soma  of  them 
coloured,  which  do  not  occasion  the  appearance  of  lines.  Linee  may  also  be  prodncod 
bv  aimple  substances,  which  disappear  in  their  compounds  ;  thus  lodme  prodnceB  Unea 
which  do  not  appear  in  tho  apoctmm  of  hydriodie  add.  Sometimes  the  same  hnes 
are  laoduced  by  diHerent  di^roes  of  oxidation  of  the  same  aubstance,  a  remaAable 
instsnce  of  whwhUailbrded  by  the  oxides  of  chlorine.  (W.  A.  Miller,  Efmnflrfs  o/ 
CUmnutrv,  8rd  ed.  i.  164.)  ,         ,  i     ,       .^    .,.-■.   . 

When  aolar  light  is  passed  through  a  coloured  vapour,  the  densiU  of  which  is 
nadnaUy  incroaBed,  absorption  .bands  make  their  apt>Baxance,  faint  at  first  and  cuily 
SistiliinilBhed,  but  gradually  becoming  blacker,  and  ultimately  oblitarating  the  ordinary 
linsiir  The  two  aystema  of  lines  are  in  fiwt  distinct  in  the  spectra  of  all  coloured 
vapours,  excepting  that  of  pemitric  oxide,  in  which  they  coincide.     (Brewater.) 

Aa  the  atmosphere  ponseses  »  alight  colour,  it  is  possible  that  some  at  least  <a  th« 
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Ordiuatj  lines  of  ths  aoUr  Bp«7trnni  muj  be  due  to  tlw  alaorptioD  of  rartaln  lays 
during  their  m*<*8B  through  die  rarth's  tttmoephen  ;  sad  in  Gkjt  tba  lines  are  mora 
Dumeroos,  udA  some  of  them,  especiaUy  Ihose  in  ths  red,  are  remsrkablj  dietinct  when 
the  son  is  near  the  horizon,  uid  its  rays  have  amseqaeatly  to  trarel  through  ■  greater 
thickness  of  atmospheric  ur,  than  vhen  he  is  at  a  greater  sltitnde ;  but  the  greater 
nnrober  of  the  liaee  are  probably  dtie  to  another  cause,  to  bs  eonsidered  hereafter. 
(Bievsler  and  OUdBtone,PhiL  Trans.  1860,  p.  US;  Oluditons,  Proc  fioy.Soe. 
XL  306.) 

Spectra  of  ttama  and  I<nettndetce»t  bodiei. 

Ineandrscent  solids  and  liquids  give  continnoai  (pactrk  without  any  datk  linea  or 
spaces,  Flaiaes,  1. 1.,  incandescent  gases  or  Ti^Oois,  give  spectra  cousiatiiig  of  brisbt 
bands,  morfl  or  leu  numeroua,  irith  dark  spaces  betwsen.  An  alcohol  Qame  or  that 
of  a  BanarD's  bomer  in  which  common  salt  or  othsr  volatile  Bodimn-compoDnd  ia 
ienitad,  girea  a  spectrum  reduced  to  a  uamnr  yellow  band,  roinddent  with  the  aolai 
line  D.  Lithiam  ignited  in  a  aimllar  manner  exhibita  a  single  bright  ciimsoD  line 
near  the  solar  C.  The  potaasium-Bpectnun,  BJmiUrly  produced,  consists  of  a  red  bud 
coinciding  with  A,  and  a  riolet  band  not  coinciding  with  any  of  the  principal  solar 
lines,  the  intermediate  portion  of  the  spectrum  beiog  filled  up  with  a  difRmd  lii^t. 
The  thallium  spectrum  eoosists  of  an  intense  green  line  near  the  solar  line  E,  iriiica  is 
split  np  by  Gassiot'e  train  of  deren  snlphide-of-carbon  prisms  into  three  Bepante  lines. 
The  spectra  of  the  allialine  earths  are  equally  definite,  though  mora  con^ilieated. 
(See  AHU.TSIB,  Innaaisto  ;  alao  St'Bittuj.  Aiuxtiul} 

Id  some  CBBes,  new  eeriea  of  bands  become  viaible  aa  the  temperature  rises ;  thus  the 
specbum  of  chloride  of  Uthiam  in  the  flame  of  a  Bunsen  borusr,  gives  but  a  single 
intense  crimson  line ;  in  ■  hotter  flame,  as  that  of  hydrogen,  it  gires  an  additional 
oran^  my ;  and  in  the  o^-hydrogivi  jet  and  in  the  voltaic  aic,  a  broad  brilliant  bine 
baud  likewise  comes  ont  A  similar  effect  is  percdved  in  the  case  of  metallic  iron,  of 
thallium,  and  other  metals  when  heated  by  the  voltaie  arc  A.  Uitacherlicb  (Pogg. 
Ann.  cxvi.  iQ9)  has  shown  that  in  flames  of  low  temperature,  the  lines  prodooed  Tsiy 
with  the  compound  employed,  the  spectrum  then  obeerred  being  thftt  doe  to  the  eom- 
ponnd,  and  not  to  its  elpmentaiy  constituents  ;  the  spectrum  of  copper,  for  eiamnle, 
differs  considerably  from  that  of  an  alcoholic  sidation  of  chlorids  of  oopper,  while  tiiat 
from  an  alcoholic  solution  of  iodide  of  oopper  differs  fo>m  both. 

5prc(ra  of  fit  Btelric  JAghi.—Tha  ^leotcmn  of  the  electric  light  exhibits  bright 
lines  like  those  of  flames.  This  was  bst  obaerred  by  Wollaston,  afterwards  by 
Fraunhofer,  who  found  that  the  line  of  bluish  light  obtained  by  discharging  the 
electricity  of  *  machine  throueh  a  Tcry  fine  wire,  gave  a  apeotmm  containing  ■  TCFy 
blight  line  ir,  the  green.  Wheatstone  has  shown  that  the  electric  light  ama  the 
voltaic  battery,  the  ordinary  electric  machine,  and  the  induction  coil,  Tield  the  same 
spectra  when  the  spark  pasaea  between  eondnctois  of  the  same  kind ;  bat  the  number 
and  position  of  the  lines  varira  with  the  nature  of  the  metallic  poles;  if  they  are  farmed 
of  an  alloy,  two  systemi  of  lines  are  obtained,  <me  belonging  1^  each  of  the  metals; 
the  aame  is  also  Uie  case  when  the  two  poles  are  formed  of  different  metala  Theso 
facts  show  plainly  that  the  electric  spark  Contains  particlea  of  metal  detached  from  the 
conductors  between  which  it  pasaea. 

M  aa  B  o  n,  in  the  coulee  of  hia  researches  On  electric  photometry,  already  cit«d  (p.  £96), 
examined  the  spectia  prodnced  by  various  mslals  when  employed  as  diachaigers  to 
a  X«yden  jar,  and  when  heated  by  ths  voltaic  arc,  and  found  them  to  contain  a  modi 
greater  number  of  linen  than  those  of  the  same  metals  delineated  by  Wheatstone. 
The  difference  was  subsequently  explained  by  Angstrom  (PhiL  Mag.  ISfiS,  p.  329), 
who  ahowed  that  Maason,  in  consequence  of  Uie  intense  heat  of  the  electric  lUsehargM 
which  he  employed,  obtained  two  spectra,  one  due  to  the  metal,  the  other  to  the 
atmosphere  itself,  which  bemme  ignited.  Certain  Hnea  obeerred  bf  Uasson  as  com- 
mon to  the  spectra  of  all  the  metaia,  were  really  those  atmospheric  lines.  By  causing 
the  spark  to  pass  between  the  same  metaia  immenwd  in  various  gases,  the  particular 
lines  due  to  the  met^  remained  nnaltared,  whilst  the  others  due  to  the  gaseous 
medium,  dieappeared  and  were  replaced  by  new  lines. 

For  further  details,  and  for  the  methods  of  """■'■"'"C  the  spectra  of  flames  and 
incflndesceot  bodies,  see  Sfectku.  Anaxtsib. 

Kirchheff'i  titory  of  the  lAna  in  the  Sotnr  Spfctmm.  The  vapour  of  any  nubetance 
absorbs  rays  of  the  same  degi«e  of  i«&angibihty  as  those  which  are  emitted  by  the 
same  snb^ance  in  the  state  of  incandescence,  that  ia  to  aay,  those  vhich  form  the 
bright  lines  of  its  ^wetiTim.    Thns  ignited  sodium  emits  a     
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nittcd,  the  eoatiinimu  qxietnim  prodniTed  bj  eitbtr  of  thn«  amaem  i>  inrnrapted  by 
a  bl*^  line  coincidiDg  with  the  >olar  line  1).  Id  lik«  msnnsr  the  spwtn  of  po- 
tsMiniii,  lithinm,  barinm,  ■tnmtinm  and  copper,  may  be  reva-sid.  On  thew  fiicti 
KinUu^fbnikdi  m  explinationof  Fnonhofera  lines.  He  snppaee«  that  the  lunmoni 
■tmotfJiMe.  or  phoiotpkeit,  of  the  mn  conbuns  the  Tsponrs  of  Tarioni  metaU,  and 
that  behind  thu  incandescent  atmoephne  ia  the  atill  more  intfoielj  h«aCed  edid  m 
liquid  nndma  of  the  ton,  which  emits  light  of  all  degn^t  of  re&anoibilitj,  and  Tonld 
produce  a  cootinaoiu  spectmm,  were  it  not  that  some  of  the  raya,  m  passing  thion^ 
the  photcaphpTp,  are  absorbed  bV  Taponrs  which  are  themselves  capable  of  emitting  1871 
of  va  mme  degree  of  ivfrsusibilit;,  so  that  Fraunhofer'B  liaea  an  only  the  reversed 
bright  lines  wbich  would  be  nsible  if  the  more  intenaetj  heatml  nodeiu  w«te  not  there. 
A  Tei7  eanfol  comgatiion  of  the  solar  ipectnun  wiUi  those  of  variooB  metsls,  has 
shown  that  the  former  oontBina  itit  lines  coincident  with  certain  bright  lines  in  ths 
spectra  of  sodium,  potasaiain,  magneeiiiiii,  caldnm,  icon,  ehrominm,  and  nickel :  henee 
Kirdihoff  in&TB  that  the  eolftr  atmoaphere  amtaios  these  metals,  snd  posaiblj  also 
■ini^  cobalt,  and  manganese,  bnt  aot  litbiom,  copper,  or  nlver.  Angstrom  is  of 
OfanioB  that  the  preeenee  (^  hjdrogen  and  ajnminiiim  msj  also  be  considered  aa 
nored,  and  that  barium  and  strontium  are  pcbabljalso  presenL  (See  Kirch  h  of  rs 
SeteareMa  ok  ike  Solar  Awfmm  and  on  ike  3ptctra  of  the  Ckemiail  EUmenia,  tonas- 
lated  bj  Bascoe ;  also  the  article  SFacroAx  Ai(U.Tsia  in  this  Dictionsiy.) 

IHaftrthe  Powtri  ef  HffatHt  Media. 

a  of  the  extreme  rays  of  the  ■peclnun,  and  conieqnently  the  length  ot 


the  apeclram,  aaj  the  line  F,  about  the  middle ;  then  it  will  be  fbond  tt 
glass  Bpectram  is  about  1},  and  the  flmt-glsss  sprc'mm  3}  times  as  long  as  the  water 
.   It  appears  then  that  flint-gljiMdiepeTseB  the  difieient  coloured  rajs  much 

uun  crawn-^ass,  and  crown-glass  much  more  than  water. 

B  this  difference  in  the  diepersion  prodnced  by  difTerect  media  fin  the  sams 
~  if  refraction  of  a  giren  rav.  which  renderH  it  possible  to  form  achroButic:  com- 
i  tyt  prisms  and  leoBes.  The  object  of  such  eombinalions  is  to  reproduce  white 
li^it  by  recombiiung  the  coloured  rays  wbich  bare  suffered  disperaion ;  and  this  is 
efected  by  pssaing  the  rays  which  have  been  dispersed  by  one  lens  nr  pnnn  throng  a 
second  lens  or  prism  which  refracts  them  the  contrary  way  (aaejig.  BBS,  p.  Blfl).  But 
it  is  BTident  that  if  all  refracting  media  dispersed  the  raya  equally  far  a  giren  amount 
of  mean  refraction,  the  only  way  of  effecting  this  would  be  to  give  the  two  prisms 
the  same  refracting  angle  (see  Jig,  665^  or  the  two  lenses  (one  codtsi,  and  the 
other  concave)  equal  curvatures  ;  but  in  this  case  sU  the  nne  would  be  brought  back  to 
the  same  d^jree  of  convergence  or  divenence  as  they  had  before  psBsing  through  the 
first  lens  or  prism  ;  indeed  the  combination  would  act  just  like  a  plate  of  glass  with 
parallel  faces,  and  would  produce  no  alteration  in  the  direction  of  the  rays.  But 
snppcee  two  prisms,  the  first  of  crown-  and  the  second  of  fiint-glass,  to  be  placed 
together  as  in  Jig.  66G,  and  their  refracting  angles  to  be  so  proportioned  as  to 
produce  equal  denations  of  the  middle  ray  of  the  epectrum  ;  then,  aa  already  observed, 
the  fiint  prism  will  dieperae  the  rays  about  twice  as  much  as  the  crown  ;  and  if  instead 
of  this,  toe  refracting  angles  are  so  adjusted  as  to  produce  equal  amonata  of  dispersion, 
or  spectnt  of  the  same  leoph,  then  the  angle  of  thesenind  must  be  of  auch  a  magnitude 
as  to  deviate  the  mean  ray  less  thaii  the  crown-glass  prism  does.  Such  a  coiabination 
will  recombine  the  c<doured  rays  and  reproduce  white  light,  without  bringing  back  the 
rays  to  their  original  direction.  In  like  manner,  if  a  concace  lens  of  flint-glaaa  be 
pliiced  behind  a  convex  lena  of  crown-glass,  its  curvature  may  be  so  adjusted  as  lo  re- 
combine  die  colours  without  deatroying  the  convergence  of  the  raya  produced  by  the 
etown -glass  lens. 

The  difference  between  the  indices  of  refkaetion  of  the  extreme  mys  of  the  speetmni 
fi,  —  ^  or  more  precisely  of  the  fixed  tinea  B  and  H,  produced  In  any  refracting  me- 
diom  is  called  the  coefficient  of  dispersion,  or  simply  the  dispersion  of  that 

The  following  is  a  list  of  thirteen  substances  placed  in  the  order  of  their  coefficients 
ofdispersion,  as  determined  by  Wnllaston.  the  moat  diepeisive  being  placed  first;  Si^phur, 
oil  o/taMnJ'fai,fiinl-glaMM,  ml  i>/  lurprnline,  ledandSpar,  diataona,  eroum-gtati,  watrr, 
mlpiurie  acid,  oIboAoI,  ieavi/->par,  mci-cri/ttai,  Jitior-tpar.  The  most  dispersive  of  all 
known  liquids  is  melted  pboepborDa,  then  a  solution  of  phosphorus  in  sulphide  of 
carbon,  then  sulphide  of  carbon  itself  (see  p.  fl2B). 

The  term  partial  dispersion  is  applied  to  tile  diffirance  of  the  refractifc  indice* 
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of  uiToUiir  two  colonn,  the  nd  Mid  yelloT,  blue  and  green,  _&(L,^wa;i  refoiredtotlia 
pritieipal  fixed  line  belongiag  to  etch  colour.  The  partul  digpenlQiu  of  an;  two  lub- 
tUmcta  are  bj  no  mmu  proportional  to  their  total  dupenioDi  {  couaeqnentlj  the  colonn 
are  not  distribiited  in  the  same  manner  in  the  tpecCca  formed  bj  the  two  anbataiicea. 

Salphniie  Bind  and  oil  of  caaia,fi>r  example,  ^oodnceapeetcaof  nearljeqaalleagUu; 
lot  in  the  Ml  of  caana  ipedzom,  the  leaat  reA«naibl«  pott  ion— namelj,  the  red,  orange 
and  yellov — ia  mnfli  leas,  and  tba  more  refrangible  portion,  from  blue  to  liolet,  ia  mo^ 
more  expaoded  than  in  that  prodnpod  bj  mlphnric  add.  In  like  manner,  flint-glaaa 
-  contracta  Uie  lees,  and  oxpanda  the  more  refrangible  portion  of  the  apectrtun,  toa  greater 
eztMit  than  crown-glau.  Thia  irrationality  of  digpaiaion  moat  of  coonebe  attendedto 
in  the  fbnnation  of  achromatic  onnbinationa. 

The  ratio  of  diaperiion  of  two  media  ia  the  ratio  of  the  coafficienta  of  diapenion, 
^— -^,  or  of  the  partial  ooeSdenle  belonging  to  the  correaponding  fixed  linea  in  the 
two  spectra.    Thia  ratio  has  different  valaea  aoisording  to  the  two  linea  which  are  con- 

Tbe  term  diaper  give  power  ii  applied  to  the  ratio  of  the  dtaperaioD-eoefflcient  to 
the  index  of  re&aclion  of  the  mean  ray  diminiBbed  by  1,  Taking  ae  the  mean  ray  the 
line  E  in  the  yellow,  and  calling  ita  index  of  le&aetiQn  ^  the  dupenive  power  ia  rx- 

preaaed  by  the  fbimnla,  — ^. 

The  allowing  table  cootaina  the  refractiTe  indioea  of  aererol  loedia  ibr  the  principal 
linM  of  the  apectrnm,  M  determined  by  Fraonhofer  j  the  laat  column  oontoina  the  n>- 
elfici«ita  of  duperaion  b^ween  tlie  Unas  B  and  H ; 
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Babinet  hu  giTen  ■  method  of  measoring  the  diapvniona  of  bodiee  wUch  can  only 
be  proenred  in  email  fragments.  The  subatance  being  cut  into  the  ibrm  of  a  prism, 
and  ita  angle  meaanred,  a  apectram  projected  oa  a  acreen  by  a  prinn  of  known  angle, 
£■  TLewed  throngh  the  amoU  priam  wfaoee  diBpereion  ia  to  be  determined,  in  mta  a 
manner  ai  to  recompoae  the  colonre  (p.  BIQ),  the  obaerver  gradnally  inc 
distance  from  the  spectrum  till  he  aeee  nothing  bat  white  light,  If  the  pi 
the  poeitioQ  of  leaat  deviation,  and  their  anglea  are  not  too  uige,  their  diapaiBiona  are 
to  one  another  in  the  inTene  ratio  of  Ibeir  diataiicea  from  the  screen. 

Gladstone  and  Date  have  made  an  eitenoTe  suiea  of  reeeanhea  on  tJie reiraction, 
dispersion,  and  sea  ait  it  eneas  of  liquids,  the  laat  term  being  oaed  to  BJgnifyther 

betwe«n  tha  di;  -        "  " "      '  '    -■  -      ■     ■     -"«*■■ 

the  prindp*!  n 

1.  SoA  r^fratUon  and  di^ertioH  d 


nunith  at  tit  trmprralttn  inenatei.  lliia  law 
IT  obaerrationa  on  about  90  liqoida  (see  p.  626). 
The  following  table  exhibits  theae  reanlta  in  the  caae  of  a  highly  dispeivTe  liquid  ; 
it  will  be  obaerved  ttiat  the  seoaitiTenesa  of  the  ray>  increasrs  in  the  ordur  of  their  re- 
frangibili^. 

S^fraetiat  Injiea  t^  Bu^Ude  qf  Carben  fir  tie  tntnU  Fbud  JUiu*. 


Tapenton. 

BertKUn  ladliH.                                                 | 
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D. 
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1-6827 

Dl*«ia     . 
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On  compuing  tha  oluuitts  of  refnction  br  haat  wiUt  tlia  etoiMpondiDg  chuigs  of 
Tolums  ID  aolpKida  of  caiboii,  water,  methyli^  ediylio,  uid  kinjlic  alcoholi,  tcetons, 
acetie  acid,  fiatuio,  aeetiG,  and  bntjiio  ethras,  metl^lie  and  athjlie  iodidM,  Mlii^lita 
of  mathjl,  bronu^vm,  benians,  sylane,  comen^  nibobmnoM^  hjnlnte  of  y^ajt, 
the  reclifleil  oUt  of  tupeotine  and  Fortog*!,  ud  migenie  wid,  it  wm  fbond  tut  tae 
ra&kctiTe  utdez  minu  nni^  (ft  —  1),  mnltifiied  into  the  Tolnme,  giTn  Tery  nearlj  • 
oonatent  raodoct  at  diffiient  tampentima.  The  quantity  li—  1  ie  ttsmed  by  tlie 
•nthon,  the  refrtctiva  energy  of  anibstance,  and  tliii  mnltiplied  into  the  Tolnme, 
or  dinded  by  th«  dMui^,  ia  tamed  the  ipeelficrefractiTe  energy.  The  pre-  . 
ceding  law  Burthen  1m  ftated  m  fidlowa: — 7h  t^fractnt  menjs  of  a  body  vara* 
dintd^ieiUatdt»tUii,imdtrtJuii^ytniMo/timyt^la»ptrttlure;o^ 
tJUipee^  r^raetm  tntrgg  ufa  Ugiad  u  a  ootutant  nut  nffaeltd  by  tOKperatare.  "raa 
inSaenceof  dimn(tti,hoiieTer,rraiden  thisUw  not  abeolutelj  aceusta  in  tbe  obaerred 
nnmbm:  for  tna  ehai^  ofdi^enion  doea  not  foUov  tbe  nme  law,  (he  ipeclnii)  con- 
ttacting  in  aome  eaaaa  mnch  more,  and  in  othef  caoea  much  leae  rapidly  bj  Ihe  mlnme 
increaaea ;  indeed  no  relation  ia  aa  yet  diaooTarable  between  change  of  diapeiaion  and 
denaitT. 

3.  The  rendta  obtained  with  mixed  liqoida,  appear  to  abow  Ihat  the  ipeeifie  r^rae- 
tiiK  «Mr^  of  a  nncAtn  it  tlia  aia»  of  Uu  tficifie  r^fractiet  tnergia  of  iU  coTnpotimii. 
Tbm  law  wsa  taat^d  with  mbbida  of  carbon  and  ethaz,  aubatanoea  which  are  aWoat  at 
thfloppoajtelimitoof  tbaawl^and  werelbiiBdtomiiwitlioQteondenaation;  alKwith 
aniUne  and  alcohol,  on  mixing  irtueh,  howerar;  aome  diminntion  of  volume  ocenn.  In 
both  these  eaae%  the  anarimental  nnmbcn  were  aliglltly  below  those  dedneed  from  the 
mean  of  Ihe  tpiaBe  renaetire  enerpea ;  yet  no  other  fotmnla  oonld  be  devised  <riiieh 
would  give  »,  MSHtr  ^iiaaximatlon  (o  ttie  indices  actoally  obaerred. 

I.  OmpamdM  itloi^ii^  lo  ti»  $am»  iBmetegotit  tvia  eikMt  a  prcffratitit  oiatiffein 

raeHen  and  ditptnbm  a*  Uw  oAnw*  i»  At  mritt ;  btU  Uu  dtaation  and  txtatt 

iai^m  dmad  on  tta  otkir  mbttanett  with  mhiak  ilu  radielt  it  eotiMntd.    If, 

m  rtgrnit,  itU  Hit  aattlal  mdien,  b%it  that  mhua  mtiiy  divided  by  tht  tpt^ 

ffrmitg,  KtfiHid  on  invariaiU  iiienatt  at  tht  teriet  advatutt. 

The  folknring  t*ble«  exblnt  this  with  regard  to  varioiu  potrpt  at  eoopou&di  eou< 
♦■i¥ii¥ip  tju  aloohol-ndidca,  ^fi^^ 

Bpie^  B^fraetiM  Energy. 
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OcQ-l    .  CH" 

ISS 
190 

ai2 
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2S6 
2SS 
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With  regard  to  other  Kcoapa  of  homologona  bodies,  it  was  Ibnnd  that  benxene,  banij- 
lene,  xylene,  enmene  andcymene,  gaTe  nearly  the  same  nnmbers,  and  no  ttralaipTO- 
greasioiia.  Iodine.  ]neoline,  loddine,  and  collidine  showed  an  augmentation  of^the 
speeifio  refraetiTS  enetvy,  but  a  diminution  of  the  spedfio  dispereioD  with  the  adTsneing 
series :  ebinoline  and  tepidine  (the  most  refractiTa  organic  liquid  known)  allowed  an 
inereaae  of  each  of  the  optical  [oopertie*  by  addition  of  CH*.  Hence  it  sppean  that 
the  infliutice  of  the  added  fneteinent  on  the  rayi  of  light  diffin  in  different  p^nfa, 
just  as  it  Am  in  respect  to  the  boiling  point. 
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i.  Itomerit  iaditi  are  loauiiraet  teiddy  diffettnt  in  tlitir  optieiil  preptrUtt:  hit  in 
vnng  ouwt,  eiptdaUy  vtere  Ihtre  it  dote  eimiieai  rdationiiip,  iitrt  it  ufmA'^  ofav  m 
tUtrrmct.  oercnl  hydroearbona  of  the  type  CH",  fnna  easential  tHa,  tfipttz 
to  be  ideDtieal  in  sctou  reftactive  pover,  notwittuAsnding  ali^t  differencn  of  d^oitj. 
In  dupenioli  then  ire  aDmc  TariaOoDS,  bat  not  ia  wnaititaDeaa.  Otlira  hydnxaiboni, 
bowpver,  of  the  suns  njliniate  compoaition,  bnt  diAiiiiig  wnaideimblj  in  pfankal 
propwtuB  difler  obo  opticall;.  tf  etsmerie  eomponnd  ethera,  andi  M  ndarate 
of  ethyl  <md  'fftate  of  omjl,  an  optically  identical.  Aniline  and  pieolinc^  each 
emuneally  VB^,  an  totally  different. 

6.  Igiet  of  ChoKieal  Subttitutim. — When  hydiogan  is  repUcedbyaome  other  body, 
there  iaganraally  an  increaM<f  the  actual  refmctiDD  and  diapenion',  batthiaieduetothe 
inenawd  weight,  hydrogen  having  a  Tecy  low  actual,  bnt  a  TBiyhigh  apecific  ioflaenea 
on  the  i«yB  of  light     When  two  ■abstitntion-pp- '     "  '  i- ,.,.-.    .- 


n-prodaeta  a 


1  by  sobatitntion  o: 


From  these  fiuU,  it  may  be  inferred,  aa  approximately,  if  not  absolutely,  tme,  that : 
Entry  liquid  hai  a  iptcific  refracUve  energy  compoted  of  lie  tptnifie  rtfraetittt  tnama 
<if  itt  BOTjiponertt  drmerttt^  mod^d  by  iM  mannrr  r^f  omtJnnatitmt  but  vnaffeettd  by 


ekange  of  Itmperalure  ;  and  tHi  rffractivt  tnirgy  aeani^ania  it  wAen  aixtd  viHt  oti^ 
Uyuidt.  The  product  of  Ilia  ipecifla  re&activa  enern  and  the  denaity  at  any  giTsn 
t^ijppratnm,  is,  when  added  to  ntiity,  the  re&actiTe  iMax. 

The  following  tables  exhibit  the  nnmerieal  resnlta  from  whidi  the  preceding  con- 
dnnoM  are  dedoced. 


B^/raetiM  inHea  of  tit  Una  A,  S,  E  of  different  ttn^peraturt*. 

I  >  IVgnld  it 


TmP^ 

Bafraolnliid 

km. 

No. 

LlqoM. 

SiHdktnlV' 

im. 

a: 

D. 

H. 

1. 

Mrthylic  Rleobol .        .        . 

J'7e72  at  ao'^ 

20'> 
87 

1-8284 

ism 

1-S299 
1'3S38 

1-3396 
1-3880 

2. 

I>itlofriMnoialats 

Q'7SS0  at  ao 

20 

se-s 

l-32fi8 
18230 

1-3297 
1-3262 

l-33« 
1-3369 

8. 

Amylic  alcohol     . 

!)-BI7B  at  Ifi'fi 

246 
41 

1-3988 
1-3924 

1-4030 
1-8986 

1-4181 

1-4093 

4. 

Capiylio  alcohol  .        .        . 

asaii  at  16-s 

;; 

1-4167 
14078 

1-4202 
1-4118 

1-4  301 
1-4268 

6. 

Iodide  of  methyl          .        . 

11912  at  20 

23'fi 
29-6 

1-B203 
1-6104 

1-5307 
1-S202 

1-6670 
1-664S 

23-fl 

1-6003 

1-609S 

1-6420 

8, 

Iodide  of  etl^l    .        .        . 

1-9S28  at  20 

SB 

1-4918 

1-6006 

1-6326 

4S 

1-4841 

1-4984 

1-6260 

SO 

1-eooi 

1-6096 

1-6418 

T. 

Iodide  of  trityl    .        .        . 

17117  at  20 

20 

1-4984 

1-6024 

1-6342 

80 

1-4871 

1-4988 

1-9272 

B. 

Iodide  of  amjl    .        .        . 

1'4950  at  20 

17'6 

1-4818 

1-4892 

I-S149 

87 

1-4720 

1-4797 

1-6048 

22 

l-3fi*0 

1-3682 

l'36e4 

9. 

Formic  ether       .        .        . 

0(1088  at  20 

81 

1'8600 

1-3540 

1-3662 

(« 

I'34e6 

1-3494 

1-3808 

la 

AeetU  ether 

0-8848  at  20 

'11 

1-384  6 

1-8686 

1-3798 

28 

1-360  < 

1-3844 

1-37  as 

28S 

1-3868 

1-3892 

13809 

11. 

Aeatic  ether       ,       .       . 

9-SST2  at  20 

83 

1-380S 

1-3643 

l-37fi7 

" 

i-3fie3 

L'8602 

1-8711 

!a2-6 

13696 

1-8786 

1-3860 

12. 

Propionie  ellwr   . 

O'SfiSS  at  20 

1-3867 

1-3898 

1-3819 

(42 

1-3810 

1-3661 

1-3771 

ubjGooglc 


USHT:  BEFBACTION  AKD  DISPERSION. 


T™j^ 

B.IMI»<«dl«.          1 

U4>U. 

gpwik  r«»«I. 

13. 

"u^*' 

A, 

D. 

H. 

Butyric  rthw      .        .        . 

J-8T7e  «t  20°C. 

J  23 
1*0 

1-3850 
1-3768 

1-3888 
1-3808 

1-4018 
1-8933 

14. 

Tokliuuc  ether  . 

[|-8e80Bt20 

)18 

13916 
1-3866 

1-8968 
1-3898 

1-4089 

1-4024 

1240 

1-3910 

i-sseo 

1-4081 

IS. 

AcetsM  of  Mnyl  .        .        . 

0'8680  at  20 

P4-6 

1-3867 

1-8906 

1-4087 

U4 

1-3817 

1-3869 

1-8988 

(   8-S 

1-3914 

1-3988 

1-4113 

16. 

Ditto,  aecoiid  ^admen 

21-6 

1-38B6 

1-3928 

1-4083 

*B6 

1-3820 

1-3866 

1-3900 

17. 

AecUte  of  octrlf 

!S' 

1-4046 
1-3972 

1-4092 
1-4020 

1-4366 

1-4181 

r  9i 

1-3966 

1-3996 

1-4136 

IB. 

Hydiideofbcptyl 

J7090  St  20 

.  22 

1-3888 

1-3931 

1-4059 

36 

e 

1-3811 
1-4022 

1-3864 
1'40«G 

1-3976 
1-4197 

1». 

Evdride  of  (c^l . 

0-7191  *t  20 

2S'fi 

1-3»31 

1-3972 

1-4097 

1-3870 

1-3911 

1-4032 

8-fi" 

1-6274 

1-6378 

1-6726 

20. 

Mercuric  methyl? 

[80e9) 

lfi-6" 

1-6282 

1-636E 

1-6694 

28B 

1-61117 

1-6296 

1-662S 

21. 

Mereurio  ethyl  ?  . 

[3-444) 

8-6  ■ 
24-6 

1-6300 
1-S124 

1-6897 
1-5217 

1-6729 
1-8638 

23. 

Staimie  ethyl-methyl  f 

1-SS20  >t  20 

le 

84-S 

1-4666 
1-4479 

1-4626 
1-4747 

1-4868 
1-4783 

23 

1-4606 

1-4678 

1-4905 

23. 

ShumicethylT     .        .        . 

t-I920  at  20 

36 

1-4661 

1-4621 

1-4844 

48 

1-4481 

1-4648 

1-4769 

24. 

TriedijlHdM      .        .        . 

ig-s 

26'6 

1-4698 

1-4988 

1-4669 
1-4667 

1-4910 
1-4909 

34 

1-3674 

1-3718 

1-8846 

20. 

Aoetlecdd. 

10992  *t  20 

34 -a 

1-8686 

1-3680 

13808 

46 

1-3696 

1-3684 

1-3767 

26 '6 

1-3640 

1-3680 

1-3706 

26. 

Acetone       .... 

0-8UT  at  lfi-5 

40 

1-8469 

1-8612 

1-3631 

28 

1-8832 

1-3878 

1-4028 

«. 

Amylen.     .... 

0-7iei  at  20 

86 

1-8766 

1-38S4 

1-3982 

22 

1-3778 

1-8810 

13936 

28. 

Cubonie  ether    . 

9-9720  at  20 

81 

1-3746 

1-3787 

1-3898 

40 

1-3692 

1-3734 

1-3846 

22-6 

1-3664 

1-369B 

1'3816 

29. 

fioni^  ether      . 

9-8760  at  20 

40-8 

1-3578 

1-3604 

1-8724 

20 

30. 

Siliebetber 

a-«320  at  20 

33-a 

1-8724 

1-8768 

1-8881 

31. 

SdieyUtAofiiirthjI    . 

llT6««t20 

21 
87 

1-6206 
1-6140 

X-6319 
1-8368 

1-5810 
1-5786 

10 

1-4108 

1-4167 

1-4320 

32. 

Hitnteofunjl  . 

1-0008  at  20 

22-6 

1-406S 

1-4097 

1-4366 

S6-6 

1-3988 

1-4036 

1-4191 

18 

1-4411 

1-4483 

1-4630 

33. 

1-4980  at  30 

80 

1-4346 

1-4307 

1-4661 

44 

1-4263 

1-4308 

1-4471 

(16-fl 

1-6679 

1-6674 

1-6998 

34. 

BnmofOnn  .... 

1-0300  at  12 

89 

1-6605 

1-5598 

1-6921 

39 

1-6487 

1-6631 

1-5846 

31 

1-4176 

1-4221 

1-4371 

36. 

I>iild.  liipdd        .        .        . 

38 

1-4082 

1-4126 

1-4276 

18 

1-6819 

1-8916 

1-6249 

36. 

2-6100  at  20 

80-6 

1-5701 

1-6787 

1-6112 

13 

1-5477 

1-5669 

1-6839 

37. 

1-2477  at  20 

24 

1-MI3 

1-6404 

1-6770 

ubjGooglc 


LIGHT:    REFRACTION  AMD  DISPERSION. 


T_^ 

B.IMI»t..dl.M.            1 

No, 

UvM 

BfacOcgitnt,. 

_ 1 

""S^ 

D. 

H. 

SB. 

1-4177  «t30<<l 

13 

ae-fl 

1-4691 
1-4668 

1-4714 

1-4619 

1*892 
I-*789 

10'6 

1-4879 

1-4976 

1-6306 

39. 

0-B667  ^  90 

28 

1-4806 

1-4900 

1-S226 

89 

1-4708 

1*793 

1-6108 

10. 

Puabenmie 

0-8469  kt  SO     . 

SO 

14814 

1-4908 

1-6218 

Sfi'fl 

1-4709 

1-4794 

16090 

41. 

B.iajl.i»   .... 

0'B«SO  St  SO 

33-8 
89 

1-4872 
1-4839 

1-4766 
14710 

1-6048 
1-6001 

12. 

0-8333  ftt  20 

S8 
40 

1-4687 
1-4690 

1*761 
1-4871 

1-6030 
1-4944 

(3. 

B«»7Uo.   .... 

D-8SS8  it  20 

14 
88 

1-48S0 

1*967 
1*866 

1-6271 

28 

1-4SSS 

1-4982 

1-6300 

U. 

Xjl^        .... 

O'SeSO  Bt  20 

1-4788 

1*879 

16193 

42 

1-4718 

1*806 

1-6166 

^6. 

Cttmene  (from  cnminio  tai) 

0-8710  »t  20 

T 
27-8 

1-4898 
11788 

1-4983 
1-4864 

1'6280 
1-6148 

(6. 

Cnmane  (froBi  impme  vood-) 

9-8680  at  10 

8-6 
24 

1'4S87 
1-4608 

14769 
14680 

1-6008 
1-4019 

■jarit)      ...         J 

84 

1-4666 

1'4684 

1-4848 

». 

[)'S693at20 

12-5 
36-6 

1-4843 
1*728 

1-4983 
1-4813 

1-6336 
1-6083 

(8. 

q^     .      .      .      . 

D-8610  at  SO 

8 

S9 

1-4780 
1-4648 

1'48S* 
1-*717 

1-6076 
1-4967 

13 

1-4781 

1-4803 

1-6060 

*e. 

CjmeM  (&om  eu^hor)      . 

O-SCM  at  20 

26    . 

1-4669 

14739 

1-4976 

36 

1-4614 

l'4e84 

1-4927 

M. 

I-IOSO  at  30 

9 
27J 

1-6194 
1-6096 

1-6290 
1-6189 

1-6636 
1-6628 

SI. 

Trichlo«,b»««         .        . 

14500  at  20 

20 
87 

1-6688 
1-6496 

1-8871 
1-6800 

1-6066 
1-6988 

62. 

11190  at  20 

3< 
38 

t-68Sl 
1'6266 

1-6*66 

1-6399 

1'6833Q. 
1-6768G. 

S3. 

DinitroliennM  in  2  aqiiiTB.  [ 

1-S670  at  20 

28-6 

86 

66 

16460 
16404 
1-6396 

1-6600 
16642 
1-6*36 

1-6994G. 
1-99S2G. 
I-68160, 

21'6 

16644 

1-6784 

16397 

S4. 

Aniline        .... 

10270  at  18 

37 
43 

1-6667 
1-6637 

1'6701 
1-6676 

1-6183 

47 

16620 

1-6647 

1-61*6 

S6. 

Ainjl-HuliM       .        .        . 

[1-9177  at  20 

S3-8 
42 

16114 
1-6036 

1-6222 

1-6188 

1-6822 
16633 

sa. 

Bj/inXa  ot  eitjl 

1-0364  at  20 

11-6 
S3 

16341 
I-62S1 

1-6*64 

1'6S77 

1'68S4 

1'6783 

S7- 

Pyridine     .... 

D'9738  at  20 

2I-I 
88 

1-4940 
1-4860 

1-6080 
1*961 

1-6387 
1-6301 

33-6 

1-4188 

1-4980 

1-6314 

fiB. 

Picoline      .... 

[0-986) 

87-6 

1-4B0S 

1*890 

1-6313 

63 

14718 

1-4B07 

1'6131 

S9. 

LoCidine     .... 

[0*86) 

8-6  • 
22B 

1-4933 

1'4994 

1-6038 
l'49a7 

1-6368 
1-6808 

so. 

CoUidiDs     .... 

;o-02i) 

28-6 
4fi 

1'4927 
1'4920 

1-6013 
1*907 

1-6329 
1-6210 

34 

1-6667 

1-6687 

1-0198 

ai. 

Chinoline    .... 

;i-0810  at  10) 

86 

1-6466 

1-6687 

1-6084 

87 

1-6496 

1-6616 

1-6134 

S2. 

I^pidin.     .... 

1-0720  at  16 

21 
47 

1-8039 
1-6909 

I'61B9 
1-806* 

1-6822 
1-64780, 

S3. 

0-8680  at  20 

SO 

1'4S6S 

1-*718 
1-4636 

1-4931 

ubjGooglc 


LIGHT:  BEPBACTION  AND  DISPERSION. 


U,ald. 

*™^' 

^itStt 

E*«..«tad.«.          1 

'<!» 

A. 

m 

H. 

10» 

i-4e6» 

1-4784 

1-4934 

e*. 

0-88«rt20'C 

34 

1-4698 

1-4668 

1-4816 

*7 

1-4487 

1-4646 

1*730 

M. 

„     ornawny 

0^8628  mt  20 

14 
87 

1-4640 
1-4629 

1-4701 
1-4689 

1-4901 
1-4783 

88. 

..    thym.    . 

D-S6SC  St  20 

26 
86-6 

1-4694 
1-4646 

1-4663 
1-4606 

1-4868 
1*806 

87. 

„    W        . 

D-8fil0  »t  20 

28 
48 

1-4646 
1-1468 

1-4610 
I-46S8 

1-4818 

SB. 

„    bfnsuDot 

D-SMT  tf  30 

265 
88 

1-4*74 
1-4617 

1*840 
1-4678 

1-4866 
1-4800 

17 

1-4918 

1-49S6 

1-6309 

89. 

n     elOTM     . 

1^041  at  20 

38-6 

1-4870 

1-4988 

1(167 

180 

1-4838 

1-4893 

1-6110 

10-6 

1-4988 

1-6066 

1-6394 

70. 

„    eabebi  . 

0-»3TO  It  20 

20 

1-4860 

1-6014 

1-6262 

11 

1-4906 

1-4877 

1-6209 

12-6 

I'4S13 

1-6370 

71. 

OmeM       .... 

O-fiSSO  •!  30 

24-6 

1-4862 

1-4836 

1-6196 

34 

1-4812 

1-4884 

1-6146 

72. 

Eugenie  Mid       .        .        . 

Ii)M0«t20 

IB 
27-6 

1-6286 
16244 

1-6884 
1-6847 

1-6780 
1-6733 

78. 

tt-a786  (t  a 

30 
41 

1-4603 
1-4461 

1-4668 
1-4606 

1-4708 
1-4663 

20 

1-4669 

1-4706 

1-4860 

74. 

QlTCerin      .... 

l-3«10atI7 

30 

1-4684 

1-4680 

1-4838 

4B 

1-4GSS 

t'483I 

1-4773 

76. 

(1-60) 

11-6 
33'8 

1-4688 
1-4686 

1-4748 
1-4663 

1-4947 

76. 

Kiootin.      .... 

t'03M  Bt  18 

IS 
S3 

1-6148 
1-6107 

1-6384 
1-6194 

1-65*2 
1-6*93 

77. 

2880    »t20 

36 
S6 

1-6098 
1-6627 

1-6888 
1-6792 

1-7606 
1-7422 

78. 

I'lSSO  at  20 

26-6 
88 

1-6030 

1-4867 

1-6118 
1-6043 

1-6418 
1-6SS4 

78. 

Oxj6bkaid»otfbo,pboniM  . 

1-6800  It  30 

17 
38 

1-4810 
1-4758 

1-4882 
1-4832 

1-6118 
1-6067 

ia  an  amngad  acaoTdins  to  tluii  povar  of  TtAaoting  tlia 
hne  A  at  20°  O. 


U,.dd. 

IUIMI,.l..dk..                                               1 

' 

A. 

B. 

C 

D. 

s. 

p. 

a. 

H. 

36«C 

30389 

3-07*6 

a-1201 

2-1710 

232677 

1-9201 

1'931< 

1-963; 

1-S94] 

2-0381 

10746 

Tribromida  of    phoa- 

Sn^U^ofcartira     '. 

1-6691 

1-676! 

1'68« 

1-708! 

1-780C 

[-7606 

1-61*; 

1-820; 

l-624( 

1-633! 

1-64W 

1-6681 

l-68Sf 

1-7090 

Lapidina    . 

31 

16039 

'■•»" 

1-6189 

1-6*03 

1-6816 

1-6813 

etbjIeiM 

18 

1-581! 

1-686] 

1-6911 

1-8081 

18141 

1-6349 

28 

1-68*1 

1-6691 

1-672; 

1-5801 

1-S901 

1-60H 

1-8341 

21-6 

1-664. 

1-6684 

1-6771 

1-6961 

1-6121 

1-6297 

raumline  .       .       . 

24 

1-5667 

1-6617 

1-6687 

1-6879 

i-ooio 

1-6198 

ubjGoogIc 


UGHT:  EEHIACTION  AND  DISPEBSIOH. 

TaUe  B— iwafiiiiwl. 


T«w. 

SilMctlnlDdkM.                                        1 

A. 

B. 

c. 

D. 

R. 

*■■ 

0. 

H. 

20=0. 

i-4ea» 

1-5602 

1-6871 

1-5809 

16946 

1-6066 

16-6 

1-5679 

1-5610 

1-6828 

1-6674 

1-6737 

1-5790 

1'6901 

1-5998 

DiDitmlMiueDe  in  ni- 

t«ib«ueDe      .        . 

28-6 

IMM 

16606 

1-5600 

1-6791 

1-6994 

Dibramide    of   ddor- 

ctl^lmw.        .        . 

12'6 

1-6472 

1-6500 

1-5664 

1-6748 

1-6830 

2fi 

1-6331 

1-5374 

1-6398 

1-6466 

1-6664 

1-5882 

HydrtMofiAenyl      . 

13 

1-6377 

1-6416 

1-5433 

1-6488 

1-5664 

1-6768 

1-5886 

H-6 

1-6341 

1-5877 

1-6446 

1-5573 

1-5699 

1-6813 

E^gsniBsdd      .        . 

IH 

1-62SS 

1-6821 

1-6341 

1-6394 

1-6484 

1-6780 

Meicaiia  math;! 

266 

1-6197 

1-6232 

1-6296 

r<636 

1-6826 

Salii^Iato  of  methyl  . 
Iodide  of  mMhyl        . 

21 

1-6208 

1-6241 

16263 

1-5319 

1-6402 

1-6478 

1-6840 

1-5810 

IS 

1-6203 

1-5234 

1-6807 

l-(877 

1-6668 

1-5670 

Umaiie  ethjl  .        . 

8-5 

1-6800 

1-5338 

1-6397 

1-6618 

1-5634 

1-6729 

Niootino     .        .        . 

18 

1-6149 

1-6174 

1-6234 

1-6346 

1-M49 

1-5642 

9 

1-6194 

maj 

1-6290 

1-6418 

1-5S30 

1-S836 

Amrl-tiulme     .        . 

23-6 

1-6U4 

1-6160 

1-5168 

1-6222 

1-5392 

1-6381 

1-6491 

1-5822 

Trichtorid.    of  pho^ 

Io£deofathvl  '.         ' 

is-s 

1-6052 

ISO  88 

1-6148 

1-6268 

1-5367 

1-6446 

23'S 

1-5003 

1-6034 

l'60e6 

1-'6166 

1-6214 

1-6321 

1-6420 

BwtifledoilofMUiUl- 

28-5 

1-4964 

1-4977 

1-S016 

1-6093 

1-6161 

1-6223 

Hjdncubon         from 

mbeb.   .        .        . 

106 

1-4988 

1-6012 

1-606* 

1-6145 

1-6227 

1-6294 

Pyridine    .        .        . 

21-6 

1-4940 

1-4967 

1-6080 

1-6278 

1-6387 

22-fi 

1-4894 

1-4824 

1-4987 

1-6204 

1-5308 

Collidine   . 

as'is 

1-4927 

1-4968 

1-6013 

1-6232 

l-63i9 

Hydioearbon        ftam 

clorea     . 

17 

1-4918 

1-4944 

1-4986 

1-5140 

1-6209 

13-6 

1-4S4S 

1-4872 

1-4932 

1-6148 

1-5236 

Iodide  of  unyl  . 

17S 

1-4816 

1-4843 

1-4892 

1-4941 

1-60T4 

17 

1-4810 

1-4840 

1-4882 

1-4987 

1-6047 

1-5118 

BeUne     '.        '.        '. 

10-5 

1-4879 

1-4913 

1-4981 

1'4»76 

1-60SB 

1-6202 

1-6306 

Beniyloae . 

14 

1-4809 

1-4898 

1-4967 

1-6174 

1-6271 

CyniBne      . 

20 

1'4S4S 

1-4ST1 

1-4717 

1-4768 

1-4808 

1-1860 

1-4957 

13'5 

1-4683 

1-4708 

1-4749 

1-4824 

1-1899 

1-4947 

Hydroowbon        from 

Portdgiil 

2fi 

1-4817 

1-4640 

1-4684 

1-4768 

1-482B 

1-4894 

Cam«>e  (ind    tptd- 

MM.)        .           ,           . 

S-6 

1-4687 

1-4709 

1-4769 

1-486S 

1-1938 

1-6008 

SUuinic  ethyl     .        . 

23 

1-4606 

1-4629 

1-4673 

1-4768 

1-1888 

1-4906 

rthylene        .       . 

13 

1-4661 

1-4680 

1-4714 

1-4784 

1-4841 

1-4892 

21 

1-4596 

1*818 

1-4653 

1-4691 

1-4724 

1-4790 

1-4816 

24 

1-4694 

1-4815 

1-4662 

1-4724 

1-4789 

1-4844 

bewamot 
Bectified  oil  of  citn>- 

2a-(i 

1-4674 

1-4698 

1-4640 

1-4721 

1-4798 

1-4866 

nelLt       . 

19 

1-4698 

1-4819 

1-4866 

1-4780 

1-4796 

1-4860 

23 

1-4546 

1-468J 

1-4610 

1-4690 

1-4768 

StenDie  ethyl-methyl . 

19 

1-4S55 

1-4578 

1-4590 

1-4626 

1-4874 

1-4718 

1-4796 

10 

1-4438 

1-4457 

1-4466 

1-4490 

1-4626 

1-4666 

1-4614 

1-4681 

Oc^lie  •lo.Aol  .        . 

9-( 

1-4230 

1-42481 

1-4256 

1-4279 

1-4809 

1-4338 

1-4386 

11429 

Nitnteofemyl. 

10 

i-4ioe 

1-4127 

1-4167 

1-4219 

1-4274 

1-1320 

Amylic  alcohol  . 
Hydride  of  ootyl 

25 

1-3999 

1-4024 

1-4078 

1-4122 

1-4161 

9 

1-40-22 

1-4037 

1-4086 

1-4076 

1-41*1 

1-4197 

Hydride  of  heptyl 

9-fl 

1-3956 

1-3968 

1-3996 

1-4046 

1-4087 

1-4135 
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T«n.. 

n,i»»i»b^^                              1 

*■ 

B. 

c. 

D. 

B. 

^- 

O. 

H. 

AcfltotBof  «mjl 

frSC 

1-3944 

1-3968 

18998 

1-40S6 

1-4077 

1-4113 

BotTTierthw     .        . 

23 

18860 

1-8884 

1-3888 

8938 

1-8981 

I'jOlS 

CuWw  ether 

S 

1-3860 

1-3866 

1-3888 

8944 

1-8992 

1-4083 

32 

1-3773 

1-8786 

13810 

8868 

1-3896 

1-393(1 

Prapionic  ttber 

22-JS 

i-sew 

1-8718 

1-3738 

8786 

1-3827 

1-3860 

Bonne  etbei 

22J 

1-3604 

1-3698 

3742 

1-8786 

1-3816 

Antic  other 

20 

1-36*6 

1-8668 

1-3S86 

.'  : 

8728 

1-8766 

1-3788 

Alcohol 

IS 

1-3S0D 

1-3612 

1-S621 

1-3638 

13861 

8688 

1-8720 

1-3761 

2S-6 

1-3340 

1-3664 

I-86S2 

3629 

1-3870 

1-3706 

Formic  ether 

22 

1-8640 

1-3663 

1-S682 

3627 

1-8666 

1-3894 

EUmt 

16 

1-3629 

1-3664 

l-35«a 

1-3690 

3606 

1-384011-3683 

W,tM            . 

IS 

1-82S4 

13307 

1-3324 

1-8847 

3866 

l-3402!l-3431 

H«th7lic  aleobol 

20 

1-3184 

1-S277 

1-3299 

l-388(^ 

I'3669jr3396 

Cau*t  of  Diipertion. — As  the  ■CTPrtJ  coloon  Corre^Kind  to  Tihratiooi  of  dif- 
fbnnt  T&pkU^,  uid  tha  deriation  of  raja  of  light  in  re&actioD  dnrands  on  the  change 
ofveloei^  of  light  in  paaaiog  from  oae  medium  into  another,  it  followv  that  in  order 
to  ez^ain  diipanion,  va  moat  (oppose  that  this  change  of  Telodtf  ii  different  for  rgja 
«i  different  eolonn.  that  is  to  aaj,  that  waveH  of  different  l<mgth  trsTel  through 
refracting  media  with  different  relocities.  This  consenoeDce  waa  for  a  lon^  time  re- 
aarded  as  a  grave  otgection  to  the  DndQlat<n7  theory  of  light,  beins  in  fact  in  tontra- 
dictioD  to  the  general  filimala  for  the  vetocitj  of  ondnlations  eMBbUahed  by  Newton, 
Tia.  «*  —  ^-     It  most,  howorer,  be  temBmbared  that  though  the  Talocit;  of  light  in 


e  for  lavs  of  all  colours  (p.  694),  it  is  by  m 
liicn  retain  the  elher  jmpi' 
t  then  turn  round  these 


Irtial 


particles.    The  waiea  n 

.  -    1 ..  .1  .^  .1 'itiona  cnus  nroaacea  maT  oe  onreati , 

^  tbeenpforad  b?  the  an 

ical  Twsarehea  of  Candiv  ;  bnt  the  demonstiation  is  not  of  a  character  to  ba  intro- 
'  '  '     ' '         '   and  doea  not  admit  of  represenlatioii  in  a  more  elomentaiy  Itorm. 

bating.  Chemical,  and  Pkotplumgtnic  Sayi  of  tie  ^tctrwn. 
All  the  rayi  of  the  soUr  spectmm  are  capable  of  ginng  heat  as  weU  as  light.  A 
thetmometer  held  in  anj  part  of  the  Hpectnun  indicates  a  rise  of  temperature ;  bnt 
the  heating  effect  is  terj  diffemnt  in  different  parte,  being  greiUeat  at  Uie  nd  end  of 
the  spectrum ;  bat  the  particular  poaition  of  the  maximum  heating  effsct  variee  with 
the  kind  of  prism  nsed.  Uoreover,  there  are  iniiaible  hfat-mys  ntnated  beyond  the 
red,  and  therefore  of  lower  refran^bililj  than  any  of  the  Inminona  taji ;  and  when  ■ 
flint-giaaa  prism  i*  naed,  the  maiimnm  of  heating  power  is  situated  bi^ond  the  riaible 


The  spectra  of  flames  ochibit  similar  results,  provided  the  heat-n^  vhich  thn- 
— -',  an  capable  of  passing  through  the  substance  of  .which  the  piism  is  fiiimed,  whida 
>t  alwajs  the  case.     (See  KADU-noN  or  Hut.) 


■/>  dajlight,  and  the  lenTee  of  plants,  under  the  influenee  of  aunlit^ht,  decompose  the 
carbonic  add  in  the  air,  and  assimilate  its  carbon.  This  action  is  ezert«d  by  all  the 
Inminoni  rays  of  the  tpectmm,  but  chiefly  by  the  Tiolet  rays,  and  by  non-luminona 
rays  extending  to  a  considerable  diitance  beyond  the  violet.  The  yellow  and  red  rays 
have  bat  little  chemical  power:  hence  ordinary  flomee  (hydrocarbon  flames)  in  which 
these  t^>  greatly  [ocdominate,  exert  but  little  action  cm  chloride  of  ailrer  and  other 
bodies,  wbieh  change  rapidly  under  the  influence  of  solar  light ;  and  in  mouochromatio 
yellow  flames,  sach  as  that  of  alcohol  containing  a  •odium-salt,  the  chemical  action  is 
allfigether  impoeeptible.  Fbotographen  develape  their  pictures  in  rooms  into  which 
light  is  admitted  only  through  yellow  glasa  or  yellow  paper.  Violet  flamn,  on  the 
other  hand,  like  that  of  bnming  magnesium,  emit  rays  whose  chemical  activity  rivals 
that  of  lunlighl^  though  their  lauuDoaitj  is  inoompaMbly  leas.  The  maximnm  of 
chemic&t  action  Ja  wit,  boweror,  produced  upon  all  aabstancee  in  tbs  same  port  of 
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IS  Bpectinm.    Ae«mdiii([  to  E.  B«eqneT«l  (Ann.  Ch.  FhjB.  [3],  ix.  tST],  chlraida  of 
l*at  begiiia  ta  H«An»  m  th*  tatttmt  Tiolat  betveam  the  linai  H  and  Q,  Ilia  edoof 


that  ths  Mtka  Am*  not  extend  m  fir  be7<ind  the  nola^  and  tha  i 
not  OMo^  tha  auna  ^aea.  OnaJae-Tamii,  vhkh  ia  tuntad  bine  bj  a 
maligbi^  u  not  at  all  a&etad  by  any  of  .tha  raibla  laji  of  tha  ipaetnm,  tha  action 
beginning  onlj  in  ths  alta-riolet,  and  tha  ■"*•""■""■  bang  sitnatad  a  long  way  b^ond 
tba  end  ot  tba  VMlUe  ipiMliinn. 

Tha  chMDioal  a^aetrnni  MataJw  flxsd  linaa,  that  ii  to  say,  partiani  in  iriueh  no 
ehemieal  action  ii  producad,  ao  that  whan  a  piMe  of  papar  Dorered  with  chlorida  of 
■ilfa  or  other  aenotiTe  inbatanoa  haa  been  sipoeed  to  the  apectnim,  tha  bUekauad 
■nrhee  ia  Uaieiaad  by  line*  of  the  una  eolonr  ai  the  original  nbatance,  in  tha  iilli>- 
Tiolet  aa  wcdl  aa  in  tho  Tiaibla  pMtion  of  ths  iprclmni.  A  diigram  of  thwa  linn  will 
bs  giTan  in  tba  iiaxl  atticle  on  tha  Cmwcu.  AcnoM  of  Ijo>t. 

^a  intaipoaitioa  of  eolotirieu  piatu  or  filmt  doea  notmodi^  the  ohanuoal  action  in 
tha  Tiaibla  part  of  the  apectram  between  A  and  H ;  that  of  the  rays  between  H  and  P 
ia  h'kewiae  nDaltorod  byceitaia  tnneparsnt  nibalaiicH,  ench  aawatar,  alcolud,anlphnriB 


of  tha  mMt  rebaugibls  chemic&l  t»i  mtnatad  bey<Hid  tha  vinble  ipcetmui,  fMm  P  ta 
— !_. .  .^g^    With  nit- ■ !'--•-■•-" .1     ..-.  .     . 


Mid.  Sie~,  lAersaa  othra  rabatanecB,  both  liquid  and  solid,  weakan  the  d 

"*''" "       ■"     ■         ' -■---^-11-—    1  ■hartribla 

id  oil  of  Ic 
d  a  dilute 

Bolphata  (^quinine,  atH.    (Forfuthar  dataila  reapieding  the  dumieal  action  of  light, 
aaa  the  next  article.) 

The  diffinant  nja  of  the  epe(jtram  alao  dillbr  in  their  power  of  pndncing  pboi- 
phoiaBcsDce.  Wheo  Canton's  pbosphonis  spread  on  a  siuet  of  paper  is  npoosd  in 
a  daA  room  to  the  action  of  the  apsctjiun,  pbonhonscenn  ia  prodooed  by  tha  tsja 
between  G  and  P  (aee  flgnra  in  tha  next  aitiijs)  ;  than  is  a  Um  liuniaana  portion 
beween  I  and  K,  and  two  marima,  one  between  H  and  O,  tha  other  in  O.  Tha 
Botognian  phoaphoms  givea  sinular  losnlta,  (seeding  that  there  ia  no  minimnm  in 
I S,  and  only  one  madmum  beween  I  uid  H.  It  appean  Ihere&ra  that  the  fbat- 
phomgenic  mys  occnpj  the  same  portion  of  the  ipeetnun  u  tha  chemical  rare. 

The  colonr  of  the  phosphoreaceut  light,  which  may  rary  from  fmnse-raa  to  violet, 
has  no  relation  to  that  of  the  exciting  raya.  eieeptinc  in  the  eaaa  of  torae  (nbatancea : 
mlpMde  of  idrium,  which  shinae  with  an  Drange-ydlow  light  whan  it  has  been  ex- 
posed to  the  raya  between  H  and  P,  with  n  more  reddish  ught  when  it  tvceinia  tha 
bine  and  violet  rays  ;  tulphidt  of  calcium,  which  shines  with  an  orange-red  li^t  when 
ithsB  been  exposed  to  the  rays  between  F  and  6,  and  eihibita  a  slifft  gteenuh  ahado 
when  the  incident  nys  are  comprised  between  0  and  P ;  lastly,  the  snbatanea  obtained 
by  the  action  of  snlphida  of  potasiinm  on  CTSter-ehelle  cahdned  with  lime,  irtiich 
emit!  a  vicdet-indigo  light  after  exposure  to  rays  of  the  same  tint,  and  becomes  bine 
in  the  nltra-violet  rays.  In  general,  the  emitted  lajs  are  less  refivn^ble  than  the 
exdtdng  rays,  tha  lasb-mantioned  substance,  however,  forming  an  exceptioo  to  (his  rale^ 

The  eltclric  iight,  which  ii  yarp  bright  and  veir  rich  in  highly  reftangible  rays, 
prodaces  phoaphoresceace  more  actively  than  the  solar  rays.  The  sudden  diBcbuge  ia 
mom  efficadons  than  the  continnoos  light  of  the  voltaic  arc 


ia  necessary  to  extend  tha  ipectznm  to  about  ten  times  it 
of  diverging  Imiea.  Dark  linsa  are  then  se«i  on  the  pbosphon 
.1.  .■^■._  __.,._....!...  iij  chemical  ii 


lominons  and  chemical  rays. 

Identity  of  lie  calorific,  Ivnunotu,  ehtnUeal,  and  pii)4pioTegtitia  rt^$. — 'It  was 
formerly  snpposed  that  the  rays  producing  theee  sevtcalafbcta  are  distinct  ttom  ea^ 
other ;  in  &ct,  tliat  lominons  bodies  esait  (bur  kinds  of  ran  whidi.  when  disponed 
by  a  prism,  form  four  spectra  aapcRKised  over  each  otha,  but  having  their  muTimn 
and  minima  at  different  places.  But  it  is  much  more  pobahla  uat  the  raya  or 
-undulations  are  all  of  one  kind,  and  capnble  of  prodndng  one  or  other  of  the  effbcta 
above  mentioned,  aeoarding  to  the  nature  of  the  bodiea  or  organs  npon  which  they  act. 
In  fftet,  the  eatoiilL;  and  imemical  rays  are  reflected  and  refracted  in  the  same  manner 
as  luminous  ran  of  equal  reErangibiU^  ;  the  calorific,  luminous,  and  chemical  spectra 
are  intermpted  by  the  same  lines  ;  and  bodies  which  absorb  the  luminous  ravs  likewise 
absorb  heat-rays  and  chemical  rays  of  the  aame  decree  of  re&angibili^.  The  same  is 
true  with  regard  to  tha  pbosphoiogenic  rays,  so  nr  as  they  extend  into  the  Inminoua 
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put  of  the  •pedram.  Kwcom,  FiMsv  mud  Foneanlt  li4*«  ibown  tlut  tJia  efaemieal 
MlioDB|mdnMd*tth*lben«(if*l«ul7tlieli^of  tin  nltvle  are  ud  the  llme-li^t, 
ue  to  one  tmaOut  in  tlie  Mme  i»tio  m  the  Inminoai  intouitf . 

The  tmdnetion  of  tlie  wrenl  ellbeti  ebore  meatioMd  hj  the  eeme  njt,  a  quite  in 
asMnluiee  with  the  mir^^uorj  of  hgfat.  The  wvna  of  the  Mltar  itrflbng  on  the 
•ofMe  of  pondenble  bodiea  throw  their  paitielee  into  'rilnatian,  and  the  putietilar 

o&ctB produce '  "~"  ■"' — '"'  '--■'-  —  ' 1  _-j-  _.  _!..__..■ — i -.. .     .  -  .. 

themMlTce  de 
togetbar,  u  n 
IcBBlth  end  nj 

bc«h  boat  end  _„_^  — j, j  — rr-=-  -r r — j> i 

into  nefa  ■  nte  of  Tilaitiaa  la  to  ezcits  in  the  annoanding  athw,  w»e*  wboae  length 
tod  luiidity  of  ribtBtion  eoireapond  to  the  leaat  leftangible  i^a  of  the  inetram 
bejroea  the  rinble  led.  In  like  mann«r,  we  ahall  priacntiy  aea  that  the  inniible 
diemieal  mja  at  the  other  end  of  the  apectmm  nay  excite  TiraatioDB  of  leaa  rapiditr, 
which  mndac  Tiiible  the  body  on  which  thay  impinge.    The  adtet  Ihna  prodnced  ii 


It  waa  obaamd  aonie  jeaia  agot  by  Sir  John  Henchel,  that  a  aolndon  of  anlpbat* 
of  quinine,  thonf^  nrfsc^colmriiaa  hj  trumnittsd  lights  axhibita  in  certain  aipeett 
a  pecoliai  bine  colonr.  Thia  blue  light  wu  tbaud  to  ba  produced  only  b;  a  vvcj 
thin  atnttun  of  liqnid  adjacent  to  the  luiface  b;  which  the  light  entand,  and  the 
Incident  beam,  after  haTing  paned  througb  the  itratnm  from  which  the  blue  light 
came,  waa  not  aenaiblj  weuansd  or  coloured,  but  had  lost  the  power  of  prodacinA  Iha 
naual  bine  colonr  irtien  admitted  into  another  solution  of  mlphatc  of  quinine.  Li^t 
thna  modified  wu  aaid  by  Sir  J.  Hanchel  to  be  tpipotited. 

Wni'luJ'  pbanomena  were  obeerred  bj  Sir  D.  BrewMet  in  on  atcoholic  eolution  of 
chlonnthjll,  the  green  colouring  matter  of  leaTca,  the  path  of  a  Learn  of  annlight  ad- 
mittea  into  the  green  aalutdon  being  maiicad  by  a  bright  light  of  a  blood-red  colour. 
The  lame  appeMsnce  was  aflerwarda  obeerred  in  Tarions  vegetable  aolutioni  and 
eeaential  oila,  and  in  aome  lolidi.  Breweter  diatinguiehed  thia  phenomenon  by  the 
name  of  iittent^  ditptrtion,  attribnling  it  to  the  iirpgnlar  leflection  of  the  light  from 
eolonred  partidee  anspended  in  the  liquid,  and  waa  of  opinion  thnt  Herachel'a  epipolio 
diiperaion  waa  only  s  partinlu  eaie  of  thia  internal  diq>arsion. 

The  txna  aiplanatioa  of  these  mnaAable  phenomena  hai,  however,  been  nven  by 
Frofeeaoc  Stoke*^  who  haa  abown  that  the  peculiar  diapeteion  produced  by  eulphate  Ot 
quinine,  and  the  other  liqaida  abore  menticoed,  ia  due  to  a  change  of  r^franffiiililg  in 
Ou  rm/t  ofUgU.    The  (wlowing  experiment  reodera  thia  eTideDl: — 

A  Bolar  apectmm  ia  fbrmed  by  mesne  of  an  aijiramatie  lena,  and  one  or  more  prisma 
of  flint  daea,  anffldently  pure  to  render  Tiaibla  the  principal  fixed  Iine%  and  a  tube 
flUed  with  a  aolntion  of  ■ulphotc  of  quinine  ia  Msaed  eloug  Uiia  qieetrnm,  thim  the  red 
(owarda  the  nolet  md.  Nothing  peculiar  ii  obeerred  while  the  toba  ia  held  in  the  luea 
refrangible  part  of  the  ipectmm,  the  light  paeaing  throngh  it  freely  and  withont  leU' 
Bible  modiflcatiou ;  but  just  before  it  reaches  the  extremity  of  the  violet,  a  peculiar 
bine  dlflbaed  light  makes  its  appearance  at  the  anrfoce  of  the  fluid  by  which  the  light 
enten.  and  mmaios  visible,  even  after  the  tube  baa  psased  beyond  the  violet  into  the 
invisible  portion  of  the  epecbnm,  acquiring  in  fact,  i\a  greatest  iatetunty  at  a  certftin 
'' —  le  beyond  the  extreme  violet. 


The  stratum  of  liquid  from  which  the  diSheed  blue  light 
propDrtian  as  the  incident  rayi  are  more  refrangible  ;  via,  tn    .  _  . 
extreme  violet  to  the  end  of  the  apootmm,  the  blue  apace  is  reduced 


that  the  aolntion,  though  transparent  with  respect  to  nearly  the  wbol 

rays,  ia  of  an  inky  bla(£nees  with  respect  Co  the  invisible  raya  more  refrangible 

the  violet    Kav^thaleas,  thees  rays,  when  once  they  have  been  convarted  inti: 


the  surbce  by  which  the  rays  enter.     It  appears,  tberefore, 

■      -'  - )le  of  the  visible 

refr-angible  than 
the  violet  Kaverthaleas,  these  rays,  when  once  they  have  been  convarted  into  the 
vimble  bine  light,  pass  throng^  the  liqnid  with  Cicihty.  'fhey  must,  therefore,  be 
essentially  oltmd  in  chsracter.  Kow,  a  change  in  the  quality  of  light  must  conaiat^ 
nthnr  in  a  modification  of  its  stols  of  polarisation,  or  in  its  period  of  undulation.  The 
supposition  is  encoded  by  tia  fact  that  the  light  thus  modified  is  not  polarised 
ft  must,  thereibre,  have  undergone  a  change  in  its  rate  of  vibration,  and 


conaeqnently  a  change  c^  rettangibilil^.  The  existence  of  this  change  ia,  i 
distinctly  pnrred  by  examining  ttte  diflbsed  light  with  a  prism.  It  is  then  found  to 
be  by  no  means  homegeneon^%ut  t«  be  iwolvable  into  rays  of  unequal  refrsngibili^, 
the  whole  of  which  ore,  however,  comprised  within  the  limits  of  the  visible  ipectrum. 
The  di^iutd  blm  light  amnttt  of  tht  ehtnUeal  ragt  rmdered  vMilt  by  a  ekangt  in 
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bom  imnluitia  or  BTapeuiai  particles.  The  two  fbaooJDOta  ue  often  produced 
tooether  in  the  uma  msdiam  ;  but  they  are  vmUj  diatinguiihed  bj  the  iuct  tiiat  tha 
light  diflbsed  by  inwolar  reflectioD  is  more  Ot  lem  polaruad,  whereas  the  light  ^Snsad 
in  the  muiner  aboTe  dncribad  U  entinlj  Qnpolarised,  even  if  the  incidejit  njt  vne 
tliBTDHaireA  polarised.  This  pbanomenou,  to  vhich  Piofessai  Stoka  orifpnall;  gave  tha 
name  of  Irui  diffiuitm,  to  diatingnish  it  &om  the  false  difRuion  produced  bj  irregaiaz 
zeflection,  ii  noir  called  Fluobbscbkcb. 

It  is  exhibited  b;  manj  solutions,  and  bj  many  aolid  bodus,  opaqna  u  well  ■■ 
transparent,  ths  colour  of  the  difhsed  light  Tairing  with  the  nature  of  the  niKtinm. 
An  aqueooB  inftisioD  of  bone-chemot  b*i^  eihibite  it  very  Btionglj,  prodacing  a  blue 
colour  similar  to  that  of  anlphate  of  qoiuine,  JAanj  compounds  of  aCBquIoxide  of  nra^ 
oinm  are  aUo  high];  flaorescant^  &ad  diffiue  a  greamsh-blue  light,  especially  the 
nitiBte,  and  eanary-glaM.  A  deeoctiiHi  of  madder  mixed  with  alum  giTcs  a  yellow  oi 
onnge-yellow  fluorescence ;  tincture  of  turmeric  and  alcoholic  extract  of  thorn-apple 
seeds  difhse  a  greenish  light  i  an  alcoholic  solution  of  chlorophyll,  a  red  light. 

When  tlie  fluorescence  is  strong,  as  with  salphBte  of  quiniiie,  it  may  be  seen  b; 
merely  viewing  the  subBlanee  by  ordinary  diffneed  daylight.  For  more  aocurate  obser- 
Tation  and  fbr  d'ltfctiDg  fiaorescence  when  it  exists  only  in  a  slight  degree,  the 
following  method  is  Tecommonded  by  Stokes  (PhiL  Mag.  [4],  Ti.  304):— 

Lisht  is  admitted  into  a  darkened  room  through  a  hole  several  inches  in  diameter  in 
ths  window-shutter,  and  the  oliject  to  be  examined  is  placed  on  a  small  shelC  blackened  at 
the  top,  and  fixed  just  below.  The  hole  is  coTered  with  an  absorbing  medinm,  callvd 
the  principal  abtorbenl,  so  selected  as  to  trannnit  only  the  feebly  lominana  and  in' 
Tiaible  rays  of  high  lefrangibility.  The  body  on  the  shelf  is  viewed  through  the  second 
medium,  the  oovt^lenuntury  ahtoriwit,  which  is  chosen  so  as  to  be  as  transparent  hs 
posdbla  to  those  rays  whidi  are  abiorbed  by  ths  first,  and  to  absorb  oil  the  rays  which 
are  transmitted  by  die  flist.  If  the  media  are  well  selected,  thej  prodoca  a  very  near 
approach  to  perfect  darkneas ;  and  if  the  oUect  appears  nndnly  InminDus,  that  effkt 
most  pfobablj  arises  from  fluoresceace.  !ro  determine  whether  the  iUamination  is 
really  due  to  that  cause,  the  oomplementary  absorbent  is  removed  from  before  the  eyes 
to  the  front  of  the  aperture,  when  the  illnmination,  if  really  due  to  fluorescence,  almoat 
wholly  disappeara ;  whereas,  if  it  be  due  merely  to  scattered  light  capable  of  passing 
throogli  both  media,  it  remains.  In  examining  feebly  fluorescent  substances,  however, 
it  is  better  to  keep  the  second  madinm  in  its  place  before  the  eye,  and  to  use  a  third 
medium,  the  trastfer-medium,  placing  the  last  alternately  in  the  path  of  the  incident 
i^^  and  between  the  object  and  the  eye.  Still  greater  delicacy  of  observation  is 
attained  by  [Jacing  the  substance  side  by  side  with  a  small  white  porcelain  tablet,  which 
Is  qoite  dsrtituto  of  fluorescence,  and  examining  the  two  as  abova.  Or,  again,  the 
olgeet  being  placed  on  the  tablet,  a  slit  is  held  dose  to  it,  in  soch  a  position  as  to  be 
seen  pn^eded  partly  on  the  object,  partly  on  the  tablet,  and  the  slit  is  viewed  through 
•  prism.  The  fluorescence  of  the  o&'ect  is  evidenced  by  light  appearing  in  regions  of 
the  spectruin,  in  which  the  rays  coming  through  the  prindpol  absorbent,  and  scattered 
by  the  tablet,  then  produce  nothing  but  darkness.  These  methods  are  delicate  enough 
to  show  the  fluorescence  of  white  paper,  even  on  a  very  gloomy  day. 

It  is  not  merely  the  most  refrangible  rays  that  are  capable  of  prodocing  fluorescence; 
ths  rays  of  any  part  of  tlie  spectrum  may  undergo  this  change.  By  i-T«inining  different 
media  with  the  spectrum  in  the  manner  already  described,  it  is  seen  that  the  flaoies- 
cence  begins,  sometimes  in  the  blue,  sometimea  in  the  yellow.  With  an  alcoholic  solu- 
tion of  cbioropbyU,  it  begins  in  the  red.  But  wherever  the  change  of  re&angihility  may 
iM^n,  it  is  always  in  one  direction,  consisting  in  a  diminution  of  the  index  of  refraction, 
and  a  consequent  depressioD  of  the  light  in  ue  scale  of  colours.  In  other  words,  ths 
ttngt\  of  titt  teaet  u  incriwitd,  and  lit  vdaeity  of  vndvlaiion  dininithcd.  The  vibra- 
tions of  the  ether  in  the  inddeat  ray  amwar  to  exdte  distnrbances  within  tbe  complex 
molecules  of  the  fluorescent  medium,  whereby  new  vibistlons  are  excited  in  the  ether, 
differing  in  period  from  those  of  the  incident  ray.  The  portion  of  the  light  which  has 
produced  this  moleoulai^  disturbance  is  used  np  or  abaorbtd,  and  thereby  lost  to  visual 
perception,  just  as  hsat  is  converted  into  medianical  work.  It  is  probable  that  the  ab- 
sorption of  light  always  takes  place  in  this  manner.  The  well-known  fact  of  the  con- 
version of  laminoils  rays  into  invidble  calorific  n^a,  is,  as  already  observed,  a  striking 
instance  of  Simination  of  refinngibility  accompanied  by  absorption. 

As  the  most  icfrangible  rays  are  (be  most  active  in  prodacing  fluoreseenoe,  it  is 
natoral  that  this  efllect  should  be  most  strikingly  exhibited  by  the  lightof  flames  which 
are  rich  in  those  rays, — the  flame  of  alcohol  and  of  sulphur,  for  example.  These  flames 
do,  in  fact,  produce  the  effect  in  a  higher  degree  even  thin  sunlight-  An  extremely 
beantifnl  e&ct  is  produced  by  exposing  a  number  of  highly  fluorescent  media,  such  as 
■alphate  of  quinine,  inAision  of  hotse-chesnat  bark,  and  canoiy-gloss,  to  the  flame  of 
•ulphnt  bumii^  in  oxygen  in  ■  dark  room. 
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The  colour  and  composition  of  flaonsceiit  light  sometimea  aSbid  nliuble  ud 
io  digtingniahing  betwtwu  one  mbaUDee  and  Another,  and  in  toting  the  purity  of 
•olations.  With  a  Kilution  of  a  pun  $ti6ttiatee,  the  tint  of  tbe  flnoicacent  ligbt  i» 
almOBt  perfoctl;  conetant.  But  thu  tint,  it  mmt  be  remembered,  ie  that  of  the  light 
at  twitted,  not  as  t\ibieqiiently  modifitd  \rj  absorption  on  the  put  of  the  soliition,  in 
eiue  the  aolution  be  sensibly  colonnd,  and  some  precantions  are  required  in  order  to 
obserre  it  eorrectly.  The  fluorescence  obaerred  u  solutioos  from  tbe  barks  of  the 
hcsae-chesnut,  ub,  Ac,  wu  fomterly  attribated  indiscriminatelj  to  the  presence  of 
BeBCiUin,vbBreuapnrifiedBOlnlion  from  tbe  baric  of  tbe  horse-eheanut  exhibits  a  fluores- 
cence Tery  Benaiblv  diflferent  from  that  of  eeecuJin,  which  obserration  aJono  wonld  fiifflc* 
to  show  that  tbe  toA  must  contain  some  other  flaoraeceat  subatiince  besides  asculin. 

The  best  mode  of  obserring  the  true  fluorescent  tint  is  to  dilate  tbe  liquid  con- 
siderably, and  to  puss  into  it  a  beam  of  mzdight,  condensed  by  a  lens  fixed  in  a  baud 
in  mch  a  manner  that  as  small  a  thIckneM  ^  tba  liquid  as  possible  shall  interrens 
between  the  floorescent  substance  and  tbe  eye.  If  a  stratum  of  this  thickncM  cd  the 
dilute  solution  is  sensibly  colourleas,  tbe  tint  of  ths  fluorescent  li^bt  Till  not  be 
sensibly  modified  by  subsequent  abecorption.  But  as  direct  sunligbt  is  not  always  to 
Im  had,  the  following  method,  requiring  only  difEUsed  daylight,  may  also  be  lued,  the 
solutions  being  pretty  strong,  or  at  least  not  extremely  dilute. 

A  glass  containing  water  and  blackened  internally  at  tbe  bottjim  is  placed  at  a 
window,  and  the  solutdon  to  be  examined  aa  to  its  fluorescent  tint  is  placed  in  a  test- 
tube  which  is  bald  TerticaUj  in  the  watsf,  the  top  slightly  inclining  from  the  window, 
and  ths  obserrer  regarding  the  tturaMcent  light  from  above,  looking  outside  the  test- 
tabe.  Sncs  b;^  fax  the  graater  part  of  the  fluorescent  light  comes  ftom  a  ytrj  thin 
stratum  of  liqnid  next  ths  sur&ce  by  whidi  the  light  enters,  the  floorescent  rays  have 
mostly  to  tniTeiae  only  a  y«rj  small  thickness  of  the  eoloored  liquid  before  reaching 
ths  eye;  tlie  water  permits  the  escape  of  those  fluorescent  rKjs  which  would 
otberwise  be  internally  reflected  at  the  external  snr&ce  of  the  test-tube,  and  ths  in- 
tensity of  the  li^t  of  which  tbe  tint  is  to  be  observed  is  increased  by  Ibreshortening. 
(Stakes,  Chem.  Soc  Z.  iL  IB.) 

The  nature  of  tbe  solviiat  must  also  be  attended  to.  Tbe  colour  of  the  fluorescent 
light  is  liable  to  change,  not  merely  in  passing  from  an  alkaline  to  a  neutral  or  acid 
l^ntion,  but  even  occasionally  in  psssiiig  from  one  neutral  solvent  to  another. 

The  composition  of  floorescent  light,  ss  revealed  by  t^e  prism,  occasionally  presents 
peculiarities,  bnt  in  such  cases  they  are  found  to  be  connected  with  pecnliorities  in  the 
mode  of  absorption,  so  that  the  two  are  not  to  be  regarded  as  indepeivifnl  characters 
of  a  aubstsDce  ;  and  ss  the  peculiarities  in  the  absorption  are,  as  a  general  rule,  the 
more  easily  observed,  it  is  only  rarely  that  the  analysis  of  the  fluoreacent  light  is  of 

The  distribution  of  fluorescence  in  tbe  spectrum  often  affbrds  valnable  information, 
but  its  obearration  requires  tbe  nse  of  somewhat  complicated  apparatus.  Tbe  obserra- 
tion  is  restricted  to  times  when  the  sun  is  shining  pretty  steadily  (unless  the  observer 
has  recourse  to  electric  light,  or  at  least  lime-light) ;  it  is  requisite  to  reflect  the 
son's  light  horiioutally,  without  which  (he  observation  would  be  most  troubleeome; 
and  nnlass  the  reflexion  be  made  by  tbe  mirrorof  a  heliostat,  the  continual  change  in  the 
direetion  of  the  reflected  tight  is  most  inconvenient.  It  is  requisite  Co  use  at  least  one 
good  priam,  better  two  la  three^  which  must  be  rS  toleisble  size,  in  order  to  have 
Ught  a  sufficient  intensity,  and  lbs  prisms  tnost  be  combined  with  a  lens,  which  need 
not  however  be  aehtomatic. 

It  has  already  been  stated,  as  the  result  of  experience,  that  the  colour  of  the  floo- 
rescentlisht  of  a  single  substance  is  constant  throughout  the  spectrum,  or  very  nsar'T 
ED.  If,  thereibre,  on  examining  a  solution  in  a  pure  spectrum  thus  formed  by  pro- 
jection, we  find  the  fluorescence  taking  a  fresh  stmt  vith  a  diffifrent  eolovr,  we  may  be 
almost  certain  that  we  have  Co  do  with  a  mixture  of  two  diflerent  fluorescent  snb- 
staneea,  tbe  prraence  of  which  is  thos  revested  without  any  chemical  process.  If, 
however,  tbe  flnoresceneo  of  two  fluorescent  sobstances,  which  may  be  mixed  together, 
begins  at  nearly  tbe  same  point  in  the  spectrum  (as  commonly  happens  when  there  is 
merely  a  slight  difl'erence  of  tint  in  tbe  colour  of  tbe  fluoreecent  light  of  the  two 
Snsbtances),  the  coexistence  of  the  two  may  escape  detection  when  the  mixed 
Bolntton  is  merely  examined  in  a  pure  spectrum ;  and  in  such  cases  a  combination  of 
prDcessr«  of  fractional  separation  with  the  observation  of  tbe  tint  of  the  fluorescent 
light  is  more  searching.  This  is  the  case,  for  instance,  with  the  mixture  of  eescnlin 
and  fraxin  contained  in  a  solution  from  the  bark  of  the  horse-cbesnut^ 

As  the  occurrence  of  a  decided  diflTerence  of  colour  in  the  fluorescent  light  seen  at 
two  different  ports  of  ths  spectrum  implies,  almost  to  a  certainty,  the  presence  of  two 
different  fluorescent  substances,  so,  convent,  the  exhibition  of  the  same  colour  is  an 
Bigument  in  &m>ar  of  the  identi^  ot  the  substance  producing  the  fluonsoence  at  the 


byGoogIc 


LIGHT!    ABSORPTION. 


, 1,  Tould  certaislj  rereEl  themielTea  hj  the  differenoe  of  eolooi.    For 

•xparunoesbomtlMtUian&miigibilitycfttteli^t  emitted  at  ajif  put  of  the  inoideDt 
•MctnuB,  V  Um  wtuttoD  of  a  pan  aubfltanM,  extends  ue&rlj  up  to  tlut  of  the  point 
M  tb*  ineidant  ipactnim  tt  irtueh  tlw  flnoreaeenoa  commoDcea,  but  not  much  bejond  j 


ligbt,  jBt,  OD  (ba  «rlial<s  thraa  is  ao  dose  &  conDeetion  betwMn  the  aolonr  of  ths 
flaonMMit  light  and  th«  refruptili^  of  the  nj«  bj  vhioh  the  floomcence  ii  Bat 
^odoBad,  that  a  nett  nriation  in  the  one  is  incompatible  with  oonataiu^  oi  a  mtn 
tiifling  wiatiini  in  the  othar.    (Stokea,  Chem.  Sac  J.  xfiL  313.) 


All  bodiM  Bie  liuiapueiit  to  m  certain  extant ;  eran  matala,  which  im  the  moat 
opaqae  of  all  mbatuica^  allow  a  auall  qnantitj  of  li^it  to  pasa  Ihnngh  tham,  when 
tfic? ate  ladneed  to  extranelj  thin  laSTM;  thua  gold-leaf  bid  imon  ^aaa  tzananiits 
light  erf  a  gram  colonr.  On  the  other  hjud,  thare  ia  bo  meh  uiiiig  la  a  pcoful^ 
tranipannt  medium ;  evm  the  airrtopa  acwtain  qnantttirof  ligfal^when  fhii  fTn'rVnnaa 
tntwwd  bj  the  taja  ia  raj  conaiderable ;  on  tlie  to«  of  high  moanlains  the  atan 
•Mieu  mncm  brighter  than  whra  aera  from  near  the  aeo-lOTeL  Fra  all  ordinaij 
tni  rtn  raara.  howerer,  oolonrleaa  gaaea  mn  be  Mgardsd  as  perfectly  tnuusarant. 

Traniparent  media  an  colonrleaa  or  cokiiimd,  aeeording  u  Ihej  tnuunut  the  an 


Tiewing  ■  nolar  apectnun  throngh  a  piece  of  glui  1  millimetze  thick,  coloured  with 
red  oxide  of  copper,  all  the  coloura  eicspting  the  red  diaqtpear,  tiia  glaa  being  opaqne 
to  sU  the  more  reCniigible  rajB.  Other  media  banamit  laya  of  one  or  mora  euomi^ 
and  atop  the  reat,  and  conaaquentlj  exhibit  compoond  eoliTon  by  tnnamitted  light : 
thoa  an  ammomacal  eolidion  of  oojper,  when  in  a  ORtain  atrength  and  thickneea, 
■tope  all  the  ran  sxMptJng  the  red  and  the  Tiolet^ 

u  r^a  whidi  have  paaaed  throng  a  red  ^aaa  be  paaaad  throngh  anolhn  glaaa  of 
the  tune  colour,  the  Utter  will  abxnb  bat  a  amall  proportion  of  Uie  raya  iriudi  &11 
npon  i^becanaelhoaewhiehMalne^Bbleof  paaaing  throngh  red  glaaa  hare  alieadj 
been  eliminated  by  the  firat  medinm ;  hnt  if  tie  Maoad  gtaw  ia  green,  it  will  atop  tlia 
red  nj^  and  the  two  together  will  tem  a  perfectly  (^laqne  aeraeD. 

There  ia  no  medinm  miich  is  abaolotefy  oolonrieaa,  that  ia  to  aay,  c^nble  of  tiwu- 
mitdng  raya  of  all  eoloan  in  exactly  the  same  noportion ;  eren  air,  when  aeen  throng 
great  UlickDeaae*,  appeal*  bine ;  the  oolont  of  the  aky  fa  mra«I^  that  of  the  atmoai^wn 
eem  throngh  a  thickneaa  of  >eiranl  mila ;  in  like  manner  diatant  moontaina  appear 
blue,  joat  as  if  they  were  seen  thiongh  a  bine  glaaa. 

On  the  other  hand,  to  enable  a  madinm  to  abaorb  the  r^a  of  one  or  mora  mloora 
completely,  it  mnat  have  a  certain  thickneae.  Eren  metals,  aa  already  obaerred,  whm 
reduced  to  exliemely  thin  films,  tronamit  certain  colonra,  and  a  plate  of  glaaa  whieh, 
when  of  a  certain  thickncaa,  atopa  all  bnt  the  red  rava  of  the  roactram,  tiansmiln  a 
greater  and  greater  nnmber  of  oolonred  raya  aa  its  thitfnaa  ia  i^""'""*"^,  and  at 


eppean  almoat  cdooriaa*. 

It  waa  formerly  aapposed  that  the  quantity  of  light  absorbed  was  propoitional  to 
the  thickness  of  the  medinm  through  which  it  pMsed,  but  lattv  reaeanae*  na*e  abown 
*Jiat  the  law  is  mora  complicated.  Sappoae  the  medium  dirided  into  inflnitaU  thin 
layers  peipendicniar  to  the  direction  of  the  laya  whidi  taaverae  it ;  and  let  a  be  the 
hction,  sappoeed  oonstsnt,  which  repmeata  the  proportion  bel;ween  the  qoantity  of 
jght  airiTing  at  uiy  layer,  and  that  of  tbe  light  which  pasoM  throagh  anabaorMd. 


niiity  of  the  my  after  hanng  paased  thnrngh  thia  thickneaa,  ia  giTen 
i  —  lo*.  The  intecsily  of  uie  emewent  li^t  decreasea  therefore  m  p 
proportion,  while  the  thickneea  of  the  me£nm  imnrcaata  in  arithmetjeal  ^nportiim. 
The  gnantiliee  abaocbad  by  the  saocessiTe  layers  fbUow  a  rimilsl  law,  beii^  £v  th» 
flrat  Uyerl-In  -  I(l-a);  for  the  Moond,  IsTl-a);  for  the  third,  1^1- a^  and 
ftir  the  a'th,  I^-'fl  -a). 

Kow  let  R,  O,  I,  Ice.,  represent  the  intansitlaa  of  the  aerecal  principal  coloora  com- 
posing a  ray  erf  incident  light,  the  total  intenai^  of  the  beam  being  therefore 
S+OvT-fa  +  B  +  I  +  Tjalsoletr,  D,  J,  &a,  be  the  fkactiona  of  the  aeTeial  odoured 
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ny«  wbieh  liaiUHi,  wilboot  sbaoiption,  a  unit  of  thickneM  of  the  mediuni ;  then  the 
iutenntj  td  a  beam  emetgiitg  bom  a  lajm  whgae  thicknoM  i*  a,  will  be 
Bf  +  Oo'T  +  y  +  Gy  +  Bi- +  Ii*  +  Vb", 

Tbe  tennB  of  thii  aipreasion  containug  the  anallMt  of  the  fraetioiu  r,  o,  g,  &&, 
doCTeaae  most  tanjd^  aa  <  inireaaea ;  the  oolonr*  coiraqioDdiiig  to  the  o^uir  Midi 
viU  thcnfore  predominate  mora  and  laon,  and  the  ttoeigKit  tint  will  not  be  wl^l«, 
hot  will  exhibit  a  compound  tint  depending  tm  the  lelativ*  mafpiitnde  <tf  the  Mreml 
tarmi,  Bf*  Od*,  Sec  If  the  fan  of  anT  <me  colonr,  led  for  example,  ue  l«aa  ataccbed 
than  the  rast,  it  ia  alwi^  poMlbl*,  by  Uicraaaing  the  fhirVnnna  of  the  <llTn,  to  a  certain 
extent,  to  obtain  ted  njt  Mnaibl;  honopeneona ;  for  by  inereaong  t,  the  istioa 
Br*  :  Oo*,  Br*  :  Tji^,  tit.,  ma;  be  inoeaaed  m  anj  Tmniied  ^porticin.  'When,  oa  the 
contraiT,  the  qnantitiei  r,  o,  y,  be,  difibr  bnt  liuls  from  miitj,  and  the  thicknaea  of 
the  mediom  ii  ■mall,  the  mm  Br*  +  Oo*  +  fee.,  differs  bnt  little  bom  that  which  repra- 
■anta  tha  intenaitf  of  the  incident  laj ;  that  ia  to  My,  the  li^t  ia  not  pcsceptibl/ 
colonred. 

The  relatiTB  qnantitiea  of  tha  aereral  oolonnd  ran  abaorbed  by  a  colonred  medium 
of  giTBn  thicknna,  may  be  obeerred  b^  riewing  a  line  of  light  thraagh  a  piiam  and 
the  eoLoond  medium.  The  qiectrnm  will  them  be  aeen  to  be  diminished  in  brigbtocaa 
in  Boma  part^  and  periiapi  cnt  off  allo(;ether  in  othen.  This  mode  of  obeerratioii  ia 
ofton  of  great  nae  m  ehflmical  tnaljiil,  aa  many  colonnd  aabatanoea  whan  thna  ex- 
amined aflbcd  Toiy  chazaetcnatie  apeetn.  the  pecnliaritie*  of  whidi  may  often  be 
diatdngnialkBd,  eren  tbongh  tlM  adnttm  of  the  anbetanoe  under  examination  containa 
aanfbiant  amonntof  eolonndimpnntiea  toahangeit»eolmir*nTeonBid(nbly.  The 
Mlowii^  method  of  making  the  obaerratitm  ia  giveD  Lj  Profteam  Btokaa  (Chem. 
Soc  J.  xriL  8M):  - 

A  small  priim  ia  to  b«  <&«MO  of  dense  flint  glaea,  graond  to  an  angle  of  00°,  and 
jnit  large  enough  to  eorrr  the  tjn  comfortably.  Tha  t<w  and  bottom  shoold  be  flat, 
tor  convenience  of  holding  ths  prinn  between  the  thnmc  and  fore-flnffsr,  and  laying 
it  down  on  a  table,  so  aa  not  to  acratch  or  soil  the  beea.  A  taa  Bne  of  light  u 
obtained  by  ■"'^■"g  a  vertical  slit  in  a  board  9  inehea  sonars^  or  a  little  lunger  in  a 
horiiontal  direction,  and  adapting  to  the  aperture  two  pecea  of  thin  metal.  One  of 
the  metal  pieces  is  movable,  to  adow  of  altering  the  loeadth  of  the  slit  About  tha 
fiftieth  of  an  inch  ii  a  suitable  briadth  Ibi  ordinary  purposea.  The  board  and  metal 
piecea  ahoold  be  well  blackmed. 

On  holding  the  board  at  aim's  length  agunat  the  s^  or  a  liuniiiaiu  flame,  the  alit 
bdne  *B  *iU  suppose^  in  a  vertical  direction,  and  viewing  the  line  of  light  thoa 
fotmed  throngh  bos  prism  h(Jd«loa«  to  the  070,  with  its  edge  vertical,  a  pnre  spectnim 
ia  obtained  at  a  proper  arini'i'''  cf  the  prism.  Taming  the  prism  round  its  axis  alien 
the  fbens,  and  Uis  pr^er  focua  is  a|ot  by  trial  The  whole  of  the  spaetmm  i«  nM^ 
indeed,  in  perfM  mna  at  once,  ao  tut,  in  aemtinisng  one  part  after  another,  it  is 
requisite  to  tnm  the  prism  a  little.  When  dayliaht  is  osad,  the  q>eabtim  i*  known  to 
bspsrel^itaBhawing  the  principal  fixed  Unea;  in  other  eaaea  the  foexs  ia  got  by  tha 
condition  of  si  iiiiin,  distinc^  the  other  otgecta,  irtiatera  they  m^  he,  whien  are  pr»- 
seoted  in  the  spectrum.  To  obeerve  the  abaotptiDD-spectrum  of  a  liquid,  an  elutio 
bniid  ia  put  roond  the  board  near  the  top,  and  a  test-tube  containing  the  liquid  ir 
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tbs  apMtnim  ataolntelj  black,  nnleaa  it  be  one  oi  mole  raj  naiMW  buidi,  u  ether- 
viie  the  most  dietinctiTe  ftatiina  of  the  sbaoTptioD  might  be  miued.  If  the  solalion 
be  contained  in  n.  wedn-ghiifwd  veeaal  imrtnd  of  a  tot-tub^  ths  prognn*  of  the 
absorption  may  bfl  w&tcjied  in  a  continnoaa  mvmer  bj  ohding  the  Tfmal  before  the 
eve.  Some  obaemn  prefer  nsiag  a  vedge-shapeii  Teasel  in  combination  with  Ihe  elit, 
the  slit  beiDg  perpBndtcolar  to  the  edge  of  tbe  wedge.  In  thia  cage  each  tilemant  of 
the  alit  fonna  nn  elementarj  spectnim  eornepoading  to  a  thicknees  of  Che  loliitioD 
vhich  incn&aeB  in  a.  DODtimioiu  manner  from  the  edge  of  the  wedge,  when  it  vaoiahn. 
Thia  ii  the  mode  of  observBtlon  adopted  by  Gladaton  6.     (Chem.  Soc.  J,  bu  79,) 

Fi^.  CBS  represents  tho  effbct  produced  in  thie  way  bj  a  Bolntion  of  saaqoichloride 
of  cl^mimn,  and  fy.  669  that  produced  by  H  solntion  d  permanganate  of  patosidDni. 
The  right  hand  aidee  of  these  fignrea  comapond  with  the  red  end  of  the  Bpectnun ; 
the  letter*  refer  to  FranenliofeT'i  unes.  The  lower  part  of  each  figure  ahowa  the  pure 
apectrum  Been  tbningh  the  thinnest  part  of  the  wedge,  and  the  pnwreaa  of  the  absoiti- 


tion,  as  the  tbickoeBs  of  the  iiqnid  increaaeB.  is  seen  by  the  gradnu^  obliteration  of  toe 
apectrom  towards  the  upper  part  of  the  figorea. 

The  following  observationi  on  the  triplication  of  the  abec^tion-method  to  diemical 
analjiDB,  are  extracted  from  a  paper  by  Frofessor  Stakes  (Chem.  Soc^  J.xvii,  SOS): 

"  In  many  eases  nothing  is  observed,  beyond  a  DenersI  absorption  of  one  or  other 
end  of  the  apectmni,  or  of  its  middle  part,  and  me  prism  gives  little  infarmation 
beyond  what  is  obtained  hj  the  eye,  by  obaerring  the  tueeation  of  eolmrt  piodaeed 
by  diStrent  thicknene*  of  the  liquid.  And  here  it  may  be  remained  in  piTnR  with 
reference  to  the  deecriptian  of  pure  subatancea;  that  in  speei^^  o°lj  °°°  cdour,  that 
corresponding  to  a  eonsiderable  thickness,  as  is  commonly  done  by  diemists,  the 
peculiar  ftetora  of  the  absorption  are  left  almoat  wholly  ondeeeribBd.  Thus  of  two 
aolntJoiu,  one  might  be  pink  whan  dilute,  paaing  on  to  red  with  increase  of  atraogtli 
•nd  thi^nea)!,  anotluf  yellow,  p«a«n^  t&oi^  orange  to  red.  These  would  com- 
monly be  dewaibed  as  red,  vet  lae  senea  of  tlnta  indicate  an  utter  diflerenee  in  the 
mode  of  •haorplioii,  the  middle  of  the  ^ednm  in  Hifi  one  caM^  and  the  most  refran- 
gible <md  in  the  other,  being  the  moat  powariUly  attached. 

"  But  in  some  caaw,  especially  with  anbatancea  of  intense  colorific  power,  the  mode 
of  absorpldon  is  eminently  duracteristic.  Two  or  more  dark  bands  are  seen  in  the 
epectrom,  indicating  maxima  of  absorption ;  and  the  positions  of  tlieae  bands,  their 
rdalive  intoisity,  ud  their  other  fMxuee,  fbm  altogether  «  serin  of  chaiactara  the 
distinetive  nitnre  of  which  is  snch  as  those  who  have  neglected  the  nse  of  ths  priam 
have  little  conception  ot  They  render  it  perfectly  easy  in  many  cases  to  fbllow  a 
partJCTilar  substance  among  a  host  of  impnritiea.  Far  each  coloured  substance  pii>- 
duces  its  own  absorptjon,  independently  of  the  others  (supposing  the  snbstancee  do 
not  chemically  react  an  eai^  other),  so  that^  nnlass  the  part  of  the  spectrum  in  which 
the  dialinetiTS  band%  or  most  of  them,  occnr,  is  wholfy  absorbed  by  the  impurities, 
the  preaenoe  of  the  sabstance  can  still  be  recoeniaed.  Kich  a  oompMe  oblilaration  is 
the  urn  likely  to  occur,  for  this  teasoD,  that  when  the  characters  of  the  aolntion  are  so 
ationgly  maAed,  It  almost  alwaya  faarnms  that  a  Mmparstively  small  quantity  of  the 
snbatance  snffloaa  to  prodoce  the  effect  and  the  solution  must  conaeqnantly  be  ao 
mach  diluted  that  tlie  effM  of  the  impuritjea  compaiatively  dfsappeara. 

"  Nor  is  this  all.  When  a  substance  exhibits  marked  characters  of  one  kind  in  one 
solvent,  it  ofteq  happens  that  it  shows  diff^nt  and  no  lees  maAed  eharactats  in  a 
■olvent  of  a  different  natnre.  Vot  only  does  this  fbmish  additional  chaiaotera  by 
which  the  substance  can  be  distinguished  from  others,  but  it  ia  valuable  for  fbllowing 
ths  substance  when  involved  in  impurities :  for  the  natnre  of  the  impuritiea  may  be 
anch  as  to  mash  the  substance  in  one  solvent  and  not  in  another,  itua  is  e^ieeially 
the  caae  where  one  solvent  is  alkaline  and  the  other  add ;  but  diSerenou  are  aome- 
timas  observed  even  with  two  neutral  solvents. 

"  To  illustrate  these  principles,  we  may  refer  to  the  colouring  maUen  of  maddtr 
Alizarin  and  piLmnrin  both  yield  highly  distinctive  spectra,  the  former,  however,  only 
in  the  case  of  solutions  containing  caustic  alkali,*  when«s  moat  solntions  of  the  latter 
are  highly  distinctiTe.  Madder  itself  contains,  either  directHy  or  as  the  result  of  de- 
composition, a  number  of  snbstanrea  which,  in  alkaline  solution,  absorb  that  part  of 

yillsw  fluomcsKc—A  lofuilnef puwla ta nJpbMs sT wbon nhiMu  taurbudToribHrptleD, at 
wMgliUis<rat.>lliuu<l  In  tta*  ji^lew  Iiut  tMiiaBd  D,  reckoolng  hmth*  r^  •iinnlli,  it  Buronr 
tku  U*r*Mi%«  HCMd  li  tKusttd  la  lU  ITHB,  DSarij  eotneldlBC  irltli  Ike  line  B ;  Iba  Ubil  In  tb*  Was 
mar  F;  «a*  me  Bwiilti.  wMeh  Is  veij  IimwiiiIciiiim.  la  a*  hidlta— LsMlr.  lb«  wluirnn  of  puitHiitalB 

Hirit  eolneMbw  wttb  B  i  tlw  Hand  la  tbe  blue,  bnodiT  «hI  Ini  MnHialr  aiirksd,  and  taaifii  IB 
ssntreatUMllDaF;  ibe salaHea ii also illlhWr fluuiiiamu.    (SiokM,Chta.  Soc.  J. aB. no.) 
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11  qnuitit7,  the  pnMnce  of  puTpnriu  would,  in  an  alhiiine  mlution,  be  muked  hj 
the  other  nibaUDcee.  Bnt  in  ether  oi  scidnlated  alcohol  the  other  enbalimcn  pe^ 
spectra  ahoving  nothing  particulu',  and  intnfering  comptntiTel;  little  with  the  die- 
tinctiTe  banda  of  parpurin ;  while  in  &□  olnm-liqnor  aolnbon  made  bj  boiling  tkot  oqIt 
Me  the  pnTpDnn  baDda,  which  in  thi«  Mdvent  occur  at  ai  lower  lethuigibili^  than  witn 
ether,  more  effietnallj  aepuated  from  the  abaorpdon  piodaeed  t^  the  ***~"**^ 
aabstanca,  but  tlioae  BahstancES  themaelTea  are  also  in  good  meaanrs  exdoded. 

"  For  an  example  of  the  neceaait;  c^  atteikding  to  (he  italnre  of  tlie  adTcot,  ereo  in 
the  oaae  of  different  senlial  aolTODts,  we  ma;  r^er  to  a  7«llow  ■ubstaoee  which  ia  one 
of  the  coaatitnentd  of  the  green  colonHng  mattOF  of  leuTeo,  The  alcoholic  aolation  of 
this  labatauce  exhibits  two  chancteriatic  bands  of  abao^tioii,  the  flnt  of  which  it 
■itnated  immedialelj  adjacent  to  the  line  F  on  the  more  re&Biuible  aide.  The  aolntion 
ID  anlpMds  of  carbon  uhibita  two  aimilar  bands,  bnt  much  Ms  refrangible,  the  line 
F  sow  nearly  bisecting  the  bright  internal  betveeen  the  first  and  second  iaA  bands. 
The  substance  is  Tery  easily  decomposed  by  acids,  and  even  by  add  salts,  yielding  a 
Drodoet  of  decomposition  which,  in  alcoholic  eolntion,  exhibits  two  bands  of  absorption, 
tike  thf  parent  sobetance,  bnt  a  good  deal  more  refrangible.  There  is  the  same  change 
of  position  as  in  the  former  case,  in  paasin^  from  alcohol  to  sulphide  of  carbon,  lo  that 
the  aolotioa  of  the  product  of  decompoaition  in  nilphide  of  carbon  asreea  almost 
exactly,  in  colour  and  apectnim,  irith  that  of  the  parent  aubatance  in  alnuoL 

"  Not  only  ia  an  examination  of  the  absorptjon-spectnim  of  a  snbstanoe  naeAd  fbr 
enabling  ns  to  follow  the  anbatanee  through  mixed  solutions,  but  it  sometimes  reveals 
relationships  in  oases  in  which  thej  might  not  be  suspected,  if  the  origin  of  the  sub< 


breadth,  while  the  parpnrein  b 
■- -   "-     t  one  ioteCTaL    Thiaa; 

a  body  may  in  some  eaaea  Ve  the  canss  vhi< 
the  bands. 

"  Hitherto  it  has  been  tnpposed  that  the  peculiaritiea  of  absorption  of  a  iubstanee 
wrre  known  and  applied  to  the  detection  of  that  lubstaace  in  a  mixtore.  Bnt  the 
qaestion  may  arise  :~GiTen  a  mixture  of  an  nnknowD  number  of  nnlnown  substances, 
which  as  a  whole  presents  peculiaritiea  of  absorption,  to  determine  whether  the  whole 
of  theee  peculiarities  are  due  to  the  same  substance,  and,  if  not,  what  portion  are  due 
to  one  aabBtance,  and  what  portion  to  another.  little  can  be  done  towards  the  ■olutiou 
gf  this  problem  by  the  mere  obserration  of  absorption  ;  we  can  only  say,  that  some 
modea  of  grouping  of  bands  of  absorption  are  common  in  solutions  of  pore  substance^ 
while  oChera  ai«  uncommon,  and  giTa  rise  to  the  suspicion  of  a  mixture.  The  pheno- 
mena of  flnortaceuce  give  in  some  eaaea  material  assistance ;  but  in  general  it  is  only 
by  combining  spectral  analysis  with  pinrmsfs  of  chemical  sepacation,  especial^ 
fractional  sepanUion,  that  a  satisfkctoiT  conelnsian  can  be  airived  at  When  a  mixture 
is  thus  tested  in  Turious  ways,  a  coniiction,  at  last  approaching  certainty,  is  gradnallj 
arriTod  at,  that  thoss  bands  of  abaorption  which  are  always  found  accompanying  one 
another  belong  to  one  and  the  same  sabstance. 

"  For  conTenienoe  and  rapidity  of  manipulation,  especially  in  the  examination  of  very 
minute  quantitin,  there  is  no  method  of  aeparation  equal  to  that  of  partition  between 
Bolienu  which  aepainte  afler  agitation.  Ether  combined  with  water,  either  pure  or 
rendered  add  or  alkaline,  is  the  moat  generally  nsefol,  and  the  separation,  if  not 
otherwise  Pactional,  may  be  rendered  so  by  introducing  tlie  add  or  alkali  by  minnte 
quantities  at  a  time ;  but  other  aolTonta  are  useful  in  particular  raaea.  Sulphide  of 
carbon  in  conjunction  with  alcohol  afibrds  the  means  of  disentangling  the  coloured 
substances  which  are  mixed  together  in  the  green  colouring  matter  of  leavea.  Solutions 
of  various  metallic  oiidea  wUch  are  natnndly  precipil^le  by  an  alkali  or  alkalJDe 
carbonate,  bnt  are  retained  in  solution  by  means  of  e  tartnte,  are  very  ns^it  in  the 
examination  of  the  tme  colouring  matters,  not  merely  for  producing  chuigea  of  colour 
and  apectrnm  without  predpitation,  bnt  eren,  in  coiqnnction  with  ether,  for  effecting 
chemical  separation  :  and  fractional  separation  may  be  affected  by  making  the  solution 
deriate  very  slightly  from  perfect  neutrality.  By  combining  with  ether  such  a  aolntion 
of  alumina,  it  was  found  possible  to  sepitata  and  detect  the  puipurin,  alizarin,  and 
Tubiaein  present  in  a  portion  of  powder  not  exceeding  in  bulk  a  fraction  of  the  hud  of 
•  pin."    (Stokea) 

The  Ibllowing  owervadons  on  the  absorption  spectra  of  metallic  aalts  or*  by  Dr. 
aiadstone  ((Siem.  fioc.  J.  x.  76): 

n  of  the  ^ectn  exhibited  by  different  salts,  only  one  conslituPCt  of 
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1)M«  <K  add  hsra  llw  ■• 


M  irttidi  ti  flnt  tight  MfMar  wteectimwL    Tlnit  it  i«  «dl  kDown  that 
mnie  cmde  m  gnc%oIlun  wa  or  — — '-     " —  -*■—  ^-■"-    -■- 
d  dmmie  Mlt*  an  cohibit  tne  ume  g 
...let  asd  indioa  ran  sm  wr  toon  ci 


•una  aalta  of  ehTMnie  cmde  an  gnc%  otiun  red  or  tntpla,  How  ttwae  dilRn&tl* 
ookniieddinaiieBalttallcaliibittfieumegaieial^Bt^ipMtmiiiCjI^.  6M),  inwUA 
the  Tiolet  asd  indigo  ibjb  sm  wcj  tooa  cut  off;  and  m  th«  thii^cai  inoaaa*^  tha 


■olaldoDB,  appMT  pniple  oi  red  vheu  we  look  thioiigh  a  itTODg  or  vei;  deep  solntioii. 
The  acetate  absorM  the  greeii  raja  more  leadily,  and  thersfare  appean  green  ool;  in 
Teiy  weak  aolntiona,  or  in  lliin  atiata,  irhiJe  the  "  red  potasuo-<^alBt« "  abaorb*  the 
green  ao  qieedilf  that  the  thinnest  portion  of  it  appeue  bloub-red. 

"-'■-  — mpoMd  t4  A  eolcamd  baae  and  a  cokmred  aoid  exhibit  ooloon  compounded 


,  .  _.  _  e  to  the  original  colouia.    Tbiu;  the  ar 

eluomic  oxide,  a  oomponnd  of  tvo  Biibn«Jii<«  which  giTe  reepectiTel;  ^eUow  and 
green  aohitiou,  ia  not  bri^t  gieen,  but  brownijh-red,  beeanaa  the  chromiD  add  cats 
off  neadj  all  the  blue  and  -riolet  r*ja,  iriiile  the  ozida  of  chrominm  absocba  the  jellow 
and  the  greater  part  of  the  green. 

Some  aalta  which  an  bnt  alight^  oohmied,  nsrertheleaa  exhibit  Tory  chancteriatio 
■pecffa.  Thn%  a  wdatioa  of  anlphate  <rf  didjmimn,  which  haa  but  a  funt  nae  odoor, 
obibita,  when  axauined  bj  the  hollow  wedge  and  priam,  a  qMcUtm  eoDtaining  two 
vtxj  blHk  linea ;  one  in  Ae  jellow,  the  otluv  In  the  green.  Theae  Hum  an  Ti«itl«  in 
Tmjweakaolalianaof  didTBdnm,  and  therefiweBerTaaaadelicata  tettftr  thatmettli 

■peetza  of  which  Oaj  do  not  oocnr. 

Brtwtei'*  linry  of  lit  Spectrum.  Kewton  regarded  the  apectnim  aa  compoaad  tA 
ID  inflnite  nnmbor  tS  aimple  eolonre,  eadl  element  of  it  mnnating  of  a  ray  of  deAnile 
r(i&angibdil7  and  iwt  arable  of  ftartherdeoompoeilion;  and  thia  theory  hae  been  nlnot 
nniTernUy  reeeiTed  aa  afibrding  aatjafartotr  ex]danaIiona  of  all  the  phaDooiaia  of 
colonr,  and  of  the  deeompoaition  and  Noonpadtion  of  light.  Brewatar,  howerar,  in 
the  deeompoaitiou  of  light  by  abaorption,  obterred  certain  fiicti  whidi  ha 
aa  incompttibla  with  Newton  ■  ihttsrj,  and  he  accordingly  pmpoaed  a  new 
.  r  the  eraufatotion  of  the  apectnini,  whitlkiiM  fbUowi; — 
llite  li^  ia  otMipoaed  of  Mtm  eolonra  only,  red,  yellow,  and  blue,  mixed  io 

■  im ^-, 

re  length  of  the  »pectnmi,botw  ,    „   

injE;.  670;  when  the  horiiontal  line  re,npieaenta  the  length  of  tha  epactram,  and  the 
tiiraa  enrrea,  S,  Y,  and  B,  are  so  drawn  that  Omi  ordinate!  are  proportional  tc    ~ 
intenntiM  of  the  aevenl  eoknin  at  each  point,  the  blna  haring  a  m«Tim^»n  bct^ 
the  fixed  linea  F  and  Q,  the  yellow  near  F,  and  the  red,  two  "■iTimit  one  nnr  B, 
another  of  lower  inUoii^  near  the 
Tiolet  and -of  the  ipecbum.  F^.  670. 

8.  All  the  eolonn  of  the  apectmn 
are  eorapnnnd,  and  aa  all  tha  nyi 
united  in  one  pdnt  have  the  eame  de- 
pee  of  n&angibili^,  tbn  cannot  be 
^irther  deoompoead  by  re&Bction. 

BnwatarwaaladtollieaecoDdiuiona  r 
hj  obaerring  that  when  the  epectnun 
ia  Tiewed  throngh  eetttun  eoloiuvd  med' 

of  it.    nkvi,  by  losing  through  an  aL_ „ , 

throngfa  a  sdnlion  of  folphate  of  oopper  mixed  wiSrad  ink,  the  yellowof  the  ^eebnm  M 
raptoead  by  whits,  Terr  iligjitly  tanged  with  green  or  rsd,  aocording  to  the  pMticolaz 
tint  of  tha  medinia.  Thia  white  light  ia  not  deomnpoaibla  by  nteelion,  bnt  n^  be 
deeompoaed  by  newing  it  thmn^  a  fllm  of  gelatin  of  ytlW  in  green  ealo«r,  the 
white  band  then  aroeuing  yellow  or  gt*«n.  in  eonaequenae  of  the  abwrption  of  Oe 
bine  or  red  rayi;  By  eimjlar  mean*  BrvwMo  fonnd  «Ut«  light  in  the  greeo  and  the 
orange  iriienoe  he  oooeladed  that  the  fJiree  primair  edooH  aiiat  in  the  yellow,  ptta, 
and  orsnga  of  IIm  nednm.  InUkemamm,  In  newing  the  apectramthrtnKii  certain 
yellow  lionidf.  be  feond  that  the  blu  and  indigo  tiMmed  a  violet  tint,  whanM  be 
concluded  that  red  light  sxiats  in  these  parte  of  ft*  jpectrnm.  The  bine  of  the  oes- 
trum aeen  throngh  a  Slin  of  bine  gelatin,  exhibited  a  white  band,  and  the  bhw  and 
indigo  Tiewad  throngjis  bine  g^ ammed  a  Tulet  tint:  henM the pnMneeof  yellow 
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in  tlw  blue  vas  inferred.  Byrieiniig  tlnapectniin  throng  »Ujra  of  FemTiAD  balMm, 
pi(ch,  Balphoi-balnuii  or  red  miis,  yellow  ms  seen  in  the  red  near  the  line  C. 
Br«wBl«F  «u  not  able  to  detect  jeUow  in  the  violdt,  bot  he  attribnted  this  Begatire 
rmslt  to  the  ftebleoraa  of  the  light  in  this  put  of  the  epectmni,  and  the  facility  with 
wbich  it  ia  absorbed  bj  all  coloured  media.  Laatlv,  the  red  of  the  ipeetruai  seen 
through  baleaiD  or  Peru,  pitch,  mlpbnc-bilnim,  or  red  vaiat,  appeared  gram,  whence  it 
was  iofened  that  the  red  of  the  epectrnin  alio  contained  blue. 

Brewster's  theory  haa  not  howeTer  met  with  general  adoption.  In  the  tint  place,  it  U 
quite  incoDBLBtenC  with  tlie  wsTe-theoi?  of  light :  for  just  aa  there  ia  an  infinite  number 
of  saunda  iwrreapond  jug  with  an  infinity  of  WBTe-lengthe  in  the  ur,  ao  likewise  must  there 
be  an  iBflniM  number  of  ahadea  of  Colour  comaponding  with  an  inflnito  uiunber  of 
THTe-Iengtlm  in  the  ether,  and  therefore  also  (p.  fiOB),  an  infinite  number  of  different 
refrojigibiJiCies.  On  the  other  hand,  to  nccount  for  the  dark  linet  of  the  solar  spec- 
trum, it  would  be  neceeaary  to  suppose  that  certain  rays  are  wanting  in  the  component 
spectra  exactly  at  the  same  points,  which  ia  Teiy  improbable. 

MotsoTer  there  ia  no  reaaon  whatever  for  asBuming  that  red,  yellow,  and  blue  are  the 
component  colours  of  white  ligbt ;  indeed,  Helmhottz  has  shown,  by  a  meCbod  to  be 
presently  described,  that  the  actual  oidonie  of  the  apectrom  may  be  more  eiactiy  imi- 
tated by  combinations  of  red,  green,  andTiolet,  but  that  even  then  the  imitatjon  is  tae 
from  satisfactory. 

More  careM  obaerrationa  by  Aiij,  Halmholl^  and  others  hsTS  likewise  shown  that 
Biewstei's  conclusions  are  not  borne  oat,  sTen  by  his  own  method  of  observation,  when 
proper  precautions  are  taken  to  eliminate  aoorces  of  error.  Airy  hse  pointed  out  that 
to  obtain  correct  results  with  such  a  mode  of  experimenting,  it  ia  necessary  in  the  first 
place  to  exclude  all  extraneous  light,  which,  being  decumpoaed  by  the  ooloored  medium, 
inll  modiff  the  tint  obserred ;  and,  aecondlj,  to  compare  the  spectrum  viewed  through 
the  colonied  medium  with  a  pure  spectrum  viewed  (Urectly,  the  two  being  formed 
immediately  one  above  the  other,  ss  in  no  other  way  can  an  exact  oampariBon  of  the 
tints  in  Che  corresDOnding  parte  of  the  two  be  made.  When  these  precautions  were 
taken,  he  fbund  it  impossible  to  distinguish  the  slightest  difTennce^  excepting  ht 
brightness,  between  the  oolours  of  the  spei^irum  seen  throngh  a  coloured  medium,  and 
thoae  of  the  apectrom  viewed  directly.  Aiiy  also  observes  that  the  intensity  of  the 
light  may  make  a  great  difference  in  the  imfo^ssion  produced  on  the  aye  by  any 
particular  colour. 

Helmholla  baa  shown  that  the  results  may  be  modified  by  the  light  scattered  by 
irregular  re&acCion  at  the  sur&eea  of  the  coloured  medium,  and  by  the  lens  and  prism  used 
to  form  the  spectrum,  especially  when  the  absorbect  medium  used  is  a  film  of  gelatin,, 
which  ia  not  very  tianspaient.  To  eliminate  this  difFiised  light,  the  spectrum  i  a  reoeived 
on  B  acreen  having  ■  narrow  alit  throngh  which  a  thin  coloured  pencil  can  paaa,  and 
this  pencil  ia  m^  to  fcll  upon  a  aeojnd  prism,  followed  by  a  lens,  which  forms  a 
ooloored  image  of  the  slit,  vid  a  faint  apectnim  proceeding  from  Che  diffiiaed  light 
which  has  passed  through  the  second  aperture.  Thia  apectmm  does  not  perceptibly 
alter  the  purity  of  the  fbcal  image.  On  examining  the  different  coloon  of  thia  purified 
speetnim  thnngh  various  coloured  media,  it  was  found  impossible  to  distinguish  any 
difference  of  tint  between  the  coloure  thus  obeerved  and  those  viewed  directly. 


SMompoaltlon  of  Xdctat  Ity  mellealt«n. 

Newton  explained  the  col 

the  rest  in  a  diShaed  manner  if  tbey  are  opaque,  or  refiecting  one  portion  acd  triuis- 
mitting  another  if  they  arft  transparent,  the  refiected  and  transmitted  light  being 
always  more  or  less  coloured,  because  the  different  coloured  rays  are  not  absorbed 
in  the  same  proportion-  Black  substances  are  those  which  absorb  all  the  raya 
which  &11  upon  them ;  white  substances,  thoae  which  reflect  all  the  rays  ;  bodies  of 
these  two  dasaes  act  in  the  same  manner  on  all  kinds  of  luminous  raya.  But  between 
these  two  eitremM,  then  is  an  infinity  of  substancfs  which  refiectthe  saTcral  colonred 
rays  in  different  proportions.  A.  red  body,  for  example,  is  one  which  reflects  red  in 
larger  proportioD  thaai  the  other  raye  composing  white  light.  _  In  the  esse  of  opaque 
bocUes  ths  decomposition  of  the  light  takes  place  at  sn  insenaiUe  deptJi  below  the  sui^ 
face,  the  result  being  independent  of  Che  inner  layers  of  the  aubstance. 

If  r»a  of  liritt  dispersed  by  a  prism  be  thrown  on  a  »Ac(«  surface,  each  point  reflect  a 
the  light  which  it  receives,  and  appears  of  the  same  colour  as  that  tight     If  the  sur&ce 
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body  Iw  iUnmiiiatol  aolelj  b;  njt  ^  that  paiticalsT  degree  of  mfnngibilttj,  it  mppean 

A  eolonnd  body  iUaminsted  by  diff^nt  loiirees  of  light  mxy  eiliibit  different 
eolonn,  the  spectra  formiid  bj  Ibe  Ught  bom  these  sevend  eoitrcee  not  being  formed  of 
the  eams  coloun  or  in  the  eame  proportioiis.  Ituthos  that  objects  vhicb  are  green  bj 
daylight  upeai  blue  by  lamp-light,  the  yellow  mjii  being  lees  abundant  in  the  light  of 
orainaiT  fluuea  than  in  solu  light  Moat  obi  acta  appear  diftbrently  coloured  hj 
moooltght,  from  \rb&t  they  do  by  dnylight.  When  a  seriea  of  tlie  leren  priocipu 
colonre  of  the  Bpectrum  ie  iUanmuited  by  th«  mouoehiomatia  yellow  li^t  (a  a  lamp 
fed  with  spirit  coDlaining  common  wit,  theyellow,  ontOffB  and  red  afaipe  appear  ydlow 
of  Tarioos  degrees  of  brightneM,  the  rest  gray  at  Wtac,  beeanaa  th«  do  not  reeairo 
isyB  which  they  are  capable  of  reflecting  oi  in  other  worda,  because  thrir  partidea  am 
not  iDBceptible  of  vibrating  in  nnieon  with  thoee  of  tbe  lij^t  which  talli  npon  than. 
In  the  same  light,  the  face  and  lips  appear  of  a  livid  bne,  becaoM  the  rad  ray*  irtiieh 
the  skin  reflects  in  daylight  are  wanting  in  the  yellow  li^C 

When  the  body  on  which  the  light  fklls  is  transparent,  the  rays  which  pasa  l^irongh 
it  are  those  which  hare  not  been  reflected  at  its  snifcoe ;  hence  the  reflected  and 
transmitted  light  may  be  of  different  eoloon.  Such  is  in  fact  the  case  in  many  in- 
stance. Gold^eaf,  which  is  yellow  by  reflected  light,  transmits  light  of  a  bloish-green 
colour.  Faraday  formed  pnlvErnlent  deposita  by  sending  powerful  electric  diseliAigea 
throngh  metallic  vires  to  an  atmnniherB  of  hydn^en  ;  in  tlie  flnely-divided  state  tlioa 
pmdi^ed.  copper  appeared  green  by  trHnsmitted  lig^t ;  tin,  brown  ;  sino,  brown  or 
blnish-grcy;  palladium,  brawn ;  aluminium,  brown  or  orangeHwIoured.  The  reflaet«d 
and  transmitted  rays  are  sometimee  complementary  to  each  other ;  bat  this  is  the  case 
only  when  no  part  of  the  light  is  absorbed.  When  a  body  exhibits  the  same  colour, 
led  fbr  example,  both  by  r^ection  and  by  transmission,  it  is  because  it  refleeta  part 
of  the  red  rays  of  the  incident  light,  tnuumita  the  Mst,  and  abaorba  the  rays  of  all  da 
other  colonrs. 

In  many  cases,  howerer,  ts  painted  ont  by  Professor  StokeB  (Chem.  Soe.  J.  zrii. 
SIS},  the  oaloor  of  abody  attribatAd  on  cnisoir  examination  to  reflMtion,  is  realty  duo 
to  transmission ;  in  flut,  the  instances  in  which  substances  appear  coloured  by  nflec- 
tion  are  comparatively  rare.  "  A  chemist  views  a  solntion  contuned  in  a  teet-tnbe  by 
toansmisaion  and  then  by  reflection ;  and  seeing  perhaps  some  perfectly  different 
oolonr  in  the  latter  case,  deMribes  it  as  the  colour  of^  the  solution  by  roflection, 
whereaa  it  is  merely  the  colour  by  transmission  due  to  a  greater  thickness,  the  li^t 
having  been  reflected  at  the  back  or  bottom  of  the  taat-tnbe,  and  so  having  twice 
passed  through  the  solution.  In  other  cases,  the  colour  described  as  due  to  reSection 
WftUy  arisee.from  fluorescence;  and  tbongh  the  statement  may  b«  tree  in  the  sense 
intended,  it  seems  objectionable  to  apply  the  term  rfflection  to  a  process  so  utterly 
difi^rent.  It  is  only  in  the  case  of  metals,  such  as  gold  and  copper,  and  of  certain 
other  substances,  snch  as  mnreiide,  platinocyanide  of  magnesium,  &c,  tbat  colour  ia 
really  seen  as  the  result  of  reflection. 

"  When  this  takes  place  iu  the  case  of  noo-metallic  subatanees,  they  are  found  to  be 
endowed,  for  the  colours  so  reflected,  with  an  intense  opacity,  comparable  with  t^t  of 
metals ;  while  for  other  parts  of  the  speetmm,  they  may  be  comparatively  transpanmt, 
and  these  parts  they  reflect  with  hd  energy  comparable  to  that  of  a.  vitreous  substance 
only.  The  variatious  of  absorbing  power  in  ptvuing  ftom  one  part  of  the  spectrum  to 
■DOthar,  and  conseqnently  tbe  variations  in  reflecting  energy,  are  frequently  much 
uon  considerable,  and  acoordingly  the  colour  by  reflection  is  roach  richer  than  in  the 
ease  of  metals." 

"An  excellent  example  c^  the  intimate  ootmection  between  metaUie  reflection  and 
intanae  absorption  is  afCbrded  by  the  crystals  of  permanganate  of  potasdnm.  These 
crystals  exhibit  a  green  metallic  reflection,  and  when  crushed  yield  a  powder  of  an 
intense  purple  colour  by  transmitted  light.  The  colour  is  too  intense  for  spectral 
analysis,  but  the  solutdon  has  a  similar  colour,  merely  less  intense  as  coiresponds  with 
its  smaller  concentration,  and  the  analysis  of  the  light  transmitted  by  the  solntion 
preeents  no  difficulty.  The  green  is  quicUy  absorbed,  but  when  the  solution  is  soffl- 
ciently  dilute,  five  eminently  characteristic  bands  of  absorption  are  seen  in  tiiat  part 
of  the  spectrum.  A  sixth  band  comee  ont  with  a.greater  thickness  or  else  strength  of 
solution,  but  even  the  flith  is  somewhat  less  strong  than  the  others.  When  the  light 
reflected  from  a  crystal  is  analysed,  fonr  bright  bands  are  seen  standing. out  on  a  gene- 
nlly  Inminons  ground  of  inferior  brightness.  These  bri^t  bauds  correspond  in  posi- 
tion with  the  principal  dark  bands  in  the  light  transmitted  by  the  solntion,  anil 


ubjGooglc 


LIGHT:  COLOURS    OF    THIN    PLATES.  643 

thwrforc,  it  insj  be  presamed,  bf  the  crjutaia  ^taatti-rtia.  Wlien  tUe  angle  of  iui 
deDM  hu  K  raitaUfl  vjiiBe,  snd  the  reflected  light  is  uialjved  bj  &  NichDl'a  pnam,  with 
its  [oindpil  plun  in  the  plue  of  ineidance,  and  then  bj  a  eonunon  piinn,  llie 
■pcctrnm  u  reduced  to  these  four  bright  bands.  A  fifth  bright  band  could,  perhaps, 
M  mad«  on^  in  (he  case  of  a  But  ciTBtal  with  a  &«h  Bortace.  Under  the  dienm- 
■tanoca  deaoribed,  the  Nichol'a  priam  would  aztingiiiih  the  light  reflected  from  a  Titieaua 
■nbataooe,  and  tranimit  much  of  that  reflected  from  a  met^  We  eee,  tberefbre,  that, 
aa  regalda  its  lelationi  to  light,  the  eijatalliaed  bod;  paue*  repeatodlj  from  the  con- 
dition of  a  vitieaiu  to  that  of  a  metallif  anbatanee  and  Mck  agun,  ■■  the  re&angibilitv 
^  the  IaJ^  in  nlatJOD  to  whidi  it  ii  Miuiderad,  is  cootiaaoaelj  increased  b;  a  small 
•moant. 

"  The  same  relation  betveen  intenae  absorption  and  metaJJic  raflection  exiita  gene- 
isll;,  though  it  ouiDot  be  aJira^  atodiod  bj  means  of  a  solntion.  The  platinoc}'anid«^ 
fbr  eiBmpk.  yield  colom'lesa  solattons,  so  that  tbe  intense  absorption  which  nmit  of 
then  eierciBe  for  certain  parts  of  the  ipectrom  must  be  attributed  to  the  mode  in  which 
the  molmiles  b»  built  up  in  forming  the  cnatals ;  but  b;  attending  to  the  colonr  of 
the  li^t  trmunnitted  bj  tiiin  crystals,  the  law  is  firand  to  Im  obeyed  Qold  can  only 
be  obtained,  in  aolution,  as  gold  b;  means  of  the  opaque  solvent  mtrtmrj ;  but  its 
colour  bf  transnuMUon  may  be  studied  in  gold-leaf^  or  in  a  chemically  deposited  film, 
and  is  then  fbimd  to  be  confiirmable  to  the  law  mentioned,  Che  leas  refrangible  colours, 
whidi  are  those  which  are  the  more  oopjouatj'  raflected,  being  also  those  which  are  the 
more  intense^  abawbed. 

"  When  a  bodj  endowed  with  tbe  property  of  coloured  reflection,  nich  as  pennan- 


neeeaaary  fbr  qussi-metaUio  reflexion ;  and  aceordin^j  the  li^t  reflected  by  the 
BtJntion  is  colonilesa. 

**  In  order  that  the  colom  doe  to  reflectiim  should  appear,  it  is  necessa^  that  Iha 
substance  should  have  a  certain  amount  of  coherence.  Thns  indigo  in  the  fi>rm  of  a 
fine  loose  powder  is  bhie,  even  when  viewed  by  leflectjon.  It  would  be  erroneous, 
however,  to  deocribe  the  body  as  blue  by  reflection,  if  we  were  speaking  of  the  pro- 
perttea  of  the  substance,  and  not  the  mere  erode  remits  of  obserrstion  made  under 
given  eiicnmstanccs.  For  tbongfi  it  is  (me  that  the  light  by  which  the  blue  colonr  ia 
Been  has  undergone  reflectioD  (without  which  it  would  not  have  reached  the  flye)'it 


a  Bmall  portion  of  tbe  light 
...  .    d  at  the  outer  irregular  nr&ce  of  the  mass ;  the  greater  part  penetnSea 

a  little  WSJ,  and  is  reflected  at  various  depths,  and  in  paiaing  through  Uie  particlsa,  in 
going  and  returning,  suffers  absorption  on  tiie  part  of  the  coloured  aubfltonce.  Were 
the  substance  intensely  opaque  for  oU  the  eolours  of  Uie  fipec^nuo,  the  powder  would 
be  not  blue  but  Uack,  as  we  aae  in  the  Case  of  platinum-black.  Sj  bnraiahing,  the 
powder  is  ledneed  to  the  stale  of  a  soniewbat  coherent  mass,  sod  it  now  begins  to 
exhibit  the  copper  colour  doe  to  reflection.  The  internal  reflections  sre  at  the  same 
time  greatly  weakened,  so  that  the  part  of  the  light  which  is  reflected  from  beneath 
and  nndeigoea  absorption  is  mnch  reduced.  A  pressed  mass  is  not,  however,  an 
optically  homoffeneous  medinin,  so  that  the  colour  by  reflection  obtained  by  bnr- 
cuhiug  cannot  in  general  be  qoite  pure.  In  the  state  of  a  fine  cmtalline  powder. 
Indigo  exhibits  a  mixture  of  the  copper  ocJour  due  to  reflection,  and  (he  blue  colour 
doe  to  trannniseion,  though  obssrved  in  the  light  reflected  from  tbe  mass  as  a  whole  ; 
while  if  the  substanee  could  be  obtained  in  larga  cryElals,  tbe  colour  by  reflectioD 
would  be  seen  in  perfection,  and  the  colour  by  trtmsmiBBion  would  disappear,  the 
cryatala  being  sensibly  opaque."    {Stokes.) 


All  transparent  substanoes,  when  reduced  to  vei;  thin  Alms,  exhibit  brilliant  colirats 
—a  soap-bnbble  aflbids  a  *""il'""'  instance  of  thu ;  glass  blown  out  into  thin  films 
exhibita  similar  phenomena — so,  likewise,  does  a  layer  of  oil  spread  over  the  sur&ce 
of  water.  These  aflbcts,  however,  are  best  studied  in  the  case  of  a  thin  film  of  air 
formed  between  two  plates  of  glasB,  When  two  gjass  plates  (of  an;  sort  of  glass)  are 
pteeeed  hard  together,  a  bla^  spot  ia  observed  at  the  point  of  closeet  contact^  and 
anmnd  it  a  series  of  fringes  exhibiting  retnaAably  beautiAil  colours  :  if  the  light  be 
homogeneous,  as  that  of  a  soda  flame,  the  bands  are  alternately  light  and  dark.  The 
shape  of  the  bands  depends  upon  the  greater  or  lesser  regularity  of  thii-Vnajn  in  the 
film  of  air.  If  the  glseses  be  so  pressed  at  one  point  that  the  intervening  space  shall 
inoeue  tegokrly  bU  loond,  the  bands  will  be  eircnlai — othcnriae  ^Mf  will  have  an 
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uregalw.ilu^—'bnt  in  all  csmh  tlie  same  thickneM  of  tlia  film  of  aic  give^  e^erU 

paribus,  Ihe  KUne  colour.    Newton,  to  whom  tfais  eiperimant  is  doe,  made  on  of  » 

plajio-conTex  lena  of  ranali  imrvatnTa,  reatiiiK  on  a  pieer 

Fig.  671-  of  fat  daa*:  bj  thia  means  he  oUsined  a  £lm  <^  air 

whose  UiickieBS  wbb  nnifonn  at  the  same  distance  front 

the  point  of  contact,  snd  the  fringes  were  coDseqnentlj 

dicnlar.  B/this  airangnnentBlao,  knowing  the  dismetw 

of  the  lens,  he  was  eubled  to  ealenlate  the  thickness  (^ 

the  film  of  ail  b7  wUch  any  paitienlai  band  wu  [vaduced. 

For,  the  imdin*  of  the  ring  AU  {fyl.  671)  being  fonnd  bj 

'  -'    diraiet«r  w  the  lens  AB  being  al" 


giTBn,  we  hayeABxAN  CopMPj-AP*  -AaP(neiiy); 

therefore  UF  —  -j^, 

whence  also  MP  rariea  ae  AM*. 

r,  Newton  found  that  the  thicknessfs  of  the  Alms  of  air  bj 
'e  daA  bands  were  formed  raried  in  the  ratio  of  the  even  Dombeta 
0,2,*,a.    ....     2b; 
M)d  those  by  which  the  light  bands  were  [Mdnc«d  in  the  nnmben 

1,8,6,7,    ....    2fl+l; 
ftirther,  that  the  thickness  of  the  film  at  the  first  brii^t  band  was  e-millionths  of  an 
iach  &>r  red  light,  and  about  f^milUonl^  fbr  riolet  fight. 

Now  comparing  these  nomben  with  those  aftenratda  fbund  by  Fresnel  for  the  lengths 
of  the  w&TGs  (p,  600),  it  is  found  that  the  thiekneis  of  Ibe  film  in  qoeation  —  ^  of  the 
leDgth  of  a  ware. 

The  aiplonotJon  of  this  phenomenon  ii  as  follows: — Hie  bands  are  GKmed  by  the  in- 
terference of  raya  reBected  from  the  npper  and  Under  sm&cea  of  the  transparent  film. 
Kow  at  the  centre,  wbera  the  two  enr&CM  are  in  almost  absolate  contact,  we  might 
expect  the  refiected  rays  to  be  in  acoidanc«— for  they  reach  t^e  eye  after  trsTtBug 
OTer  equal  paths.    At  the  first  bright  band,  thsthictoeM —^  of  an  nndulation  ;  hence 

"- enected  from  the  second  suiftoe,  wiiidi  ha*  to  trATene  this  thickneaa  twice,  is 

',  mightthOTdbre  be  ej^ected  to  desboy  the 
ich  other  and  produce  a  bri^t  band  ;  sind* 
B  produjwd  by  rays  whose  paths  diSbr  in 

ill    •    ■     ■    ^^ofaw»Tfr-length. 
The  dark  bands  are  formed  by  nys  which  diflbr  by 

Cfcll     ■    ■    ■    ^ofawavthUnga, 
and  which  might  therefore  be  expected  to  be  in  accordance. 

The  explanation  of  this  apparent  anomaly  is  found,  aa  pointed  out  by  Yonng,  in  the 
manaer  in  whi(Ji  the  direi^on  of  the  vibrations  of  the  ether-moleeulM  is  changed  in 
passing  &om  one  medium  to  another. 

When  a  wave  of  light  tniTelB  thnugb  a  medium  of  uniform  constitulJon,  it  urvai 
returoa  Q^n  ita  path  ;  no  reflectJon  takes  place,  but  sodi  particle,  when  thrown  into  a 
state  of  Tibratioa,  commnnicates  ita  vibration  to  the  next,  and  ii  itaelf  brought  to  net ; 
^aat  as  an  ivoir  ball  striking  n[«n  another  of  equal  sire,  drivea  tliat  ball  forwud,  bat 
u  itself  bronght  to  rest.  Sut  if  the  vibration  is  communicated  to  a  medium  of  dif- 
ferent constitution — as  when  a  ray  passes  from  ur  into  glsag,  or  flora  glass  into  air— 
this  complete  destruction  of  the  vibration  of  the  particle*  does  not  take  place ;  and  the 
consequence  is,  that  the  light  is  at  the  some  tune  transmitted  through  the  second 
medium,  and  reflecteid  back  into  tbeifirsb.  If  the  ray  passes  ttma  a  medium  in  which 
the  ether  is  of  greater  density  to  one  in  which  it  is  of  less  density,  as  &Dm  glass 
into  air,  the  direction  of  vibration  of  the  particles  in  the  reflected  ray  remains  un- 
changed, JQSt  as  a  large  billiaid  ball  striking  a  small  one,  drivea  the  small  one  before 
it,  and  continnesin  its  own  course  though  with  lessvaloci^.  In  the  contrary  ease,  s« 
when  the  ray  passes  from  air  to  (^us,  that  is  to  say,  from  ether  of  lees  density'  to 
ether  of  greater  denaitj,  the  Titration  of  the  partifJes  in  the  reflected  ray  is  >«■ 
tHTMiI—just  aa  when  a  small  ball  atrikea  a  large  one,  the  la^e  ball  ia  driven  forward 
but  the  imall  one  driven  back  upon  ita  path. 

To  apply  this  to  the  cww  of  Newton's  rings.  The  bands  are  formed  1^  the  intot^ 
&rrace  of  ray*  tefleetad  from  the  fint  ant&ee  with  rays  reflected  fron  the  Meand 
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Mtrfaee  of  the  film  of  air.  Vow  in  the  MMod  rtflectJon,  ucoidiog  to  the  principle 
juat  explained,  the  vitmlion  in  the  nctieles  of  the  reflected  raj  ia  rersrsed,  bec&iua 
the  nqr  pawes  from  Ut  tc  glue,  whereita  at  the  fint  sar&ee,  where  the  ray  passea 
from  glaaa  to  air,  na  (och  rerrasal  takes  place.  Consequent!;  the  two  rajs,  when 
thaj  meet^  irill  hare  dwJi  Tibratknia  in  aoconlance,  just  when  thej  TonJd  have  been 
in  oiMordaDce  if  the  zereraal  of  Tibration  at  the  second  sorftice  iud  not  taken  place. 
Hence  the  dark  bands  ace  produced  where  the  thicknera  of  the  film  ia 

0,2d,id,6d    .    .    .    2nd, 
and  the  Iri^t  bonds  iriieni  the  tluckncat  is 

d,id,Bd,7i    .     .    .    (2«-t-l)iJ 
d  bnng  —  }  of  an  nndnlatioii. 

That  this  is  the  tma  explanation  d  the  pheuomenon  is  proved  bj  the  Diet  that 
when  a  fihn  of  •  tiang{>aieBt  sabstanoa  is  placed  between  two  other  medio,  one  of 
neater  and  tba  otJier  oflewrefractinj;  powei  tlun  itself,  the  pomtjions  of  the  light  and 
daik  bands  are  raveiaed.  Thus  when  a  film  of  oil  of  sassafras  u  placed  between  a  plate 
otcTownoiid  a^ateof  fliutglsM,  the  central  spot  is  wUf<  ;  and  the  thickncBsee  of  the 
flim  fbUow  the  ratio  of  the  odd  noiaben  for  the  dork,  and  of  the  eran  numbers  for  the 
light  bands. 

To  return  to  the  ordintkrj  ease  of  a  Wltn  of  air  between  gloss  plates.  Fringes  are 
produced  by  tnmtntitttd,  as  well  as  bj  reflected  light,  but  the  coloun  of  any  particular 
ring  are  exactly  coaiplementaiy  of  those  of  the  same  ring  formed  bj  reflected  light ; 
and  if  the  light  be  horoogeneons,  the  central  spot  is  light,  and  the  bands  fbllow  the 
reverse  order  of  that  which  thn  do  when  formed  bj  reflected  light.  These  traasnus- 
•ion  fringes  an  fbrmed  bj  the  interference  of  nja  transmitted  Uirongh  the  fllm,  with 
other  rays  which  pass  throoj^  it  after  having  undergone  two  reflectiono,  one  at  the 
fleoond  snr&oe,  and  the  other  at  the  first ;  and  since  both  thne  reflections  are  made  ia 
passing  from  air  to  ^aaa,  the  change  of  direction  canscd  bj  the  flrst  reflection  is  again 
revecaed  by  the  second,  and  consequently  the  rn*  ate  id  aocordance  or  diacordauoe, 
just  when  they  would  have  been  in  case  at  no  reflitction  at  all. 

Bdation  bitmat  tA>  Indiea  of  Bt/Tattim  and  tJit  tVtkfum*  of  Hit  Fanu.—The 
thidtBMsea  of  thin  plotea  of  difierant  sabstances,  at  the  poiiita  wliers  they  ibrni 
coloured  baods  of  the  same  order,  are  to  one  another  in  M>  inivrss  ratit  of  (itU 
indicet  of  reaction. 

Counder,  for  example,  the  biigbt  Mnge  of  the  tntl)  <nder.  If  A,  V  are  the  wave- 
lengths o!  the  homogeneous  light  in  the  two  aubstaDCM,  and  t,  4  their  thickneotet,  wa 
hare  the  eqoations, 

s  -  (2m  +  1)JA;  s*  -  (2m  +  Vj^'; 

therefore  « :  «'  —  X ;  X'  =■  n' :  /i, 

Newton  discovered  this  law  by  «  ~ 
bj  introducing  a  drop  of  water  b  *~ 
the  water  then  penetating  betwe 
part  of  the  circniar'niaee  around  the  point  o 
tbe  ftiorth  ring  in  air  coinddea  with  the  flfth  ring  in  wator.  Kow  the  thicknesses  of 
the  fllm  at  the  several  bright  rin^  ib  air  anv  <,  le,  6<,  Ts,  Sr,  dec.,  and  in  water  i, 
%i,  U,  It,  9e',  &c;  the  reault  juit  described  gives,  theref<a«,  Te  —  9s';  vrtieuea 
^  _  "  _  -,  which  is  the  index  of  refi«ction  of  water  refnred  to  air  as  onity. 


This  law  i^imiohes  an  additional  method  of  measuring  the  indices  of  refraction  of 
liquids  with  respect  to  air ;  for  in  the  expression  s  :  «*  ••  fi' :  fi,  the  ratio  of  the  thick- 
nesBea  may  be  replaced  1^  that  of  the  squares  <rfthe  diameters  of  the  ting*  of  the  same 
order,  whence  the  refrBctive  index  of  the  liquid  may  be  calcnlatod  as  B  function  of  that 
of  air.  The  method  is  not  however  very  exaetj  u  consequence  of  the  difficulty  of 
measuring  the  diameters  of  the  rings. 

We  have  hitherto  suppcsed  that  the  eye  isploeed  direutlyovsr  the  centre  of  therings, 
so  that  they  are  seen  by  perpendionlar  inodeooe.  If  the  eye  be  moved  from  this 
position,  so  sa  to  view  the  rings  obliquely,  these  diamston  increase  as  the  incident  r»B 
become  mora  and  more  oblique  ;  that  is  to  say,  the  Uiidnns  of  the  transparent  fljjn 


e  rings  follow  the  same  laws  as  when  the  incidence  is  per- 
pendicalar.  Newton  found  by  experiment,  that  the  thickoees  ^  of  a  ringof  given  order 
seen  by  peipendiculor  incidence,  is  connected  with  the  thickneea  t ,  ibr  the  same  ring 
viewed  at  the  incidence  t — supposing  the  thin  film  to  be  fbnned  of  the  fame  snbstance 
as  the  medimn  wluch  omioundt  the  oppantnt— by  the  aqtuUion,  <  —  s'coa^oi^  — 
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Tbe  diameten  of  the  rings,  like  tlie  bnadtlia  of  all  other  interfemice-fiiiiga,  m 
Di«at«st  in  red,  Bod  leait  in  Tiolet  light :  hence  in  white  light  m  Beriee  of  eolonrcd  ringi 
u  produced  not  Mparated  br  any  kWlutel;  dark  apaeea. 

lie  following  table  ezhibits  the  guaceenoii  of  colonn  prodoced  bj  thin  films  or  plat«a, 
and  the  coireaponding  thicknenes  of  tluee  different  mraia  : 


Nei 


g  Thble  of  tit  Ci>lour*  of  Thin  Fhta  in  Air,  Water,  and  Olai*. 


nof  Cdoun. 


Very  black 

Black 

Beginning  of  bJack 

Bloe 

White 
TeUow 


Tellowiih-red 

Black 
Violet 

Bine 


Order  of  Colome 


YeUow 
Bright  red 


■White 

Yellow 
Red 

Violet 

Bhie 


Fnrple 

Blna 

YeEow 

Bed 

Blniah-led 


Yeflow 

Ked 

BIniih-green 


Kniih-green 

YeUowiBh.green 


26} 


S^ 


534 


BeTond  theee  limita,  the  colonn  becoma  mixed  to  such  an  extent  aa  to  prodace 
white  light.  I^  however,  the  ringi  be  newsd  through  a  prism,  so  M  to  separate  the 
difTftrent  coloored  rays,  a  mtich  larger  nnTnber  of  them  will  come  into  Tiew. 

The  tranemilted  nnga  are  much  funter  than  the  reflected  rings,  because  one  of  the 
beams  of  light  vhich  oontribule  to  their  formation  has  been  twice  reflected,  and  each 
reflection  is  attended  with  a  considerable  lose  of  light. 

Wt  have  been  particular  in  deecribing  the  colours  ol '  Newton's  ringe,'  becanss  Ibej 
are  generall;  nB«l  as  a  standatd  of  oompazison  for  all  oolonred  phanmnena  depending 
npon  interference. 

oolonn  m  Tlil«k  FIMaa. — This  term  ii  applied  to  ewtain  STstems  of  oolonred  liagfi 
or  fiingee,  prodneed  by  interference  at  the  snifseee  of  transparent  media,  too  llnck  to 
exhibit  the  pecoliar  phenomena  known  as  the  coloun  tit  thin  platea.    Newton,  lufing 
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nemTed  on  ft  concftTB  mimir  of  mlvaied  gkaa  a  diin  beam  d  aolBr  ligfat  puong  into 
s  doric  room  through  a  muU  apertnie  aitaated  at  the  centre  of  cnmtnie  (f  tha 
minor,  perceived  loimd  the  ^wrture  a  cariea  of  onloored  riogi  haTins  tha  riolet 
turned  iawarde,  ai  in  the  coIoiub  of  Uud  pUtea.  Willi  homogeneoiu  li^t,  Uie  lisga 
vera  alternately  bright  and  itak.  Nevton  (bnod  by  meuuremeDt — 1.  Oliat  t£e 
diameteiB  of  the  rings  were  regulated  by  the  aanie  laws  aa  those  of  the  rings  formed  by 
in  thin  platea.    2.  fHien  difTerent  kinds  of  hauogeDeonalisht  are  em- 


^yed,tl 


J,  the  ratios  of  t£s  diametsn  an  the  same  as  in  thin  pUtee.  8.  The  £amet „ 

_.  .Jigs  fanned  \j  minon  of  equal  ladiiu  and  difibient  thickness,  an  invenely  as 
ill*  tqnam  loota  of  the  tliickneaMs. 

The  fbnnstioQ  at  these  rings  depends,  hoverer,  on  a  condition  which  Newton  did 
not  obeervB,  tIi.,  that  the  appep  surhce  of  the  mirror  moot  not  be  qoite  bright.  If 
this  mrface  is  wall  polished  and  carefully  cleansed,  tlie  lings  are  scarcely  TJeible ; 
whereas  if  the  surface  is  made  dull  by  tueathing  or  throwing  dust  upon  it,  or  hj 
eorering  it  with  a  thin  coat,  of  varnish,  or  of  water  whitened  wit£  a  little  milk,  wMch  u 

then  allowed  to  dry,  they  I  -■—■.'-  i....!...  .         ■,. 

eilTtring  be  removed  fiom 

with  a  metallic  mirror  noi  .         

rin^  are  pradnced  by  the  interference  of  rajs  rafieeted  from  the  second  snrfitce  of  the 
mirror,  with  diffnsed  light  reflected  from  the  flcM  surface,  which  has  been  dulled. 
This  is  rendered  further  evident  by  an  experiment  of  the  Dub  de  Chanlnes,  who,  in 


>r  ftsereetvpieroed 
.  _   .  ..  -       „ .  nongh  to  cans*  both  the  incident 

rm  and  thosereflectadfaan  theminortoeomeineontact  wilhitsedge*.  A>straight- 
e^l«d  tereen,  placed  in  front  of  the  mirror,  is  even  snfBdent  to  prodnca  the  rings ;  bnt 
fai  tlMt  CMS  only  part  of  their  cirenmfucciee  is  seen. 

Hie  rings  farmed  by  diffhaad  light  may  be  viewed  directly  wiUiont  bang  pri^'eoted 
on  a  e<Teen.  Stokes  places  a  candle  in  the  centre  of  curvBtara  of  tha  mirror  with 
tarnished  anrlitce,  so  Uiat  the  image  of  the  candle  ma^  coincide  witli  it,  and  places  the 
eve  at  some  distance  beyond  the  eeatra;  beautiful  rings  are  then  seen  farmed  in  the 
ur.  Qa£t«1et  places  a  candle  near  the  ejt,  at  about  a  yard  from  a  plane  mirror  with 
tarnished  enrbe*^  ao  that  the  candle  and  its  image  may  seem  to  ooineide ;  he  tbua  ob- 
tains pMtions  of  udonred  rings  Mvad  the  imagij  id  the  candle.  Heischel  receivee  a 
beau  of  aolai  light  on  a  concave  sphtrical  metallu:  mirror,  and  intercqita  the  reflected 
beam  by  a  serccsi ;  \s3  then  fbrming  a  dead  of  dnst  in  the  air  in  ttoat  at  the  minor, 
he  obtouw  otJonred  nngs  of  considerable  brightncM. 

lliae  are  several  other  ways  in  whid  coloured  rings  and  fringes  may  be  formed  by 
difihsed  lights  bnt  we  mnst  rwer,  for  the  description  ci  these  and  for  the  mora  debuled 
explanation  of  the  phenomena,  to  woAi  specially  devoted  to  light  (See  Dagnin, 
TndU  <fa  J%«^  n.  463.) 

OomyoatUMi  «f  0«iant«> 

ColoQiB  an  either  simple  or  compound.  The  simple  colours  are  those  of  a  pore 
■pectmm,  formed  either  by  refraction  through  a  prum,  or  by  diSsction  thcongh  a 
grating  (p.  SOB);  and  compound  colours  are  prodiiced  by  the  mixtnra  of  two  or  mora  of 
theae  simple  coloun,  ea  in  the  instance  of  Newton's  rings,  or  the  &ing«i  ptodoced  by 
diffioction.  Compoond  eolonra  ma;  be  similar  to  the  pore  coloors  ^  the  spectrum, 
but  are  rarely  identical  with  them  in  the  impression  which  they  produce  on  the  visnal 
oigana.  The  resultant  tint,  produced  by  the  mixtute  or  saperpoeition  of  any  nnmber 
of  simple  colours,  may  be  inveetigaled  by  one  of  the  following  methods: 

1.  By  mixing  coloured  suhetancea  in  fine  powder.  This  method,  however,  yields 
only  dull  and  deadened  colour^  in  coiuequence  of  the  Urge  quantity  of  light  absorbed ; 
moreover,  the  inys  reflected  from  the  snrfacfs  of  the  two  anhataoces  are  mixed  with 
rayi  which  hare  penetrated  to  a  certain  depth,  and  have  been  there  reflected,  so  that 
the  tint  which  would  be  prodnced  hy  the  mixture  of  the  ny«  directly  reflected  from 
the  snrface  ia  modified  hv  coloora  arising  from  ahaorplion. 

2.  Sy  covering  with  bmck  paper  certain  portions  of  a  revolving  diso,  tinted  with  the 
colours  of  (he  spectrnm  (p,  BIB),  thecolonrpercoivedbeingthat  which  i»  produced  by 
the  oompositian  of  the  remaining  spectra]  colours. 

3.  Sy  tinting  two  pieces  of  paper  with  the  colours  whose  composition  jg  to  be 
atudied,  laying  them  on  a  black  table,  setting  up  between  them  a  pUte  of  luuilvcred 
glaaa,  and  placiiig  tlie  eye  eo  that  the  image  of  one  of  them  seen  by  reflection  may 
coucide  with  tliBt  of  the  other  seen  directly  thiongh  tJw   glass   (HelBholta). 


^dbyGooglc 


fiJB     ■        LIGHT:   COMPOSITION   OF  COLOURS. 

lliia  tud  th«  Meond  method  an  pnifenbte  to  tlie  But,  tb»  only  aoaiee  of  eiTOr  aftct- 
ing  th«Dib«itigt]MdeTiatioo(tf  QieuliAculcoloun&om  tin  para  tinU  of  the  ■peetnuo. 
The  only  waj  of  ■Uaiaina  paifeetlj  ucnmte  rMnlta  u  to  operate  diredJ;  on  the  nji 
of  the  >p«ctmiii  itoelf,  ai  m  the  fblloving  methods : 

4.  By  interivptiDg  aonie  of  the  coloured  mjs  u  thej  emerge  ftom  the  pnim,  and 
bringing  the  rest  Co  a  fociu  by  an  achromatic  leua. 

6.  Bj  Tecuving  the  aja  of  the  ipectmm  on  a  row  of  plane  minora,  e&pahla  of  bong 
a4iaated  so  as  to  reflect  any  required  rare  to  the  lame  point  on  a  aereen. 

6.  Hflmholtc'i  mtthod  (Ann.  Ch.  Phya.  [31  zzxn.  fiOO).     This  method,  irhich  ia 
the  moat  exact  of  all,  consiita  in  yiairing,  throagiia  vertical  prism,  two  nairav  elite,  a^ 
(i'A,focminga  right  angle  (flg.Q7!},uid  each  in- 
Fig.  672.  dined  46°  to  the  edge  of  the  priam.  The  priem 

ft  being  placed  about  R>m>  jmidi  from  the  alita, 
uid  in  the  poaition  of  leut  dcTiation,  two 
■pedn  TV,  fif,  are  seen,  in  which,  with  the 
■id  of  a  ttdncope,  the  prindpiU.  fixed  linee  may 
■  \e  diatii^iuslwd  parallel  to  the  slita.  Theee  two 
spectnare  partly  aoperpoaed,  and  the  dimenaioiia 
of  the  aliti  mnat  be  aach  that  each  edinired  bandoo  ofoneapedzimiahalleton  aQ 
the  coloured  bands  of  the  other. 

To  find  Che  effect  produced  by  the  combination  of  two  eolottn,  the  teleaeope  is 
directed  so  that  the  intwnaction  of  ita  cnxB-wirea  is  Dnjiected  on  the  oombiaation  to 
be  examined,  and  the  eye  is  placed  behind  a  small  hole  m  a  acraeii,  at  fiO  oc  60  oeuti- 
metres  from  the  teleecope,  so  that  it  may  perceive  only  a  very  small  apace  around  the 
point  of  intersection.  The  compound  tint  required  may  thus  be  examined  without 
being  affected  hj  the  neighbouring  colours.  "By  then  eoreriag  up  the  two  slita  auocis- 
sirely,  the  Himple  colours  vbich  have  produced  the  oombinaliDn  laM,j  be  seen. 

Id  order  to  vary  Che  relative  quantities  of  light  in  the  campaDent  eotoun,  the  prism 
was  inclined  in  snch  a  manner  (■■  to  bring  it  more  nearij  paimllel  with  imec^the  slits. 
The  speFtrnm  of  this  ilit  was  iJiereby  brought  nearer  to  the  reetangolar  fbim,  and  ita 
colours  were  more  condenspd,  while  the  conmuy  effect  waa  prodneed  upon  thee*  of 
the  other.  By  adding  ■  third  slit,  the  effect  of  combining  three  coloun  may  be 
obserred.     By  tbess  means  Hsimholtx  has  obtained  the  following  mulls; 


V 


I.  The  compound  tint  formed  \>y  the  mixture  of  two  simple  coloun  ii 

' ir  of  the  spectrum,  but  in  man; 

,    .        jreenish-yellow  and  neenish-bli 
green  mach  darker  than  that  of  the  spectrum.    This  last  green,  as  well  as  the  violet 


identical  with  a  simple  colour  of  the  spectrum,  but  in  many  eases  it  is  different  from 
example,  the  greenish-yellow  and  neenish-blue  of  the  spectrum  form  a 


and  red  of  the  spectmm,  cannot  be  iDiitat«d  exactly  by  the  mixture  d  any  other 
coIouFB.  S.  The  ooloor  prodnced  by  t^e  union  of  three  simple  colours  is  diQiirent 
from  thst  which  would  be  obtained  1^  combining  ons  of  them  with  ■  simple  colour  of 
the  spectrum,  similar  to  that  wtiich  tesnlta  &om  the  eombinatioa  of  the  other  twa 
For  instance,  the  red  and  bluish-green  of  the  Bpectmm  form  yelloa  :  but  red,  with  the 
bluish-green  produced  bj  (he  onion  of  green  and  indigo,  forms  tehile.  S.  There  are 
many  combinations  of  three  colours  which  form  white.  4.  With  three  colours  only  it 
is  not  possible  tA  obtain  satisfoctory  imitations  of  all  the  colours  of  Che  spectnim,  the 
number  of  simple  colours  required  for  the  purpose  being  at  least  five,  vit.,  ral,  gellom, 
green,  blot,  and  midtt.  Hence,  according  to  HelmholtK,  the  theoir  of  three  [nimary 
colours  (p.  610)  does  not  rest  on  a  satisfiicloiy  fbandation ;  and  if  it  is  possible  to 
obtain  something  like  an  imitation  of  all  l^e  spectral  colours  by  Che  mixture  of  three 
coloured  powders,  the  result  must  he  Bttribat«d  portly  to  the  want  of  brightness  in 
the  coloun  osed,  partly  to  the  drcumstoace  that  the  resulting  compound  ccdours  have 
not  ganerally  lieen  directly  compared  with  the  colonrs  of  the  spectrum,  &om  which,  in 
most  instances,  tbey  differ  considerably.  The  Oiree  eotoun  hitherto  adopted,  vis.,  rtd, 
Uae,  and  j/elioto,  are  cot  even  the  three  best  adapted  la  the  porpoae ;  better  rcsulta  ara 
obtained  with  red,  green,  and  violet,  but  even  then  the  imiljitiona  are  fiir  &om  perfect. 
For  the  ooBtrary  results  obtained  by  Maxwell,  from  which  it  appean  that  all  coloura 
whatever  may  be  produced  by  the  combination  of  three  primary  oolours,  see  page  6(0. 

Complemfniary  colours. — This  name  was  applied  by  Newton  to  any  two  coloun 
which  by  their  mixture  produce  white  light ;  such  areyre^  and  red;  ortaigt  and  biuei 
yditue  and  noUt. 

^ery  colour,  whether  simple  Or  compound,  hets  its  complementary  colour ;  moreover, 
every  colour  has  an  infinity  of  complementary  coloun,  inasmuch  as  it  either  of  the 
oolours  be  mixed  with  white  in  any  prc^ortiOD,  the  two  will  still  form  white  by  their 

Hehnholts  has  made  some  lemaiiaUe  Biperimenti  on  oompIemeDtai]'  colours  by 
throwing  the  pure  spectrum,  formed  by  a  prism  and  achmnatic  lens,  on  a  screen 
pierced  with  two  narrow  slits  parallel  to  the  edges  of  the  prisn^  ud  arable  of  being 
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bron^t  close  lo^thrc  at  pleasuR.  The  two  homogenMBS  coloured  pendla  thai 
obtkiued  are  raeeived  on  a  leBB  which  eondenees  and  Imuca  thsm  to  a  single  ibcna  on 
a  white  aoeen  placed  at  a  snit&blc  distance.  Bj  this  mode  of  eiperimeutiiig,  Bebn- 
holti  baa  ahown  that  there  tadata  an  inSnitj  of  binuy  gronpa  of  colonra,  which,  when 
united  in  dut  proportion,  pnidnes  a  perfect  white.  With  the  eioeption  of  pure  green, 
aTCTj  annple  colonr  of  the  Bpectrom  la  compleoientaiy  of  ajiother  mmple  coJonr. 

lij  Tamng  the  breadth  of  one  of  the  aiits,  the  reUtlTe  intensitiea  of  the  two 
eolomed  beams  conld  be  altered,  and  it  was  thns  tomii  that  the  propoidoni  between 
the  inteoaitiea  of  two  eoloaTed  beams  which  prodnee  iriiite  light  by  theii  combjoatioii 
•ometimea  nik»  with  the  intenai^  of  the  incident  light  This  is  shown  hy  the  ibllow 
ingnnmbera; 


^olel— greenigh-yellow         .         .    '     .  10  G 

Indigo — jellow 


t^a- 


Tbe  same  mode  of  experimenting  led  to  the  Dnazpaeted  ocncliudon  that  the  miztnre 
of  the  blut  and  sdiov)  laja  of  the  specbom  produces  white,  whereas  the  mixture  of 
blue  and  yellow  liqnids  or  powdeia  alwaja  produces  green.  Tbil  result  is  confirmed  by 
puntina  two  paper  discs,  one  with  chromate  of  lead  or  gamboge,  the  other  with  cobalt- 


(0.648).    T 
the  jellawa 


id  making  the  lefleiBted  imaoeof  tha  one  ctnndde  with 
Iqi  Ihs  direct  image  of  Qia  oi 


t  image  of  taa  other,  as  in  method  3 
The  oompoimd  image  thus  seen  ia  iriiite.  With 
«  aboTa  mentaonea  and  artificial  ultramarine, 
the  while  baa  a  al^t  reddish  tinge ;  with  Pmasian-blne, 
a  greenish  tinge.  The  {mduetion  of  green  bj  the  mixture 
of  Une  and  yellow  powders  or  liqtu£.  arises  from  partial 
decompofilJOQ  of  tiie  light  by  abeoiptJoa,  as  expUued  at 
P-MT. 

Neuton'*  eonttrvetton  for  tin  ealailaliim  of  eontpotitt 
colour!, — The    following   geometncal   construction  was 
given  1^  Newton  for  edcolating  ajmroximatdiy  the  result 
ainng  a  number  of  ample  eolonrs.     !l£i 
oee  of  a  drde  (fig.  6TS)  is  divided  into  sere 


fereuee  of  a  drde  (fig.  6TS)  is  divided  into  sereu  parts  correspondisg  with  t 
principal  colonn  of  the  spectrum,  and  proportionM  to  the  nnmbera  J,  A>  i^  }■ 


with  the  aersn 

oHlcolation  thui  gives  the  fidlowing  lengths  of  the  arcs  bdonging  to  the 
ooloun: 

Bed         .        .        .    60"    *«'    W  I  Bine       ...    5*"    41'      3" 
Orange   .        .        .     34      10     S8      Indigo     .        .        .    34      10     38 
TeUow  .        .       .    64     41       1      Violet     .       .       .    60     46    34 
Oieeo     .        .        .    60      46       3    I     ' 
The  centres  of  gravity  of  each  of  these  area  r,  o,  g,  g,  b,  i,  v,  »m  then  marked ;  and 
to  obtain  the  resnltunt  of  the  mixture  of  sevram  colonia,  forces  raoportional  to  the 
qoantitiea  of  the  colours  to  be  mixed  are  sapposed  to  be  applied  to  the  centres  of 
gTavit}r  of  the  eomgpondjng  arcs,  and  the  point  of  application  of  the  reeoltant  of  these 
forcee  is  determined.     The  colour  aou^t  will  be  that  of  the  ore  of  the  sector  in  which 
this  point  of  applicatioD  &11b.    Thus,  to  find  the  result  of  mixing  red,  blue,  and 
yellow  rays  whoee  intensities  are  to  one  another  as  the  nambers  tin  fu,  n^  we  most 
seek  the  point  of  application  of  the  resultant  of  three  parallel  forcee  praportional  to 
Rn  <it,  and  R„  apt^ied  at  the  points  r,  b,  y.    If  this  point  falU  at  n,  the  mixture  will 
be  yellow,  inclining  to  green,  because  the  point  n  is  nearer  to  the  limit  of  the  green 
than  to  that  of  the  orange.    The  nearer  the  point  n  ia  to  the  centre  C,  the  more  will 
the  resaltiiig  colour  lie  mixed  with  white ;  if  it  coincides  exactly  with  C,  the  mixture 
will  be  white,  aa,  for  example,  when  the  seven  eolonrs  are  combined  in  quantities  pro- 
portional to  the  arcs  which  represent  them,  the  resultant  being  then  applied  at  the 
centre  of  gravity  C  of  the  entire  circumference. 

It  follows  froni  Newton's  rale :  t.  That  two  simple  colours  following  one  another  on 
tha  drcumference  produce  by  their  mixture  an  intermediate  tint ;  an  exception  must 
however  be  made  with  regard  to  red  aud  violet,  which  do  not  follow  one  another  in 
the  spectrum,  2.  Two  odonrs  separated  by  a  third,  yield  that  third  by  their  mixture ; 
thus  red  and  yellow  yield  orange,  orange  and  ^reen  yield  yellow,  &c  Indigo  and 
red,  which  are  neariy  at  the  opposite  extremities  of  the  spectrum,  yield  a  reddish 
colour  different  from  violet 

B  i  0 1  has  reduced  Newton's  method  to  a  general  formula.    For  Ihia  purpose  he 
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ca]eulKl«ia  the  KHrcdinatsa  of  the  centi-es  of  Kravitf  of  the  ui»,  taking  a»  the  axii  of 
atacissB  the  itraiKht  line  paning  through  the  point  of  sepustioo  of  the  ans  eorre- 
Eponding  to  the  nolet  and  Ted,  and  Uirough  the  cenbe,  Uken  u  the  oiigin  of  oo- 
ordinatee ;  be  then  ninttiplei  each  co-ordinate  b;  the  number  of  rajs  of  the  comepond- 
ijig  colour  vhi<^  ia  to  enter  into  the  compound,  divides  the  mm  of  the  prodncta  b;  tha 
com  of  the  n^  which  are  to  be  componnilpd,  and  UiaB  obtaina  the  co-ordinateeof  ths 

foicC  of  application  of  the  resultant.  Deaignating  the  number  of  raji  of  each  cotov 
J  the  initial  letter  of  ita  name,  these  co-ordinatca  ue : 

0a2284(r+»)-l-  0B07898(o-4-i)-0-aia983(y-t-S)- 0-368796  g 
*"  f+o+y+j+i+i+t-. 

0-48285  (r  -  ti)  +  0-963163  (o  - 1)  ■»■  0-818T36(y-  b) 


_  .  le  line  ^mitw  these 

points  makee  with  the  axis  of  <:  for  tan  a  — T :  X;  and  Y— D  sin  a,  or  X  ~  D  cosn. 

The  valoe  of  a  Bhowi  in  -which  particular  eectOTthe  pnmt  of  applieatian  &lla,  and  the 
ratio  D  :  I  —  D  ahowi  the  proportioo  ot  simple  light  and  white  light  composing  the 
resnlting  coloor. 

The  preceding  method  was  given  by  NewtOD  u  (u  enqntical  rule  tot  represmting 
the  remuts  which  he  obtained  b;  forming  compooiid  colours  oontaining  given  pnq)ortiona 
of  sii^ile  ll^ht  at  the  focDa  of  a  lens.  It  cannot  be  ngwded  ae  more  t&at  a  nnuh 
approziinBtion,  aad  is,  indeed,  leu  exact  than  Newton  supposed :  we  have  seen,  for 
example^  that  the  mixture  of  blue  and  vellaw  laya  ma;  nodnce  iHlite  instead  of  green. 

A  more  satis&ctoiy  method  of  calenutiDg  the  eompoaition  of  eolonn  has  been  giTen 
in  Maxwell  (Phil.  Hag.  [4]  liv.  tO ;  Froc  R07.  Soc  z.  404),  from  whose  observa- 
tions it  appears  that  the  colonrs  of  the  spectrnm,  as  laid  down  accoiding  to  Newton's 
meiliod  from  actnal  observation,  lie,  not  in  ths  circumference  of  a  di^t,  but  in  tho 
periphet;  of  a  triangle,  showing  that  all  the  colours  of  the  Bpectnim  ma;  be  ckromaU- 
(aSy  repreoeuted  bj  three,  which  farm  the  angles  of  the  tnau^e.  The  wave-lengths 
and  poai^ns  in  the  spectrum  of  these  three  primary  colours  sre : 

Scarlet         .         2S28 — about  one-third  from  line  C  to  D. 
Oreen  1914 — about  oce-qnerter  from  E  to  F. 

Blue  .        .        1717— About  half-way  from  F  to  O. 

This  form  of  the  diagnin  of  otJonr,  as  perceived  I^  the  human  eye,  ia  in  accordance 
with  Young's  theory  of  iim  priman/  teataUoiu  of  colour,  which  are  excited  in  different 
proportions,  when  different  kinds  of  light  enter  the  eve.  According  to  this  Iheoi;,  the 
threefold  charact«r  of  colour,  as  peroeiyod  by  us,  is  one,  not  to  a  threefold  comporition 
of  lights  but  to  the  constitution  of  the  visool  apparatus,  which  rendera  it  oqable  of 
being  aJCfeeted  in  three  different  wotb.  the  relative  amount  of  each  senoation  being 
determined  by  the  nature  of  the  inddeut  light.  If  we  could  exhibit  three  colonrv 
corteaponding  to  the  three  primary  eeiiBatiana,  each  colour  exciting  one  and  One  Onlj 
of  these  seusationa,  then,  since  all  other  colours  whatever  must  excite  more  than  one 
primary  eeniation,  they  must  find  their  places  in  Newton'a  diagram  within  the  triangle 
of  which  the  three  primal;  colour?  form  the  im^ea. 

If  this  theory  be  true,  the  complete  diagram  of  all  colour,  S8  perceived  by  the 
human  eye,  will  have  the  form  Of  a  triangle.  The  colours  Corresponding  with  the  pare 
raye  of  the  spectrum  muot  all  lie  within  this  triangle,  and  all  colonrs  la  natore  being 
miztnies  of  these,  must  lie  within  the  line  formed  b;  the  spectrum.  If,  therefore,  any 
colours  correspond  with  the  three  primary  sensations,  they  will  be  found  at  the  angles 
of  the  triangle,  and  all  the  others  will  be  within  the  triangle. 

The  other  colaura  of  the  spectrum,  though  excited  by  undecompounded  light,  are 
compound  colours ;  becsnoe  the  light,  though  simple,  haa  the  power  of  exciting  two  or 
more  colour-senBatious  in  dlSereat  proportions — aa,  for  instance,  a  blue-green  ray, 
though  not  compounded  of  the  blue  raja  and  green  rays,  produces  a  Benaatlon  com- 
pounded of  those  of  blue  and  green. 

The  three  coloura  found  b;  experiment  to  farm  the  three  auglea  of  the  triangle,  and 
Newton's  diagram,  maji  correspond  with  the  three  primary  ■cnootioDB. 

A  different  geometrical  representation  of  the  relations  of  colour  may  he  thus  de- 
scribed:— Take  any  point  not  in  the  plane  of  Newton'a  diagram;  draw  a  line  from 
this  point  as  origin  through  the  point  rapreeentijig  a  given  colour  in  the  plane,  and 
produce  it,  so  that  the  length  of  the  line  maybe  to  the  part  cut  offbj  the  plane,  aa  the 
intenaity  of  any  given  colour  ts  to  that  of  the  corretponding  point  in  Newton's 
diagram.  In  this  way,  an;  colour  ma;  be  rapresented  b;  a  line  drawn  from  the  origin, 
whMs  direction  indicates  the  quality  of  the  colour,  and  whose  length  depends  on 
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its  intcmity.    The  TMnlUnt  of  two  oolonis  is  repreaented  by  tli«  diagonal  of  tha 
porallelagTBm  formed  on  ths  linei  mpTTiinHng  the  colours. 

Tckixg  three  linee  from  the  origin  through  the  poiuts  of  the  di*n« 
Tilh  the  three  pHmariea  u  axes  i^  co-ordinalee,  any  coloor  mar  be 
leanltuit  of  drllaite  ijauititua  of  aich  of  the  three  primuiea,  and  ths  tl 
of  colour  will  then  be  npreeented  by  three  dimendoiua  of  race. 

The  method  of  obsemtion  by  vluch  the  preceding  concfiuionB  are  eatablished  con- 
sists in  ■eloocing  three  colours  of  the  epectrnm,  and  mizins  them  in  mch  proportions 
■s  to  be  id«itie*l  in  colour  sod  brightness  with  s  constant.iriiite  light.  Throa  ituidsTd 
colons  being  umuned,  and  tlie  quantity  of  each  required  to  prodDcr  the  givan  whit« 
hsTing  been  found,  the  •raantities  of  two  of  these,  combined  with  a  fourth  c^onr  which 
will  raoduoe  the  giraii  mite,  are  then  determined.  A  relation  ii  thus  obtained  between 
the  three  standards  and  the  fbnrth  colour,  whence  its  positioii  in  Newton's  diagram, 
with  reference  to  the  tbim  standardly  ma^  be  laid  down. 

The  instrament  employed  in  the  oipenment  consists  of  a  dork  chamber  about  G  tMt 
long,  9  inehea  broad,  and  4  deep,  joined  to  another  2  feet  ktug,  at  an  angle  of  about 
1(KI°.  Light  admitted  by  •  narrow  slit  at  tha  end  of  the  diinter  chambm,  AUs  on  a 
Icos,  and  u  reCrseted  throng  two jpiunis  in  socceasion,  so  as  to  Ibrm  a  purs  speotnm 
at  the  end  of  the  h>ng  ehai^>er.  Here  thera  ie  placed  an  a[qiBrBtns  consisting  of  thiM 
morable  slit^  which  can  be  altertd  in  breadth  sod  position,  the  position  being  read  off 
on  a  graduated  eeala,  and  the  breadth  ascertained  by  inserting  a  fine  wedge  into  the 
slit  tul  it  touches  both  ends. 

When  white  light  is  admitted  at  the  shorter  Mid,  light  of  three  difibrent  oolonra  ia 
refracted  to  the  three  sUts.  When  white  light  is  admitted  at  the  three  slit%  light  of 
these  three  kinds  in  eombinalioa  is  aem  by  an  eye  placed  at  the  alit  in  the  shiirter  ann 
oftheinstranKDt  Thewbit^ligfatemplcTedistutDf  a  sheet  ofwhitepaparplacedon  a 
board  and  iUmninatsd  Tjj  tha  son's  hdit  in  ths  i^wn  air,  the  instmment  being  in  a 
room  and  the  l^t  modmttd  wbsre  tb»  obanrcr  sits. 

Another  portion  of  the  tame  whits  light  soea  down  a  s^iarate  eompartmant  of  tie 
instrmnent,  and  is  reflected  at  a  mr^M  at  Uadaned  ^ass,  so  as  to  be  seen  by  the 
obararerfnAHflwifiaMaDntact  will)  the  eomponnd  light  which  sntms  the  slits  and  is  re- 
trttMA  t^  the  prisms. 

Bach  experiment  consists  in  altering  the  braadth  of  tha  slits  till  ths  two  lights  seen 
br  the  obeerrer  af|Tee  both  in  colour  and  in  brightnen,  In  this  way  the  relative 
places  of  aiiteea  kinds  of  light  wen  found  by  two  obsprren,  both  of  whom  agreed  in 
flnding  the  positions  of  the  colonrs  to  lie  Tcry  dose  to  the  two  sidet  of  a  triai^l^  Uie 
extreme  colours  of  the  apectrum  forming  doubtfol  fngraeabi  of  ths  third  side. 

The  chromatic  relatioos  between  these  sixteen  colours  being  thai  ascertained,  the 
next  step  is  to  sscertHin  the  poaitioDS  of  theee  colours  with  nepect  to  Frannhofor's  lines. 
This  is  done  by  sdmittins  hght  into  the  shortar  arm  of  the  instznment  throu^  the 
slit  which  forms  the  eye-hole  in  the  fbnner  enwrimento.  A  pore  specbnm  is  then 
seen  at  the  other  end,  and  the  position  t^  the  flxed  lines  is  read  off  on  the  divided 
scale.  In  order  to  determine  the  wave-lengths  of  each  kind  of  ligh^  the  inoident  light 
was  flnt  reflected  from  a  stratum  of  air  too  thick  to  exhibit  tha  colours  of  Newton'f 
rings.  The  spectrum  then  exhibited  a  series  of  dark  bands  at  intarral*  incnaudng 
from  the  red  to  the  -riolet.  The  waye-lengths  eorresponding  with  these  form  a  series 
of  submtdldpleB  of  the  retardation ;  and  by  connting  the  Muids  between  two  of  the 
fixed  lines,  whose  waie-lcngths  have  been  determined  by  Babinet  (p.  SOT),  the  wave- 
lengths corresponding  with  all  the  bands  may  be  calculated ;  and  as  there  is  a  great 
number  of  bands,  tha  wave-lengths  became  biown  at  a  great  many  dif&rent  points.  In 
this  way,  the  wBiTe-lengths  of  the  colonis  compared  may  be  aacertained,  and  the 
teanlts  obtained  by  one  observer  rendered  comparable  with  thoae  of  another. 

Another  instmmaiit,  invented  by  Maxwell  for  comparing  combinations  of  colour,  is 
the  "  colonr-top,"  which  is  a  spinning-top,  having  its  fiat  upper  surface  divided  into 
two  eoncenbia  circles,  each  code  being  frirther  divided  into  sectors,  which  can  be 
covered  with  difihrent  oolonred  [apers.  When  the  top  is  spna,  the  coIduts  in  each  of 
tlie  circles  prodnce  mixed  tints,  and  the  pioportioDB  of  those  in  tha  outer  drcla  are 
Tariad  till  Oie  mixed  tint  matches  that  produced  by  a  given  combination  in  the  inner 
einJe,  the  proportions  being  measured  by  a  graduation  on  the  circamfarance. 

V«menalatni«orOol«Bt«> — The  terms  employed  lo  designate  different  ahadae  of 
eolmr  are  for  the  moat  part  very  indefinite,  t>eing  sonielimis  borrowed  bom  natural 
objects  or  substances,  sometimeB  from  the  natnee  of  inventors  of  preparations  which 
exhibit  die  particular  colonr,  and  from  vtrions  other  sources  mora  or  less  fiincifal. 
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u  ■olphor,  itmr,  ynx,  Ilonej,  Umon,  oclm,  viae,  amm,  and  OTange-jtrQow';  redi  M 
aniOTK  OF  ronate,  hyBcinth,  brick,  •arlet,  Uood,  flash,  Garmine,  rose,  crinuon,  peadi- 
blossom,  colnabine,  and  dieny-nd;  browna  u  clove,  hair,  bcoecoli,  pinchbeck,  wood, 
and  lireF-bTowii ;  gieyi  u  p«bi4,  amoke,  and  aiih-gt«y. 

To  obtain  greater  aconraoy  in  the  nomnneUtiira  erf  colonis,  Cherrenl  hai  deTiwd  the 
following  Bcheme  {Dt  la  loi  da  cmiraile  limtiltani  da  eouUurt,  p.  S7) :  In  the  first 
place  be  auigna  dpflnitv  meanings  to  the  tertoa  tint  (nuonftf),  and  shade,  or  tone 
(im),  denoting  bj  tint  thereenlt  of  mixing  pare  colonniQ  varioos  proportions,  and  bj 
■bsdaor  tons  the  lesolt  of  mixing  an;  tut  ot  simple  oolonr  with  black  or  whita.  ao 
that  each  tint  ia  snaceplible  of  an  infinite  mdation  trf  shadea.  A  tint  is  weakened  (w 
lowertd  hj  the  addition  of  white,  strmgtbaned  or  hagktmed  hj  ad^tioa  of  bUck. 
Coloora  mixed  vitb  black  are  said  bj  puntars  to  be  daadened  {robattuai),  Xhej  then 
nfiect  leas  light;  in  fact,  if  a  coloored  snrface  be  let*  and leM  iUiiniiiiat«d,  it  becomes 
fontinnallf  oaAer  and  nitiniBt«l;  black.  Thia  cKct  ia  ezperienoad  at  the  close  at 
d«7,  all  the  colonn  then  becoming  darker  and  tnnting  towanu  blade 

Chemtiiti  Ckromatk  OircU. — CheTrenl  has  fbnned  a  table  of  7S  tints  pasaing  gra- 
dnall;  one  into  the  other,  and  each  modified  by  20  shades,  soma  produced  by  admixture  of 
white  in  vaiions  pioportiona,  the  net  by  edmiitnn  of  black.  Imagine  a  drde  divided  into 
72  eqnal  sectora.  Three  eqnidiatant  sedoia  an  coloored  respectively  with  red,  ydlav!, 
andwu<,andsteqiial  distances  from  these  three  colonn  are  pliu^  those  which  reenlt  from 
tbeir  mixture  two  by  two,  ya.  orange  between  red  and  yellow,  grten  between  jcUow 
and  blue,  tioitt  between  i«d  and  blue  ;  then  between  tb{«e  six  tints  are  placed  the  in- 
Urmediate  tints,  and  so  on  till  the  whole  72  are  complete.  Each  of  these  73  sectors 
ia  then  dirided  into  quadrangular  s^;mects  by  20  concentric  dreles,  and  in  the  s^ 

menta  thua  fbnnBd  ant  p'  '^    '  "  ""' ^"     ' ""  "  ' —       »-  ^i .  ..-^...  s.    _ 

■mall  white  circle,  atarti 


e  placed  the  shades  belonging  to  each  colour.    At  the  centre  is  a 
Lrting  &om  which  each  tint  becomes  gradually  deeper  by  the  eon- 


ontinnallT  deepened  by  addition  of  black  till  the  cireomference  is  rsached,  i^ich '  ii 
qait«  blarL    Thsn  ia  thei^re  a  dicolar  series  of  segments  containing  the  pore  tkita 


tJnnal  abalractiiHi  of  white,  till  the  pure  tint  is  reached,  and  beyond  this  tlis  shade  ia 

"     '  -'  ■-     -"''--n  of  black  till  thocireoinfi *"  ""  —■-'-•-■-■- 

a  dicolar  series  of  aegmen 
with  their  maximum  of  intensity,  and  starting  ftom  these,  the  shades  in  each  sector 
become  weaker  towards  the  oentni,  atronger  towaida  the  circumference.  The  series  of 
eolonrs  contained  in  any  one  sector  forma  agamntof  ahadn  of  the  corresponding  tint. 
Each  circle  of  segments  contains  the  72  tints  comsponding  with  the  shads  of  that 
dicle.  We  haTe  thus  a  diagram  of  1440  colours  forming  types  near  enough  to  ona 
another  for  the  requirements  of  the  arts.  It  would  be  useful  also  to  add  the  gamut  of 
whits,  that  ia  to  say,  the  aeries  of  grey  shades  troia  white  to  black.  Sach  a  diagnuD 
eonstmcted  with  permanent  colonn,  on  painted  porcelain  for  example,  ia  cBpsbTp  of 
Tendering  important  service  in  the  arts,  hy  affotding  a  standard  namaDcIatora  of 
Gotnua,  which  may  be  dasignated  by  the  numbers  of  the  sector  and  the  drcnmference  in 
which  they  oaenr. 

Lecocq  amuges  the  coloured  segments  in  a  different  way.  He  divides  the  mifaM 
of  a  sphere  into  quadrangular  spaces  by  means  of  meridians  and  paiallels.  The  pure 
coloora  are  placed  at  the  eqnator,  and  each  of  them  becomes  darter  along  the  conrae  of 
its  meridian  towards  one  pole,  at  whidi  there  is  a  black  spot,  and  lighter  towajda  tha 
other  pole,  where  there  is  a  i^te  spot.  It  would  be  more  convenient  to  use  a  cylinder, 
having  one  of  its  bases  bordered  with  black,  the  other  with  white,  and  the  purs  colours 
arranged  round  a  zone  in  the  middle.  The  cylinder  might  also  be  developed  on  a 
plane,  and  the  whole  series  of  tints  and  shades  thus  presented  to  the  e^e  at  once.  By 
repeating  at  one  end  of  the  diagram  thus  formed,  some  of  the  gamuts  from  the  o^ 
posite  end,  each  gamut  will  be  placed  next  to  those  which  differ  from  it  the  least. 
In  this  tbim  the  diagram  ia  more  easilj  constructed,  espedallj  if  it  is  to  be  msde  in 
porcelain. 


When  a  beam  of  light  proceeding  from  a  self-laminous  source  traverses  a  homo- 
geneoos  medium  without  encountering  any  obstacle,  it  exhibits  the  same  propertin  on 
all  aides, — on  the  north,  south,  east,  and  west,  for  example,  if  we  aoppoee  it  to  be  ver^ 
ticaL  The  light  composing  such  a  beam  ia  called  ordtTtaryoT  nataral  light.  BntaAer 
the  lig^t  has  met  with  any  obatacla,  and  baa  conseqaently  undergone  reflection  or 
refraction,  it  exhibits,  fbr  the  meet  part,  different  properties  on  different  sides.  If,  for 
example,  the  beam  of  light  be  received  obliqntly  on  a  glass  mirror,  and  the  mirror  be 
tamed  round  it,  taking  care  not  to  alter  the  angle  of  incidence,  the  intensity  of  the 
reflected  beam  will  va^  accoiding  to  the  aide  of  it  which  is  presented  to  the  mirror. 
A  ray  thns  modified  is  said  to  be  polariasd.  The  properties  of  polarised  rays  all 
relate  to  changes  of  intensity  or  modifications  of  colour,  and  nerer  affect  the  directi<n 
in  which  they  are  reflected  oz  refracted. 

Light  m^  be  ptdarissd  in  either  c^  the  following  ways  :— 
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i.  By  Bffieetioti  from  lit  tttrfaet  of  trannmntt  mwSa.— Bnppjw  *  nv  of  light  AC 

(^.  <74)  to  UU  xrgim  s  [late  of  ^an  (not  nlvared,  bat  blackened  at  thft  War  nirfkce) 

J^.  674. 


Fig.eu. 


.  u  source,  and 

had  not  nndergone  prcviooa  reflection  ;  bnt  if  the  Bocond  mirror  b«  bo  adjiited  that  ita 
plane  of  i«fl«ctbn  in  perpeadicolar  to  that  of  the  flrst  {aee  right-hand  figiireX  then  the 
ra;  CD  will  not  be  refiect«d  from  it  at  all,  c^  at  leaat  the  intensity  of  the  reflected  beam 
wul  be  compaiKtivsl;  amalL  In  intermediate  poaitioni,  still  at  the  same  angle  of  inci- 
dencB,  the  nj  CD  inll  be  partially  reflected,  the  quantity  of  light  ia  the  r^ected  ray 
SE  being  greater  as  the  planes  of  reflection  of  the  two  mirron  are  more  nearly  parallel. 

The  ray,  after  reflection  horn  glass  at  an  angle  of  6*^",  appears  then  to  eihibit  dif- 
{ermt  properties,  according  to  the  direction  in  whieb  it  u  a  serond  time  reflected,  bmug 
in  bet  reflaxible  in  different  degnM  atdifiraent  apmnlhs ;  it  is  thertAire  polarittd. 

Hie  plane  in  which  a  polarised  ray  is  moat  easily  reflected  is  called  the  plane  of 
polariaation ;  it  coincidea  with  the  plane  of  reflection  (or  of  inctdenoe). 

The  angle  Si^o  is  tailed  the  polarising  angle 
fi>r  glass.  For  erery  medinm  tlare  is  a  particolai 
polarisiiig  angle,  the  msgcitada  of  which  depends 
npon  Ahe  refractiiig  power  of  the  medium,  according 
to  the  fbUowing  Uw,  discorered  by  Brewster;  Tht  Al 
polarinng  angle  ACP  [fy.  676)  m  Otai  for  wUe\  tla  ^ 
refracted  ray  CD  u  verpendicuiar  to  the  r^fia^ed 
ntg  CB,    Now  let  ft  denote  the  index  of  rc&action,  „ 

tieo  n  o  ^-ma  ■  '^  '^  "^^  -^-^  "  ^'^ 
[  ~  0]  ;  and  since  BC  is  perpendicnlar  to  CD,  ani 
ftC  to  CN,  angle  QCD -BCN  -  80°- S;  therefore, 

fi  ~ -^  tan  B;    that  is  to  say,  the  folariting 

a«gU  it  lie  angle  iBiote  tangent  i»  equal  to  tht  index  of  rtfraciion. 

The  following  table  Bihibits  the  polarising  ang^  of  a  few  transparent  substances, 
<!Iiiefly  according  to  the  obMrratioDs  of  Biot  and  Arago : — 


FaUll.h(v.(l.. 

N«»ofi°1-t>»e. 

PoUri.lp,«,l^     1 

HtMnnd 

ll»H»d 

«nn,J. 

64°   Bff 

36=  Iff 

Topai 

a*:    : 

68°  Iff 

31°  20' 

62     *5 

37     16 

88    23 

SI     S7 

Glass      . 

fi4     36 

36     26 

*eo   18 

29    44 

Obsidian 

S6     03 

33     67 

*83    08 

26    62 

Si-Unite . 

fi6     ZB 

33     12 

Sulphur  (nati™)      . 

•6*    10 

26    £0 

G6     36 

33     25 

Kock-crystal  . 

67     22 

33    38 

•87    *2 

Solphateofbarinm 

63       0 

32       0 

•68    03 
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There  an  bnt  few  Bnbrtanee«  ea^bla  of  completely  polaiuing  ligbt  b;  rettetion,  lud 
aenemllj  speakins  the  polarinng  pover  ia  kaat  in  ttioee  medu  which  huve  the  Urged 
indices  of  le&action.  According  to  Brewster,  it  ia  anl;  thoes  media  whom  tefnctivs 
bdei  ia  leas  than  17,  which  ore  capable  of  polarising  cotapl^Ay;  aoeh  ue  those  not 
iDari:ed  with  an  aatcriak  in  the  preceding  table.  Bnt  eren  when  the  index  ia  Ima  thaa 
I '7,  the  palaiieation  ia  never  eomplets,  if  tLe  beam  of  light  ia  bright  In  BBnenl,  enb- 
atanoce  which  leSect  bnt  little  li^ht,  polarisB  a  luge  propoitioa  of  it.  Metala,  with 
clean  and  polished  aniface,  polanes  acaroely  at  all.  In  all  cases,  boweTei,  Brewatec's 
law  applies  to  the  inddence  at  which  the  rRBect«d  beam  contains  the  largest  proportion 
of  polarised  light. 

As  the  serwal  colonied  raji  hare  diSbrent  indices  of  refraction,  it  is  srideDt  that 
only  homc^neooB  light  can  be  completely  polarised  bjrefleetion.  Solar  light,  or  ordi- 
nary gas  or  ctmdle  light,  can  never  be  made  to  disafpeai  completely  in  the  mtuner 
Kbore  described.  In  faet,  with  media  of  high  dispersiTe  power,  such  as  oi!  of  cassia, 
ond,  chiomate  of  lead,  or  specular  iion,  all  the  colonra  of  the  speetrnin  may  be 
Bsively  bronobt  into  view  by  slightly  altering  the  incHnatiDn  of  the  reflecting 

jw  in  the  Ticinity  of  the  palarising  angle.    WitJi  glass  and  watar,  in  which  the 

anples  of  polarisation  for  the  extreme  ra^  of  the  spectrum  do  not  diflfer  ij  more  than 
I£  or  20,  the  colonrs  are  less  perceptiUe;  nerertheleea  the  light  ncTer  disappear* 
entirely,  and  always  exhibits  a  slight  colorstioa  after  the  second  reflection. 

Light  is  more  or  leas  polarised  by  reflection  at  all  angles  of  incidence,  excepting 
perpendicolar  incidence,  the  proportion  of  polarised  light  in  the  reflected  beam  being 

KLter  as  the  angle  of  inddence  diflers  leas  from  the  polarising  angle  detennined  by 
watei's  law. 

If  a  ray,  partially  poIsris»d  by  reflection  at  any  angls  diflfaring  from  lilt  polarising 
angle,  be  again  rgflecled  &om  ue  same  medium  at  Uie  same  angle,  the  proportuni^ 
polarised  l^ht  in  it  will  be  increased ;  and  by  a  nnmbn  of  BoeceBBiTe  r«Biictions,  iJie 
Tiij  may  be  brooght  indefinitely  near  to  the  state  of  complete  po^arieatiDi],  the  nnmbar 
of  reflections  required  for  the  pntjioae  b«Dg  lew  at  the  angle  of  reflection  dilKra  lew 
from  the  polarising  angle. 

3.  Bg  ordinary  Rtfraetvm. — When  li^t  passes  from  one  medinm  to  another,  the  re- 
fracted ray  ia  polarised  aa  well  as  the  reflected  ray,  its  plane  of  polarisation  being 
perpeodicnlar  to  the  plane  of  re&action,  or  of  incidence,  and,  tharefon^  also  to  the 
plane  of  polarisation  of  the  reflected  ray.  The  leiracted  ray  will  therefore  be  reflected 
from  a  snr&ce  of  glass  at  on  angle  <^  A*}",  jnst  nnder  the  circumstances  in  which  Hie 
ray  polarised  by  reflection  would  not  IJRQt,  howerer,  is  never  completely  polariaed 
by  one  re&actioo  ;  bnt  the  proportion  of  ptmriaed  light  in  the  reftected  beam  la  graater 
as  tlie  aogle  of  incidence  is  nearai  to  the  polarising  angjle ;  and  by  sncceasiTe  refrac- 
tions through  a  number  of  anrbces  of  glass,  or  cither  medinm,  it  -ms]  be  brought 
within  any  assigned  limit  of  complete  pcJarisBtion.  A  bundle  of  thin  plates  of  ^isa 
or  mica,  bound  together  in  a  frame,  forma  a  Tery  conTenient  ^ipantua  for  polarising 
light,  whether  by  refraction  or  by  reflection. 

3.  By  Dti^it  S^raction, — AU  crystt^ne  bodies  not  belonging  to  the  tegular 
^stem,  poasew  the  power  of  double  refraction;  that  is  to  my,  a  ray  of  U^t 
entering  aneh  a  medium  is  split  ap  into  two  rays  of  equal  intensity,  which  traTerse  the 
crystal  in  different  directions.  In  all  such  media,  however,  there  are  either  one  or  two 
directions  in  which  double  refraction  does  not  take  place,  and  these  lines  are  colled 
the  optic  aieBoftheeryatai  Transparent  calcspar,  or  Icdnnd  spar,  which  crystalBset 
in  rhombohedrons,  and  exhibits  doable  refraction  more  distinctly  than  any  other  snb- 
stsnce,  is  a  crystal  with  one  optic  axis,  the  direction  of  that  axis  being  parallel  to  tlie 
line  joining  the  obtuse  snmmits  of  the  rhomb.  A  rOT  traversing  the  crystal  in  a 
direction  parallel  to  this  axis  is  not  divided  into  two ;  but  in  all  other  directions  the 
ray  is  doubly  refracted ;  and  the  two  rays  into  which  it  is  thus  divided  ore  both 
complete^  polarised,  the  plane  of  polarisation  of  the  one  being  parallel  to  the  prindpal 
tectum  of  the  crystal,  that  ia  to  say,  a  plane  passing  through  the  optde  axis  and  the 
direction  in  which  the  ray  traverses  the  dystal ;  the  other  in  a  plane  at  right  anglea 
to  that  section.  The  ray  which  is  polarised  in  the  principal  BecHon  follows  the  ordinary 
laws  of  refraction,  remaining  always  in  the  plane  of  incidence,  and  having  (or  all  inci- 
cidsnoes  a  constant  index  of  refraction  ;  bnt  the  ray  polarised  perpendicnlorly  lo  tha 
prinripal  section  follows  different  laws  of  refraction,  ita  direction  cot  being  conflned 
within  the  plane  of  incidence,  unless  that  plane  coincides  with  or  is  peTpendicolar  to 
the  prindpel  section,  and  its  index  of  refraction,  excepting  in  the  last-mentioned  ease, 
varying  continually  with  the  angle  of  incidence.  The  fornua  of  l^eee  rays  ia  called 
the  ordinary,  the  Utter  the  txlro'inimari/  tsj.  The  mode  of  refraction  ot  the  latter 
will  bo  more  fully  explained  hereafter. 

WheD  tiiese  two  oppositely  polarised  rays,  which  have  tiaversed  a  rhomb  of  lealand 
spar,  fall  on  a  plate  of  gUae  at  the  angle  of  5*^',  so  placed  that  the  pJaoe  of  reflection 
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U  pwjJIbI  to  the  principal  n 


right  NiglM  to  e»ch  other.    Wheo  the  plwie  of  refleotion  a  inclined  U)  the  prineipil 
•action  at  toy  Miglo  between  0°  and  90°,  both  raja  a»  reflected,  bat  with  diffateBt 


le  two  polarieed  beanui,  on  emerging  bom  the  crystal,  will  overlap  each  other,  or 
will  bo  completelj  8^»nited,  accordiog  to  their  breadth  and  the  ttickness  of  the 
crjBtaL  'When,  howeTer,  it  ia  dfsired  to  emmine  oolj  one  of  them,  it  is  moat  con- 
TOoient  to  throw  the  other  completely  oat  of  the  field  of  Tiew.  Thia  may  be  elected 
in  one  of  the  foUowingwayB : 

m,  Sg  Btfitction. — The  apparatna  for  thia  porpose,  called  aNichol'i  priBni,eoil- 
listB  (eF  two  aimilar   prisma  of  calcapar  (fig.  67S),  ABCD, 
CDEF,  'camented  together  with  Canada  baWm  at  the  faces  Fig.  076. 

CD.  The  &cee  AB.  EF  are  cat  ao  aa  to  make  an  angle  of 
6S°  with  the  obtow  edges  AE,  BF  of  the  natrual  erystal  (the 
natural  bcefl  make  an  angle  of  71°  with  the  obtnse  edsea), 
and  the  hcea  CD  are  nrpendicolar  to  AB  and  £P.  With 
thia  amngement,  it  ia  fonnd  tliat  of  the  two  raya,  no,  nr,  into 
which  sn  incident  ray,  ma.  ia  dirlded,  the  ordinal;  ray,  no,  on 
reaching  the  anrface  of  Canada  balsam  (whose  index  of  re- 
fraction is  lees  than  that  of  the  ordinary,  and  greater  than 
that  of  tbe  eztraordinai?,  raj),  soSers  total  reflection  ic  the 
direcCioD  op.  iriiile  tlte  eitracndinaiy  ray  paaaes  on  in  the  di- 
ledioa  ef,  and  emerges  ia  fg,  parallel  to  «tn.  An  eye  placed 
at  /,  thOTefore,  sees  bnt  one  image,  viz.  that  formed  by  the 
cxtraoidiuai;  ray.  Hence,  a  beam  of  ordinary  light  passing 
throngh  it  wili  be  polarised  in  ■  plane  perpendicnlar  to  the 
principal  section — that  is  Co  say.  to  fbe  sharter  diagonal  of  the 
rhomb,  ab  (fig.  677) ;  and  a  ray,  already  polarised,  will  bs 
stopped  by  the  prism  if  its  plane  of  polarisatioD  is  parallel  to 
ab,  bit  will  pass  freely  throngh  it  when  the 
plane  of  polarisatioil  ia  perp^dicnlar  to  (A,  Fig.  ST7- 
or  parallel  to  the  longer  diagonal  cd.  Hence, 
also,  two  Kicbol's  prisma,  placed  one  behind 
Ota  other,  appear  perfectly  opaaiiB  when 
thMT  priitcipal  sections  are  at  rignt  angles  t 
to  each  other,  perfectly  transparent  when  the 
principal  seetiona  are  parallel,  and  transmit 
ligllt  with  diminished  intensitj  in  interme- 
diate posltioiia. 

j3.  By  AbmrpHon. — Certain  donble-refracting  crystata,  espe- 


crystals  bi 


longing  to  the  hexagonal  lyatem,  having  one  optic  axis  parallel  to  the  a 
and  transmitting  light  only  when  polarised  in  a  plane  perpendicnlar  to  the  optic  axis. 
Hence,  when  a  ray  of  light  polarised  by  reflection  from  glass  at  the  angle  oT  M^",  it 
viewed  through  a  plate  of  tourmaline  cat  with  ita  ficea  parallel  to  Ihe  optic  axis, 
then  if  the  crystal  be  held  with  its  optic  axis  perpeDdicnJar  to  the  plane  of  reflec- 
tion, the  ray  will  pass  throngh  it  as  freely  as  ita  colonr  will  permit;  bnt  if  the  tour- 
maline be  held  with  its  axis  parallel  to  the  plane  of  reflection,  the  reflected  rara 
will  be  completely  absorbed,  and  no  light  will  pass.  If  the  tonrmaline  be  gradually 
tamed  round  from  the  first  position  to  the  second,  the  quantity  of  light  which  passes 
through  it  will  continually  decrease,  ttecanse  the  polarised  ray  ie  then  divided  by  the 
tonimalina  into  two,  one  polarised  at  ri^ht  angles  to  the  Bxis,  the  other  parallel 
thereto,  the  inlansily  of  the  formrT  contmnally  decreeaing,  and  that  of  the  latter 
increasing  as  the  tourmaline  is  turned  ronnd.  When  a  ray  of  ordinary  light  is 
tnnamitted  through  a  tourmaline  plate  of  a  certain  thickness,  cnt  as  above  described, 
it  is  divided  into  two,  aa  by  other  doable-refracting' crystals ;  bat  the  ordinary  ray  ia 
completely  absorbed,  and  only  the  eitraordinai;  ray  passes  tbrongh,  ao  that  the  emer- 
gent beam  is  completely  polansed  in  a  plane  perpendicnlar  to  the  axis  of  the  tourmaline. 
Hence  if  two  such  plates  of  toormaline  be  superposed,  and  the  light  of  the  sky  be 
viewed  through  them,  then  if  the  two  be  placed  with  tbeir  optic  axn  parallel,  the 
light  irill  pass  through  them  as  fr«e1y  bb  tbeir  colour  and  imperfect  trann«rency  will 
pnmit ;  bat  if  one  of  the  tourmalines  be  then  turned  round,  the  qnantity  of  light  trans- 
mitted will  deCTeaaa  aa  the  axes  deviate  more  and  mora  from  parallelism,  and  at  last, 
when  the  two  axe*  aon  one  snotha  ftt  tight  angles,  lbs  li^t  will  be  completelj 
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Two  incli  tommaliiiea  monntMl  with  their  boM  [anllel  to  uch  oUisF,  and  M  as  to 
prrmit  one  of  them  to  rarolTC  in  the  plane  of  the  axis,  fiinn  a  nry  conTuiieiit  and  por- 
tahle  appanttiu  tm  experimentB  on  polarised  light.  A  liBgle  toonnalins  is  ahw  Tei7 
conrenieat  for  eiBmining  light  pdariud  by  n^ectioD  or  le&Bction.  1^  only  otjfic- 
tioH  to  the  toonnaline  is  its  eolonr,  tht  beat  polaiuing  tounnalines  hanng  olvaya  ■ 
brown  colour,  which  greatly  modifies  tlie  eolou  cf  the  transniitted  light,  especial^  as, 
in  ordnr  that  the  tonnoaline  may  pohuise  completely,  it  must  have  a  tJiifknww  ot  at 
least  the  tenth  of  an  inch. 

There  are  a  few  other  double  refrscting  er^atals  poeBesaiDg  similar  properties ;  in 
paitinilar  tbe  so-nlled  "sulphate  of  iodo-qtuDine,"  duravered  by  Dr.  Henpath.  This 
anbutauee  crystsllisea  in  thin  six-  or  eight'Sided  plates,  which  are  transpareot  and 
nearly  colom'lrea  by  tianitmitted  light  when  Tiewed  separately  ;  but  when  two  of  them 
are  snperpoeed,  with  their  longer  dtmeceioDa  croasing  one  ano^ier  at  right  anglee,  the 
put  where  they  cross  appears  quite  black,  eren  if  the  thickness  of  the  oystals  doea  not 
exceed  g^  of  a  millimetre.  The  oystals  of  this  componnd  may  therefore  be  used  in 
the  same  manner  as  tounnslines.  and  are  even  better  adapted  for  optical  om^  by  their 
greslar  tiBnaparency  and  freedom  from  colour ;  but  their  fragility  i«nders  it  somewhat 
difBcult  to  manipulate  with  them. 

The  beat  snbatitute  for  a  ianmialine  is  tlie  Nichot'a  priBm,  sboTe  described.  The 
calcspar  crystals  being  perfectly  coloorUaa  and  veiy  tiwiparent,  tnnsmit  much  mors 
light  than  two  anperpoeed  tourmalinea. 

All  arrangements  fbr  examining  the  properties  of  polarised  light  necessarily  camiat 
oftwo  parts;  tie.,  the  pol  a  riser,  by  which  the  light  is  brought  into  the  polariiwd 
8tat«,  and  the  analyser,  by  which  its  state  of  polarisation  and  ila  pnniertiM  am 
examined ;  thus,  when  a  ray  is  reflected  from  a  plate  of  ;^ass  at  an  angle  of  64^°,  and 
the  reflected  beam  examined  by  a  tourmaline  held  before  the  eye^  the  plate  of  dssa 
is  the  polariser,  and  the  tourmaline  the  analyser.  It  is  clear  that  an;  one  of  the 
apparatus  above  desmbed,  namely  a  reflector,  a  refractor,  a  donble-re&scting  crystal, 
a  tourmalin^  or  a  Nichol'a  prism,  may  be  used  either  as  polariser  or  aaalyser. 

VMwe  of  Volaulsvd  Xdfbtr—The  existence  of  rays  having  different  propertita 
on  different  aidee  was  regarded  by  Newton  as  a,  decisive  objection  agwnst  the  ware- 
theory  of  light,  on  the  ground  that  prennrea  or  movements  exated  by  a  Inminona  body 
in  an  elastie  medium  ought  to  be  eqnal  in  all  directions ;  and  Huy^ena  was  obliged 
to  admit  his  inability  to  account  for  the  existence  of  polarised  rays  on  the  undulatoiy 
theory  aa  then  uoderatood.  The  reason  of  this  appai«nt  inability  of  the  wave-lbeory 
to  explain  the  phenomena  of  polarisation,  was  tluU^  at  the  time  of  which  we  are  speak- 
ing, Uie  vihratoiy  movements  of  tlie  ether  were  anppoeed  to  take  place  wholly  in  the 
direction  of  propagntion  of  the  waves,  and  on  that  hypotfaeriB  it  ia  impoesible  to  con- 
ceive of  tays  of  light)  any  more  than  rays  of  aonnd,  posaesaing  different  properties  on 
different  sidM.  But  later  experimental  researches,  and  the  investigation  of  the  subject 
on  tha  ptindplee  of  analytical  mechanica.  have  shown  that  the  vibrations  of  the  lomi- 
niftrooB  ether  take  place  in  planea  tangentisl  to  the  wave-surface,  or  tianscerHfly  to 
th«  directiMl  of  the  ray.  From  this  point  of  view,  the  diflbrence  between  ordinan 
and  polarised  light  is  easily  explained.  An  ordinaiy  or  natural  it,y  is  one  in  whii£ 
the  Tibntiona  tue  place  in  all  directions  successively  in  the  plane  of  the  wave ;  and  a 
polariaed  ray  is  one  in  which  the  vibrations,  still  tangentiu  to  the  waTe^ortace,  an 
confined  to  one  plane.  Suppose^  fbr  example,  the  direction  of  the  r»  to  be  vertieal,  or 
that  of  the  wave-sorface  horixontal;  then,  if  the  ray  be  polariaed,  tha  direction  of 
vibration  of  all  the  particles  will  be  either  north  and  south,  or  east  and  west,  or  in 
come  one  intermediate  azimuth ;  and  if  it  be  unpolorised,  the  Tibiations  will  take 
place  in  all  these  directions  successively. 

This  view  of  the  nature  of  polarised  light  ia  established  by  the  experiments  of 
Fresnel  and  Aiago  on  the  interference  of  polarised  nys,  the  gen^«l  Ksnlt  of  which  il^ 
that  two  nljra  vioae  plana  ofpolarualion  (p,  863)  art  paraUtl  to  ont  another  tnterfirt 
juil  Ukt  vnpolarited  raj/i :  frut  tvo  no/*  wiote  plima  of  polariaation  art  perpnuUeldtr 
to  ont  a»otier  do  not  tx&ibil  ang  pheiumteiia  of  interfermce,  Khattner  nuof  he  their 
diffrrenee  nfphate.  Theee  results  are  etuily  conceivable  if  the  vibrations  are  ttanareres 
to  the  dinwtion  of  the  ray ;  for  if  the  vibrationa  of  the  two  rays  take  place  in 
directions  parallel  to  each  other,  the  resultant  will  be  equal  to  (he  sum  or  difference 
of  their  in^vidnol  movemonta,  as  explained  at  page  698,  and  will  be  reduced  to  aero, 
that  ia  to  say,  the  rayi  will  destroy  each  other,  wh«i  their  phases  are  exactly  opposite  ; 
bat  if  their  vibrations  are  performed  in  planea  inclined  to  one  another  at  any  angle^ 
there  will  be,  at  every  point,  a  finite  resultant,  determined  in  magnitude  and  positioll 
bv  the  rule  of  the  puallelogrmm  of  velocities,  and  never  becoming  equal  to  nothing 
Eence,  two  rays  whose  planea  of  polarisation  are  not  parullol,  con  never  interfere  so  as 
to  produce  complete  darkness ;  and  if  their  planes  an  at  right  angles  to  one  another, 
they  cannot  intralere  at  all.    1(  on  the  other  hand,  the  vibrations  of  the  ether  take 
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pbee  in  the  dinetioD  of  Um  ny,  it  ii  impoBobla  to  coiieniv«  tny  conditunu  whicb 
woold  fonrent  them  frrai  inteiAaii^  with  oiw  MMtbcr,  and  produdng  da^neM  when 
thn  meat  oua  anotliar  nndn  a  ouUin  diAfenaoe  of  phue. 

The  oqionmHiU  irhieh  show  that  Ae  intorfimatee  of  polariaad  nji  doM  depaud,  m 
above  dewnbed,  on  thnr  state  of  piJariaation,  are  tli«  followuig : 

1.  The  %bt  puaing  thiongh  two  numw  ponllel  elils  veiy  close  tccether,  as  in 
Yonn^s  espvimeot  (pp.  S9S,  604),  is  polanavd  by  coTsiina  the  slits  with  two  piece* 
of  the  same  (data  of  tonnnalin^,  eat  panllpl  to  tlie  aiis,  which  pdarisea  the  light  in  a 
plane  peipendinihu  to  that  axis.  If  the  two  tonnnsline  plates  hare  their  axes  paraUal 
to  one  anotliar,  the  two  beams  of  lifht  intarfere  and  produce  fringes,  just  u  if  the 
toormalinca  ware-not  then ;  bnt  if  they  are  ^diiced  wiUi  thair  axes  at  right  angles  to 
one  another,  all  tha  fringes  diaappear.  In  intarmediato  positions  of  the  tonrmalinea 
fiingta  are  produced,  bnt  fainter  as  the  angle  between  the  axes  approaches  more  neariy 
to  a  ri^  an^e.  InM«ad  of  toanoalinea,  two  small  bandies  of  mica-platM  may  be 
plaasd  Define  the  slits,  in  a  position  inelined  to  the  direction  of  the  rays,  which  am 
then,  aftoi  tnumniaaion,  almioat  wholly  polarised  in  a  plane  perpendicnlai  to  the  plana 
of  incidence.  The  Magaa  then  dis^twar  when  the  bnndlee  of  plates  are  so  placed 
that  the  two  planes  of  inddcaee  are  at  right  angles  to  each  other. 

2.  The  two  slits  •»  eorerad  with  two  Aeffmenta  of  the  same  plato  of  calapar  or 
iw^-trjwtti,  cat  panllal  to  the  optic  axis.  Each  plate  then  gires  an  ordinary  and  an 
exOaoriina^  i^,  whoaaplaneaof  polarisatian  ate  at  right  an^  to  one  another.  If 
the  az«s  of  the  two  fngmeots  are  parallel  tha  two  oidinaiT  n^  which  emerge  from 
them  prodacs  fdUM^  jnst  ■■  if  tha^  wars  nnpoUriMd;  soUkewisedo  the  two  extra- 
ordinary nyi,  ana  th<«e  two  systems  of  fringM  are  eapeipased.  If  now  one  of  the 
cnstallme  phlea  hf  gradually  turned  round  in  the  plane  parallel  to  its  axis,  the 
'^"'»*  become  fainter,  fmd  when  the  axes  of  the  tvi>  plates  are  at  right  ■ngliwi  to  one 

',  the  fringes  dissppesr  altc^ether,  and  giro  place  to  uniform  light.    At  the 
timc^  howerer,  other  qrstems  of  fringes  nuke  theiT  appeanmce  on  the  side^ 


aceonnt  (^  the  difiarance  of  velocity  of  the  oidiasry  and  extraordinary  rays  within  the 
eiTSUU.  So  long  aa  the  axes  of  uie  two  plates  remain  parallel,  the  ordinary  ray  of 
i«  and  the  extraordinary  ray  of  the  other  are  polarised  in  planes  at  ririit  angles 
"      ■'■-      -  -        'ngthaaxesto 


<Nt«  another,  and  the  latoim  fringes  are  not  produced ;  bnt  oi 

brightceaa  when  the 


one  snothar,  tluae  lateral  fringes  appear,  becoming  mora  and  more  bnlliani 
'   '   '  '"  s,  and  attaining  thm  .    -  «   -  i .  > 


two  axes  fbrm  an  angle  of  90°. 

t.  When  a  naiiow  screen,  snch  as  a  hur,  is  placed  in  the  path  of  the  two  rays 
iasiung  fnim  a  rimmh  of  Icelaiul  spar,  placed  before  the  fbcos  of  a  lens,  no  fringes  are 
produced  within  the  shadow,  as  they  would  be  by  ordinary  IJ^t,  because  the  two 
lays  are  polarised  in  planes  at  right  angles  to  one  another. 

InFresnel'B  minor  experiment  (p.  £99).  the  rays  an  polarised  I^  redaction  in 
the  same  plane;  and  in  that  of  Young  (p.  60S),  the  rays  originating  from  the  same 
sooree  have  their  transreme  vibcatious  st  e«ch  intitant  parallel  to  one  another,  ao  that 


th«|y  arc  in  the  right  condition  for  interttoence. 

The  preceding  experiments  show  then  that  the  vibnUioDs  of  the  athsr  are  parallel 
to  the  waTe-sai&n,  snd  that  in  a  polarised  ray  they  take  place,  tor  the  moat  pait,  in 
one  plane  pasaing  through  the  ray.  Moreover,  tit  vibratoiy  mottniaitt  art  perjim- 
diettlar  to  tie  plane  of  polaritaiion.  For  when  abeam  of  li^t  passes  throogh  a  aystal 
with  •me  optic  axis,  Uke  Iceland  apar,  the  ordinarg  ray  is  polarised  in  a  [dane  paralld 
totheprindDal  aactianof  the  crystal;  that  is  to  aay,  it  is  stoat  easily  reflected  in  a 
plana  parallal  t«  that  section  (p.  es3).  Now  as  this  ray  follova  the  ordinsiy  lav  of 
rcfraotun,  and  oonaeanantly  hu  a  eonatant  velocily  whal«TeT  direction  it  may  take 
throng  Out  crfstsl,  the  vibrations  of  the  ether  which  (brm  it  most  have  a  constant 
direction  with  regard  to  the  axis  of  the  dystal ;  and  as  they  are  perpandicnlar  to  the 
ray  whatover  an^  it  may  make  with  the  axis,  they  conld  not  form  a  constsnt  angle 
with  the  axis,  nnless  they  were  also  perpendicular  to  that  axis.  The  vibratory 
movements  constituting  the  ordinary  ray  an  therefore  perpendicular,  both  to  tha  ' 
ray  and  to  the  opHe  axis,  and  therebra  to  the  principal  eeotion,  which  is  the  plans 
passing  through  the  ray  and  the  axis,  and  in  this  ease  is  identical  with  the  pluie  of 
polarisation  cf  the  ray.  Hence,  aa  all  polarised  rays  possess  the  same  propatiei^ 
whatever  nay  be  their  origin,  it  tbllows  that  the  vibrations  of  the  ether  an  always  at 


aarmalin^  eat  pttmndieular  to  lit  ovtk  oxu,  interests  all  the 
n  it  st  parpendicular  incideBce,  which  shows  that  »ll  vibrstioni 

oL-iiL  u  n 


fbund  that  a  plate 
-  light  which  iklla 
peipendieulBi  to 
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(ha  KOM  on  BFTested  bj  it.  Bnt  vben  the  ny  paa^ca  thronsli  a  plate  of  tonnnaliiie 
cot  panllel  to  tba  uis,  odIj  the  ordinMy  nj  ii  inUMepte^  the  extnotdinw]'  nj 
paming  through.  The  Tibratione  of  the  oidiniiy  rej  most  therefore  be  peFDendienlM 
to  the  axia,  and  cotuequeatly  to  the  principal  aection  of  the  isryatal,  panllel  to  which 
the  raj  is  ^larised. 

From  this  direction  of  Uie  vibrator7  movemenla,  it  follows  that  a  poUrised  laj  ia 
most  eaail;  reflected  irhea  its  vibntJoni  are  parellel  to  the  reflecting  Bnrfoce,  and  on 
the  contrarj,  that  it  is  most  easil;  tcanasutted  through  a  pile  of  plates  when  tbe 
vibrations  take  place  in  theplane  of  inddeDoeoatright  ajogleslothe  aar&ce  ;  also  that 
tho  ra;  passes  most  completel;  Chroagh  a  Umrmaline  cot  parallel  lo  its  axis,  vhen  the 
vibrations  sje  parallel  lo  this  axis.  The  tonimaliiM  acts  therefbre  like  a  gnUing, 
which  gives  free  passsige  to  a  aiu&ce,  anch  aa  a  knife-blade,  parallel  to  the  l»n^  but 
stops  it  when  presented  transveraelf. 

The  form  of  the  eurre  which  the  ether-moleralea  describe  in  the  plane  perpandtenlar 

to  the  direction  of  the  ra; — tin  example,  in  the  row  a  a'  (Jig.  677) — determines  the 

Kfl,  977,  state  of  jpolariaation  of  the  raj.    If 

the  oscillation  oonsiat«  in  a  mare 

(S  motion    of    the     naitlalea     baek- 

*  *  ?  •   *  .  waida  and  forwards  in  a  atnJdit 

•  ,        ,   •  Une.  the  raj  is  said  to  be  reetili- 
,  ^            ,  *  nearly    polarised,    or   plane- 

~ *   *   ^  «        ^C  polariaed;    and  the  plane  paaa- 

*    *    *        *  mg  tlitoosh  the  rej  at  right  angles 

*  •    •    •    *  J  to     the    direction    in    wbioh     the 

•  •    ,    ,   •        ,  partidee  vibrate,  ia  the  plane  of 
i  '                   «'■•,■•"'"  polarisation  of  the  raj.      The 

■  partidsa      originftllj     sitruted     in 

the  straight  line  which  ia  the  direction  of  the  rav,  appear  at  a  oertwn  moment, 
arranged  in  the  wave-tine  aeb.  If  each  of  the  vibrating  particles  deecribea  a  circle,  the 
direction  of  its  velodcr  will  chanee  &oin  0"  to  ISD"  while  the  vibration  is  extending 
throngh  the  space  of  half  an  nndolation,  and  to  SSO"  in  the  space  of  a  whole  nadu- 
latioit :  hence,  a  aeries  of  particles  in  all  phases  of  velocity,  extending  trota  one  ez- 
tremitj  of  the  wave  to  the  other,  will  be  situated  on  a  Bia«v-line  having  the  direction 
of  tbe  ray  for  its  axis.  The  raj  is  then  circnlarlj  polarised,  and  right  or  left, 
according  as  the  direction  of  revolution  of  the  ether-molecoles,  regarded  from  the 
centre  of  the  circle,  or  the  axis  of  the  screw,  is  like  that  of  the  hands  of  a  watch  or  the 
contrary.  Tbe  result  is  the  aame  as  if  iLe  raj  were  polaiiaed  in  one  plane,  and  this 
plauft  raTolved.  making  a  complete  reTolntion  dnring  the  time  of  one  vibration. 

If  each  of  the  vibrating  particles  desoribes  an  eUipse,  the  soccesaive  particlea  may 
be  ranceivsd  as  arranged  on  an  elliptical  ecrew-line.  In  this  case,  to  determine  the 
state  of  polarisation  (d  the  ray,  it  is  necessary  to  specif^,  not  only  the  length  of  the 
a^or  and  minor  oies  of  tbe  eliipee,  bnt  likewise  Qie  position  of  these  axea  in  space,  aa 
detennioed,  for  example,  by  a  system  of  rectangular  co-ordinatea,  one  oiia  comoding 
with  the  ray,  while  Cha  other  two  are  drawn  at  right  angles  to  each  other  In  the 
plane  of  vibration  of  the  ether-molecoles.  iiie  direction  of  the  rotation  most  also  ba 
Btated  as  in  the  case  of  circolar  polarisation. 

A  circularly  polarised  raj  siamined  hy  an  analyaer  exhibits  tlie  tame  intensity 
in  all  anmuths,  jnst  like  nntoral  light,  but  is  dlstingmahed  therefiom  by  appearing 
coloured  when  viewed  throngh  the  analyser,  after  passing  through  a  thin  plate  of  a 
donWe  refracting  oyalal  (p,  671  J.  An  elliptically  pofatiaed  c  ay  exhibits  a  maxi- 
mum and  minimnm  of  intensity  m  two  positions  of  the  analyser  at  right  angles  to  each 
other,  bnt  is  never  completely  extinfimBbed  like  a  plane-polarised  ray,  and  is  likewise 
coloured  bj  transmission  through  a  doable-refracting  film.  The  colonra  Ihaa  imparted 
both  t«  drcnlarly  and  lo  ellipticallj  polarised  light,  diSar  bom  those  exhibited  under 
BJmilar  circumstances  by  plane-polonsed  light. 

To  understand  the  manner  in  which  these  difierent  states  of  polarisation  arise,  it  is 
necessary  to  take  account  of  the  movement  impressed  upon  the  molecules  of  the  ethrr 
when  they  transmit  aei-eral  systems  of  waves  at  once,  the  velocities  being  then 
compounded  according  to  the  principle  of  the  parallelognun  of  forces.  When  this 
compoeitioQ  is  efTected  by  eonsCRiction  or  by  calculation,  it  is  fonnd  that  when  the 
lengths  of  the  component  waves  are  aqnal  (the  only  case  that  will  be  hers  considered) 
the  waves  of  the  resulting  system  always  have  the  aame  length,  so  that  the  changes 
produced  can  affect  only  Oie  amplitnde  of  vibration  and  the  state  of  polarisation. 

1 .  Wien  tht  tttX)  ray  art  polariaed  in  the  tamt  plant. — In  this  case,  tite  amplitude 
of  the  resultant  wave  ia  equal  to  the  amn  or  •uffiireBce  of  the  component  waves, 
acoording  aa  tbe  two  rays  are  in  corresponding  or  in  opposite  phases  ;  and  if  Ihej  ore 
in  exactly  oppoeils  phases,  and  of  eqn^  am^Stode,  thej  d«etroy  uch  other's  motion 
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eomplntel;,  and  piodnoe  d«rkne«,  Tlie  case  is,  in  fact,  that  alnadj  eonsidered  nadet 
IxTBunsKn  (p.  59S). 

2.  Wim  the  taxi  rayi  art  polarited  ai  tigit  angle*  to  each  otier, — In  thii  cub,  the 
fibmtioiu  of  the  two  vaTe-ajBtenui  takt  place  in  planes  at  right  an^lea  to  ons 
anothar,  and  thenfbra  the  resulting  ajratem  cannot  be  ractilinearlj  poUnsed,  nnlew 
the  diffirence  of  phaie  of  the  tiro  component  TaTe-STstema  ia  either  nothing  or  an 
tvact  molliple  of  a  half  *aTe-len|^  K  ve  imagine  two  nja  travelling  at  hght  ao^ee 
to  the  aur&ca  of  the  paper,  and  paaiiig  through  the  point  A  (Jiff.  6TB),  the  Tibnitiona 
of  the  Bret  (pnaitiTeJ  half-wave  of  tlie  one  ejstem 

being  diieoted  paralleZ  to  Aft,  and  those  of  the  Fig.  S73. 

other  parallel  to  Am  ;  then  if  both  the  wavee  af- 
fect the  paitiele  A  eimaltaneoualj  and  with  equal 
force,  the  reeolting  vibiationa  will  make  an  an^e 
of  iS"  with  those  of  the  component  ware.  The 
aiimath  of  the  vibration  u  then  IS",  reekoD- 
ing  from  An.  1^  aa  the  other  hand,  the  secoad 
■yetem  is  bslf  a  waTe-length  before  or  behind  the 
other,  it  will  ofiect  the  particle  A  with  its  negative 
Tibtation  Am',  at  the  same  time  that  the  pontiTe 
ribralion  An  of  the  other  Bjatem  begins  to  act;  The 
azimiith  of  vibration  ia  then  —  iS°,  always  reckon- 
icgfomi  An. 

Bat  if  the  difference  of  phase  of  the  two  wave- 
ngtema  is  equal  to  a  quarter  of  a  wave-length, 

tne  velocity  An  tben  oSecte  the  particle  A,  juat  aa  the  vibration  imparted  to  it 
by  the  other  eyilem  baa  brought  it  to  n,  and  it  ia  about  to  return  towanla  A :  it 
thersfbre  acqniree  a  rotatory  movement  round  the  point  A.  The  ray  ia  therefore 
cirenlarly  poUriaed,  and  right  or  left,  according  a»  the  ayttam  Am  ia  benra  or  behind 
the  eystem  An  by  a  qnarter  of  an  undulation.  If  the  ampUtodee  of  the  two  syatema 
•re  UDequal,  a  difference  of  phaae  amounting  to  a  quarter  of  a  wave-length  will  ^oduce 
dlipticil  polarisation.  This  kind  of  palaiuation  la  likewise  produced  with  any  other 
difference  of  phase  I  asxptdiig  0  orn .  =  1 ,  whether  tbe  amplitudes  are  equal  M  DDeqnaL 

If  the  two  ^atem*  are  polarised  in  platKs  making  an  oblique  angle  with  one  another, 
adift^ienceof  pbaoeeqnaltoOccfa.'  produces  lectilinear  or  plane  polarisation,  while 
(Tvefj  other  dillerence  [sodnces  elHptical  polansation. 

Itfbllova,  from  the  [TOMdine.considerations,  that  ellipticsl  poUriaation  is  the  tisnal 
(tate  of  polarised  light,  etrcnlar  and  rectilinear  polahsatioD  being  merely  particular 

Suppose  now  a  plane-polarised  ny  to  fikU  On  the  BeparatiDg  stirbce  of  two  transpa- 
rent media,  its  pluie  of  vibration  being  inclined  to  the  plane  of  inddence  at  an  angle 
of  46°.  Each  vibratioD  oaf  then  be  regarded  as  resolved  into  a  component  (P) 
Tibraling  in  the  plans  of  incidence,  and  another  (£)  vit»ating  at  right  angles  to  tliat 
plane;  and  these  two  oomponenta  will  be  weakened  bj  reflection  In  unequal  degrees. 


At  the  incidences  1)0°  and  U°  (measured  from  tlie  normalV  the  two  eomponenia  <»  the 
reflected  t<9  sn>  of  equal  intensiiy ;  but  from  9(fi  to  ff*  the  intensity  of  B  continually 
diminishea,  irheceM  that  of  P,  thongh  it  likewise  diminishes  for  a  oertaiti<  distance 
fnot  90^  towards  0°,  attains  a  minimum  value  at  a  oertain  angle  of  incidenoe,  vrboss 
magnitude  depends  on  the  refiaetave  index,  and  increases  again  fi«m  that  point  np  to 
penendimlar  incidencd 

U  reflection  ftom  metats,  and  also  ftotn  non-netallio  substances  of  high  lefraetiva 
power,  the  quotient  j,  has  always  a  considerable  value ;  but  in  the  case  of  media  of 

comparatively  low  re&activr  power,  such  ss  water  and  ^ass,  it  very  nearly  vanishes  at 
the  limitjpg  angle  above  meotioned.  Moreover,  as  the  vaiioualy  directed  ribratioos  of 
an  (sdinory  (uiniolarisad)  ray  may  be  neolved  into  the  two  principal  components  above 
mentioned,  it  follovg  that,  at  the  l'iniM''g  on^es  the  vibrations  of  the  ray  (if  mono- 
chromatic) will  all,  or  nearly  all,  be  redn^  to  one  plane — namely,  a  plane  perpen- 
dicular to  the  plane  of  incidence;  in  other  words,  the  rey,  ailer  reflection,  will  be 
completely  polarised,  or  nearly  so,  in  the  plane  of  incidence.  The  limiting  angle 
above  referred  to  is  therafore  the  polarising  angle  (p.  653).  It  is  clear  also  that  if  the 
ray  thus  polarised  blla  upon  a  seoond  minor  at  the  aame  angle,  and  thia  mirror  ia  so 

E laced  that  the  vibmtions  of  the  polarised  ray  are  parallel  to  its  plane  of  inddenc^ 
ttle  or  no  light  will  be  reflected  from  it ;  hot  that,  if  the  second  reflector  be  turned 
nund  from  thu  adinnth,  always  remaining  at  the  same  angl^  to  the  ray,  the  qnantitj 
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of  liglit  nflsGlad  irill  gndnally  inereMa  till  th«  plane  of  inddaDCe  upon  tlie  urond 
minor  coinoidM  with  tlut  npon  the  flnt,  fttwbieh  tha  quantity  of  li^tteflrcted  fiom 
the  aecond  migw  will  be  ■  muxiTrmiii.    (8«e  page  SE8.) 

WheD  lig^t  fUla  at  the  polaiisiiig  angle  on  a  anliatanaa  of  eompwatiTely  imall 
Mfracliiig  power,  aa  glaaa,  water,  &c.,  the  intensity  of  the  retHeled  my  ia  much  greater 
than  that  of  the  ndeeted  ray,  inasmndi  aa  a  small  portioD  of  the  light  polanaed  at 
right  angina  to  the  plane  of  inddence,  and  nearly  the  whole  of  tiiat  which  la  polarised 
puallel  to  the  plane  of  ineidenee,  pass  into  the  ir^nctaA  ray.  The  fbrmar  component 
nnites  with  lui  equal  portion  of  the  latter,  T«prodncing  DDpolarised  light,  aa  that  the 
re&acted  ray  conaiata  of  natural  light  mixed  with  light  polarised  m  the  plane  of 
inddfnoB. 

The  two  mmponentB  P  and  J?  not  only  difibr  in  intennty  afler  reflection,  bat  like- 
wise exhibit  a  diffbrenee  of  phase,  F  being  always  more  or  less  behind  S,  ezceptja^ 
auoiding  to  Jamin,  in  reflection  from  one  or  two  Tarieties  of  silica. 

At  the  uiddenee  of  00°,  mnce  a  ray  polarised  in  the  aiimnth  of  W  taUins  ita 
arimnth  unaltered,  the  difbrence  of  phase  of  the  two  eomponsnta  P  and  S  is  either 
nothing  or  equal  (o  on  entire  vare-teiglh  (p.  669).  At  peipendienlaf  inddaaer,  the 
asimnth  changes  ftom  4fi°to  —45°;  oouseqnsntly  the  diffiiTGnce  of  phase  is^.  In  both 
caaea,  therefore,  a  plane-polsrised  ray  remains  pbne-polarised  after  reflection.  But 
at  all  other  inddencea,  the  diflltoence  of  phaae  is  between  X  and  -,  and  conseqasDlly  the 
plane  or  rectilinear  polarisation  is  eouTerted  into  elUptical  polariaatioii.  The  angle  of 
inddence  (or  which  the  diffitrenee  of  phase  —  -r-  'a  enHed  the  principal  incidence. 
It  ia  TNy  little  smallet  ttum  the  polarising  angle  (p.  S53),  calculated  from  Brewaler'a 
fbrmnlsL,  tan  <  >■  ja;  hence,  at  the  principal  inddence,  the  quotient  -^  diff^bnt  little 
tnim  ita  smaUeet  value.  In  anbitancea  of  small  re&mcting  power,  the  pMsage  from  the 
diSbrencaof  phase^to  A  takM  place  qnicUy,  bo  that  the  elliptical  polanwtion  is  per- 
ceptible only  between  veiy  narrow  limits ;  bnt  ii 
_.     mch  as  diai 


n  ordinates,  exhibits  the  differ- 


dpal  inddencea,  or  to  a  diStrence  of  phase—  -7-. 
The  more  refrangible  rayi  acquire  a  gmta'  dif- 
ference of  phase  in  their  two  componontB  nnder  a 
giren  inddence  than  Ibe  Iras  refrangible  laya.  In 
many  metala,  aa  ailrer,  copper,  brass,  and  nickel- 
sUver,  the  ratio  of  the  inteDeitiea  P  :  Hit  snuUer, 
while  in  othera,  as  dnc  and  steel,  it  is  larger  Ka  the 
more  refrangible  raya.  In  consequence  of  this  in- 
eqnalitj,  the  (brmep  metala,  eepecially  whe-  ■"- 


tlie  ineidanoe  of  90°,  that  is  to  aay,  when  tJieioeident  rayjnst  graua  the«nr£»c^all 
well-pdidted  vetala  ^pear  iriiita 


Titorff  e/  Double  Se/raetion. 


The  phenomena  of  refleetian,  refraction,  and  coloration  undergo  conaidBithble  alt<ra- 
tiona  when  li^t  ftlla  nnm  media  throngh  which  it  trarels  with  diflsrent  valocitiM  in 
different  directdona.  This  ie  the  case  m  all  crystals  not  belonging  to  the  regnlu  or 
montnnetria  ^tem  ;  likewise  in  all  media  whose  molecolai  condition  is  altered  in  par- 
ticular dlracttoos  by  pnosure,  or  by  heating  and  andden  coding  aiLch  as  nnsjinealed  giaas. 

Oyrtaism'Wor- '^'-'-  '— -     "- — '■'—  '- ■*-    -    -    ■  

dimettle  and  b 
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crystal 

directioiis  at  light  u^ea  ti  -        .  ^  ^ 

■tnight  linn  bs  dimwn  in  all  dimttions,  uid  pnpoitiona]  in  length  to  the  sqaare  ro. ._ 
of  the  elAvtjcitLW  of  thfl  ether  in  these  seven!  directloiu^  the  termini  points  of  these 
lines  viU  he  Hitnat«i]  on  a  sniftee  of  rerolntion  called  the  inrface  of  elasticity. 
To  find  the  velocitiea  with  irMch  ityt  ore  tiauBmitt«d  in  these  sevenU  diiectiaoia, 
JDugine  a  nnnkber  of  plaae  vavea  to  pass  in  all  directions  thtoagh  the  centre.  Every 
rnjch  TTBTB  cnta  the  anrface  of  eluticity  in  a  closed  cnrrt^  like  _.. 

fiff.  680.     If  the  ctyBlal  is  negative— calcfijBr,  for  eiamplo— the  "3-  "™- 

longest  diamelflr  of  this  carve  liee  in  a  mcridionsL  plane  (called,  " 

in  optical  langosge,  the  principal  Beetion),  the  shortest  dia- 
meter in  the  eqaatorial  plana  of  the  anrfkce  of  eU^tidtj,  If  the 
light-wave  is  polarised,  and  its  vibrations  take  plaao  jr  "--  ■"■ 

leetLon  at,  it  will,  after  penetrating  through  an  extren , 

laver  of  the  erystsJ,  divide  itseu  into  two  polarised  i 
which  vibnte  io  t^c  directions  of  greatest  and  least  elua 
«p  and  cr,  with  the  amplitudes  ea  and  eb,  and  will  then- 
tbre  tnvel  with  tmequJ  velocities  in  the  directioa  perpendi- 
eolai  to  nmpr.  It  is  as  if  the  molecules  of  the  ether  were  com- 
pressed in  tJie  dincttOD  of  the  principal  axis,  so  that  a  viI>ratoi7 
movement  cannot  easily  be  propagalM  in  a  direction  obliqne 
to  that  axis,  but  is  resalmd  into  two  in  the  manner  above  men- 

Ihe  same  result  will  easna  if  the  incident  wave  consists,  not  of  polarised  but  of 
natural  li^t,  ezcepting  that  the  two  polarised  components  will  then  Have  eqnal  inten- 
sittm,  since  they  are  made  np,  not  only  of  the  components  of  vibntions  in  the  direction 
a,  bat  likewise  of  those  of  vibrstiuns  in  all  other  directions  vritbin  the  plane  mnpr. 
If  the  incident  wave  coincides  with  the  equatorial  plane  of  the  surface  of  elasticity,  the 
two  semidiameten  ep',eT  are  equaL  In  this  case,  the  light  is  not  polarised  in  two 
directions  at  right  auglee  to  one  another,  but  the  wave  travels  onwards  withont  dividing 
itself,  in  the  direction  of  the  priDdpal  crvstaUcfTsphia  axis,  which,  on  acconnt  of  this 
pcopeMy,  is  denominated  the  optic  axis.  Crystals  of  the  dimetxic  and  heugonal 
systems  ue  optically  nnisziaL — If  the  plane  wave  pasnng  through  c  coincides 
with  a  meridional  plane,  the  diffiirence  of  the  two  velodtieH  of  transmission  is  a 
maximum,  since  one  of  the  components  calls  into  action  the  nuximom  amoDut  of 
elsstid^  in  the  direction  of  the  axis  itselt.  The  velocity  of  transmisaon  of  the  other 
component  remains,  aa  above  mentioned,  the  same  in  aJl  directions,  inasmuch  aa  it  is 
always  pnportional  to  the  ivdins,  cr,  of  the  surfiuw  of  elasticity,  it,  now,  we  ims^ne 
the  inflnite  number  of  plane  wave-iorhces  passing  in  all  directions  through  the  point  e 
set  in  motion  at  the  same  time,  according  to  the  laws  above  detailed,  they  will,  after  a 
short  time,  enclose  two  different  curved  sor&cea  called  the  wave-sorfaces  of  mono- 
axial  crvstala.  Oneofthesesnr&cfe,  corresponding  to  the  light  which  vibrates  in  the 
equatorial  plane,  or  at  right  angles  to  the  principal  section  (i.t.  polarised  in  the  principal 
Bpction,  p.  657),  is  a  sphere ;  Oik  second,  correspouding  to  that  which  vibrates  in  the 
princi^Bl  section  (or  ia  potaiised  at  ri^ht  angles  to  that  section),  is  shown  by  calculation 
tu  be  an  eUipeoid  of  revolution,  which  lonchee  _. 

the  sfdiera  at  two  points  situated  on  the  optic  "S-  ""l- 

axis.  Pig.  681  ia  s  meridional  section  of  the  two 
wave-snraces.  In  any  direction  through  such  a 
crystal,  two  rays,  ^larised  at  right  angles  to 
each  other,  travpl  with  the  velocities  mg  and  mf. 
The  TibratJons  of  the  first  cay  are  perpendica- 
lar  to  its  direction,  but  those  of  the  second  are  c 
not ;  they  take  place  in  a  plane  touching  the 
ellipsoid  at  the  point/,  so  that,  to  find  the  velo- 
city of  ttmsmiseion  of  the  plane  wave  correspond- 
ing to  the  ray  «/,  it  is  necessary  to  draw  a 
perpendicular  ih>m  m  lo  the  plane  which  tonchea 
the  dlipsrad  mf. 

Prom  this  theory,  first  developed  by  Fresnel,  all  the  phenomena  of  double  refraction 
may  be  deduced  in  a  very  simple  manner.  Suppose  a  beam  of  parallel  rays  correspond- 
ing to  the  plane  wave  b  g  {fig.  882)  to  fldl  npon  the  surfcce  of  a  monoaxial  dystal — 
cHlcsur,  for  example — whose  optic  axis  is  ia  the  directioa  hi.  Bound  A  as  a  ceptr* 
descnbe  the  two  wave-sorfu^es,  so  that,  takings/  aa  nni^,  the  raditu  of  the  sphmieal 
sur&ce  may  b*  „:g;;.  »nd  that  of  the  ellipsoid  jTrgs.    Imagine  also  a  line  drawn 
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through  /  at  right  angles  to  the  pbae  of  th<i  figare,  tai  timtngh  this  line  soppoM 
pl&nes  to  pan  tondiing  the  apheM  in  A,  the  elljMoTd  in  h  ;  then,  aa  explained  with 
Teference  10  Jiff.  665  (p.  009),  b  A  and 
^V-  *82.  in  will  be   ths  direcUona  of  the  two 

re&Bcted  raje.  The  yibratioBS  of  the 
Taj  bA  are  penendicular  to  the  plane  of 
incideiiea,  which  is  thia  case  is  also  the 
principal  section  ;  those  of  the  i^  b  n 
are  p^vllel  to  the  plane  of  incidence. 
The  ratio  of  the  TelodtiM  of  the  ra^  i  A, 
without  and  within  the  ciyBtal,  is  inde- 
pendent  of  the  angle  of  inddence.  as  in 
— ft  naoTltaUised  m^a  and  djatala  be- 
'""~"~  •-  the  regular  Bjit*ni  (iao- 
medial  aince  the  corre- 
.  „  a   sphere, 

niia  nj  is  theiefbre  called  the  ordi- 
narj  raj  (O).  Bnt  the  index  of  le- 
fraction  of  the  second  ray,  in,  Tariea 
with  the  ai^e  of  inddenoe  :  huice  this 
ray  ia  eallad  the  extrsordinsTvraj 
(£).  In  calcBpar,  and  all  other  negatiTs  eiTEtal^  it  is  kea  than  that  of  the  oi^niiy 
ray. 

If  the  pUne  of  inddenee  neither  coinddea  with  a  principal  aection,  as  in  the  ^e- 

Etding  eivnplB,  BOr  i*  perpendicular  thereto,  the  plane  drawn  through  /  tangential  to 

Pig,  S83.  the  dlipae  will  tondl  it  in  a  point  not  contained  in  the 

Kne  of  incidenca ;  the  extraordinary  ray  then  denstee 
m  the  plane  of  inddence,  which  is  never  the  caae  in 
ordinary  refraction.  Aa  in  negative  crystals,  the  ei- 
traonliiiBiy  ray  ia  alwaya  leaa  refracted  than  the  ordi- 

Inary  ray,  and,  in  comparison  with  this,  a[^>ean  to  be 
repelled  from  the  optic  axia,  thesecrystalsarasometimea 
calledrepnlaiTe:  poaitiTeeiTStala,  onthe  other  hand, 
in  which  the  extiaordinair  ray  ia  more  refracted  than 
the  otdinaiy  ray,  are  called  attractive  crystals. 

The  opti:^  relations  of  pomtive  uniaxial  oyatala  are 

exactly  similar  to  those  of  n(«ative  oyatals,  excepting 

that,  aa  the  elasticity  of  the  ether  is  a  minimum  in  the 

direction  of  the  optic  axis,  the  velodty  of  the  light  in 

this  direction  is  a  maximmn.    The  wave^anriace  o!  the 

ordinaiy  ray  encloses  that  of  the  extraordinary  ray,  u 

shown  in  sMion  in  fy.  6S3.    The  ray  E  in  these  dystals— rock-dystal,  for  example 

— is  more  stiongly  refracted  than  0. 

The  {Allowing  is  a  list  of  the  most  important  nuiaxial  dysltls : 


Potititie  or  AltracUve  CrytaU. 


Tungetate  of  xil 


H^snlphale  of  caidnm. 

DioptBse. 

Bedsilvsr. 


Tonrrosline, 

BubeUite. 

Conndnm. 


N^ativt  or  Bejndtive  Cryitali. 
IdocFsee. 
Wemerit*. 

Phosphate  of  lead. 
Anwnio-phoBphate  of  lead. 
Hydrate  of  s^ntiDm. 
Aisenate  of  patsssimn. 
Chloride  of  calciiun. 
Chloride  of  atfontiiim. 
Bane  phOBphate  of  potaa- 


Sulphate   of   nidcnl 

CiiiiiaW!. 
Mellite. 

Kolybdata  of  lead. 
Octohedrite. 
FhoephSite  of  odd  am 
Araenirte  of  lead. 


NephelincL 
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From  Oia  explanation  joot  givoi  of  doabla  refraction  in  ntii^»i»l  trjgtaia,  it  foUcnni 
that,  fbr  the  complete  optical  chametATisation  of  sucti  &  body,  it  ia  anffiaieat  to  koow 
thr  ETBateet  and  Uaat  mocitiee  of  light  tJiereio,  or — vhich  cornea  to  the  aJne  tiling — 
the  indices  of  refraction  for  the  two  oppodt^  palarised  isjs  wMch  tnreise  tJie 
eryatsl  in  a  plane  perpeDdicnlar  to  the  ana.  To  find  tlieea  indices  of  refraction,  Uie 
C^Mal  miut  be  cnt  la  the  fbnn  of  a  priim,  with  ita  refracting  angle  parallal  to  the 
Opda  (or  principal  aratallographic)  azia,  and  the  leaat  deviations  of  the  seTeral 
ootoniedrajainUieordinaiyandeitnoidinazjinuge  maanred  bj  tlie  methods  alieadj 
described.  The  Talnea  Uiua  fbund  ar^  of  conns,  t^e  only  ibr  the  particnlar  tempera- 
tnres  at  which  thef  are  mearaied.  Changeof  temperatnreliki-wise^ectB  therefractiTS 
iudkea  of  donUa-refiacting  dyltala  in  a  pecaliar  manner,  because  tlie  rate  of  eipanaion 
by  heat  of  thcaa  djatala,  in  the  direction  of  the  optic  axis,  is  not  the  same  as  in 
direcdons  perpandicnlaT  1«  that  aiia.  CsJispar,  tor  example,  expands  in  the  direction 
of  ita  optic  axiB  joining  two  obtase  anmrails  of  the  rhomlxibedran,  more  etrongly  than 
.  in  any  otiiar  dirMtion,  the  rhambohedroD  at  the  same  time  approaching  in  form  to  the 
cobs,  wh3e  the  donbls  refraction  perceptibly  dlminiahes,  or,  in  other  worda,  the 
refraetive  indices  of  the  rsya  E  and  O  appoaca  more  nearly  to  eqnslity.  Very  exact 
measorements  of  indices  of  refraction  of  Frauohofer's  seven  lines  (S — S),  in  the 
ordinary  and  extraordinary  images  of  calcspor  and  lock-ciyatal,  toeelher  with  the 
'■     ■'    m  by  chsng      '"  ...  f   .     -^     .. 


I  for  the  diflerent  colonred  ran.  In  unphyllite,  indeed,  this  inei^Bality  is  s 
^  t  that  the  crystal  is  positiTely  donblo-tefrncting  fiw  the  bins,  negatiTslj  for  tie 
red  rays,  and  ain^e-ref^acting  fbr  an  intermediate  ny, 

2.  Oiyilalt  viA  two  Opiio  axtt. — In  all  ciystals  belon^g  to  the  remaining  systems, 
viz.,  the  trimetric,  roonoclini<v  di  clinic,  and  triclinic,  there  are  two  directions 
or  ales  in  which  an  ordinary  ny  of  light  mfiy  pass  without  being  split  into  two. 
Hence  theae  crystals  are  called  bi-  or  di-aiiaL  The  somewhat  more  complex 
phenomena  which  they  exhibit  are  also  completely  explained  by  Fresnel's  theory. 

The  elasticity  of  the  ether  in  these  crystals  is  <tf  nneqnal  maniitnde  in  three  direo- 
lions  at  right  angles  to  each  other  (the  three  axes  of  elasticity).  If  we  call  the  modnina 
of  greatest  elasticity  a',  of  the  middle  V,  and  of  the  least  i^,  and  imagine  linee  drawn 
frnm  the  cantfe  of  the  cr^al  in  all  directions,  proportional  to  the  square  loota  of  the 
elastidtiea  called  into  actiTity  in  thi>fle  screral  directions,  the  enda  of  these  lines  will 
be  aitnated  on  a  anrface,  callrd  the  surface  of  elaatieity,  hnving  three  oneqnal 
axes.  So,  V),  ie,  at  right  angles  to  one  another;  and  if  plane  waves  be  supposed  to  pass 
throngh  the  centre  of  this  anr&ce  In  all  poaalble  dlre^iona.  as  in  the  case  of  uniaxial 
eryst^  each  of  these  will  cnt  the  anrfkce  of  elasticity  in  a  closed  curve.  AH  vibra- 
tions in  snch  a  plane  wsve-sur&CB  are  vei;  quickly  resolved  in  the  directioa  of  the 
greatest  and  least  diameters  of  the  plane  section,  which  are  perpendicular  to  one 
another;  and  the  wave  is  divided  into  two  which  travel  onwards  parallel  to  each  other, 
bnt  with  nneqnol  velocities,  proportional  to  the  square  roots  of  the  elasticities 
which  are  set  in  action  in  the  direction  of  those  diameters.  If  all  these  plans 
wavH  are  supposed  to  be  set  in  motion  at  once,  they  will,  after  a  given  time,  eaiclose 
the  wave-surface  of  biaxial  medio. 

Fiff.  684  exhibits  three  sections  of  the  wave-surface  cnttlns  one  another  at  right 
angles.  Of  the  two  perpendicular  to  (he  plane  of  the  figure,  me  vertical  section  con- 
tains on  eUIpse  enveloped  by  a  circle ;  the  horiaontal  section,  a  circle  enveloped  by  an 
ellipse ;  the  section  in  the  plane  of  the  paper  consists  of  an  ellipse  and  a  tirhle  inter- 
secting one  another :  thev  are  rppresented  aeparafely  in  fig.  flSS.  The  circle  in  each 
section  belongs  to  rays  whose  rihrations  ore  perpendicnlar  to  the  plane  of  that  section, 
and  therefore  in  the  direction  of  an  oxia  of  elasticity :  such  rays  sufiTer  ordinary  refrao- 
The  ellipse,  on  the  other  hand,  gives  (he  vatod^  of  transmission  of  the  eitm- 
—  r^s,  whose  vibrations  are  parollat  to  the  plaDe  of  the  aecHon.    To  obtain  the 


ordinary 
three  eha 


three  eharaetaristie  refractive  indices  of  m,  K,  f~  of  a  biaxial  crystal,  three  pi 
ba  ent,  havii^  their  refracting  angles  respectively  parallel  to  the  three  axes  of  elasti- 
dtj,  uid  the  minimmn  deviation  of  the  seven  principal  rays  detarminad  in  each  of 
them,  for  that  coe  of  the  two  colonred  images,  whose  plane  of  polarisation  is  perpen- 
dicular to  Ihe  refracting  angjla.  This  measurement  has  been  very  carefnUy  performed 
bj  Rndberg  ibr  omgonite  and  topas.  Both  the  refractive  indices,  and  tile  ratios 
between  them,  vary  with  the  temperature  in  biaxial  as  well  ss  in  nnisxisi  crystals. 

The  ratio*  — ,  — „  which  express  the  strength  of  the  double  rei^action,  appear  to 
increase  in  all  crystals  from  the  leas  to  the  more  refrangible  rays.  Id  OTatals  of  the 
trimetric  ^stem,  the  axes  of  elasticity  have  the  same  direction  for  all  tiie  ooloured  raya. 
The  OTstalB  at  the  mono-,  di-,  and  tri-dinio  systms  appear  to  exhibit  a  diflfarent 
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In  t'wo  ilirMtioiM,  ab  ind  a'b'  (Jig.  686)  making  eqnil  uglea  iritb  the  Aiii  of  gnalcat, 
Hid  also  with  Ih&t  of  leut  elactidtj,  the  inrikoe  uf  eliia- 


tidt;  U  cDt  in  ciielea.  At  right  uu^es  to  the  plaseB  of 
these  cirdee,  and  therefore  in  the  dinctiona  Or,  Or",  m 
piqiagated  withont  being  reaolTed  into 
w»H-^  .~.  _»ed  aa  to  its  atatd  of  polanution.  Thc*« 
diTectionBweradeaign'tolbjFnaneliaa  the  true  optio 
Bzea  of  the  atjat^  But^  aa  ahown  by  fig.  666,  tbere 
a»  likewiae  two  directiaoa  in  wbieh  the  OTdiDaij  and 
extRMtdinwy  taja,  which,  tberefbre,  baUuw  to  diferant 
wsTM,  ue  tnuumitt«d  with  Uie  tamt  Telocitj.  TbeM 
directioiu;  which  unite  the  points  of  inttmeetion  P  of  tha 
pllipae  and  citde  with  the  centie  H,  hare  leceired  the  name  of  apparent  optic 

As  nay  be  seen  from  the  flgnre,  it  depends  npon  the  ratio  o!  the  mean  velodty  t£ 
tnnanisnon  Mq  to  the  greatest  Mn  and  leut  ilo',  whether  the  appaient  optie  axes 
fonn  a  smallei  angle  with  the  axis  of  greatest  elastidtj  and  least  velodty  of  tiana- 
tnission,  orwith  tJiat  of  least  alsstidtf  and  greatest  velod^  of  transmission.  In  the 
fbrmw  case,  the  crjiital  sppFOiinutM  m  its  optical  charact^  lo  calcspar,  and  is  theie- 
fbre  called  apticallj  negatiye  (s,^,  amgonite);  in  the  latter,  to  rock-OTstal,  and 
is  therefora  called  opticall;  positiTe  (e.g.  topax).    The  line  which  bisects  the 

"'e  an^e  of  (be  optic  axes  is  the  median  line  ;  that  which  bisects  their  obtnse 


angle,  the  supplemental  linei  and  the  line  peipendicnlar  tc 
norma].  The  last  is  alw»B  the  axis  of  mean  eUBtidtr;  the 
with  the  axis  of  graatrat  ebstid^  in  n^ative,  and  witn  that  at  least  dastieity  in 


s  alw»B  the  axis  of  mean  eustidtT ;  the  median  line  ctHnddea 

poeitira  crystals. 


To  find  the  rayi  belonging  to  a  gifen  plane  WBTe-siufiKe,  plann  moat 
pMBllel  to  this  plane  and  tai^ntiJ  to  the  waTe^anrfitea,  and  the  Mint* 
joined  with  the  centre.  This  eonstnution  always  yields  two  taogeot-^anea, 
lore  two  rays.    It  is  only  when  the  waTe-plaoB  is  perpendicolar  to  one  of  the  bne  optia 


moat  be  drawn 
of  coatAct 


axes,  that  the  two  tangent  planee  coindde  in  one,  which,  h 
At  the  point  P  (fy-  SSfi),  the  wi 

ig  conea,  the  plans  ware  BS,  which  is  peipendi 
the  fiinnel  and  tondiing  the  cnrrad  waTS-sorl 
.  '.    To  this  wave-plane,  therefore,  correspond  all  nn 
oceedisg  &oin  the  cenlie  M  to  (he  several  pointo  of  the  drcomference  of  that  eird<% 


waTB-sorfoce  in  a  drde.    At  the  point  P  (fy.  SSfi),  the  waTe-sorfoca  tanat  ftuuid- 

^  .  .  and  tond     ^ 

circle  having  the  diameter  QT.    To  this  wave-plane,  therefore,  correspond  all  ran 


ihaped  depressions  or  re-entering  conea,  the  plane  ware  BS,  which  is  peipendiealat  tl 
'""  fnnnel  and  tondiing  the  carved  waTS-sorfUM  in  a 


shaped  depressions  or  re-entenng  i 
the  tme  o^tic  axis  MT,  doeing  ttu 
circle  having  the  diameter  QT. 


at  right  angles  to  the  median  line,  in  sodi  a  direction  that  it  would  emeige  in  tha 
direction  of  the  tme  optic  axis,  it  divides  itself  into  a  conical  beam  of  rays,  which,  aa 
they  belong  to  the  ume  ware-plane,  proceed,  ailer  emerging,  parallel  to  one  anotiier 
in  a  rylindrical  beam.     Ibis  phraiomenoo,  the  so-callM  cylindrical  IB  inner 
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conical  lefiaetion,  beeonm  perceptible  only  when  the  umgonite  pUte  lua  a 
UuekiuM  of  at  least  a  centimetre. 

Eveiy  line  drawn  from  the  cmtre  to  the  nrfkee  of  the  wave,  t.g.  MT  or  HQ,  cats 
tiuB  sorfkee  ia  two  pointa  comnonding  to  the  two  raji  wlueh  tiat^  in  lUi  direction. 
The  wBTC-^anea  beLmgina  to  t&eee  layi  are  ftxmd  t7  dnwing  laiuait-plaiiee  to  tha 
_.:_^  ^  t^,,.^^^:.^  «'tl  .1..  ..».«.  —.___.«._.      It  u  oSj  the  raj  MP,  — i^-"- 


planea;  and,  ecweeqnently,  once  tlie  Tdoct^  tA  the  wan-plaa*  within  the  aortal 
dflt«nninee  the  ttxn^  ei  th«  rafraetion,  t&^n;  HPjidoa  an  inflnita  nombei  c< 
nbacted  ia;i  dircoging  from  one  anothw  in  %  con*.  lUi  Nmattable  [lieniHueDon, 
called  external  eonieal  rsfraotion,  ma? b«  obMcred 'b; eDTariag tha two  paialld 
lac«a  of  a  plate  of  aaagonite  ent  pcspendiciuar  to  the  median  line,  with  aaecu^  each 
haTing  a  fine  aptston  ao  ntoated  tb^  the  line  joining  the  two  apertaiea  cnutctdaa  with 
an  appannt  optic  axil  of  the  erynaL  If  a  convnging  pendl  of  nye  from  a  near  •avree 
of  li(^  be  diiected  on  one  &oe  of  tho  aztlgouite  platc^  a  cenicallf  dirvgoit  paad) 
em«^  from  the  other. 

The  polaMatiim  phenranana  of  the  two  i^e  pEooaeding  in  uij  given  diiecdm  an 
eaalj  detmnined.  If  planes  be  made  to  pan  thiough  the  ra;  and  the  two  ijiparent 
optio  axci^  the  diieetion  of  Tibration  of  tba  one  raj  biaecta  the  aente,  and  that  of  the 
other  I*?  the  obtnee  au^  of  the  two  planea^  The  directioni  of  Tibiation  (and  theie- 
foi«  b1»  the  planee  of  polariaatdon)  of  the  two  Eaji  aie  therafbra  alwaja  perpendienlar 
to  one  anotliHr, 

If  the  three  chaiactanetie  refraetiTe  indices  ^  li,  n',  of  a  cijstal  an  faiown,  and 
fi*  >  /  >  fi,  thoD,  uFnonl  bu  shown,  the  tngje  ifiiic  the  tina  optio  ax«f  bu^ 
be  calcnlated  bj  the  tbtmnlc: 


and  the  anglB  2a  tf  the  apparent  optic  aiea  bj  the  fbrnnhe ; 

tio^  -  -Z~'^^  ;     rin'a- '*!"''!■ 

It  will  be  Men  that,  in  n^atdre  djatalB,  the  affiarant  optic  aiM  form  a  eomewhal 
Uiger  an^  than  the  ttne  optic  axes,  whereas  in  positive  czjitale  the  contiaij  is  the 


Sulphate  of  nickel  (certain  ^eci- 

Nitnta  of  potassinm 
Carbonate  of  stiontim 
Carbonate  of  bariam 
Tals    . 

Salphocarbanate  of  lead 
Mother  of  peari    . 
H jdiat«  of  bamm 
Arrucmite  . 
Cjanide  of  potsvinoi 
(jjmophana 
Anbjdrite    , 


Salphata  of  n  ^ 
Snlphata  of  bannm 
Spermaceti  (abont) 
K>rax  (nallTe)  . 
Nitista  of  line  . 
Sdlbite 

Salphateirfnicid 
Anfijdrita  (Biot) 
Lqndolila    . 


r  BuxuL  Cbtstua 


Sulphate  of  stiontiiim 


Snlphata  of  ■odinin  and  magnegiiui 
Snlphate  of  anunonitun 


10  36 

11  28 
18  18 

18  18 

19  24 

27  fil 

28  7 
28  13 
31  8 
37  21 

37  12 
87  40 

38  48 

40  48 

41  42 

43  4 

44  41 


46  48 
iS  8 
.66      0 


Snlphohjdrochlorate  of  magnedimi 

Snlphate  of  naguesimn 

Phosphate  of  sodiom 
Comptonite  . 
Sulphate  of  caleiani 


Felspar 

Sulphate  of  potasaiiun 

CaAwnate  of  aodium 

Acfltata  of  Insd    . 

Citric  acid    . 

Taitcata  of  potaraiun 

Taitaiieaeid 

Tsitnte  of  potaMiom  ( 

Csiboaat«  01  potaasinn 

Qntiitc 

Cblamte  of  potassinm 


Feiidota 
Soccinieaeii 
Belpbate  of 


copper 


67  0 
70  1 
70  25 

70  29 

71  20 

79  0 
8(1     0 

80  10 

81  48 

83  0 

84  18 
84  80 

87  se 

90  0 
90  0 
78    0 
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It  will  b«  obserred  that  topac,  and  more  cspeciallj  mica,  exhibit  yeiy  diSbrect  an^ra 
in  diffeient  BprciineiuL  SinarmoDt  expl&ma  thia  saomUj  b;  regudiug  these  bodim  as 
miitiina  of  tiro  isonuaphoiu  sabMaoces,  in  which  the  pUoeB  of  the  axes  aie  pcrprn- 
dieolar  lo  each  other.  He  haa  ehoim,  in  &ct,  thi^  h  crjatal  formed  b;  a  miztare  of  tiro 
anbstaniH  hue  its  axee  mon  or  leee  inclined  to  one  anolher,  or  aitnaled  in  pUnei  whoae 
position  Tanea  by  EK)°  &om  one  apedmen  to  another,  according  to  the  proportianH  of 
the  miztun.  In  the  caae  of  mio,  irbich,  aa  Sinarmont  baa  Bbown,  cnataUiats  in 
right  pciam*  with  rhombic  base  (trimaCric),  th«  plane  of  the  axes  is  parallel,  aomstiniea 
to  the  longer,  sometimn  lo  the  ahcstor  diagonal  of  the  baas.  (Dagnin,  IVaiti  dt 
Pl^tiqiu,  V,.  *8».) 

RefUeHatt  ef  IJgit  from  BoitbU-r^racting  SletUa. — The  refleedon  of  Ught  from  the 
mrhoe  of  donbl»-relk)icting  ojitala  foUova,  so  far  aa  rcgarda  the  difierence  of  phase 
of  the  two  priiteipal  conponents  polaziaed  parallel  and  peipendiciilai  to  the  plue  of 
incidence,  the  same  lawaas  thoss  niidi  are  obserred  in  reflection  &om  isophanotu  media. 

On  the  other  hand,  the  alt«ralioiia  in  tiie  azimnth  of  polarisation  deptoid.  not  onlj  on 
the  angle  of  ioGideiue,  bat  likawiae  on  the  inclination  <n  the  reflecting  snr&ee,  and  the 
plane  at  iuddence  to  the  axes  of  the  crTstal,  Even  when  a  poluisea  raj  fella  pnpen- 
dunlarly  on  a  donblr-ie&aeting  snrbce,  the  azimuth  of  polarisation  dins  not  remain 
nnallBred.  In  particular  cases,  bowerer,  no  allcraljon  takes  place :  for  Rxample,  in 
uniaxial  OTStal^irheD  the  rcAectins  anrface  ie  perpendicular  to  the  optic  axiB,(ir  wfann 
the  plane  at  ineideDca  eoincidea  with  the  pinapal  section.  For  each  relatiTe  position 
of  the  ivfleeting  aarfhec  and  the  plane  of  incidence,  there  is  alwaji  an  angle  at  inci- 
denee  at  which  the  aaimnth  remains  onallered.  It  must  also  bs  obserred,  that  alien 
light  is  rsfleeted  within  a  donbI»-nfra«ting  madiam,  each  incident  raj  gives  two 
n^acted  tan ;  that  in  uniaxial  crystala,  only  one  of  the  reflected  rays  remains  eon- 
stantlj  in  Uie  plane  of  incidence,  whereas  the  other  ma;  dsTiate  thereftom ;  and  that 
in  biuial  errstals,  for  the  moat  part,  neither  of  the  two  reflected  rays  remains  in  the 
plane  of  incideDce. 

CclouTi  ofPolaritid  Light. 

Donble-Tetracting  substances  viewed  in  polarised  light  often  exhibit  brilliant  eoloars, 
the  exact  observation  of  which  affords,  in  most  cases,  an  eagier  method  of  detennining 
the  position  of  the  axes  of  the  crystal,  than  the  mere  separatian  of  a  ray  of  light  into 
two.  which  is  distinctly  perce^itible  ody  when  the  double  refraction  is  atning,  and  the 
etystal  baa  a  conaidenble  thickness.  Hence,  the  observation  of  these  coloored  phe- 
nomena is  of  great  eerriee  in  the  atudj^  of  crystalline  structure. 

Since  the  two  mys  into  which  an  incident  ray  of  common  light  is  divided  on  entering 
a  double-refracting  medium  travel  through  that  medium  with  unequal  velodtiee 
(p.  6S1),  th^  will,  on  emeiging  from  the  medium,  exhibit  a  certain  difference  of  phase. 
Aa,  bowerar,  the  vibrations  of  the  two  raya  always  lake  place  in  planes  at  rif^t  angles 
to  one  another,  they  cannot  interfere  so  aa  to  prodoce  any  coloration  or  variation  ofin- 
\tjmtj.  Hence,  the  two  images  seen  through  a  double-refracting  crystal  in  ordina^ 
li^t  are  colouriess. 

Bat  the  case  is  difll^reDt  when  the  crystalline  plate  is  viswed  in  a  polarising  appa- 
tataa,  say,  between  two  tourmalinea,  or  two  Nichol's  prisms,  one  serving  as  polanser, 
the  other  as  analyser  (p.  660).  The  rayi  which  fall  on  thia  plate  are  then  polarised  by 
the  action  of  the  first  prism  or  tourmaline,  that  ia  to  say,  their  vibrationa  are  reduced 
to  one  plane.  If  thia  plane  ia  parallel  to  one  of  the  dirrctiona  of  vibration  in  the 
double-refracting  plate,  they  paas  through  it  without  farther  decomposition,  ao  that 
only  one  ray — ordina^  or  extraordinarjr,  as  the  case  may  bo— paaabs  through  the  plate. 
But  if  the  directioD  of  ribration  CP  {fig.  687)  of  the  polarisM  ie  inclined  at  i5°  to  the 
Fia  SS7  ^"'  '^''^'^O'^B  of  vibration  Co,  Ge,  of  the  double-refracting  pUta, 

^'        '  two  componenta,  Co,  Ce,  of  equal  intensity  are  obtainoi    Suppose 

BOW  that  the  difi^nce  of  path  of  the  two  corresponding  rays,  after 
paaaiDg  through  the  plate,  is  eqnal  to  an  even  nnmber  of  half  wave- 
lengths; the  vibrationa  will  then  proceed  simnltaneously  tium  C 
toirarda  oand  t;  and  if  tbe  direction  of  vibration,  pq,  of  the  ana- 
lyaer  is  at  right  angles  to  that  of  the  polariaer.  Fa,  the  vibrations 
Co,  C>,  will  then  yield  two  equal  and  oppoiile  components,  Cp, 
S  C;,  wUch  will  destniy  one  another.  Consegnently,  if  the  incident 
li^t  is  monochromatic,  the  field  of  view,  in  thia  position  of  the 
analyser,  will  be  dark.  I^  on  the  other  hand,  the  polariaer  and 
analyser  are  placed  with  thsir  axei  parallel,  sothat^  eoincidea  with 
CP,  the  components  of  Co  and  Cs  mil  both  lie  in  the  direction  Cr, 
and  will  strengthen  one  anoth'er,  bo  tbat  the  field  will  be  light 

If  the  difibrence  of  path  of  the  ordinaiy  and  extisordinaiy  rays  ie  equal  to  an  uneven 
number  of  half  wave-lengths,  tbe  Tibrations  will  prnnonl  &»  C  aiinaUaneottil;  in  tha 
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Une&am  Co  u>d  C/;  eontegiieiitly,  the  pbenomsns  jort  dncribMl  iriQ  be  exactly 
nruwd,  tlw  fleld  being  dufc  whan  the  axea  of  the  two  tooimaliiia*  or  Michol's  {aisina 
ANpanllal,  and  light  when  the^  an  atmei. 

When  the  indtUDt  li{^t  ia  miitt^  it  ia  only  paitieiilar  coloaTed  raya  that  deetroy 
each  other  completdy,  or  atrragthen  one  SDOther'B  ellM  in  the  greateat  Aegne; 
coQMqnantly,  the  Said  ia  never  dark,  bnt  the  doable-refracting  plate  appeals  ooloored, 
the  oolonra  Taiying  aocording  to  the  thickneea  of  the  [date ;  and  for  any  particular 
tUaknta^  being  eomplementary  to  one  another  in  the  two  relatiTe  poaitiona  of  the 
polanaar  and  analyaar.  When  a  donble-rsfracting  priam  (p.  6A6)  ia  naed  aa  analyaer, 
two  imaeoB  are  aeai^  llie  colooia  of  which  are  complementary  to  one  another ;  uid  if 
the*  uelaige  mon^  to  intenect,  the  OTerflqiping  portion  ia  white. 

when  a  thin  wmlge-ah^ied  [date  of  a  doable-re&Bctijig  oyital — gypeam,  for  ex- 
ample— il  placed  between  tiie  eroaaed  Hichol'a  piiama  or  tonnnatinea,  a  geriea  of 
coloured  atripea  ia  obasred  following  exactly  the  order  of  colonn  of  Newton'a  ringa 
(p.  MO).  Id  the  thinneat  part,  the  wedge  ia  coloorieaa,  because  there  tlie  difierrace  of 
path  of  c  and  t  ia  only  a  amaU  fraction  (^  the  wave-Iengtha  of  all  the  colooied  raya. 
At  a  eotnewhat  greater  thiftnuat,  the  Tiolet  and  Une  raya  diauipear  flrat,  and  the 
eolotu  iiiiinra  thnn^  yeDowiah  white  and  camnge  into  red  cf  the  ant  oider.  Beyond 
thia  point  the  reDow  and  red  r^a  diaajqwar,  and  a  bloe  stripe  ia  prodoced,  and  ao  on. 
When  the  thidcMaa  ia  ao  great  that  the  diJEraenca  in  Itogth  at  path  of  o  and  «  amonnta 
to  a  ntiU^iIa  of  the  waTS-lengChe  of  a  great  nomber  of  laya  diffliied  thniagh  the 
entire  apcArnm,  the  remaining  r^a  together  raodnoa  white  light :  hence  platea  of 
doable-refracting  anbalancaib  abon  a  certain  fhirhmw,  do  kiwer  appear  colonred  in 
poladaed  ligihl^  H  bowem,  the  white  li^t  which  has  paaaed  uroo^  each  a  plate  be 
SeannpoBea  by  a  priam,  the  leanldng  apedzam  ia  aeoi  to  be  trareiBad  by  a  great 
unmbn  oT  black  liuea. 

Whan  the  tonnnalinea  or  ITidiol'a  priania  are  placed  with  thur  axea  panUal,  tlte 
ooloon  prodnced  an  comiJementarj  to  thoB»  alxnre  doeribed ;  hence  it  la  clear  tbat 
nnpolariard  tight  can  nerer  prodnoa  uy  eoknin  in  donble-refracUng  platfa,  inimnBch 
M  it  connrte  of  Tibntjona  in  all  poanble  uimnths,  aa  that  the  coloor  produced  bj  sny 
palticiilBr  set  of  Tibratdoni  ia  aiactly  compeOBatrd  by  the  complementair  colimr  <^ 
another  set  at  right  anglH  to  the  first,  the  two  tiigether  reprodaang  white  light. 

A  Qiin  Oba  at  gypania  in  which  a  drcular  csTitj  of  very  long  isdiua  ia  made,  exhibits 
''■■'"  if  coloored  rings  oiaMly  afmilaT  to  Newton's 


We  have  hitherto  nippaaed  the  plate  to  be  placed  at  right  onglea  lo  the  raya.  On 
mdnally  inclining  it,  the  colonn  change — flnit,  because  the  raje  havr  then  to  paaa 
uiroogh  a  greater  thickneaa  of  the  plate ;  aecondly,  becanae  the  angle  which  the  rays 
fbrm  with  the  axia  ct  axea  of  the  ciyetal  also  Taries,  and  thia  dicnmstsnw  likewise 

~ "  -       •  ....        ■  hiekness  of  the  orystaL 

_  ,  raystal  cut  perpendicularly  to 

la  doea  not  exhibit  tlie  eolonra  abore  described  when  Tiewed  bj  parallel  rajs, 
becaoae,  in  the  direction  of  the  azi^  the  two  isya  o  and  e  have  equal  Telodties,  or,  in 
other  wMda,  are  rednced  to  one  ra^.  Bnt^  when  diverging  light,  proceeding  from  a 
hnainooa  point  at  a  ahort  diatanee,  is  made  to  pasa  throi^  the  cryatalline  plate  placed 
between  two  tourmalines,  or  when  the  analysing  tonrmabne  is  placed  so  pig_  ggg. 
doae  to  the  eye  that  the  Tieoal  rays  conrerge  strongly  towards  the  optic 
centre  of  the  eye,  briUiantlj-coloured  rings  are  prodnced,  the  fonn  of 
which  dillhra  aecOTding  as  Uie  crystaUine  plate  is  nniaxial  or  biaxtaL 

A  simple  q^antos  for  viewing  them  phenomena  consits  of  two  plates 
of  tourmaline  CWable  of  rotating  in  meir  own  planes  in  two  rings,  or 
■ocketa,a,i  (jE^.eS8),flxed  to  theendof  BSpring,e,so  that  the  ciyetal- 
Uue  pktc^  attached  to  a  piece  of  cork,  ma;  be  firmly  held  between  them, 
bat  still  be  capable  of  turning  round  in  its  own  plane. 

A  plate  of  a  uniaxial  crystal,  such  as  talsapar,  cut  with  psTHllel 
f  acea  perpendicular  to  the  opde  axis,  aihibita,  when  viewed  between  the 
croaara  tonrmalinea,  a  aeries  of  eircnlar  coloured  rings,  intersected  by  a 
black  cross  (Jig.  68B).  It,  on  the  other  hand,  the  tourmalinee  are  pUced 
with  their  axes  parallel,  the  cross  is  white,  as  in  ^.  6E>0,  and  tiie 
colonn  are  complementary  to  the  former.  To  nndelMand  their  forma- 
tion, it  is  merdy  aeetasarj  W  remember  that,  in  the  direction  of  the  axis  Sa 
ify-  000),  the  nyi  o   uid  o  bare  equal  velocities,  bat  that  their  difference  of 
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tiniullj  ffn«t«r;  BDd,  Bceoodly,  bennae  tin  thicknesi  of  tbe  plaU  -wbieh  bu  to  ba 
traraiMd  br  the  n,y  incmaaes  M  tbe  suns  time.  The  eolonn  which,  ia  the  ired^ 
■bore  dnenbed  (p.  667),  are  ananged  paralld  to  the  edgn  an,  in  thia  ewe,  groopcd  in 
lea  TOQnd  the  axia,  de  Older  of  the  tints  being  again  that  of  Ncwloii'i 


The  Tibrationa  parallel  and  perpeodinilar  to 
being  reaolred  into  two  eomponenti,  there  can  be  no  interference  alcuig  lines  p«wiing 
through  thecentn  of  thefleld  in  thoae  directiona.  Henee  the  ^ipesnnae  of  the  Uadc 
croee  when  the  tourmalinea  are  crossed,  vid  of  the  white  one  when  their  aiei  sro 

The  rii^  are  cloeer  logedier  in  propoctioa  ai  the  dojiblo  refraction  is  atrougn',  and 
the  thicknesg  of  the  plate  gnvter. 

The  ooloon  of  the  ringa  change,  to  a  Certain  extent,  aeoording  to  the  relatiTC  amonnt 
of  doable  Kifraction  fat  the  diHerent  colonred  rays.     A  very  peculiar  ol 
rrepect,  is  exhibited  b;  apophjUite,  wbicfa,  aa  already  obaarrad,  is  poaiti 
and  nt^live  for  the  i«d  1978. 

A  plate  of  a  biaxial  crfslal,  cat  at  right  angles  to  the  median  line,  and  placed 
between  two  toIl^Daliaa^  in  sodi  a  manner  that  the  plane  of  the  optic  sxta  is  parallel 
lo  Uie  axis  of  one  of  the  tommalines,  exhibits,  iHieu  the  tDonnalinea  are  enMsed,  tha 
S7Stemofringsdelineatedin^.601.  The  mode  of  fbrmationofthe  black  erofaisUie  same 
OB  that  abore  explained  with  repaid  to  """"«'  OTStala.  Bnt,  as  the  difiennoe  of  paUi 
of  the  rajs  0  and  e  increases  with  their  indinatitm  to  both  the  optic  axes,  the  linge  of 
colour  embrace  both  these  axes.  The  (brm  of  these  rian  is  nearij  that  ot  the  lemnia- 
cate,  a  curve  distingnished  bj  ^e  taopertj  that  the  product  ot  any  two  radii  Teclarel^ 
drawn  from  the  two  poles  to  an;  point  of  the  cnrre,  is  a  constant  qnantitj.  On  tuning 
the  donble-pefractin^  plalo  round  in  its  own  pline,  the  whole  eystem  of  ringa  tr — 

round  in  the  nime  direction,  and  the  black  cross  eepajstes  into  two  biandiea,  p 

Fig.  6B1.  Fig.  61)3.  Pig.  6 


the  appearance  shown  in  fy.  692 ;  nnd  when  the  platip  of  thp  ax™  makes  an  angle 
of  4S^  with  the  axes  of  the  two  lonrmalince,  the  two  block  bands  fiirm  branches  of 
hyperbolas,  as  in  Jig.  693.  The  general  direction  of  the  branches  of  the  black  bands 
ie  alwajB  parallpl  or  perpendicnlar  lo  the  plane  of  primitiTO  polaiiiatioD.  On  con- 
tinuing the  rotation  of  the  plate  from  46°  to  BO",  the  same  appearances  are  presented 
in  the  reverse  order,  and  the  whole  senes  of  changes  is  r«p^ed  in  eadi  of  the  four 
qoadrauta. 
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Whsn  the  potuuer  wid  tuuljHr  ua  pUc«d  with  tliaiT  axes  parallel,  the  form  ot  the 
eorvea  and  of  the  ckh  are  exwtlj  the  Mine  as  abors,  bnt  tbe  colonn  ant  compLeauoi- 
tmrj  and  the  ctobb  is  white. 

The  ja«ceding  figoree  represent  the  apnaranm  in  OTStals,  aach  as  nitie,  which  hate 
their  optic  axM  indiaed  at  a  small  angle  not  exceeding  fi°  or  6°  j  whsn  the  axe*  am 
more  ioeliiied,  only  half  the  figure  can  be  seen  at  ones. 

Fa.  ftBl  shows  the  qipcaiance  of  the  rings  formed  by  a  biaxial  crystal  ent  perpen- 
dicaJarlj  to  one  of  its  optic  axes. 

The  distribation  of  the  colours  in  the  neighbourhaod  of  the  axes  show*  plainly 
whethai  the  angle  of  imjination  of  the  axea  increaaea  f^„   gg. 

i»  diminishea  from  the  violet  to  the  red  rays.     The  for-  ._ 

mai  is  the  case  in  tartrate  of  potassium,  the  latlsr  in 
nitrate  of  potassiam.  In  crystals  of  the  monoclinic,  u 
wiBO  of  the  di-  and  Iri-climc  ^st«ms,  CTen  the  direction  | 
of  the  axes  of  elastieity  is  differeot  for  the  diSercnt 
coloured  rays :  thus  ii 
formate,  the  position  ot 
ing  to  the  colour.  In  borax,  adolaria,  tartaric  add.  and  acetate  of  sodium,  the  diflerent 
colours  hara  the  same  median  line,  bat  diSereotly  directed  oidinatel,  so  that  the  planes 
of  their  axe*  vaij  with  the  le&angibility  of  the  lighL 

The  cqitiffil  phenomena  exhibited  by  many  biaxial  raystals  are  altered  in  a  very 
remarkable  manner  by  change  of  tempuaCure.  Qlauberite,  for  eiiunple,  is  uniaxial  at 
ordinary  temperatures  for  nolet  light,  but  biaxial  for  all  other  colours.  At  lower 
tempentores,  the  nolet  axis  alao  spUta  into  two,  and  the  angles  between  the  axea  of  tho 
other  mya  inereaae.  Wh«n,  on  the  other  hand,  the  temperature  is  raised,  the  violet 
axit  becomes  divided  in  a  plane  at  right  angles  to  the  former ;  the  axial  angles  of  tha 
other  colours  dimioith,  beoime  nothing,  and  then  likewise  pass  into  tha  perpendiculai 
plane,  in  which  th^  are  all  aitnated  together,  even  before  the  tempeiatore  tiaea  as  high 
as  the  boiling  point  of  water. 

DelermauUioH  of  lit  Jxa. — Tha  tbrm  of  the  curvea,  and  of  tbe  dark  bands  which 
erosa  them,  afibid  the  best  means  of  determining  tha  position  of  tbe  airs  in  biaxial 
crystals.  To  find  the  position  of  the  plane  of  the  optic  axes,  the  orstal,  cut  in  the  form 
of  a  plate  with  parallel  &ceB,  is  placed  between  a  polariser  and  analyser  with  their 
planea  of  poUrieation  crossed,  so  as  to  produce  darkness,  and  the  plate  is  turned  round 
in  its  own  plane  till  its  pmenee  does  not  reatore  the  Ugbt.  Two  positions  are  thus 
found,  for  iriiich  the  tnces  of  the  primitive  plane  of  pouo^tion  are  to  be  marked  on 
the  crystalline  plate.  Thexe  two  traces  form  a  right  angle,  and  one  of  them  is  situated 
in  the  plane  of  the  axes.  The  plate  is  then  tnrned  round  in  its  own  plane,  till  each  of 
the  tncea  makes  an  angle  of  lfi°  with  the  primitive  plane  of  polansation ;  then,  by 
incUning  it  anoefSSiTely  ronnd  these  traces,  a  podtioa  is  sought  in  which  the  rings  can 
be  seen  samomidilig  the  axes.  Tha  plane  cdf  the  axns  is  perpendicular  to  the  line 
Eonnd  which  the  plane  has  been  turned  to  discover  the  ri 
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t  convenient  apparatus  fbr  this 
rig.  696. 


Meaturemenf  iff  Ihe  Angle  belaetn  the  . 
purpose,  and  tat  all  exact  measurements 
of  the  coloured  rings,  is  that  of  Soleil, 
repiBsented  in  fig.  696. 

A  beam  of  li^t,  polarised  by  reflcc- 
tioQ  from  the  mimr  T,  which  may  t>e 
placed  at  any  required  inclination  by 
means  of  the  joint  o,  passes  throngh  a 
lens,  1 1,  and  is  brought  to  a  focna  on 
the  crystalline  plate  e,  where  the  laya 
cross  each  other  and  issue  in  diverging 
cones.     They 

er.  ir. 

ot  the  lens  ^  an  ii 
produced  by  the  plate  e,  ana  inis  image 
IS  viewed  through  the  lena  Tand  Ihe  an- 
alyser a.  At  //  is  placed  a  micrometer, 
m,  re[a«sen(ed  separately  at  M.  It  has 
tlnee  wires,  two  panllel  to  one  another, 
perpendicnlar  to  the  third,  and  capable 
of  being  bronght  together  or  separated 
by  a  screw,  one  part  of  which  is  right-,  and  the  other  left-handed.  The  plate  cis  held 
by  a  socket  capable  of  toming  on  s  horiionta]  axis,  its  rotation  being  measured  by  a 
divided  screw-head,  n,  and  s  vernier  which  is  read  off  by  the  magoiilfr  «.  The  sup- 
port of  the  vodet  is  ilsa  cspable  of  taming  on  o,  so  tliBl  the  crystallin*  plate  t  may 
be  placed  in  any  required  position. 


^  ik  the  curves 
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To  mtwmn  the  lo^e  betveen  thn  bzm,  it  ia  b«rt  to  dm  homogeneona  light.  Th« 
eijitalliiie  plata  e,  eat  neuij  at  right  uigl«f  to  ths  median  liot^  i*  fixed  in  the  ueket 
in  such  &  podtioii  that  the  pUne  ot  its  Bzei  may  be  Tertical,  and  the  aocket  it  tomad 

1  i_  J ^  plane,  ao  aa  to  brinB  each  of  thopolai  sncoeBiiivelj  lo  coinade  with 

I  of  the  iriiM  of  the  nuerometar.     Ths  are  thniiigh  which  the  acrew  ia 


__.  . ._  .  c  throngh  w 

turned  between  the  two  podtions  gives  the  obatTred  angle  2b'  between  the  apparent 
optic  azea  (p.  6M).  From  this  tlie  real  an^e  between  &eM  un  ia  calculated  bj  the 
eqnatkui  ain  a'  —  fi'  ain  a,  in  which  ft'  i*  the  middie  of  the  three  cbanelcristie  refractive 
iitiieea  for  the  colonTcd  ray  obaerred. 

SoleiTauwatna  sarree  also  to  meaanre  the  diameters  of  the  rings;  the  nierametw 
being  capable  of  turning  round  On  it«elf,  the  diameters  can  easUj  be  measured  in  any 
nquirad  direction. 

DouSe-T^racting  ilmeturt  prodvced  by  lloUciUar  Tetuim. — Qlasi,  gBlatin,  and 
Other  amoi^bous  bodies,  also  crTStala  belonging  to  the  ngnlar  system,  acqnire  ths 
double-re&actin(p  structure,  when  pieBsed,  stTeti£ed,  or  heated  nnmnallj  in  diffizcDt 
parts,  and  exhibit,  when  eumined  br  polansed  light,  colonred  bands  similar  to  those 
produced  bj  double-rdiactiug  crystals.    A  ieetana;ular  plate  of  glass  laid  edge-ways 


coloured  bands  parallel  to  its  edges,  these  banda  altering  their  airasgemenla  aa  the 
heat  is  gradually  conducted  aeroas  the  plate,  and  disappeaiiiw  alt4«Mlisr  when  it 
becomes  uniformly  heated  all  over.  A.  similar  eSbet  is  [wodneea  1^  facing  the  ^asb 
in  the  same  manner  on  a  [Jat«  of  metal  coidad  by  a  beemng  miztore,  or  hj  lulgecting 
it  to  lateral  compression. 

These  afltcta  are,  howerer,  moat  strmnglr  aihibited  by  muimealed  glass — that  ia' 
to  aay,  glaaa  whidi  haa  been  heated  aikd  qmekly  oooled.  Glaas  thus  ticst«d  has  an 
irregular  sbiictnre,  the  parts  near  the  surbce  having  been  more  ffoickly  cooled  than 
the  mterior  parts,  and  torn  away  from  them,  as  it  were,  by  the  soddeD  contiactian  in 
eooliiw.  In  cODseqoence  (^  this  irregularity  of  structure,  the  ^Ms  produces  double 
refraction  on  all  raya  which  InTeree  it,  but  in  different  degrees  in  its  different  parts, 
whence  there  results  a  TariaUe  colraation  when  the  glaaa  ia  viewed  hj  pdaiiaed  lighL 
The  flgnm  produced  exhibit  a  aymmetiv  depending  on  that  of  tlie  contour  of  the 
plate.  A  cinjiilsr  plate  of  nnanuealed  glass,  the  structure  of  which  ia  symmetiieal 
lonnd  the  axis,  acts  like  a  ""!«•" «'  crystal,  exhibiting  concentric  rio^  intemected  by 
a  black  or  white  cross,  according  to  the  relative  positions  of  the  polanser  aod  analyaer. 
If  the  structure  ia  not  quil«  nrnmetrical  roiuid  the  aiiii,  the  ringa  and  cross  ue  di>- 
turtsd.  A  square  plate  exhibits  a  cross  with  coloured  fringea  in  the  anglesL  An 
optical  plats  oxhibite  a  flgnie  resembling  t^oae  of  biaxial  oystala. 

Abiorptien  of  Light  by  Double- re/raeting  Cryiialt.    Biciroittit. 

Certain  colonrtd  double-refrscting  crystala,  when  traversed  by  ordinoij  while  lights 
exhibit  difiereut  colonie  according  to  the  direction  of  the  raya  with  regard  lo  their  ixea ; 
thna  dichro'ite  oriolite  (iL  3!0)appeais  of  a  yellowish  wliite  colour  inclining  to  brown, 
or  of  a  fine  azure  blue,  according  oa  the  raya  tnvene  it  parallel  or  perpendicular  to  the 


nner,  diloride  of  paUadinm  and  potasiiiuia  exMbibi  either  a  da^-brown, 
aneliea  of  suiphm  are  blae  or  yellowish  green.    Some 
green  toumulines  appear  3xA  brown-red  when  viewed  along  the  axi 


in  colour;  i 


Hiia  effect  is  due  to  the  proper^  possessed  by  donble-refrecting  media,  of  absoibiis 
potarispd  rajs  in  di9erent  proportions  according  to  the  inclination  of  those  rays  with 
regard  to  their  axes.  The  tourmaline  absorbs  completely  all  »ja  polariaed  in  a  plane 
DUbUcI  to  ita  axis,  and  transmits  them  in  greater  and  greater  proportion  ts  this  azia 
la  inclined  to  the  plane  of  polarisation  ;  moreover  it  alworbe  aU  the  ahnide  nys  oom- 
pomng  white  light  in  the  some  proportion,  conaeqoentJj  the  transmitted  ti^t  TMBaiua 
alwaya  of  the  aame  colour,  excepting  in  the  case  of  the  green  tonnnalinea  above  men- 
tioued.  But  when  the  abaorption-coefficiaDta  of  the  aeierBl  simple  rays  vary  in  dif- 
fsrtuit  proportiona  with  the  change  of  direction  of  the  raya  in  Ihe  ciTatal,  the  tint 
formed  by  the  mixture  of  the  nn^ieorbed  raya  likewiae  varies  with  their  inclination 

Some  biaxial  crystals  exhibit  trichroisni;  thus  certain  Brsxilian  topaaca  of  a  yel- 
lowish rose  tint  in  the  direction  of  the  median  line,  are  violet  when  viewed  along  the 
GOmplementaty  line,  and  yellowish  white  perpendicnlar  to  the  plane  of  the  axea. 

Babinet  haa  observed  that,  of  the  two  rays  into  which  an  incident  ray  is  divided  on 
entering  a  uniaxial  crystal,  that  which  travela  moat  eiowly  and  ia  therefore  moat  re- 
fracted, is  also  absorbed  in  the  laxgeat  proportion  ;  in  positiTe  crystala  therefore,  snch 
aa  tonrmolint^  it  ia  the  ordinary,  and  in  negative  cryatalii,  like  amoky  quartz,  it  is  tbe 
extraordinary  lay  which  ia  moat  absorbed.  Thia  law,  true  in  the  greater  number  of 
eases,  nerertneless  admits  of  numetons  exceptiona.    lima,  Haidinger  olweTTCd  that 
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the  order  of  absorption  is  diStoeBt  in  tbe  bine  ud  joUaw  vsrielieB  of  bcijl,  although 

both  are  negative.  Beer  obserTed  that  acid  duomate  cf  potasiiam,  cjanita,  and  certain 
Tarietiefi  of  topaz  alu  form  exceptioiu  to  iJie  Tula ;  and  Cut  idocroae  and  cupric  acetate, 
which  follow  tJie  law  as  regvda  the  btn«  ia;B,  deriate  from  it  na  regards  the  jellow, 
^Raoge,  and  red. 

Hagenhu  demongtnted  the  (bllowing  laws  regarding  the  abaoipCion  oflightbj 
doDblfl^rfifracting  crjitolB. 

I.  The  general  law  of  the  decreaM  of  inteosit/  in  geometric  piDgreasIon  as  tha 
thickDnses  increiue  in  aricJimetic  piigrenion  (p.  636),  holds  good  for  donbte-re&act- 
ing,  w  well  BB  for  iaophtuiOQi  medit^  so  that  the  ratio  a  :  t  likewise  varies  according  to 


thes) 


eUw. 


3.  The  ratio  o: 


a  continnons  fimction  of  \  eihibitiiig,  in  all  the  mTstaU  abeerred. 


t  are  equal  on  either  dde  of  the  m 
io  that  if  the  maximnm  or  minimnm  oocon  at  a  particolar  waTe-length  \',  the  valoea 
of  o  :  «  for  X'  +  n  and  a'— n  are  eqnaL 

4.  The  absolute  lalue  and  the  position  of  the  TnaTimnTn  and  miniTnnTii  depend  npon 
the  direetian  of  the  plate  with  r^ard  to  the  ain  of  the  crysbiL 

5.  From  the  mode  of  variation  of  the  fonetion  f> ;  ^  it  is  piobable  that  in  ciTBtala, 
which  form  exceptJons  Io  Babinet's  law,  the  exception  ^iplies  onlj  to  certain  rays  of 


the 


jutar  Folaritatioi 
bSf,  that  when  ti 


It  has  already  been  pointed  out  (p.  668),  that  when  two  rays  of  light  travelling  along 
the  same  path  are  polarised  in  planes  at  right  angUa  to  each  other,  and  differ  in  phase 
bj  B  quarter  of  a  wave-length,  then  if  the  amplitudes  of  ribratiou  of  the  two  ore  equal, 
the  molecules  of  the  [ceultsnt  wave  vibrate  in  drdea  tranoretselj  to  the  diiectian  of 
the  ray.  In  this  state  the  ray  is  said  to  be  circularly  polarised,  and  the  pheno- 
mena which  it  exhibite  are  the  same  as  if  tJie  ray  w^e  polarised  in  one  plane,  and  that 
plane  were  made  to  rotate  round  Ihe  direction  d  the  ray  as  an  axis. 

Ciicnlar  polariaation  ia  exhibited  in  a  remadable  mauner  by  quart;^  in  which 
it  was  first  discovered.  A  plate  of  this  substance  (which  i8  uniaxial)  cut  at  right 
aiUjles  to  the  optic  axis,  exhibits  when  viewed  betwe(<n  two  tourmalines  or  Nidiol's 
pnfcma  with  their  axes  crowed,  a  system  of  coloured  rings  similar  to  those  produced  by 
cslespar  (p.  668);  bnt  the  centre  of  the  field  of  view,  instead  of  exhibiting  a  black  cross, 
ia  illuminated  with  IwiUiant  colours,  red,  yellow,  green,  blue,  &c.,  according  to  the 
thickness  of  the  plate.  On  turning  tJia  an^jser  on  its  axis,  the  colours  in  the  centre 
go  throndi  the  rwular  priamatic  series  trom  red  to  violet,  or  the  contrary,  according 
to  the  direction  ca  rotation,  but  no  alteration  of  colour  is  produced  by  rotating  the 
plate  of  quarti  while  the  analyser  remains  stationary. 

To  understand  theas  phenomena,  we  must  axamiue  what  takes  plaoe  irtien  homo- 
geneous light  is  used.  Suppose,  then,  a  plate  of  dark  red  glass  coloured  with  red  oiida 
ot  copper  to  be  interposed  between  the  two  tourmaliiies  or  Nichol's  priams,  OMted  as 
before,  so  that  no  light  is  tnusmitted  by  the  analyser.  If  the  plat«  of  quarti  be  now 
intarpiisad,  s  red  light  iminediatety  makn  its  appearance,  and  to  lender  the  field  again 
....  .  ..    ,ugh  a  cectai  '       


dark,  it 


had  its  plane  of  vibration  defieetad  through  an  angle  equal  to  that  through  which  the 
analyser  has  been  moved. 

Precisely  similar  efieds  are  produced  with  yellow,  green,  violet,  or  any  olier  kind 
of  homogeaeons  light ;  but  the  angle  of  rotation  varies  according  to  the  nature  of  the 
ray,  being  least  for  red  iind  greatest  fin'  violet  b'ght. 
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Boat  erjtUiti  of  quHa  Mtate  tlw  pUnn  of  poluiMtion  of  a  la;  to  tite  of^  otli«> 
to  tha  Isft;  die  fisnur  are  called  ri^t-handeo,  the  latlm  leA-handed  quits.  Bnt  in 
lAidiner  diMdioo  tile  nitatioa  tabs  plaM,  B  plate  of  qnarti  of  giTBu  uiekDMB  ahr^a 


nodneaa  Uie  lame  tmcnst  i^  anonlar  dmiMtian  totATWjal  givei 
forplaba  of  diffinent  thickuMi  t£e  dariatkni  for  au^  paiticnfii  ny  iQcreasM  in  direct 
proportion  to  the  thitbeaa.  The  nraoeding  tabU  pttm  lite  an^n  of  deriation  for  the 
principal  nm  of  the  apectmin  piodaoed  bj  p1at«  ot  qimrta  of  the  tkidnuaa  of  1  milli- 
metra  and  9*70  millimetTea. 

Biotlbtuid  tyotnaiiation  that  theaoglre  c^n^mtioa  for  the  difierent  simple coloun 
an  neaily  nopralional  to  tha  Muarea  of  the  indieca  of  n&actiau,  or  invussly  aa  the 
aanaiea  of  ue  waTe-lengthi.  Tnii  law  i>  approiimatelj  tran  alao  for  moet  nibatanoea 
irtiid  exhibit  dnnilu  poladMtioii,  irhileaom^  oo  the  other  hand,  exhibit  reuaikable 
deriatioDa  from  it :  thna  an  aqneooe  aolulioD  of  tartAiia  aeid  dcd««t«  the  gteen  r^i 
ittora  than  the  nolH ;  and  an  a&ibolic  aolntion  of  eampbor,  thoit|^  it  deflecta  llie  eere- 
nl  ooloorrd  n;a  in  the  oriai  of  their  rafrangibilitj,  prodocn  »  moeh  greater  difbcanoa 
of  derialioD  between  the  lev  and  the  more  le&angible  rafi  than  that  which  ia  indicated 

when  oidinaiy  dajli^t  ia 


with  the  solonia  of  the 


b;  Biot'e  law. 

We  can  now  enilain .  .  ,      .-   =. 

oaed.    Sn^oaa  a  beam  of  irikito  li^t,  poUriaed  by  a  Nichid'B  pnapi.  whoaa  principal 
actioa  ij  pM*Ud  to  A  A'  {fy.  69S),  to  pan  thnraah  a  plate  ctf  right-handed  qnart^ 
j^.gg  S'7A  mm.  thi(^    iSevibialiona  oftheaennl  ewnred 

^'  raje  eompoemg  the  beam  of  polariaad  li^il  are  all  at 

tint  puallel  to  A  A' ;  bnt  hj  r*"*''^  thnmrii  the 
□uaiti,  their  planea  of  Tibiation  are  defected  throogh 
the  wrraml  an^^ee  aJTen  in  the  abore  taUa,  the  red 
raj  than  ribnting  m  the  line  r  f',  the  yellaw  in  jr  jr*, 
the  Tiolet  ia  vv,  &c.  Now,  let  the  lay  be  viewed 
thioDgh  eaothm  NJchoVi  prism,  placed  with  its  prin- 
cipal sectioii  eleo  pamUd  to  A  A  ;  then  on  rseulving 
rich  at  lhe»  Titrations  into  two  others,  tme  parallel 
and  the  other  perpeDdicnlar  to  A  A',  it  will  be  eeen 
1^  that  the  red  and  vtolst  nji  will  be  tranamitted  with 
1^  hot  slightly  diminished  intenaitjr,  the  onuiga  and  blue 
I  less,  the  yellow  still  leas,  snd  the  Rreeo  not  at 
The  resnlt  will,  theidine,  be  ■  purple  tint.  Now 
let  the  eye-piece  be  tuned  from  left  to  right.  As  the 
principal  section  passes  sueccainTely  oTar  Uie  lince  r  r', 
0  o',  &C,  the  red,  ontoga,  yellow,  &«.,  will,  in  saceee- 
bIoo,  be  more  fall;  transinitted  than  the  otlier  raj^  bi> 
Ihftt  a  series  of  dnto  will  be  produced,  agiaatng  nearij 
4nun  Hid  following  in  the  aame  order,  from  red  throngfa 
yellow  to  Tiolet.  If  the  aulyaer  be  toned  the  oontrary  way,  the  orda  of  the  (ante 
will  be  reraiaed.  If  the  qnartc  were  left-handed,  the  phenomena  would  be  precisely 
■imilai,  cseepting  that  the  colours  would  diange  ftam  red  through  yellow  to  Tiolet 
when  the  analyser  was  turned  from  ri^t  to  left. 

Similai  changes  of  eidonr  are  produoed  with  a  plate  el  quarti  of  any  othn 
thiclaicas ;  bot  the  lint  [oodueed  at  any  giren  inclination  of  the  potariaar  and  qye-pieoe 
ia^  of  course,  difi^reot. 

The  tint  produced  with  a  qnsrti-plato  3'7S  mm.  thiclc,  when  the  principal  eeetious 
of  the  polaRser  and  analyser  are  parallel  to  one  another,  daeeiTea  paiticalar  notice. 
As  alr^dy  obeerred,  it  la  a  pnrfde,  and,  moreoTBi,  it  changes  Teiy  quickly  to  red 
or  to  violet,  when  the  analyser  is  turned  one  w^  or  the  other,  the  duuige  <d  coloor 
thoB  produced  being,  in  tact,  veiy  mach  mora  rapid  and  decided  than  m  any  other 
part  of  the  ciicuit.  Thia  pectmar  tint  is  acccodin^y  distinguished  by  the  term 
sensitive  tint,  or  transition  tint  (ixiuieur  Mtuti^  ttiHtt  depai$agt).  On  arconnt 
of  the  &dli^  and  certainly  with  which  it  may  be  reowniaed,  it  a  freqaently  adopted 
as  the  standard  tint  in  meaanring  the  angln  of  rotatiOD  prodnced  by  different  sub- 
stances ;  it  is,  in  fiu:t,  mnch  easier  to  det«rmLne  when  thifi  particnlar  colour  makee  its 
appeanoee,  Uuin  lo  seiie  the  eisot  moment  when  a  ny  of  red,  yellow,  or  other 
homogeDeoas  light  completely  disappears. 

The  rotntoiy  power  oFquiutE  is  essentially  related  to  \\a  crystalline  form,  as  will  be 
more  l^y  eipUuned  hereafter.  It  is  not  exhibited  by  opal,  or  any  other  amorphous 
variftj  of  silica,  or  by  silica  dissolved  in  potash,  or  fused  by  the  oxyhydrogen  blowpipe. 
The  same  is  tme  with  regard  to  a  few  metallic  aalla  possessing  the  rotatory  power, 
vi2.  chlorate  of  sodium,  bramate  of  sodium,  and  aodio-uranic  acetate,  these  salts 
exhibiting  that  power  only  when  cryetalliaed,  not  in  solution. 

Oirwlar  folaritatitM  in  ergania  jodfM.— The  power  of  rotating  the  plane  of  vibra- 
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tioD  oT  a  poIariBed  nj  !■  mnch  more  iridelj  difihsed  a 

inorguiie  bodiaj  moreoTei,  organic  anbstancefl  pocoecs  it  ,  ... 

the  nTBlaUine  state.  Among  organic  componnds  which  rotate  the  pLinB  of  polnmation 
to  the  right,  may  he  mentionnd:  Cane-ngar,  glucose,  diabetic  sugar,  milk-migAr. 
dczbin^  camphor,  asparagin,  cinchoaine,  qninidine,  narootlne,  tartaric  actd,  camphoric 
ae!d,  aspartic  add,  oil  of  lemona,  eaator-oil,  croton-oiL  The  following  rotate  to  the 
left:  Sogaroffimta,  starch, albnmiI^  amTgdalm,qaiiiini^  nicotiD^  atijchnine,  brocuw, 
inoiphina,  codeme,  malio  acid,  antitartanc  acid,  oil  of  torpantine,  oil  of  Talsrian. 

Bj;  passing  a  polarised  ny  throngh  tnhei  of  diKrant  leDgthl,  filled  with  the  sam« 
BoIntioD  of  caae-Bosar,  or  othar  lotatoij  mbatonoe,  it  is  fbond  that  the  anvle  of  d^ritf 
tioniapiopoctloiial  to  thelengAof  thecolnnm  of  liquid;  an<L  b;  fillina  tbt  nme  tabe 
iritb  scuntiona  Mntaiiuiig  diffbrmt  ijaaiititin  of  mgar,  tci^  it  is  foniid  that  the  angle  of 
deriation  ia  pnpMional  to  the  qnaiiti^  of  the  snhataiie«  eontained  in  a  colnmn  of 
^Ysn  length.    CUneraUr,  thni,  the  m^  of  doriatiMi  ia  ptopoitioiiate  to  the  nnmbei' 

ht  of  the 
„  -  J-  *  »  P»^ 

tjcnlar  tint — the  transitioa-tiDt,  tor  example,— the  angle  (S  rotation  for  tha  nnit  of 
length,  anpposing  tha  entiie  colnmn  to  be  filled  with  the  optically  aetiTe  anbotance, 
will  be  '.-.    But  *a  the  aolntion  of  a  sabstanee  is  often  attended  with  Mmdenaation 


of  density,  that  is  to  say,  to  divide  the  quantity  -r  bj  th«  denstty,  ^  of  the  soladon. 
The  fisdJoc  thoa  obtained,  Tia.  [a]  —  -^^  is  called  the  specific  rotatory  power, 

aod  aipTMSSB  the  angje  of  rotation  which  tlia  pore  enbstance,  in  a  colnmn  of  the  nnit 
(if  length  and  denaity  —  I,  Would  impart  to  the  my  eoneeponding  to  the  tnnsitton-tinl. 
For  azampli^  a  solution  containino,  156  milligrammes  <a  eane-sagar  in  a  gramme  of 
liquid,  has  a  speidflc  enrity  —  I  "06,  and  deflects  the  transition-tint  by  21°,  in  a  colnmn 
SO  oaDtimeliM  long;  its  gpedflc  mlntaiy  power  ia  tharelbra 
24 
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two  Nichol's  prisma,  one  of  which  eerree  as  polariaer,  the  other  as  analyser.  The 
latter  camee  a  vrnter  moring  round  a  graduated  drcle.  The  simplest  way  of  uaing 
this  apparatus  is  to  interpose  between  the  tubv  and  the  polariser  a  ^ais  eolonred  with 
led  oxide  of  copper,  the  tint  of  which  correspODdi  with  the  red  of  the  fixed  line  C  of 
the  speMmm,  and,  haTine  set  the  anslyaer  with  its  principal  aaclion  at  right  angles  to 
that  of  the  polariser  (which  makes  the  field  of  riew  dan  so  long  as  the  tube  u  not 
interpoaed),  adjaat  the  tube  in  its  place,  and  turn  the  rye-piece  round  till  the  red  liglit 
aimplet«ly  diiappean.  The  angle  through  which  the  eye-piece  is  tsmsd  measnra  the 
deviatioo  produced  by  the  liqald. 


The  dinct  meaaoremrnt  of  the  rotation  of  tha  red  ray  is  not,  howerer,  alwava  the  beat 
mode  of  obserration, because,  ss  already  obserred  (p.  873),  it  is  difficult  to  t*ll  with  pre- 
eiaion  when  the  light  completely  disappears.  FortJiia  purpose,  there  is  introduced  behind 
the  polsrising  prism,  innCead  of  the  ted  glass,  a  pUte  of  quarts  3'7S  millimetres  thick, 
whidi,  when  the  polariser  and  analyser  are  net  with  their  prindpal  sections  parallel, 
exhibits  the  Inuuntion-tint;  The  interpoaition  of  the  circularly  polariaiBg  liquid  causes 
thia  tint  to  change,  and  the  rotation  la  meaaored  by  the  number  of  degrees  throngh 
v^ich  the  prism  must  be  turned  to  show  the  trDnaition-tiot. 

Greater  exactness  is  obtained  by  using  a  double  plate  of  quattz  3'T6  millimftres 
thid^  one-half  being  compoaed  of  nght-himdHl,  the  other  of  left-himded  qnaita.    Such 


analyaar  to  the  ri{^t,  one-half  of  the  plate  ineUnee  lo  red,  and  the  other  to  blue.  The 
tome  diange  will,  of  eourae,  takr  place  on  introducing  the  tube  containing  the  drcnlarty 
polarising  Liquid  ;  and  to  restore  the  uuiftmiity  of  tint,  the  analyser  must  be  tnmed  a 
certain  number  ol  dagreea  the  eontraiy  way.  If  the  liquid  has  but  a  alight  rolaloiy 
power,  this  method  ia  qnite  Mtisfacton;  but  if  the  rotatoir  power  is  considranble,  an 
Vot.  IIL  XX 
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cnor  mty  btim  &om  the  diftecent  au^es  of  totation  impiuted  U>  the  different-caltmred 
rayj. 

To  obnate  tliia  soarce  of  inaccuracy,  a  contriTancn  called  the  compensator  baa 
been  inrented  b;  Soleil,  which,  together  with  the  other  parts  of  big  apparatus — caUsd 
a  BBccbarimeter,  being  eapertall^  adapted  to  tba  estimation  of  the  strength  of 
saccharine  solntiona — is  represented  m  fy.  SBT.  The  tube  T,  containing  the  sacchaiina 
solution,  or  othar  liquid  to  be 
^ _  dA  Z.       t         eiamineil,    ia  placed  between 

two  perforated  diaphragms, 
one  of  w}iicb,  D,  is  fiKed,niile 
the  other,  0\  can  be  ramored 
at  j^aauru  to  a  grpater  dis- 
tunce  from  D,  towards  which 
it  is  again  pressed  bj  a  spring, 
shown  in  acction  at  p:  thia 
arrangement  keeps  the  tabs  in 
position,  and  nicilitales  its 
lU^ustaieDt.  The  incident 
light  is  polarised  bj  the 
achromatiaed  calc-apai  prism 
n,  one  image  of  which  is  in- 
teMPEted  1^  a  ecroen.  At  p 
is  a  &uble  plate  of  qoart^  375 
millimetj:«s  thick,  a  front  new 
of  which  ia  shown  at  jr^ — one- 
half,  d,  being  dextro-,  and  the 
other  half,  g,  heTO-rotatoiy. 
Tlie  light  luTins  traretaed  this 
double  qnard-^ate  and  then 
the  tnbs  T,  arriTes  at  a  quarti-plate,  g,  cat  perpendicnlailj  to  its  axis,  then  passes 
through  the  compensator,  r,  is  analysed  bf  the  double-refracting  [oiam,  a,  and  is 
finally  riewed  through  the  small  telescope,  LL. 

RB'  is  a  horizontal  section  of  the  compensator,  consisting  of  two  qnarta  prisma 
peipendieaUr  Id  the  axis,  and  of  contraiy  rotation  to  the  plate  q.  These  prisma  can 
slida  one  over  the  other  horiiontallj,  and  in  contnuy  directions,  so  as  to  vary  the 
thickness  which  the  modified  light  has  to  trareise.  They  are  aet  in  motion  by  a 
toothed  pinion  fixed  to  the  button  b,  and  acting  on  two  racks  ads;pted  to  the  lower  part 
of  the  mountuig  of  the  ^isms.  One  of  these  mouutinga  carries  an  ivory  scale,  <, 
repreaented  sepuately  at  E ;  the  other,  n  Temier,  which  slides  along  the  scale,  and 
aema  to  measnrs  the  oppodtediapIaoBments  of  the  two  prisma.  When  thecetosof  the 
■cala  and  Temier  coinisde,  the  two  prisms  are  opposite  to  one  anothpr,  and  their  thick- 
oessM  are  together  equal  to  that  of  the  plate  g,  the  rotatory  power  of  whidi  is  therefore 
nentralised  1^  them.  IheatlalyseTmaTthen  be  turned  by  means  of  the  rndteaa  screw, 
e,  into  *neh  a  position,  that  the  two  halras  of  the  double  quartz-plate. ;  d,  may  exhibit 
the  sensitiTe  tint  If  the  tube  T,  containing  the  liquid,  t>c  then  put  in  its  place,  the 
two  halreSijr,  (^  will  then  exhibit  Tery  different  colours;  and  to  reatorethem  to  equality 
the  compensator,  r,  mnat  be  so  a<^uatad  as  to  produce,  ti^ether  with  the  plate  g,  an 
in wraioo  opposite  to  that  of  the  hqnid,  either  by  iucreasi  ng  the  thickneas  of  the  doable 
pritm,  T,  or  diminisliing  it.  Bo.as  to  allow  the  action  of  the  plate  g  to  predominal«. 
The  direction  in  which  the  vernier  is  moved  along  the  rule,  which  is  marked  with  two 
series  of  diTiaiona  on  opposite  sides  of  the  lero  point,  indicates  the  direcliou  of  the 
rotation  exerted  by  the  liquid,  and  the  displacement  of  the  vernier  gives  the  angle  of 
deviation  when  the  Ibickneaa  of  quartx  corresponding  to  one  division  of  the  scale  is 
known.  These  divisions  are  nstuuly  made  to  correspond  with  the  tenth  of  a  milli- 
metre ;  the  vemirr  indicates  the  tenth  of  these,  so  that  the  estimation  may  be  made 
to  the  hondredth  of  a  milUmelre.  The  half  of  this  quantity  suffices  to  ptoduce  an 
appreciable  difiercnni^  of  tint  in  the  two  halves  of  the  double  qaartz-plale. 

Wheneitluirthnlight,ortheliquidin  the  tube,  iscotonred,  this  colour,  added  to  that 
produced  by  the  pohicisation,  modifies  (he  sensitive  tint,  and  diminishes  the  accuracy 
of  the  observation.  To  neutralise  thi«  colour,  Soleil  pLicn  at  the  extremity,  K,  of  the 
instrument,  a  double-re&acting  prism,  n,  and  a  qoartx-plale,  i,  fixed. in  a  soi^el,  which 
can  be  turned  round  in  its  owe  pbine  by  means  of  a  toothed  wheel  or  pinion,  t,  and 
the  button  S.  Thia  plate  is  interposed  between  the  two  prisms  n  and  c,  the  second  of 
Which  acta  as  analyser,  and  yields  a  colour  which  may  be  varied  by  turning  the  prism 
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to  whioh,  indeed,  Sobil'i  appantiu  ia  eipecutllj  arbtf/ted ;  bat  vitli  other  liquids,  aodi 
u  aqneoin  tarlani]  Mid,  whoM  lotatoiy  powei  for  the  differuit  colonnd  nji 
doM  not  fiJlow  Biot'l  Isv  {p.  673),  tbe  obaerTstioQ  of  tha  tmintion-tiiit  doea  not  girv 
good  rtanltB.  With  anch  liqnida  it  ia  beat  to  reaoit  to  the  aimplet  mods  of  obaerrstioD 
jmmottalj  daaeribed  (p.  ST3),  naiiig  homogeneoua  lighL 

Bdation  ftrtaam  Optical  Botatary  pomr  <md  OryitaUitii/erm. — Ciicnlar  polariaa- 
tioD  appcan  to  depend  ou  a  oertaiu  want  of  iTnimeCiT  in  the  molecnlea  of  the  mediani 
tJuongh  vhioh  the  njr  piaa :  in  fact,  all  ojatala  Tbieh  exhibit  drcolai  polariaation 
aie  hemihedial  oi  teCulohediml.  Thie  ii  rNnaAablv  the  eaae  vith  quarts,  whidi  ia 
a  combination  of  the  oppoaite  rhombohednina  +  B  and  —  B  vith  tha  hexagonal 
piiam  oiR,  aoms  Tarietiea  of  it  exhibiting;  hemibedral  and  t«taRohcd»l  com- 
binationa  (CBmuxooairET,  iL  US,  fiff.  368).  Uonorra  the  aix  fiwea  g  (fiPf), 
which  are  onrqaaUf  inclined  to  tlKMe 


Fig.  698. 
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of  the  prism,  are  not  ilTaja   placed 
alike,  occnriiiig  in  aome  cnatala  r- 
tha  ri^t  cf  apriamatic&ceBboTe,  a: 
on  the  left  belbv,  and  the  contnrf 
otheta,  aa  ahoirn  in  Jigi,   668,  6! 
ThetroftcmaofeiTaUlthna^iodnct^   ^ 
tbonoh  their  fteea  an  alike  mnumher  ' 
and  ID  tatm,  are  not  aopeniosible,  but 
one  may  be  ngardad  aa  tM  leflectad 
image  ot  the  other.    The  crratala  of 
the  one  kind  exhibit  dextro-rotatorj, 
thoae    of    the    other    Inro-rotatorj 
pamt.    Hie  lame  kind  of   oppoaiM 
teCaitohedij,  aecompauied  bj  a  cor- 
iQopanding  i^ipoaition  of  optiatl  ro- 
tatoij  power,  la  found  alaa  in  other 
bodiea  which  exhibit  circnlal  pdlariaa- 

Tsrtaiie  acid  and  ita  vita  tun  the  place  of  ^lariaatioD  to  therwht; 
acid,  whidt  ia  identkal  b  chemical  eompoation  with  taztaBC  add,  andame 
in  nearlj  all  ita  chemical  iriatiouv  !»■  "^  action  whatersr  on  polanaed  light,  miner  in 
the  free  atate,  or  when  Combined  wiUi  baaeaL  Now,  the  cnstala  of  taitBria  acid  and 
the  tarliatea  are  hemihedial;  thoae  of  lacemic  acid  and  the  iscematM,  with  one 
deception,  are  holohednL  ^nie  moeption  allnded  to  ia  tiia  racemateof  aodiom  and 
ammoninm.  A  aalndon  of  racemate  cl  sodimn  and  raeemate  of  ammoniiun.  In  e^tUTa- 
lent  propoitiona,  jieldi  by  eraporation,  etjatala  of  a  doiible  mH,  tbe  fotm  of  wliidi  ia 
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I  a  right  reetangnlai  prinn,  F,  H,  T, 
haTins  ita  lateral  edgea  replaced  by  the  fhcea 
b',  and  the  intersection  of  theaa  latt«r  taam,  with 
the  foca  T,  nplacad  bj  a  Haee  i.  If  the  eiTstkl 
were  bolohedrali,  them  woold  be  ei^dit  ol  theaa 
hcra,  fonr  aboTe,  and  fboi  briow ;  bitl:,  aa  the 
Bgoree  ahow,  there  are  but  fonr  of  them,  placed 
aUematelj:  moreorer.  these  henuhsdral  fiuea 
occupy  in  diflfarent  crj-stala,  not  nmilar,  bul. 
oppoaite  poaitiona ;  ao  that,  aa  in  the  caas  of 
quarts  the  one  kind  of  ojatid  is,  aa  it  were,  the 
Kflected  image  of  the  other. 

Bat  ftarther ;  b7  earehUy  picking  ont  the 
two  kicda  of  ciyatala,  and  dissolTing  them 
•eparately  in  water,  aolntiona  are  obtained  which,  at  the  same  degree  of  concentration, 
exert  equal  and  oppoaite  aeCiona  upon  palarised  Ijgbl,  the  one  ^fleetinK  tha  plana  tif 
polariaalion  to  the  riglit,  the  other,  b;  an  equal  amonnt^  to  the  left.  Horaorar,  the 
aolntiona  of  the  right  and  Isft'banded  cryitAte,  yield  tnt  erapontion,  erjital^  e«eh  c^ 
ita  own  kind  only ;  and  by  mixuiB  tha  aolatians  of  theae  emtala  with  dilottde  of 
caldam,  caldnu-salta  are  obtained,  which,  when  decon>poaed  b;  inlpfamie  add,  yidd 
adda,  agreeing  with  each  other  in  compodtion,  and  in  ereiy  other  reapact,  except  that 
their  myatalline  ftnma  exhibit  oppodte  hemihedral  modifleatione,  and  thdi  aoTntioM, 
when  reduced  to  tha  aame  degree  of  oimeentnttion,  exhitnt  eqnal  and  oppoaite  effiwta 
on  polaiiaed  li^t. 
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Of  the  two  adds  that  obuined,  the  one  vbich  tam  &e  pUna  of  polsriHstioii  to  tha 
right  is  identit!^  in  cTuy  namet  widi  onlinary  tartarii:  addi  theotfm  isealled  anti* 
tartaris  acid.  ThetwowidaBmalaadutiiigaiBhed  udeztro-  aodlgeTO-rkcemie^ 
dez  tro- and  Invo- tartaric  acid.  When  equal  wciglita  of  theas  two  seida  an  diaaolTed 
in  water,  and  the  aolationa  mixed,  a  liquid  is  otitained,  which  haa  do  aetion  whalBTer 
on  nolarued  lights  and  yields  b;  erapontion,  holohedral  mTatala  of  racemie  acid.  A 
aimiloi'  reealt  ii  obtained  by  mixing  oqiutl  qnaatitiea  of  any  of  the  ealte  of  the  two 
aeidi,  excepting  the  doable  lalt  of  eodiuoi  and  ammoDiDin. 

Hence  it  appeara  that  mcemie  add,  a  body  which  bu  no  action  npon  poUrieed  lights 
and  dyatjiUiBes  in  holahednl  fbrms.  a  a  componnd  of  two  acids  (tartaric  and  antitar- 
taric),  which  have  eqnal  and  opposite  cffecta  on  poUriaed  lights  and  dyetalliea  in 
aimiUc  bnt  oppoaite  brmihednl  fbrnis.  These  acida  difi^  also  !□  their  pyru-electrio 
n4iitioi)B.  "Ae  cryrtals  of  both  become  electric  when  heated,  bat  the  correeponding 
eztremitiea  ol  the  two  exhibit  o^ocite  electrical  itates.    Bacemic  acid  U  not  pjn>- 

Tartaric  acid  may  be  eimTertad  into  raMmic  add  by  the  actioD  of  heat,  prorided 
only  i'  ^  aaaodated  with  aoms  snbatance  which  will  enuile  it  to  bear  a  eomewhat  high 

tenparalore  withont  deeompaaing.  Tbere  are  many  anbetancet  whose  effect  on 
polariaed  light  is  altered  by  heat  This  ia  remai^blj  the  eaaa  with  the  sIkaloTda  of 
cinchoTM  bwk.  When  cinehonine,  or  aiiy  of  its  asite  (which  rotate  to  the  right), 
ia  heated  in  anch  a  manner  as  Dot  to  prodncp  deconipoiitioii,  it  i*  trBnaformed  into  an 
isomeric  alkaloid,  cincboniciae,  which  tame  the  plane  of  polarisation  to  the  left. 
Kmilarty,  qDicine,  which  ratale*  the  plane  of  polansation  to  the  lett,  is  converted  by 
heat  into  qalnicine,  wbich  tarns  it  to  the  right.  ITow,  when  tartrate  of  cinehonine 
is  heated,  it  ia  AM  converted  into  tartrate  of  emcbonicine.  and  if  the  heat  be  then  con- 
tinned,  the  change  extends  to  the  tartaric  ecid,  half  of  which  ia  convetted  into  anti- 
'  tartaric  add.  If  the  process  be  slopped  at  a  certain  point,  and  the  fused  mass  troated 
with  water,  a  solution  is  obtained  wiich  yields,  first,  cryatals  of  antitartrate,  and  after- 
wards, of  tartrate  of  cinchonieiiie.  Bnt  if  the  beat  be  longer  continaed,  the  two  acids 
unite,  and  form  lacemate  of  dnchonicine,  &om  which  racemic  add  may  be  prepared, 
identical  in  crery  respect  with  ordinaiy  racemic  add,  and  separable  by  the  same  means 
into  the  two  <^>poaite  tartaric  adds. 

Bat,  what  is  veiy  remsAable,  there  is  fbmed  at  the  same  time  a  modi&oatioD  of 
tartaric  add,  i^iich  has  no  action  iriiatanr  on  polarised  light,  and  yet  ia  not  aeparsble 
into  the  two  oppoaite  adds.  Ia  &et,  when  the  ftiaed  mass  obtained  by  beating  tartrate 
of  dQcbonine  ia  treated  with  water,  and  chloride  of  "■I"""  added,  a  pieGi[ntats  is 


eonaiating  of  raeemate  trf  calonm,  and  the  fllUMe,  if  left  at  i«s^  deposits  ciyatala 
of  the  calciom-salt  of  inaetJTe  tartaric  acid. 

There  are  other  organic  onnponnda,  which  are  also  optically  active  in  their  ordinary 
foniu^  bat  exiubit  inactive  and  insepaiBble  modifications.    Malic  acid,  as  it  exists 


n  is  CHTOH*)©*  -  CHTIO*,  which  is  also  the  fcrmnla  of  aspartic  add,  and  Uiis 

aMd  ia  setoallT  Aimed  tn  heating  the  add  fumarato  of  asunoniam.  But  the  asiwrtie 
add  thus  ^lodneed  is,  like  fhmaric  add,  optically  inactive.  Again,  aapartia  add  i* 
converted  into  malie  add  by  the  setjon  i^  nitrons  add : 

(ra'NO'  +   HNO'     -     C'H'C   +   H»  +   HK). 
e  and  inactive  sspaitie  scids  andergo  this  tracsfbrmation;  hot  active 
^ds> "       '  ■      ■"  

omodtely  adJve. 
Common  oil  of  t' 


irpentine  poaeeasea  considenble  dextro-rotatory  powc 
t  obtained  by  heating  the  artificial  solid  camphor  of  toi; 


with  qnicklime  is  optically  inactive. 

Fneel  oil  has  been  shewn  by  Fastenr  to  be  a  mixture  of  two  kinda  of  am^ic 
alcohol,  which  i^fTer  slightly  in  boiling  point.  One  ot  tiieae  adds  is  optically  adiva^ 
the  other  inactire. 

Circular  P<itaniaiii>%  induced  bv  Magnttic  aUvm Skraday,  in  181S,  made  the  im- 
portant discoieiy,  thst  bodies  which,  in  their  ordinary  state,  exert  no  mrtiealaT 
action  on  polaribed  light,  acquire  the  power  of  drcular  polariaation,  when  snbjetied  to 
the  infinenee  of  powerful  electric  or  magnetic  foreee.  A  polarised  ray  pasaing  along 
the  axit  of  a  prism  or  cylinder  of  a  transparent  substance,  alieh  as  water  or  glase,  ha* 
its  plane  of  polaritation  defl^Eted  to  the  right  or  left,  as  aoon  aa  the  medimn  ia  snb- 
jectod  (o  the  action  of  an  electric  cnrrent  passing  roond  it  at  right  angles  to  the  r^, 
or  to  that  of  two  opposite  magneHc  poles  (permanent  or  elsctro-maguetic),  so  placed 
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&M  their  lioe  of  junction  ooinddn  with  the  dirsction  of  the  raj.  The  rotation  c««m 
u  loOD  u  the  electric  or  nuKoetic  force  ceaees  to  act ;  itA  amODnt  wiea  dJKctly  aa 
the  strength  o(  the  cnrrent,  and  its  direction  ehsngea  with  that  of  the  cnirent  or  bf  the 
magQetic  forcr.  If  the  rnedinm  haa  a  rotatory  power  cf  ita  own,  the  total  et^ct  ia 
equal  to  the  earn  or  difference  of  the  natural  and  induced  rotationa,  accoidiug  aa  the 
electrio  or  magnetic  force  acta  with  or  against  the  natutal  rotator;  power  of  the 
mediam.     (Faraday,  PhiL  Tnna.  lS4fl,  D.  1.) 

These  rema^abla  pbenomeoa,  which  led  to  tlia  diaooreiy  of  the  uniTersalitT  of 
uagnntic  action,  have  since  boea  followed  ont  ia  greater  detail  by  Fonillet^  E.  Bec- 
qa^d,  Wiedemann,  Hatthi«siien,  Verdet,  and  others. 


Verdet<Aiin.Ch.Ph^[3]zli.  370;  xliiL  37 )  has  confirmed  FanuUj'a  reaolt  relat- 
ing to  the  proportionality  of  the  rotation  to  the  magnetic  lore  '  '         '        ' 
that  when  tlie  magnetic  force  acts  obliquelv  to  the  lay ,  Cht  r 


e  rotation  to  the  magnetic  larce ;  and  baa  also  shown 
„  cts  obliquelv  to  the  lay ,  the  rotaiivn  qf  t\e  plant  of 

potarualiim  tM  proportional  to  th»  co*me  of  the  angU  emtioRti,  istufin  On  direction  of 
tte  ray  and  that  qftia  viayrutie  action;  m  other  worda,  lie  rotation  ia  proportiomd  la 
" 4  o/tJu  BUffntlieJbreeviiici  itparalUl  to  thtray.     In  accordance  with 


this  law,  the  action  is  greateat  when  the  direction  of  the  magoetio  force  coinddca  witii 
that  of  the  ray,  and  is  reduced  to  nothing  when  it  acts  at  ri^t  aaglea  to  the  laj 
mytke  rotation. — Faraday  found  that  the  directioo  of  uie  induced  n 


it  of  the  acting  eledjis  current,  oi 
induoe  the  actiagmagnetic  polarity.    This  law  ia  ti 

m;  but  vero't  baa  abown  that  in  certain  magnetj 
nt.    This 


n  electric  current  which  would 
le  with  regard  to  all  diamagnftic 
.  ,  anetic  bodies  the  direction  of  the 

induced  rotation  ia  opposite  to  that  of  the  current.  This  inTerae  or  negative  rotation 
is  exhibited  bT  tbe  salts  of  iron,  titanium,  cadum,  and  lanthanum :  whereas  tboee  of 
nickel,  cobalt,  and  molybdenum  exhibit  poeitite  rotatioo,  that  isrin  thn  Game  directioa 
as  the  current ;  while  of  manganese  salts,  some  exhibit  positiTe,  others  negative  rota- 
tion.  When  a  aatt,  aach  as  ferric  chloride,  which  exhiliita  negative  rotatcry  power,  is 
dissolred  in  water,  which  ia  poaitivey  die  n^atira  rotation  actually  produced  increases 
with  ths  ibength  of  the  solntiau  ;  tiis  same  salt  diaaalved  in  alcohol,  ether,  or  wood- 
^irit,  which  produce  much  less  podtiTe  solnliou  than  water,  exhibits  a  atiU  greater 
uentire  rotation. 

ItoffTtetie  rotatory  ptmert  of  difftrenl  suiftoncM.— All  the  liquids  and  transparent 
non-crystalline  solids  on  which  Fanday  experimented,  exhibited  more  or  less  magnetic 
totatoiy  power.  Accotding  to  Matthiesaen  (Pogg.  Ann.  lixiii.  66,  71;  Compt. 
rend.  HIT.  S69 ;  siy.  200),  this  powu'  is  not  sihibit»l  by  fused  phoaphoric  acid,  flint, 
agate,  or  flnorid*  of  ealcium.  (Syatallised  bodies  in  general  do  not  exhibit  it ;  rock- 
salt,  bowerer,  is  susceptible  of  it  in  a  very  high  dwioe.  Mercnric  chloride,  carbonate  of 
lead,  and  chiomate  of  lead  are  quite  uniuscrptible  of  magnetic  rotatory  power,  when 
Ciyatallised,  but  exhibit  it  strongly  in  the  amorphous  state. 

Faraday's  heavy  glass  (boro-nlicate  of  lead)  was  formerly  regarded  a*  the  substance 
most  highly  susc^itible  of  magnetic  rotatory  power ;  but  Matthiessen  baa  shown  that 
sevoal  tt'^er  kinds  of  glsas  exhibit  it  in  a  still  higher  degree.  The  greatest  rotatory 
powtt  is  exhibited  by  t£c  ailicates,  and  pei^aps  t^  the  ctUorides.  Among  btise^  oxide 
of  lead  is  the  one  wbieb,  when  ietrodooed  into  glass,  producea  ths  greatest  increase  of 
magnetic  rotatory  power ;  then  follow  th*  oxides  of  bismntb,  antimony,  sine,  mercury, 
silv^.  Magnesia,  strontia,  and  baiyta  do  not  appear  te  exert  any  influanee;  limc^ 
potash,  and  soda  diminish  the  efibct 

Berlin  (Ann.  Ch.  Phys.  [31  xxiii.  6)  has  obtained  the  fbllawing  values  of  the  mag- 
iMtic  T0tat«>7  powaa  of  uveinl  tubetances,  as  compared  with  that  of  Faradi^'s  heavy 
gbu»: 


Heavy  glass 
aoinand's  flint-glass     . 
Hatthiessen's  flint- glass 
Common  flint-glass 
Stannic  chloride   . 
Sulphid*  of  carboo 


TriehlsFidB  of  phoepbonia    .  SI 

Solution  of  chloride  of  line  .  Ifi 

SolntioD  of  chloride  of  calcium      ■  4S 

Water 26 

Alcohol  at  SS"      ....  18 

Ethei IS 


The  dispersion  of  the  different  coloured  rays  by  magnetic  rotation  in  fiint-glasB 
(Berlin)  and  in  oil  of  turpentine  (Wiedemann),  follows  the  same  laws  as  incircnlai 
polarisation,  produced  by  qnarti  (p.  S7S). 

CavM  of  Uu  Afoffnetia  Botatorg  aetion. — Faraday  at  first  attributed  the  obaerred 
efituta  to  the  direct  action  of  the  magnet  on  the  rays  of  light ;  but  further  research 
cooviDced  him  that  the  rotation  of  tiie  plane  of  polarisation  ia  due  to  a  temporary 
modification  in  the  molecular  structure  of  the  transparent  mediam,  induced  by  the 
action  of  the  current  or  magnet.  In  accordance  with  ibis  view,  it  is  found  that  any 
uu»e  which  interferes  with  molecular  dispUeement,  likewise  impedet  the  dtrelo^ent 


..Caioi^Ic 
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of  tha  rotator;  powrr  bv  nugoetic  action  :  hence  it  ia  th&t  thil  power  it  bat  nieljr 
deTeloped  in  crystals.  Tbe  deTelopmrnt  of  thia  powtt  ia  likevUe  hindered  b;  pre- 
nre,  biit  fsToored  bj  heat,  irbich  mcntuee  the  apacei  between  the  moleeolee,  and 
Iherebj  ^ilitatee  their  displacement  bjr  magsetie  action.  H.  W. 

ILXOSTi  OSUdOAZ  AOTXOK  OP.  A  large  number  of  Bnbatanceg  suffer 
cbeoiieal  change  on  eiposore  either  W  ennlight  or  to  certain  artitlpisl  sonicea  of  light; 
the  action  thus  effvclpdiB  mud  lo  be  chemioLl  action  iodoced  b;  light.  The  undolatorj 
or  medianica]  theory  of  light  and  heat  easily  explains  thie  peculiar  action  of  light, 
inaannich  as  this  theorj  anpposes,  ia  accordance  with  the  principle  of  the  coDserratioa 
of  eneiOT,  that  the  rapid  nbrationa  of  the  luminiferans  ether,  giriag  rise  b>  what  we 
tettn  It^t,  are  trannferred  tA  the  Bmolleet  particlea  of  the  msteriul  eabatuicf^  thus 
prodncing  tils  cbenical  change.  Amongst  the  moW  striking  effects  of  the  chemical 
changes  effected  bj  the  action  of  light  may  in  the  first  place  be  mentiooed  the  action 
by  light  npon  the  salts  of  idlTer,  giving  rise  to  all  the  marreUona  lesnlta  of  phot^Kr^phj; 
and  secondly,  the  conTenrion  of  uie  CBrbonic  acid  gas  contained  in  Uie  air  into  its  con- 
atitoent  elooents,  bv  fiaata  in  sunlight,  a  chemical  decompoaitioo  span  which  the 
whole  liring  worid  depends. 

The  pccuiar  bUdening  which  exposure  to  lisbt  effects  npon  diloride  of  silver  was 
cbaarrad  as  early  as  the  middle  of  the  sixteenth  century,  but  the  eipUnsCion  of  the 

Shenomenon  was  first  given  b;  9cheele  in  the  year  1777  (Fim  der  Lu/i  ttnil  dem 
'euer,  I«ipBC,  178*.  p.  84).  He  clearly  proved  that  whea  chloride  of  silTBris  exposed 
to  light  a  blade  substance,  insoluble  in  ammonia,  but  eolnble  in  acids,  is  formed,  irtiilst 
at  the  same  time  hydrochlonc  acid  is  set  tree ;  and  heoce  Scheele  concluded  "  that  the 
blackness  which  the  luna  comua  awuirea  from  the  snn'a  light  is  silver  by  reduction." 
Scheele  likewise  proved  that  the  vanauely  coloumi  solar  raya  do  not  affect  ailnv^alta 
in  the  same  degree,  and  that  the  chloride  of  silver  is  bhu^ned  BOODer  in  the  violet 
than  in  any  other  of  the  raye.  The  theory  of  tie  decorr^xwitioD  of  silvBT-sslts  by 
light  has  made  but  slight  progrpsa  since  these  flrat  experiments  of  Scheele,  in  spite  it 
.1 jj  developmcDt  which  practical  photography  baa  attained;  and  ei '  """" 


blaek  powder  insoluble  in  nitric  acid,  (2)  the  tiuiDatiaa  of  free  hydrochloric  add, 
(3)tlie  specific  activity  of  the  violet  raya. 

The  first  definite  eiperimetitB  made  on  the  chemical  action  of  light  upon  vwetatJon 
were  tlioee  of  Prieatley.  Thia  acnte  ressoner  and  active  aiperimenter  showed  f&jxri- 
tnenla  and  Obtervationt  on  Differmt  Kindt  o/  Air,  Birmingham,  17B0,  p.  388),  tlat  it 
is  only  in  presence  of  light  that  plants  are  able  to  decompose  the  carbonic  acid  of  the 
air,  assimilating  Ilie  carbon,  and  liberating  the  oxygen,  and  thus  purif^ng  a  closed  at>- 
moHphare  rendered  impore  by  the  respimtion  of  animsla  or  by  the  homing  of  a  candle. 
These  roflults  were  soon  aflerward*  confirmed  and  enlarged  by  the  Uboors  of  many 
chemists  and  botanists,  amongst  others  b;  IngenhonsE,  DecandoUe,  Saassore,  and 
Bitter,  and  thus  by  degrees  the  graiid  relations  of  the  atmospheric  equilibrium  of 
animal  and  vegetable  life  became  apparent.  It  is,  however,  only  within  tlie  last  Uw 
yean  (hot  the  immediate  dependence  of  all  terrestrial  life  upon  the  solat  mdiationa  haa 
been  universally  admitted.  We  now  know  that  the  aninul.  throegh  the  regetAble, 
derives  its  power  from  the  sun  ;  that  it  ia  the  rapidly  vibrating  solar  rays  which  are 
Absorbed  bv  plant!  and  stored  ap  in  them,  to  be  given  out  again  in  the  various  forms  of 
energy,  either  animal  or  mechanical,  upon  the  destruction  of  the  vegetable  organism 
by  oxidation.  Only  the  most  rapidly  vibrating  of  the  solar  raya  are  able,  aa  a  mis. 
to  effect  chemical  change,  and  hence  these  violet  at  moet  refrangible  isys  have  recuved 
the  special  name  of  the  "  chemiiaJ  rays ;  "  there  is,  however,  no  diOerence  in  kind 
between  these  and  the  Other  solar  mdiationa,  they  alldifleronljin  wave-lengths  and  in 
intensity  of  vibration. 

ilta$ar»tn»nt  of  the  Chemical  aetiom  of  Light. 

The  measorement  of  the  chemical  action  of  liji;ht  and  the  investigBtion  of  the  laini 
which  regnlate  thcae  important  actione  are  Eobjccte  which  have  natonJly  attracted 
considerable  attention.      The  first  parson  who  succeeded  in  measuring,  aluioogh  but 


which  regnlate  these  important  actions  are  Eobjccte  which  have  natnnJly  attracted 
considerable  attention.  The  first  person  who  succeeded  in  measuring,  aluioogh  but 
rOQghly,  the  chemical  action  of  light  was  Dr.  Draper  of  New  York.    He  employed  toe 


Eurpoee  a  reaction  originally  observed  by  Qay-Lussac  and  Thinard,  that  chlori 
ydrogen  when  mixed  in  equal  volumes,  do  not  combine  in  the  dark,  but  whan 
exposed  to  difi\ised  light  gradually  unite,  and  even  combine  ao  raradly  as  to  produce 
an  explosion  when  placed  in  direct  sunlight.  Draper  constructed  an  inatrument  by 
which  the  qnaDlity  of  hydrochloric  acid  formed  by  the  action  of  li^t  during  a  given 
time  Hmld  be  npproximntely  determined,  and  although  the  method  which  he  employed 
wal  Tery  incomplete,  hia  experiments  led  him  to  (he  first  great  law  of  jdioto-dnnitcal 
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actions,  vk.,  Ikai  the  cHeaieal  aelion  ef  light  varia  in  direct  proportion  to  the  in- 
tauity  of  tie  light,  and  to  the  time  of  the  exporare.  The  nbject  of  the  meuomnent 
of  the  chemical  action  of  light  hua  been  placed  upon  an  ezaot  scienlifle  baiis  bj 
the  leeearchea  of  Bunaen  and  BoBcoe.  For  the  detailed  deacriptioD  of  tha  metboda 
emplojed,  and  tor  manf  of  thf  ifsnlta  which  theae  chemista  oblaiued,  «e  moat  re&r  to 
theu  original  memoirs  (FhiL  Tnna.  ISfiT,  pp.  »BS,  381,  601;  IgfiB,  p.  879;  1882, 
p.  1!9),  aa  we  cm  here  only  give  a  short  anmmacy  of  the  principles  npon  which  their 
modes  of  measuring  thecKemical  actioa  of  light  srefunHded,  and  a  aUtement  of  some  of 
the  more  importiint  resales  to  which  thej  have  been  led. 

DneripU/m  of  the  Chlorine  and  Hsdrogen  Chtmical  Photometer  of  Swum  and 
Roteoi. — This  instramant  ie  founded  on  the  same  principle  as  the  pbotomeler  of  Draper, 
that  of  the  combination  of  a  mixture  of  chlorine  and  hydrogen  when  exposed  to  light, 
bat  difltra  from  Draper's  instmmsnt  in  being  capable  of  giTins  accurate  and 
trnstworihj  meaanrementa,  inasmuch  aa  certain  neceaaa^  oonditiona  fbr  giTiiig 
exactness  to  tlie  indications  are  ftilfilled.  Theae  conaiat  mainlj  in  the  ^lerfpet  nnifop- 
mi^  of  the  gaaaona  mixture,  conatAncy  of  pressure  on  (he  gas  and  liqaida  thtooghout 
the  ^tparatuB,  and  elimination  of  the  disturbing  notion  of  radiant  heat.  TMa  moot 
delicate  chemical  photometais  represented  in  j!^.  702.     It  consists  easeotiollj  tf  threi' 

Fig.  702. 


ports ;  lumelj,  first  the  apparatus  in  which  the  sensitiTe  gas  is  eennat^d  bj  the 
elc-clrotjsis  of  hydrochloric  acid ;  secondlT,  the  apwiBtna  in  which  the  gaa  is  expoaed 
to  light,  and  thirdly,  the  apMntus  in  which  the  Tolnme  of  hydrochloric  acid  produced 
in  a  given  time  is  read  off  The  mixed  gas.  cousistjcg  of  hydrogen  and  cblorine  in  eqnal 
Tolumes,  is  erolved  from  hydrochloric  acid  in  tbo  glass  TCSbsl  a  containing  two  ctvboQ 
poles,  by  mftana  of  the  four  cells  of  the  Bnnaen  battery  C.  By  help  of  the  gyrotrope  D, 
the  current  of  electricity  can  be  ereaf  !y  weakened  at  pleasure,  and  the  erolntion  of  gaa 
in  the  TMsel  a  reduced  to  a  small  amount.  The  mixid  gases  pass  from  the  vessel  a 
throDgh  the  water  oontaiced  in  the  washing-bulbs  v,  and  tbenee  throngh  a  horiioutBl 
tube  provided  with  a  glass  stopcock  t,  into  the  insolation  vessel  t,  in  which  the  giUW* 
are  exposed  to  the  action  of  light  The  lower  half  of  this  vMsel  is  blackened  to  protect 
it  fnm  the  action  of  tlie  light  From  the  insolation  vessel,  the  gas  passes  throngh  the 
honsontal  measuring  tube  k  provided  with  a  millimetre  scale,  then  through  the  water 
in  the  vessel  t,  and  finally  into  a  cylinder  filled  with  slaked  Umeand  charcoal  to  absorb 
the  chlorine^  When  the  gas  is  sMowed  to  pass  throngb  the  apparatus,  the  liquids  in 
a.  »,  t  and  I  grudnally  bsMime  saturated  with  the  gas  ;  but  as  the  saturation  goes  on 
the  composition  of  the  gas  varies,  and  it  is  only  aA«r  the  gaa  has  continaed  to  paaa 
through  fin  three  or  finir  days  that  the  tiqaids  become  Mtfectlj  saturated,  and  tbe 
niitore  consists  of  exactly  equal  volumes  (rf  hydrogen  and  chlorine.  During  the  yro- 
cess  of  saturation,  the  photochemical  sensitiveness  rf  the  gas  increases  continually, 
until,  when  the  absorptionuitrie  equilibrium  is  attuned,  the  senaitiveneas  mohes  its 


for  weeks,  and  only  requires  a  short  satomtjan  each  day  previous  to  the  actual  observa- 
tion. The  observstions  are  made  by  dosing  the  atop-cock  s,  and  allowing  the  light  to 
act  on  the  gaa  in  the  upper  part  of  the  vessel  i.  Combination  then  occurs,  accompanied 
by  a  diminution  of  vohime,  owing  to  the  absoiption  by  the  water  of  the  hydrochloric 
acid  formed,  so  that  the  atmospheric  pressure  ftirccs  the  water  in  through  the  tube  k 

tomsds  i.     The  rate  of  miwement  of  the  column  of  w-' ■"•■*-  ""'-  '•—  ^••~^' 

nation  of  volame,  a    ' 

in  the  jar  in   the  ■ „ ,  ._ 

necessarily  uniform,  from  the  conelmclion  of  the  apparatus;  bat  it  is  also  necessary 
that  oniformity  of  pressure  be  insured  in  all  other  puts  gf  the  api>iuutuB  in  theinlemU 
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between  the  obaemtiooi ;  otluirwue  the  campositiail  of  the  gueona  mixture  will  be 
sllered,  ud  the  reaolta  wSl  be  do  longer  exsi!t.  Thii  DniGtmiitj  of  pressure  ia  in- 
Bured,  bj  muking  the  gsa  paw,  after  the  (top-cock  i  i>  eloaed,  throogh  the  bent  tube 
m  V,  containing  wutOT,  and  thence  through  the  tube  \  which  dips  noder  tbe  water  in 
tha  vesrcl  E,  the  prenure  being  r«gnliil«d  \tj  iBiaing  or  depressing  ths  tube  through 
the  CBontehonil  numtlipieee  t.  When  ttie  stop-cock  is  open  ihe  chs  will  paaa  either 
throogh  the  tnsoUtioD  veuel  or  throogh  the  prassara-reguUtta  f ,  MOOTdiiig  ta  the 
dimth  to  irtiich  the  tube  h  is  immersed  in  the  water. 

To  prsTsmt  anj  disturbance  from  ths  effects  of  radiaol  heat  (tar  the  inilnment  acta 
as  a  d(dieat«  aii>tharmonM(er)  (he  light  fratn  a  eoal-gu  flanu,  or  other  sanrce,  haTing 
been  eoiuUnwd  hj  the  coiit«x  lew  M,  is  mode  to  pais  through  the  nlinder  N,  dosed 
with  plate-ghM*  andi,  and  filled  witb  water.  A  screen  is  alio  tJaeea  in  boot  ot  the 
insolation  TMlel  ta  pretent  radiation  of  heat  from  the  bodj  of  the  ohmrer;  and  this, 
together  with  the  toesn  I^  servea  to  prereiit  rHdiatJon  from  external  otaeots.  It  waa 
fonnd  bj  experiment  that  the  heat  evalred  by  the  eoinbitiatioD  of  the  mixed  gaaea  did 
not  eSBrt  anirsaiaible  inSnence  npon  the  reealta.  The  whole  of  the  qipatmtns  between 
a  and  I  is  eoaneded  br  groand-glass  joints^  or  by  fhsion,  no  caoutchooc  or  othec 
o^anic  substance,  which  conld  be  acted  upon  bj  chlcsine,  being  iDtroduced,  exccnt 
where  the  waste  gas  ia  carried  o£  The  inatmment,  when  thus  anaoged,  is  eitremetj 
delicate ;  the  light  emitted  from  a  smaU  atmight  flime  of  coal-gas,  42  mm.  in  hngh^ 
pl*£ed  at  ■  dia^ce  of  216  Tuin  from  the  ineoution  reeeel,  producing  an  action  repre- 
sented bj  the  motion  of  the  cotomD  of  water  otbt  nearly  II  divisions  of  the  scale  in 
one  minnte.  The  several  indications  obtained  agree  closely  witb  each  other,  and  show 
'"  and  ttnatworthj  reeults.    Thus  the  action 


.ndise 


it  dajs  was  as  follows : 


14-00 
U-2S 
18-80 
13-83 
13-68 
13-72 
13M 

Ob*amti<ms  mads  with  the  ooDStant  flame  placed  at  difierent  known  distances  front 
the  inwUtion  vessel,  proved  that  the  amount  ot  ths  chemical  action  varied  inrerselj  as 
'.he  Sqnars  of  the  distance ;  and  experiments  made  in  September  with  a  flame  of  the 
-tame  dimensions  as  used  in  June,  gave  results  agreeing  most  exoetlj  with  those  obtained 
hree  months  previoiuly. 


1  ths  na  is  exposed  t«  light,  the  quantity 
;taia  tne  maximum.    A  certain  time  alw»j« 


if  hydrochloric  acid  does  not  at  once  attain  tne  maximum.  A  certain  time  alw»j« 
slapsea  before  any  siterabon  of  volume  is  observed ;  a  sli^t  alteration  is,  however, 
won  notjeed,  and  this  gradually  increases  until  the  permanent  maximum  is  attained. 
This  rema^able  fact  was  first  observed  hj  Draper,  who  explained  it  by  supposing  that 
ths  chlMUie,  on  exposure  to  light,  underwent  a  permanent  lUloIropic  modifiiMlion,  in 
whidi  it  possessed  mtaa  than  osasliy  active  'properties.  Sunsen  and  Boseoe  barc^ 
however,  shown  dint  n«ther  chlorine  nor  hydnoen,  when  sepotately  insolattd,  uodec- 
goes  any  such  modification,  no  difleience  indeea  being  pere^tible  between  the  action 
of  light  on  the  gases  which  have  been  separately  inaolated  before  mixing,  and  on  a 
mixtnreof  the  same  game  evolved,  and  previenBly  kept  in  tjie  daik.  The  light  appeal^ 
therefore,  to  act  by  increosiDg  the  ottiBction  betweeu  the  chemically  active  moleeulea, 
or  by  overcoming  certain  resistances  which  oppose  their  combination.  This  pecnliar 
action  is  tennsd  photoahemiokl  indnetion.  Tha  wrthofs  have  taUj  invsatigatad 
the  laws  rf  photOehsmical  induction,  and  have  determiDed  the  relation  Masting  between 
the  intenn^of  the  li^t,  the  man  of  the  gsa,  and  the  duration  of  ths  indoctiveaetioB; 
tor  the  molts  thereby  obtained  we  must,  however,  refisr  the  reader  to  the  original  papoiB. 
The  resistance  to  combination  which  prevents  the  union  of  the  chlorine  and  hydrogen 
gases  until  the  action  is  usiBted  by  light,  is  inovased  to  a  rentsrkabla  extent  hj  the 
rcn  the  minutest  trace  of  foreign  gosoL  Thus,  an  ^cess  o!  -y^  at 
a  above  that  contained  in  the  normal  mixture  lodueee  the  action  from  100 
The  following  table  shows  tha  effect  of  the  presence  of  small  quantities  of 
foreign  gases  opon  the  senaitireness  of  tha  mixtnr*.  In  each  case  the  aM  of  oomhi- 
nation  of  ths  pore  gasca  ia  supposed  Ui  be  100. 
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NilBnotrcnlgnfM. 

VoliKHofcblorlM 

voiuB^fcfrtr. 

uTiBliHiin. 

Soo»      .... 

Chioiw.          .         .         . 
HjdPog™      .        .        . 

NoD-iiiBoUted  gu 

1000 
1000 

1000 
1000 
1000 

looo 

0 
1-3 

H 

1000° 
lOOD 
60-2 
60» 
41-8 
37-8 
9-7 
2-7 
U'« 

The  increaae  to  the  rale  at  which  combiDatioD  gpft  on  Dp  to  >  Mttain  point,  uadpr 
the  mfloence  of  light,  appean  Co  arise,  not  from  Kaj  peculiarity  in  light,  bnt  rather 
tiom  the  mode  of  action  of  the  ehemic&l  nttrHCtioDB  thprnselves.  Chemi(»I  indnction 
ii  in  fitct  oboerred,  when  there  !■  Dothing  but  pace  chemicel  action  to  prodnce  the 
change.  Thns,  if  ■  dilute  soltitton  of  aqueons  bromine  be  miied  iritb  taJlAric  acid 
and  kft  in  the  dark,  hjdrobromic  udd  is  formed,  and  the  rale  at  which  thie  hjdro- 
bromic  add  ia  produced  is  not  nniform,  bnt  increaKa  up  to  a  certain  point,  according 
to  a  lav  similar  to  that  irhich  is  obserred  in  photochemical  induction.  Theee  pheno- 
mena aeeiD  to  lead  to  the  conclosioD,  that  the  chemical  attraction  betwKD  any  two 
bodies  ii  in  itseU  a  force  of  oonatant  amonnt,  bat  that  its  action  ia  liable  to  be  modi- 
fied by  ontodng  fbrcee,  gimilar  to  those  which  affect  the  eondaction  of  heat  or  electri- 
city, or  Ue  diitnbntion  of  magnetism  in  steeL  We  orercome  those  nadatances  wlien 
we  aeeelarat«  the  Itanutioii  of  a  predpitate  by  agitation,  la  a  deeompoaitioa  by  inio- 
latioD. 

One  of  the  many  intercBting  applications  of  the  law  <^  photoehamical  indnetton 


xistence  of  cerlain  rays  which  can  contiDue  bat  not  commenu  chemical  ai 
In  order  to  explain  the  phenomenoa  observed  by  the  French  phyaidst,  it  is  not  n 
•-  -nppose  the  existence  of  a  new  property  of  light,  as  the  fvM  a—  ■ 


the  ease  of  chlorine  and  hydrogen  a 
chemical  procesaea. 

OompantlTe  >na  A1»olnte  KMunromant  of  die  Cbeiiil«a]  ttmjt.—'Ihe 
first  essentiul  for  the  exact  measaremcnt  of  photochemical  actions  is  the  possesaion  of 
a  constant  source  of  light.  This  Bnnsen  and  Roecoe  secured  by  employing  a  Same  of 
pure  carbonic  oxide  gas,  burning  ^m  a  platinum  jet  of  7  mtn.  tc  diamet«r,  and  issuing 
at  a  giren  rate  sod  under  a  pressure  very  slightly  diSeriiig  &om  that  of  the  atmosphere. 
The  action  which  such  a  standard  fiame  produces  in  a  given  time  on  the  senaitiTS  mix- 
tuir  of  the  chlorine  and  hydrogen,  placed  at  a  given  d^tance,  is  taken  as  the  arbitrary 
unit  of  photochemical  illuminatioD,  This  action  is,  howerer,  not  that  which  ia  directly 
observed  on  the  scale  of  the  inetmment.  The  true  action  is  obtained  only  by  taking 
account  of  the  absorption  and  extinction  which  the  light  undergoes  in  passing  throngh 
Uie  Tarions  glass-,  water-,  and  mica-scre«ni  placed  between  the  flame  and  the  sensitive 
gaa.  These  reductions  aas  be  made  by  help  of  the  determinations  detailed  in  the  mo- 
moirs  abore  rafemd  to.  When  these  sources  of  error  are  eliminated,  it  is  poaeible,  by 
meuu  of  this  standard  flame,  to  rednce  the  indications  of  diflTerent  instmments  to  the 
same  unit  of  laminous  intonsity,  and  Ihus  to  render  them  comparable.  For  this  pur- 
pose, the  authors  define  the  photometric  uuit  for  the  chemically  active  raya,  as  the  amount 
'  aeiion  praduetdin  ant  Tyiinvte  bt/  a  standard  fiam»  placed  at  a  ditlance  of  ant  rntlre 
^  9m  f^  nonmif  mtrtwre  0/'cUorifut  Sttif  Ay(£ni^m;and  they  defermineexparimentally 
tor  each  instrument  the  nnmber  of  sncb  nnita  which  correspond  to  one  division  on  the 
scale  irf  the  instrument.  By  multiplying  the  observed  number  of  divigiona  by  the  nnm- 
ber of  photometric  units  eqnal  to  one  division,  the  observatious  are  reduced  to  a  com- 
porable  standard.  It  is  proposed  to  call  this  unit  a  chemical  unit  of  light,  und 
ten  thonsand  of  them,  one  chemical  degree  of  light.  According  to  this  standard 
of  measarement,  the  chemical  iUnminution  of  aaurfiice,  thati^  the  amonnt  of  chemically 
active  light  which  fells  perpendienlurly  on  the  plane  sorfece,  can  be  obtained.  It  has 
thus  been  found  that  the  distance  to  which  two  flames  of  coal-gas  and  cafbonic  oxide, 
each  fed  with  gas  at  the  rato  of  4't0£  c  c.  per  second,  mnat  be  removed  &om  a  plane 
surfeee,  in  order  la  effect  npon  it  an  amount  of  chemical  action  represented  by  one 
degree  of  light,  was,  in  the  case  of  the  coal-gas  flame,  0-929  metre,  in  that  of  carbonie 
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oiid^O-SSl  mrtie.  lli«i  chemical  iUomiDiting  power,  ordiemiral  iotensitj.of  Tarioni 
BooTMi  of  Ught,  meuQrt^  bj  tho  chpmica]  octiOQ  effected  by  thi*Ae  BaurccB  at  eqndl 
dnbmcM  BDd  in  eqosl  tima^  csd  alio  be  eipresHd  in  t*rm8  of  this  unit  of  light ;  and 
tbne  ehamkal  intensitiea  mft;  be  compered  witli  the  Tisible  li^t-giTing  iatensiliea. 
Id  like muinsr,  the  authon  deflae  ohemical  brightneaa,  a>  the  araooat  of  light 
meamied  pbotochemicall?,  vbich  fnlli  peqMndicularlj  from  a  InmiDooi  surbw  upon  a 
phnical  poiat,  divided  b?  the  apparent  magnitude  of  the  BurAice;  and  this  chnoieal 
bngfatnesi  of  drdes  ofifmth-aky  of  different  aiiei  has  been  determined.  EKperimeDt 
ahowg  that  the  chemical  brightncw  of  nnana  aiied  portionB  of  zenith-sky,  not  exceed- 
ing 0-00009  of  the  total  hrareDB,  i>  the  aame ;  or,  that  the  chemical  action  eSMed  ia 
directly  proportional  to  Uie  apparent  magnitude  of  the  illaminating  ant&ra  of  Eenilh- 
■kj.  it  ia,  huTCTer.  possible  to  eipreea  photochrmicHl  actions,  not  odIj  accoiding  to 
BO  artritnrr  ataudaid,  but  is  ahaolnte  unite  of  time  and  space.  Thia  has  been  done  by 
detennining  the  absolute  Totnme  of  bydrochloric  add  fcnned  by  the  action  of  a  filed 
sanree  oTlight  dnring  a  given  spac«  of  time ;  and  ia  this  way  Ihe  chemical  illamiuation 
of  any  surface  may  be  expressed  by  Che  height  of  the  colnmn  of  hydrochloric  acid 
which  the  light  falling  npon  tbat  surface  would  produce,  if  it  passed  thcungh  au  nnli- 
miled  atmoephere  of  dilorine  and  hydtogeD.  This  height,  measured  in  metres,  Bnnsen 
and  BoMoe  call  a  light-metre.  The  chemical  action  of  tiie  solar  rays  can  be  enimnacd 
in  lig^Vmetrea,  and  the  me^n  daily  or  annual  light  thus  obtained  regulates  the  che- 
micd  climate  of  a  place,  and  points  the  way  to  rdslions  for  the  cheminl  actions  of  the 
solar  mya,  which  m  the  theRnic  actions  are  already  represeDted  by  isotheraula,  iso- 
thenla,  &c. 

frlnilfwl  A«tlaB  of  DUhua  nsyUcM. — ^In  order  to  determine  the  chemiod 
action  ezoted  by  Ibn  whole  difiiise  daylight  upon  a  given  point  on  the  earth's  sor&ct^ 
tlia  aathon  weie  obliffed  to  have  reconise  to  an  indirect  method  of  eiperimentio^ 
owing  to  the  impoas^lit^  of  meaenring  the  whole  action  directly,  bf  means  <^  the 
•MisitiTe  miituni  of  eUonne  and  hydiugsn.  For  the  pnrpose  of  obtsining  the  wisbed- 
tot  leanlt,  the  ehemiol  action  proceeding  (com  a  portion  of  sly  at  the  lenith,  (^  known 
magnitude,  was  determined  in  abeolate  measure ;  and  then,  by  means  of  a  photometer, 
whose  peculiar  constniction  can  only  be  ondentood  by  a  long  description,  the  relation 
between  the  vutUe  illnminating  power  of  the  aame  portion  of  senith-sky  and  that  of 
the  total  hesTens  was  determiiiad.  As,  in  the  case  of  lighta  fn>m  the  same  saorce,  but 
of  di^«nt  dcgnf*  of  intensity,  the  clianioai  actioni  are  proportioned  (o  the  vUibU 
'"     linatiu;  tflbeta,  it  was  only  neeeasair,  in  order  to  obtain  the  chemical  action  pro- 

d  by  the  total  diflhsa  li^t,  to  multiply  the  chemical  action  of  the  lenith-portion 

of  B^  by  the  number  reprssentin^  the  rel^on  between  the  visible  illamination  of  (he 
total  aky  and  that  of  tlwaameientth-portion.  The  laws  aciording  to  which  the  chemical 
ray*  are  dispersed  by  the  atmo^here  can  only  be  ascertaioed  &om  experiments  made 
when  the  sky  is  perfectly  cloudless.  In  the  determinations  made  wiui  (his  specially 
arranged  photometer,  care  was  therefom  taken  that  the  alight-ret  trace  of  cloud  ur 
mist  was  absent,  and  the  relations  between  the  visible  illnminating  effect  of  a  portion 
of  sky  at  the  lenith  and  that  af  the  wh<^  visible  heavens,  was  determined  for  eveiy 
half  hour  irom  sunrise  to  sunset,  the  ohaermtions  being  made  on  the  aummit  of  ft 
hill  near  Heidelberg,  ftom  which  the  horiion  was  perfectly  five. 

The  amount  of  cnemical  illumination  which  a  point  on  the  earth's  sorface  receives 
from  the  whole  heavens,  depends  on  the  height  of  the  son  above  the  horizon,  and  on 
the  bansparency  of  the  atmosphere.  If  the  atmospheric  transparenCT  nndersoes  mnch 
change  whan  the  sky  is  cloudleaa,  a  long  series  of  experimeuta  would  be  needed  before 
the  true  relations  Of  atmospheric  extinction  for  the  chemical  rays  could  be  arrived  at ; 
the  authoia,  however,  believe  that  the  altcmtione  in  the  transparency  uf  the  air  with  a 
ctoudlesB  sky  are  very  alight,  and  they  think  theDist-lves  justified  id  considorin);  the 
chemical  illimiinstioa  of  the  earth's  snrfaee  on  clondleas  days  to  be  represented  simply 
as  a  function  of  the  sun's  zenith-distance.  Thia  supposition  is  confirmed  by  experi- 
ments made  on  diiTerent  occasions  with  vaiying  lenith-distance  of  the  sun,  inasmuch 
as  these  all  agree  closely  amongst  tbemselvea.  From  a  series  of  observstiona  made  on 
June  S,  IBfiS,  the  relation  between  the  amount  of  liebt  optically  measured,  falling  from 
the  whole  sky,  and  the  amount  (taken  sa  unity)  which  at  the  same  time  falls  from  a 
Dortion  of  zenith-aky  equal  to  y^th  part  of  tie  whole  visible  heavens,  has  been  caJcu- 
lated  for  every  d^jree  of  the  sun's  zenith-distance  from  20°  to  90°.  These  numbers 
multiplied  by  the  chemical  light  proceeding  &om  the  same  portion  of  Ecnith-sky  for  lbs 
■ame  zenith-distance,  ^ve  the  chemical  action  effected  by  the  whole  diffuse  light.  The 
amount  of  chemic&l  light  which  falls  from  the  zenith -portion  of  sky  is,  however,  the 
chemical  brightness  of  that  portion  of  aky.  Thia  chemical  brightness  was  determined 
by  the  chlorine  and  hydrogen  photumetor  on  various  duys  and  n(.  various  hours  when 
the  sky  wsB  perfectly  cloudless:  thenca  the  authors  obtained  the  chemical  action, 
expreautd  in  i£>gTeea  of  light,  which  in  cKcted  on  the  earth's  suria^:  b;  a  portion  of 
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araltb-dcf  mjukI  id  ana  to  n^tli  putof  tiie  whols  IteaTeoa,  under  corresponding  mn'g 
Baaith-diitanica  from  20°  to  90°,  Th«  DDmben  thui  obtained  have  ool;  to  b«  multi- 
plied by  thoae  of  tbe  fomier  seriee  of  obaerrstiona,  in  ordeF  to  give  tiuf  chemical  action 
^ected  bj  the  tolal  diffuse  light  of  day  for  lonith-di  stances  TOTjing  boa  20''  to  90°. 
Knovins  the  relatiou  existing  betvcen  the  eud'b  altitude  and  the  chemical  action,  the 
chemical  itlomiiutioa  effpcted  during  each  minnte  at  any  given  localitj  at  a  giveo 
time  majbe  ealcnlated.  For  the  fbllowing  tJacea,tlie  amount  of  chemical  illnmioBtioa 
expreeaad  in  d^re«  of  light  vhich  fiUla  from  tonnM  to  amiBel  at  the  remal  equinox  a : 
Helrille  laUmd         .        .    10,(90    |    Beidelbeig  .        .     18,220 

BfjkiaTik.  .  .  .  16,020  ITaplea  ....  20,eS0 
St.  Petersbnrg  .  .  .  16,410  Cairo  ....  31,670 
Hamdieater       .  .    18,220    | 

diBmioal  Action  of  Mraot  SoBUtlit. — The  chemical  action  of  the  direct  mut- 
light  waa  determined  b;  allowing  a  nnall  bat  knoirn  portion  of  direct  ninli^t  to  lull 
into  the  dark  room  in  which  the  instrumenl  waa  plawd,  no  that  the  insolation  v«es«l 
was  bathed  in  the  pencil  of  rajs  thus  admitted.  By  help  of  SilbennaDn's  helioatat, 
the  son's  image  was  reflected  doriug  the  whole  day  npon  onu  spot,  a  small  oponing  of 
known  size,  in  the  window-shutter  of  a  dark  room.  The  fraction  of  the  total  sun's 
Tsya  thos  admitted  and  allowed  ^o  fall  upon  the  chemical  photometer  was  calcnlated, 
and  the  aetioo  thns  effected  was  obserred :  hence  the  amoimt  of  action  tan  be  foond 
which  the  son  ironld  have  produced  if  dirrcUy  shining  npon  the  instTiuiient,^a  con- 
dition ia|ioaiible  of  course  to  fulfil,  as  the  action  would  become  too  rapid  and  the 
whole  apparatoa  would  be  ahattf  red  by  otJoaion. 

The  day  choarn  for  observation  of  the  snn'a  action  most  obTionsIy  be  clondless,  if 
we  wish  to  obtain  an  idea  of  the  relatioa  exiating  between  the  chemical  action  and  the 
height  of  the  anu.  Beginning  the  observatioDS  as  near  snnhae  as  possible^  we  And,  for 
instance,  on  September  15,  lB98,one  of  the  days  on  which  such  a  series  of  experiments 
was  made,  that  at  7'  6~  a.m,,  when  the  snu'a  aenith-distance  was  76°  30',  the  obserred 
action  an»UDt«d  to  t'£2 :  that  is,  in  one  minnte  the  colnmn  of  water  moved  thnmgh 
1*52  dinaion ;  or  the  quantity  of  hydrochloric  acid  formed,  when  the  ann  stood  at  the 
height  mentioned,  was  represented  by  l'£2  diTision  on  the  scale.  Gradually,  as  the 
diiy  wore  on,  the  observed  action  for  each  minala  became  Urger ;  until  at  9^  14"  a.m., 
the  latest  ohaerTation  poanble  on  the  day  in  qOHtion,  owing  to  the  fbniution  of  cloudy 
the  action  reached  18'S  divisioBS,  or  was  thirteen  time*  aa  large  aa  at  7'  9".  In  the 
last  column  of  the  accompanying  table  is  fonnd  the  action,  aipreased  in  d^rees  of 
light,  which  would  have  been  obBerred  at  the  £»egoing  tjmesi  if  the  whde  sunlight  had 
been  allowed  to  fiill  on  the  iiistrament: 


Hmt. 

Su...^U.. 

luhiiitc. 

7»     9- 

76°  30- 

1-62 

6fi4 

7     26 

73     49 

4-22 

lfi-60 

7     40 

71     37 

6-OB 

22-13 

S      0 

6S    S4 

T-86 

67    SO 

8-38 

S    36 

64    42 

12-48 

4S-86 

8    fit 

60    48 

1709 

9    14 

'   68    11 

18'fil 

67-61 

This  great  iiicre«ae  in  the  chemical  Action  with  the  r 


if  the  sun  in  the  hesrens 


uoriion,  the  column  of  air  throogh  wUch  the  rsys  puss  is  constantly  being  leaaened : 
consequently,  more  of  the  direct  nys  reach  the  earth. 

Now,  the  law  according  to  which  the  dirrct  nys  of  the  son  an  thus  absorbed  in  the 
air  can  be  obtained  bom  the  experiments,  of  which  the  foregoing  is  only  an  example: 
bnnce,  if  the  actJon  which  the  sun  produces,  when  at  a  giTen  height^  is  known,  it  is 
possible  to  calcolate  the  action  which  it  would  prodacs  at  any  other  height. 

The  law  regnlating  the  chemical  action  of  direct  sunlight  may  be  thus  expreesed  : 
The  amount  of  chemical  action  eSected  at  a  point  upon  the  earth's  snrtace  on  any 
cloudless  day,  by  the  direct  solar  rays,  depends  alone  npon  the  suns's  senith-diatauM^ 
"     <-   '  ' '     '"         '    an  of  air  tlirough  which  the  rays  have  to  pass. 

B  agree  reiy  closely  with  the  experimental  data — witll 
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tlia  obMired  MtioD — !■  ar^o  b]r  eompanng  Ihs  nombsn  in  Table  JI,  n^tMdug  tba 

obaerred  and  caleni^ted  action : 

Tabli  IL 


5a.->  HniUi-db- 

CliaiW  ninml— i".  o(  n.-i  dl 

DlWITUtlB. 

prawdlnAecrMortlibL 

OlHnd. 

Cikiuud. 

48°     g 

83-0 

96-4 

sg-a 

81-8 

n  36 

631 

87« 

6S'3 

60    48 

626 

S8-3 

U    43 

4(-9 

47-fl 

67    SO 

889 

36-6 

«S    34 

27-8 

3S'l 

23'4 

34  6 

lS-5 

16-3 

76    80 

66 

8-2 

«  -  ±  2-7  dcsiee>  of  lighL  ] 

of  tlie  NT*.  It  ii  thni  found  that  if  the  snn'i  rajs  vere  not  thns  weakened,  by  poi- 
tgga  Ihrongh  the  atDHMphere,  ther  itodM  produce  sn  illainiaatioii  repnsented  hj  318 
drgrea  ofiigkt;  at  thej  woold  eftect  a  combination  in  one  minntc^  upon  on  nnlirajtni 
■tmonihere  of  cUorine  and  hjdrogen  on  whicb  they  fiell  p«ipendiciilulj,  of  ■  eolanin 
of  hf luoehloric  odd,  Sf'S  mttrtt  in  heiglU.  The  ana's  laya  having  poaaad  petpendim- 
tarlf  thtongh  onr  atmoopbeM  to  the  ofa'a  lerel,  effecC  on  action  of  only  14-1  tight- 
metrf$;  or  thne-flfllia  c^  their  demical  oetirity  ha*  been  lo«t  by  extinction  and  dia- 
penitm  in  die  otmonibaM. 


noticed.    ThtUk  fiv  v  .  ,  _ _    _   

Tsya  will  pradace  on  the  Tariatu  planeta ;  fbr  ve  know  that  the  intenaity  of  the 
chemical  illuminaHon  Tarin  invene!;  aa  the  aqaora  of  the  diatonce  of  the  planet  from 
the  ann.  The  Dnmbera  in  Table  III,  Bnaeaa  this  chemical  acticoi  in  degnes  (rf  li^l, 
and  in  height*  of  colnmna  of  hydiochlorii!  acid  called  tighl  mil't*.  H«noc^  wb  bm  hov 
mnch  the  mn'a  chemical  actum  Toriea  on  the  diflerant  plannta^  the  anperior  planets 
receiving  ao  email  a  portion  as  to  render  it  impoedbla  that  the  kind  «  animal  and 
Tegetable  life  which  we  here  eqjoy  a     " 


Tuui  UL—CIUKtieal  Jetton  produetd  by  JXrtet  Atn^U  on  tael  FttnuU 


TSxtcary 

Earth 
Man 
Jnpiter 

Keptune 


0-387 
0-72S 
1000 
1-S24 
A-203 


21260 
608-9 
813-3 
187-1 


0-4 


Inttreating  conelnaiona  eon  ba  dnwn  from  these  fade,  aoneerninE  the  distribolion  of 
the  chemical  raya  on  the  anrface  of  our  eaith  in  diffiiFant  latitndea,  and  at  different 
eleratioDH  above  the  lea's  levA.  The  fiuther  removed  a  ritoation  is  from  the  lerel  of 
the  sea,  the  higher  np  in  the  atznosr^cre  it  is  placed,  tlie  greater  U  the  amount  of 
chemicil  action  which  it  reeei*ee.  Thno,  in  the  hishlanda  of  Thibet,  where  com  and 
grain  flourish  at  ahoight  of  froat2,000to  14,000  &e^  the  chemical  action  of  the  diicet 
anolight  is  1^  times  aa  great  as  in  the  Deighbonring;  lowland  plains  of  HindostaD.  In 
the  Mme  way  we  nn  calculate,  for  any  point  of  the  eortb's  anr&ce  whose  ladtsde  ia 
known,  the  omannt  of  chemical  action  whidi  the  direct  snnlight  eflheta  at  any  giTen 
timoof  dayor^eor.  In  Table  IV.  the  nnmbersrepreaent  thechemiral  action  effected  by 
direct  snnUght  in  one  mio  ate  at  the  places  and  boii»  named,  on  the  21staf  Manih.  CorrcB 
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GS5 


Mcompui;  the  original  msmciin,  Bhoving  th«  rise  of  tlw  action  with  the  prc^^ress  of 
ttie  Bun  thnnigh  tlia  he&Tena.  Bj  compuing  tlis  nnniben  in  the  tsbl^,  it  is  seen  bow 
greatlj  this  chemical  action  differs  at  tsfioiib  points  OB  tb*  earth's  snr&ce;  sod  we  can 
imderslanil  how  it  ia,  that  at  the  latitDde  of  Cairo,  where  the  chemical  action  of  the 
direct  sanlight  is  twice  as  givat  u  it  is  in  that  of  Hanchestar,  the  whole  flon  and 
faona  asanms  a  mora  tropioil  and  loxoiiant  character. 


Tabu  IF.— CfcrmiwI  J^ilion  ^«Ud  by  DirKl  BunligU  in  On*  SEnuU 

onOe 

Heoa. 

4. 

B. 

C. 

D. 

R 

¥. 

a. 

0-0 

0-0 

0-0 

O'O 

00 

0-0 

0-0 

on 

0-03 

0-07 

0-33 

0-38 

0-89 

17* 

0-07 

1-68 

3-8» 

6-86 

8-02 

13'31 

2012 

0-87 

fl-62 

10-74 

18-71 

23-99 

se-Hs 

60-01 

lU      „       3 

1-86 

13-37 

30-26 

81-91 

40-94 

68-48 

78'61 

n      „      1 

803 

18'80 

27-66 

48-34 

6319 

98'38 

12  at  noun 

8-fil 

30-60 

80-36 

47ia 

S7'63 

80i»7 

1063 

A.  UslTille  laland. 

E.  HeideltMV;  - 

F.  N«J».^^ 

••la*  >>lliililiiii  Fill  the  pmpoas  of  msasnriag  the  chemical  activity  of  the 
Tarionsporlioni  of  the  solar  speetoom  (saregaidathemiztnnof  chJorinaandhjdrogen), 
Bnnseo  and  Boaeoe  lefleeted  the  son  s  ny  throogh  a  nanow  slitv  and  then  decom- 
poeed  Uiem  t;  pHsing  them  throagh  two  qnarts  pnsms.  The  speetram  tlms  prodnced 
was  allowed  to  fkU  apon  a  white  screen  covered  with  a  tolntioQ  of-qninine,  and  an; 
deond  poitioD  of  the  light  measured  bj  a  finely-divided  scale  allowed  to  fiJlnpon  the 
insolAtion  vssael  of  the  fjiotometer.  For  the  pnipose  of  idenlliying  the  fixed  lines  in 
the  lavender  raj^  nse  was  made  of  a  map  of  thoae  lines  made  bv  rrafeasor  Stokee. 
As  the  TarioDS  components  of  white  light  are  irregokrly  abeorbed  by  the  atmoephere, 
it  was  neeMsanr  to  make  all  the  obs^rationa  qnickir  one  after  the  other,  so  that  no 
sMiraeiabla  diffennee  in  the  colnmn  of  aii  thiongh  whioh  the  rays  peseed  should  occor. 
f'ig.  Tttl  esbibita  tlte  diemical  action  eflrcted  by  TariODS  portions  of  (he  spectiam  on 


Fig.  703. 
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the  sensitiTe  miitnre  for  one  partienlai  ■enitb-dietanee  of  the  nin.    Sereial  maTima 
of  chemical  intend^  In  the  ^lectnm  are  here  notieed. 

Betwem  the  lines  O  in  the  indi^  and  Hin  the  violet,  the  gi«ateet  amonot  of  action 
was  obserred,  iriiilst  another  maximnm  waa  Ibnnd  to  lie  near  I  in  the  nltra-vlolet  rays. 
In  the  direction  of  the  red  end  of  the  spectrum,  the  action  became  imperceptible 
about  D  in  the  orange  (the  maximimi  of  naible  illnmination)  ;  bat  towards  the  other 
end  of  the  spectrum,  the  action  was  (bund  to  extend  as  far  as  Stokes's  line  U,  or  to  a 
3-_i .  .  .^  ^^^  ij^^  g  greater  than  the  total   length  of  the  ordinary  vinbU 
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We  mint,  howerer,  nnnember  that  th«  curve  which  repreaeola  the  amonilt  of  d«»m. 

pOHiUon  effected  bj  the  diemic»Uj  ».  ti™  "f'-,™"",^'!^  '".afn"^!  i.?! 
^^«*nce  acted  upon  ;  tin.  Sir  John  Hemchel  showed  (PhiL  Tnuw,  1840  Part  I.)  tlutf 
iodide  of  eilTer  wuhed  with  nitrate  wm  dMomposed  bj  ultm-yiolet  mja  which  exerWd 
no  K»ion  whateTor  upon  Ihe  chloride  of  »il»er ;  and  wiereaa.  m  the  oaee  ot  ^e  lodidp, 
the  action  extend,  but  a  little  beyond  the  line  E,  (he  action  in  the  ca«  of  the  bromide  la 
vLaible  to  the  Terr  eitreroitj  of  the  visible  red  ray^  and  the  maximum  action  on  the 
bromide  li«  in  the  indigo  ^.y^  thai  of  the  iodide  lying  m  the  Urendra  rays  betwem 
the  Unee  I  aud  M.  (Sos  also  BBcqueral'i  "Bolt-,  P-  833;  and  Dagnin,  TVa-U 
dt  Phyiiiquf,  iv.  220.) 

OIMmlMa  VbotcraDMsr  «a>ptod  to  Vi»  v^trpouM  •t  MMaonlagUmt 
«e«lrti«tH>n.— Having  thua  ascertained  the  chieflaws  [wukting  the  chemical  action 
of  liffht,  and  the  di«ribnUon  of  direct  and  difflise  sunlight  upon  Ihe  earUl'i  aorftce 
when  the  sky  U  unclouded,  Profesaors  Bnn»n  and  Boacoe  proceed^  to  foond  a  method 
of  measuring  applicable  to  the  direct  determination  of  the  toW  effect  yrodnced  bythe 
varyinK  cloud  and  aonshine  of  our  changing  climate.  The  object  of  thia  new  inverti- 
eatlon  (PhiL  Trans.  1863,  p.  1391  has  been  to  invent  a  tiu«tw;or«iy  mode  of  measutiog 
the  daily  Tariatian  in  the  son's  chemical  intensity,  which  ahaU  bo  bo  easy  and  aimple 
of  practice  as  to  be  applicable  to  regular  meteorological  regurti^on. 

AJthoaahTnaBy  fruiilesB  attempts  hare  been  mads  to  construct  photometers  by  a 

comparis^  of  the  blacknen  pw/uced  by  ranUght  npon  photopaphic  paper,  Bun«-n 

and  Rosooe  found  that  the  desired  end  oonhi  be  obtained  m  this  way  by  attention  to 

certain  emeotial  conditions.  .       ,  .  ,      .    .  . . 

For  thU  pnrpoKi  it  waa  neceasaij  to  construct  an  appamtni  m  whidi  photogra^ 

■enntife  paper  ewid  b«  aipowd  to  sonligjit  for  defimta  Umeg  meaaured  by  am^  fcw> 

'^'^  tiona  of  a  second.    Tins  in- 

gijg.  704.  •tnunent.eaUedapendulnm 

pbotometor,  is  iepce*ent«d 

In^ff.  704. 

An  iron  atand  carriea  the 
metal  plate  A,  which  on  be 
placed  lioriaontall^  by  throe 
■eC-acnwB,  and  in  which  a 
'  Btraight  ilit,  Ifi  millimetres 
broad  and  ISO  millimetm 
loQK  is  cnt.  Over  this  slit, 
which  ia  shaded  hlack  in  Ibo 


bnte, 


blackened  at  one  and  bom  b 
to  e,  and  fiutened  at  if  to  the 
etirved    drum   E  attached  (o 
endulum  F.     When  the 
I  aUowed  to  vi- 
brate, the  aheet  of  mica,  bb  it 
rolla  on  and  off  the  corred 
drum  E  at  euh  vibration,  un- 
coven  and  again  oovara  the 
I  slit,     BO      that    eadl    point 

throughout  the  whole  length 
of  the  alit  ia  e^MSed  for  a  different  period.  If  we  wish  to  use  thia  inatnimant  fir  the 
purpose  of  exposing  a  photographic  snr&»  to  the  action  of  tiie  light  fbr  diffirent 
times,  the  paper  ia  gummed  upon  the  white  surface  of  the  metallic  slide  ^Q,fy.  704); 
this  ia  then  covered  by  a  metallic  lid,  which  dues  not  touch  the  paper,  and  the  whids 
arrangement  pushed  into  the  dark  groove  h,  plnced  directly  under  the  alit,  and 
protected  from  the  entrance  of  light  by  a  limpet  i^  cloth,  which  hanga  in  bouL  The 
metallic  lid  ie  then  withdrawn,  the  screw  t  turned,  and  thus  the  paper  is  ali^tly  pressed 
agunst  the  slit,  so  that  no  light  can  enter  sideways  between  the  paper  and  Uie  thin 
metallic  edgca  of  the  slit.  By  raising  the  lever  ntnl  at  I,  the  pendulum  is  released 
from  the  catch  at  m,  and,  after  completing  a  vibration,  it  is  held  Cist  by  a  lower  catch 
St  n.  If  it  be  required  to  double  or  to  multiply  the  time  of  insolation,  it  is  onlv 
noi'essary  to  repeat  the  vibration,  once  or  sevecal  times,  care  being  taken  befora  each 
vibration  lo  ruse  the  rod  of  the  pendulum  so  as  to  allow  the  end  to  fall  into  the  upper 
catch.  In  order  thus  to  net  the  pendulum  in  molion,  and  to  stop  it  with  certainty  and 
ease,  the  lever  is  once  for  all  balanced  by  a  sniall  weight  at  I,  so  that  the  arm  r  ia  is 
but  slightly  heavier  than  the  arm  I. 
Bi'fure  this  instrument  can  bo  used  for  miaauring  the  chemical  action  of  light,  it  ia 
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t.  Td  know  the  relaUoa  ttristing  between  the  wreinl  tints  and  the  intensity  of  the 
light  DeceBsfu?  to  producR  such  tints. 

2.  To  coDstmct  BensitiTe  piiper  v!iii!h  shall  ulwaya  possess  the  same  degree  of  sensi- 
tireness,  and  can  easily  be  prepared  when  required. 

It  vas  found,  b;  s  long  series  of  eiptTiments,  that  it  was  possible,  bT  adhering 
•trictly  to  a  certain  method  of  mBuipoIation,  to  prepare  standurd  papers  irhich,  when 
mad(^  panew  a  consUut  d^ree  of  Beaaitiveness ;  so  that  if  the  same  light  falls  upon 
them,  the  paper*  are  always  coloured  to  the  same  tiat. 

Experimont  likewise,  showed  that  the  tint  attained  b;  such  a  paper  was  conetant 
when  the  j^tantitfct  i^fit  &UjDg  upon  it  also  remained  nmstant;  so  that  light  of  tbe 
inteusily  60  CiUing  upon  the  paper  fur  the  time  1,  produced  the  same  blackening  efToct 
as  light  of  the  intensit;  1  blling  upon  it  for  the  lime  SO. 

Knowing  this  law,  which  regulates  the  degree  of  shade  of  the  paper,  and  hariag  a 
sur&ce  of  a  perfectly  constant  degree  oF  seusitireneea,  it  is  easy  la  obtain  absolnte 
cieasorBmeulB  of  the  chemical  action  of  light.  For  this  purpose,  an  arbitrary  unit  of 
measurement  Is  chosen,  by  making  a  ataudard  tint  or  paint  which  can  be  easily  and 
aiactly  repiodnced  at  any  time. 

The  qtuinti^  of  light  which  shall,  in  a  second,  or  the  unit  of  time,  produce  a  blacken- 
ing effect  on  the  standard  photiigraphic  paper  equal  to  that  of  the  atatidard  lint,  is  said 
to  bare  the  chemical  intensity  1.  If  tlie  time  needed  to  produce  this  same  tint  is 
fbond  hj  ei^erimeut  with  the  pradulnm-photometBr  to  be  2  seconds,  then  the  chemical 
intenn^  i*  one  hal(  and  so  on. 

All  that  u  needed,  in  order  to  obtain  accurate  ibeasarements  of  the  chemical  action 
of  diStass  daylight  or  snnlight,  is  to  be  able  to  find  the  time  necessary  to  effect,  a 
blackening  of  the  normal  paper  eqnal  in  shade  to  the  standard  tinL  This  is  done  by 
meaua  of  the  graduated  strip  made  in  the  pendulum-photometer. 

For  the  purpose  of  accurately  comparing  these  tiuts,  the  ordinary  daylight,  or  eren 
lamplight,  cannot  be  used,  as  a  change  would  thereby  be  produced  on  the  sensitiT* 
paper.  A  light  which  does  not  act  chemically  must  be  used  ;  such  a  li);ht  is  ths  mono- 
chromatic soda-flame.  The  light  from  this  Same  poaseasea  another  advantage,  namely, 
that  the  unavoidable  diflereacea  of  colour  are  not  seen  ;  rariatioD  in  thade  alone  being 
perceptible.  The  arrangement  for  thus  reading  off  the  point  haTing  a  shade  equal  la 
that  of  the  standard  tint  is  seen  in  Jig.  70S.  A  millimetre  scale,  similar  to  the  one 
upon  the  slit)  is  fastened  upon  a  wooden  board,  a  (fig.  TOii),  covered  «ith  paper,  and 
moreable  in  a  groore  acnws  a  Szed  wooden-  stand.     The  strip  of  phutagisphicallj 

Figt.  TOG  and  706. 


tinted  paper  is  then  cut  off  from  tlip  alido  G  and  gummed  upon  the  board  a,  so  that  it 
has  the  same  position  relative  to  the  scale  on  the  board  aa  it  had  to  the  scale  on  the 
■  alit.  A,  fig.  708,  represents  a  small  square  wooden  block  having  a  circular  hole  in  the 
middles  lo  6  mm.  in  diameter,  the  lower  half  being  covered  by  the  paperof  which  the 
degreeof  shade  has  to  be  determined.  This  block  is  pressed  ly  means  of  a  sming,  as 
is  seen  in  fig.  70f  iu  a  fixed  position  against  the  strip  of  paper.    On  Uirowing  UM  image 
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a  the  aaile  the  DDmber  rapresADtitig  t 
pftp«r  at  that  point  hu  been  insolated,  in  ordor  to  dotenuiae  the  decree  of 
shade  which  the  paper  in  Uut  time  hu  attained.     To  engnre  aceuiacj  id  Iha  obaeira- 

"   '  the  eye  ahould  I 

[j  pATpeodli 

By  help  oF  thia  noda-flama,  the  eoioiaclanee  of  ibsde  of  the jgradnated  atrip  with  the 
Btandanl  tint  can  be  re«d  off  with  the  greatest  prednoD.  ^niit  bet,  as  well  as  the 
posaibilit;  of  preparing  a  eonstant  aenritiTe  paper,  i>  seen  br  refeleDce  to  the  following 
tables,  extracted  from  the  detailed  paper  printn  in  the  Philosophical  Tranuactions  for 
1863,  to  which  we  mnat  refbr  for  pontire  proof  of  the  delicacj  and  tnutworthinen  of 
the  method. 

Papm  varioosl;  prepared  were  exposed  for  the  same  time  to  the  same  light. 

'Eaih  reading  is  the  mean  of  several  observations ;  idnntity  in  the  nnmbers  showi 
identitj  in  the  shade,  and,  therefore,  the  constant  seneitiveness  of  the  papers. 

The  standard  paper  is  prepared  bj  soaking  photographic  paper  in  a  solBtian  of  com- 
mon aalt  of  givfn  strength  (S  to  100),  and  then  allowing  it  to  lie  upon  the  anriace  of  a 
silver  eotutioD  ( 1 2  nibate  of  sUvsi  to  100  of  water).  When  the  strength  of  the  salt  soln- 
tion  varies,  the  sensitiveness  of  the  paper  altera  vei;  rapidly.  Variation  in  the  strength 
of  diesilvei^bath  im>daces,  on  the  eontrary,  bat  little  diangein  the  senmtiveiMsa  of  the 
pap*r. 

Diffiitent  qnalities  of  paper  and  alterations  of  atmospheric  moistare  and  temperatDie 
dc  not  oSect  the  ssnsitivenea  of  the  paper. 

I.  tffiei  tif  alltring  the  Btraytk  of  tkt  Silva-batk.    Paper  lalted  in  a  Solution 
eoatttining  I  pit.  Ckioridt  qftodium  to  100  of  Water. 
KllnttsrillnrU  BwUn((. 


138-S 

129-7 

m-7 

127-0 

i2S7        . 

128-0 

1297 

.        130-0 

2.  Elfeef  oftUtering  tke  Strtnglh  qftkt  Salt  Soltition. 

KlCI  ID  RMdlngi. 

Otwrrar  A.  OtKerrer  B. 


S.  Bxpmm*)it  thoving  Hit  ormttant  Seiuitmiuu  of  (is  Standard  Pi^er. 


rnm. 

N.CIto 

lDt«>.ltrNO.I. 

,.»„„...,    1 

IWDfwitM. 

01»»TerA. 

Oh«fT«B. 

OburrrrB. 

Upper  part  of  sheet  2 
Lower  part  of  sheet  2 
Middle  of  sheet  1      . 
BOddleofsheetB      . 

2050 
S'020 
8-02S 
3-000 

702 
70-6 
700 
70-0 

70-0 

89-3 
898 

7fl-* 

101-3 
101-6 

100-9 
101-0 

101-5 
101-7 

100-9 
100-0 

All  thne  papers  were  aolvend  in  a  eolation  oontaining  12  pta.  of  nitrate  ctf  silver  to 
100  of  water. 

In  ordar  Ut  measure  the  chemical  intensit;  of  the  daylight  at  any  time,  all  that  ia 
lieeded  is  to  expose  a  strip  of  Aandord  paper  in  the  peudiuum -photometer  for  a  given 
Dnmber  of  vibrations,  and  then  to  find  npon  the  strip  thus  exposed  the  point  nt  which 
a  shade  equal  to  the  standard  tint  has  been  piodaced.  Beference  to  a  table  gives  the 
tims  of  expoBDre  necessary  to  prodncs  this  Unt,  and  the  redpionl  of  this  time  repre- 
sents the  mtsnsily  of  the  actm^  light.  If  the  time  necessanr  were  3  seoondB,  the 
chemical  inteasitj  would  he  } ;  if  the  time  wrre  {  second,  the  intensity  would  be  2. 
In  this  way  curve*  of  daily  chemical  intensity  are  made,  which  show  the  variation 
cansed  b^  doudi,  or  by  the  changing  altitude  of  the  sun.  Thf«e  curves  show  maxima 
and  minima  exactly  correspondrng  to  the  appearance  and  disappearance  of  the  sun 
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in  tha  pendalmn-photorDstor  ia  fixad  in  faypomlphite  of  Kidiuin,  and  uated  spoD  a 
board  hmialied  Tith  a  Mate.  The  ahBdaa  of  certain  points  On  this  Oz«d  atrip  stb 
eompand  with  Iha  ahadea  OD  given  pointa  apon  ■  gradiuted  strip  prepared  in  the  onial 
wtT,  and  not  fixed  in  lm'oeiilpMt«.  The  fixed  Miip  il  lina  calibrated  in  tsmia  of  the 
nnit  of  taenmimiient,  a^  it  ma;  then  be  tued  m  a  meaoe  ot  meaiaring  the  chemical 
actjon  of  light.  Small  piecea  of  the  etandord  pap^r  Are  then  expoeed  for  a  giTen  tame 
to  the  light  which  it  ii  deaired  to  meosnre,  Dntil  the  shade  approachea  that  of  a  part  of 
the  fixed  atrip.  The  point  of  exact  cobicideiice  ia  then  read  ott  by  the  aoda  flune  H 
nanal.  In  this  waj  a  fiecs  of  atandaid  paper  of  1  squara  inch  of  area  will  lerre  tbr 
40  separate  daterminatiana,  and  the  whole  arrangement  for  ezpoeare  may  be  a 
the  pocket.  The  emTB  of  the  ehemieal  iutensi^  of  daj-  and  snn-light  m  Mai 
made  with  this  small  instramsnt  cm  more  than  40  aqiarate  daja  of  Uie  jear  ISU,  fnllj 
bean  out  tha  aecnrae^  and  eaae  with  irtiich  Uieae  meaanrementa  can  be  made,  and  the 
nsnltl  of  his  ezperimenti  indneea  the  writ^  of  thia  article  to  axpieaa  a  hope  that 
befbre  long  thoe  inatmnenta  naj  be  introdoeed  into  metsorolo^caTobBerTatoriea. 

Ciemcal  BrigittUM  of  variinu  Poinlt  on  tie  Stm'*  Sarfaae. — The  determination  of 
de  chemical  raightneaa  of  the  vaiiona  poitiona  of  the  ran'i  disc  ia  an  interesting 
l^pUcatian  of  thie  new  method  of  photometric  meaanrementa. 

By  belp  of  a  camera  placed  on  a  S-inch  re&sctor,  Uie  writer  allowed  the  image  of 
the  son— of  abont  4  indiea  in  diameter — to  &11  upon  the  atandard  paper.  The  snn- 
irictore  thna  obtained  presenta  interesting  featom :  in  the  fint  place,  the  chemical  in- 
tensity of  the  cmDibI  pwtioDa  are  8-S  times  aa  great  aa  that  of  the  portions  on  the 
limb.  A  diflbrence  of  this  kind,  in  the  caae  of  the  Inminons  and  caloriflo  rays,  has 
■faetkly  been  obaarred  by  astronamers,  and  it  ia  donbtleaa  cansed  by  the  abaoiption 
«l!feel«d  hj  the  solar  atmoaphera. 

Tbe  foUowing  reaolta  were  obtained  by  measoring  the  ehemieal  brightneaa  at  -nriona 
poinlaoD  the  son's  disc,  on  May  S,  18fl3;  from  these  nnmbers  it  will  be  seen  that  tha 
Inminons  intensity  varies  very  uregnlarly. 
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Bright  patchea  of  eotwidmble  ana  wem  wen  on  the  picture ;  tiiese  patches,  which 
Ten  not  caoaed  b7  imgnlBii^  in  the  paper  or  in  the  leDsea,  are  prolnblj  owing  to 
the  prewDoe  of  clooda  in  the  Inminoni  atmoaphere  of  the  son,  and  thej  maj  probably 
hare  aonie  iotiinaU  coDnectdon  with  the  well-known  phenomena  of  the  red  prominmoea 
■sen  dniiiig  the  solar  edipae. 

OptliAl  aatf  OlMmloKl  MKtlBMton  off  tte  Obendoal  Bavs. — In  orAez  to 
detenuinn  whether  thf  act  of  photochemical  coTnbLiiatioD  (in  the  case  of  chlorine  and 
hydrogen)  neoeeaitatea  tile  pioduclioii  of  a  eertiiin  amoont  of  meehanial  effect,  tar 
a  eqniralent  quuitjty  of  lisht  is  expended,  or  whether  this  phenomenoo  ia  de- 
apon  n  renlonttion  of  eqnUibrinni  enacted  without  an;  corraapondinB  oqaiTalant 

18  of  light,  Bnniien  and  Roacoe  haTO  atudied  the  phenomena  occumng  at  the  bounding 
■urAicas,  and  in  the  interior  of  a  medinm  expoaed  to  the  chemical  raja. 

When  light  paases  through  any  medium,  part  of  it  ia  loat  by  ni&eetioil  at  tiie  aar&cfl, 
another  portion  bj  abaorption  within  the  medium,  ao  that  the  qiiantity  of  oneKent 
light  is  only  a  fraction  of  the  incident  light.  Thia  ia  tme  with  the  chemieu  aa 
with  the  laminooa  raja,  and  BonseD  and  Boaooe  have  determined  the  coefflcienta 
of  ahaoiption  and  reflection  of  the  chemical  caya  for  glass,  water,  and  mita.  Br 
paaainff  a^t  from  a  conatant  aonrce,  throogh  cylicderB  with  plale-glaas  ends  filled  with 
di7  ^uoine,  they  foand  that,  with  agiTcn  length  of  cylinder,  the  quantity  of  chenuoll 
nya  tianamitted,  when  no  chemical  action  takes  plaffi,  ia  to  the  qnanti^  in  the  inci- 
dent light  in  a  constant  nulo  ;  or  in  other  wotiis,  iJio  absorption  of  the  chraninl  raya  ■• 
proportional  to  the  intensity  of  the  light.  They  also  found  that  the  quantity  of  the 
chemical  rays  transmitted  vaiiet  propoitiooally  to  the  density  of  the  abeorbing  medinln. 
'""""""'    '"  ' '  "  "■"""  ^h  ft  medium  r ■-:  i  j.  :  —  ^   ...,_    ,      .   i  .  .. 


Wof 


if  purs  chlorine  gaa  at  0°  C.  and  0'76  m.  preoaure, 

^ ..  „  „  la  flame  must  pasa  in  order  to  be  reduced  to  t|» 

ia  found  to  be  173-3  mm. :   hencp,  aioce  the  quantity  of  light  abaorbed  rariea  as  the 


density,  the  depth  of  chlorine  diluted  with  an  equal  volume  of  air  or  other  non-absorb- 
ing and  chemii»Uy  inacttTe  gas  required  to  produce  an  aitinctioD  of  ^  would  be  Si6'6 
mm.  But  when  the  aeositive  mixture  of  equal  rolumea  of  chlorine  and  hydiogen  ia 
used,  the  depth  of  the  mixture  to  which  the  li^t  most  penetrate  in  order  to  be  nduoed 
to  A  ia  found  onlr  to  be  234  mm.  Hence  Bonsen  mi  Boscoe  condude  that  liglit  it 
in  tikit  eate  lUnarotd  in  doing  ehemieal  aori, 

light  &om  other  sonrcea  givea  reaolta  aimilar  io  character,  although  differeot  in 
amoDuL  Diflhae  light  <tf  morning  reflected  &om  the  cenith  irf  a  cloudless  aky  is  isdnced 
to^bTpasdngthrougfa  45-6  mm.  of  chlorine,  and  thronghTS-fimm.  of  the  aanaitiTe  mix- 
ture; difnue  light  iandnced  to  ^  by  nusin^  through  197  mm.  of  chlorine,  and  through 
JI7'4  mm.  of  the  aensitiTe  mixture.  Hence  it  appean  that  the  chemical  r^a  of  difi^ 
morning  light  an  absorbed  by  chlorine  much  more  quickly  than  thoee  of  lamp-lig^ ; 
and  those  of  erening  light  with  etiil  grester  &cIlitT.  From  thia  we  may  oonclude  that 
the  ehemioal  taya  t^ed«d  at  different  times  and  hours,  poaaeia,  not  only  qnantitatJTSh 
but  also  qusIitatiTe  differences,  similar  to  the  Taiions  coloured  lajs  of  the  Tisible  Hiec- 
tmm.  iltotogTaphera  are  well  awai«  of  t^  qualitatire  difference  in  the  light,  as  they 
know  that  the  amount  of  light  photometrically  estimated  gives  no  mesmreof  its  photo- 
eh«mical  aetivi^ ;  they  prefer  a  less  intense  morning  light  to  a  blight  evening  light 
Djir  taking  pictures, 

Fholagraphie  jyantpanney,  or  DiacHnic  Powrr  of  difftrtnt  Jtftita.— It  has  abeadj 
be«auetitioued(p.63a),  that  the  chemical  rays  of  the  apedrum  are  absorbed  in  variooa 
Ax^rtvt  \ij  different  media.  On  this  subjecl,  some  important  experiments  have  lately  been 
made  by  Profeaaor  W.  A.  Miller  (Phil.  Tiana.  1863,  p.  1;  Chem.  floe.  J.  xvu.  69). 
The  moaa  of  obaervatioii  consisted  in  refracting  Hie  luys  which  had  traveraed  a  tnuM- 
poipnt  medium,  through  a  prism  and  lens  of  quarta,  and  receiving  them  on  a  sorfiMe 

-'  -"--'" ■"■■  -"■  •"*■-'-  -'  --' —  '-   "83).  whereby  a  permanent  image  of  Oie 

imployed  was  the  elsctxie  light  (obtAined 

peeoliariy  rich  in  chemical  ray^  yielding  a  chen 

times  the  length  of  the  visible  speetnim.  The  Ibllowit^  are  among  the  mom  imponaire 

results  obtained: 

I.  Colourleu  solids  which  are  equally  tnnapaient  to  the  visible  rua,  va^  greatly 
in  pnrmeabilit;  to  the  chemical  rays. — 2.  Bodies  which  are  jAotogr^biealUy  trantfia- 
lent  in  the  solid  form,  preserve  their  transparency  in  the  liquid  and  gassoiis  states. — 
3.  Colourless  tranaparent  solids  which  absorb  the  chemical  ra^  pressm  their 
absorptive  action  in  the  liquid  and  gateoos  states. — 4,  Pure  water  is  photcgr^iiaJly 
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I,  tfo  that  many  componndi  irbich  cannot  be  obtained  in  tlia  (olid  form 

■offlaand;  trasapaieot  toi  such  ezperimanta,  maj  be  nU^eet«d  to  trial  in  aqnpooi 
Bolntion. 


Bnaz 

Diamood 

Thin  ^am  (0009  in.)  . 


i(,r«*.e-rti». 

Water 

74 

Alrohol      . 

63 

Dutch  liqoid      . 

30 

Chloroform 

26 

BanHiie 

21 

Methjlie  alcohol 

20 

Amjht,  aloohol  . 
Oxilleetiier 

20 
19 

SlToerin    . 

18 
16 

Acetic  acid 

16 

OUofmrpentins 

8 

Sulphide  of  carbon 

6 

TricbloridB  of  arsenic 

6 

Pbotooupsio  TnaKSPiamoi  on  Ducninc  Pons  or 

Oijgen  .74 

Nitrog«D  ...  74 
Hjdrogen  .  .  .74 
Carbouc  anhydride  74 
Ethylene  .  .  .  66 
Unnh-gaa  .  .  .68 
Hydtodilcaric  add  .  66 
Coal-gaj  ...  87 
Bezuaoe  Tl^iir  .  86 

Hydrobromia  add  38 

Hydriodio  add   .  IS 

Salphncona  anhydride.  14 
Snlphydric  enid  .  .  14 
Ait,  01  in.  preBsnte    .     74 

The  photognphie  image  oblained  upon  the  collodion  plate  comnienced  in  eaoh  caoe 
at  the  same  point  of  the  ipedium,  coireepoading  with  a  root  a  little  more  refran^le 
than  the  line  Q.  Callins  the  line  H  100,  and  nnmbenng  backirerda  Ibr  the  leM 
rs&angible  rays,  the  line  B  being  at  84,  the  commencement  of  the  photograph  in  each 
caae  i>  at  S6-S,  and  the  aztieme  limit  of  the  moet  re&angible  rayi  at  170'5. 

When  ahaoiption  oecuv,  it  is  almoat  always  exerted  npon  the  moat  refrangible  raya ; 
hot  in  the  ease  of  the  eoloiued  gaaea  and  vaponis,  chlorine,  bromine,  and  iodine, 
the  abeoiplion  difiets  ftom  the  genaial  rale,  and  ia  by  no  meane  proportional  to  the 
dqith  of  colour.  A  oolomn  of  eblorin^  with  iUyetloviBh -green  colour,  cute  off  the 
raja  of  the  leaa  refrangible  GEtremitj  throngh  ta}^  two-thirds  of  the  gpectnun ;  the 
red  Ti^oor  of  bromine  cnta  off  abont  one-sixth  of  the  length  of  the  spectrmn,  the 
abentbeDt  action  bdnR  limited  to  the  leas  refrangible  extremity,  whilst  the  deep  Tiolet 
T^onrs  of  iodine  allow  the  less  refrangible  rays  to  paaa  freely  for  tlie  Bivt  fourth  of 
the  apectmm ;  than  a  considerable  absorption  occnn,  and  aAennrdi  a  feeble  renewal 
of  the  photogr^ihie  action  is  exhibited  towards  the  more  refrangtble  end. 

Among  the  tarioaa  oomponnds  snbmitted  t«  HMtninatJon,  the  flnoridea  worn 
fonnd  to  be  chemically  the  moat  tnuispareiit ;  then  ibllow  the  chlorides  of  the 
klkali-metala  and  alkaline  esrth-metalt;  the  bromides  are  leoa  diaetJnic, 
•nd  the  iodide*  dww  a  striking  diminntion  in  thia  respect.  The  group  most  remark- 
•Ue  fbrita  abaDrptive  power  ts  that  of  the  nitrates.  Nitric  acid,  whether  simply 
ibsBtdved  in  water  or  oombined  with  base^  baa  a  speeiflc  power  in  arresting  the 
chemical  rays ;  the  less  refrangible  paction  it  tiansmita  freely,  bat  inlareepts  the 
■pectnun  atnnEdy  at  the  aaine  pointy  whatever  sfdt  be  employed,  provided  the  base 
be  diactinic;    The  chloratea  are  remarimbly  diacdnic. 

"'  ~    ~        n  in  Tsiy  thin  layers,  abaorfas  the  whole  of  the  more  refrangible  chemtc^ 


rays.  Hence  it  mt^t  appear  that  lensea  of  qoarta,  or  of  water  endoeed  in  qnarta, 
would  be  far  laperior  to  those  of  glass  for  the  use  of  the  photographer.  This,  howerer. 
H  not  the  caae ;  for  gloea  is  very  transparrat  to  the  fees  refnngibls  pcntion  of  tl 


chemical  raya,  eiteading  beyond  the  violet  end  of  the  visible  spectrum  to  a  distance  as 
nuch  b^ond  the  line  H  aa  the  red  end  of  the  spedmm  is  below  it ;  and  theae  rays  are 
pneMj  the  moat  abaadant  and  powerful  chemical  rm  in  the  solar  ^eotonm,  which 
contains  but  tmr  raya  of  Mfkangibuity  much  beyond  thia  point;  wherraa  in  the  elec- 
tric arc^  theae  highly  teftaagible  raja  mdominate. 

DiaMma  iaau,  united  wilhiltariMU  <i«idf,  usually  ftamish  diactinic  salts;  bnt  snch 
■  neulC  ia  not  nnificiD:  none  of  the  silicates  an  ai  diactinic  as  ailiea itself  in  the 
formcClook-^yrtal.  Again,  hydrogen  ia  eminently  diactinic;  and  iodine-vapour, 
notwithstanding  ita  de^  violet  oolonr,  is  also  largely  diMtinii%  bnt  hjdriodic  acid 
gas  is  gisBt^  vAaot  to  either  of  them. 

O^mpomuU,  aa  nch,  do  not  appear  to  act  mote  energetically  as  absorbents  than 
'nple  bodies. 


8to] 
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Fzmption,  iaUamtlj  ofotsae  fi>r  a  portioa  of  the  innnble  nyi.  aliaiirbiiig  tfaem  wiUi  in 
energy  CompiiiabU.  (or  tbe  moat  part,  to  tbnt  with  which  colonnQg  matten,  aoch  ■■ 
indisD  OF  nudder.  abaorb  the  Timble  lajK.  The  mode  c^  abaorption  it  alio  RnranUy 
hi^uy  ohaiketaiatie  of  each  aompaoi^  and  freqaentlj  tot  dUferant  in  u>a  sanie 
b(MT,  aceordiiig  ai  it  ii  nzamiiiAd  in  an  acid  or  an  alkaline  Bolotion. 

The  qnalily  of  the  ra/a  r^fttBiai  from  polijhfd  lor&cea  Tarisa  in  a  numui  vhieh 
eannot  be  piedioCed  from  tlie  decraa  of  luminoaitj  of  the  aiuiiipe.  0<dd  and  lead, 
tboo^  not  Uie  moat  brilliant  of  t£e  metali,  reflect  the  chemical  rajs  more  aniJbnnl]' 
titan  tile  brilliant  iriilte  loAcaa  of  nlrer  and  ipecninm-mstaL  (Millei'a  IStmenU 
nfCimiHry,  >Td  «d.  ToL  ii.  p.  899,} 


whidl  the  diflwent  portaona  of  icdar  light  efbet  apon  plants  during  Tariona  atagea  ot 
ibeir  growth.  Tba  mlnect  ia  an  extnmely  complieatac  one,  and  the  reaolta  of  Tsriooa 
•zpanmantari  diAi  widdj.  Una,  tar  iutanoe,  irtiilit  Payer  concludes  that  the  violet 
laja  are  thoaa  irtiidi  espsciaUf  detemiine  the  grortb  of  the  plant,  Danbeuj  and 
Draper  stats,  aa  the  rssnlt  of  th^  si^tsriments,  that  the  jellov,  or  mo«t  ItuninoDS  i»jn, 
are  those  whicb  aot  moat  povnftilfy  in  dscomposing  the  cacbooic  acid  of  the  sir. 
Hr.  Bobsrt  Hnnt  *  draws  uis  fbllowing  eondnsions  fiom  his  inTestigatkoos  on  this 

1.  The  Inminona  r^a  prerent  the  serminatian  of  seeds. 

2.  The  chemically  active  isya  qniuen  germination. 

8.  Light  acta  to  effect  the  decomposition  of  carbonic  acid  by  the  growing  pJaat. 

4.  Hie  hmtimna  and  chemical  t»,jt  are  essential  Ut  the  filnnation  of  the  eoloming 

e.  The  lomimnu  and  eh«nuesl  mjt,  independent  of  tlie  ealatiAe  tnys,  pierent  tlie 
derelonnaiit  of  the  reptDdoetivs  organ  of  plsnta. 

6.  The  beat-radialiona  aorreaponding  with  the  extreme  red  rays  of  the  spectrum 
heilitite  the  flowering  cf  plants  and  the  p«cfeotiag  of  thcdr  reprodnctiTe  organs. 


liebmB  I^  niMns  of  Qis  d 
Igwood  and  Sir  H.  Davy  in 
'  ' ^—^—-  thatBonl- 


rcar  1803 ;  t  b<lt  it  wonld  ajnear  probable  fhnn  reoeot  investJEfitiiHis  that  Bonl- 
and  Watt  aetoal^  obtained  snn-pictnres  at  the  Soho  WoAi  so  sariy  as  the 

.    No^"-  ^-' '"^ "■-' — -—''-'•--: •- 1--- 

isy* 
of  ha' 


Tear  179>.    No  written  statamMit  of  the  method  emcjoyed  in  tht 
bowerer,  aa  yet  been  fcnnd,  and  we  most  therelbre  still  gii 


_,^„ , .  ..   „       .  .„ .  _.   ._    .  .  !t«ning  white  paper  or 

laatbarwilllaaoliltlMl  of  nitrate  of  BJlTer.  By  this  meuis  he  copied  leaves  end  painting 
on  ^asi^  and  look  proAIaa,  and  Davy  ev?n  succeeded  in  obtauiiDg  pictures  t^  object* 
seen  in  the  solar  mJooscope;  bnt  neither  of  these  cbemiits  was  able  to  prerent  tbe 
1W*''ft'^*^  portions  of  the  picture  from  being  enlonied  by  axpomre  t«  difi\isea  li^t.  In 
tlieyear  1814  H.  Nilpce  examined  the  actian  of  light  on  certain  resinooH  aabetaneea 
with  the  otjeet  of  obtamina  an  nnalterable  image  in  the  camen.  Id  this  ho  ancceeded 
ia  a  oartain  extant,  inaamndi  aa  tlie  light  tended  the  fMJn  insolnble  in  the  usual  sol- 
vent^ so  Oat,  bj  the  snbssqoent  acdon  of  an  ai»d  on  the  exposed  metalUe  pl»t«^  those 
paRanponiriiichthelighthAd»ot&Uenwereet«tMd.  In  1827 M. ITiipae oommnBieatM 
■n  aecraint  of  hia  experimanta  to  tlie  Boyal  Som^,  and  in  the  same  year  he  iafbrmed 
IL  D  ag>air^  iriioliad  been  previoQsly  bat  nnsDoeeaafiUly  en^iged  in  the  same  porsBi^ 
of  the  paitiealars  of  bis  process.  The  two  inveatigatoia  continued  their  reseaiehea  in 
eoumon,  proposing  many  dilferent  modes  of  prodaciog  the  "  Heliographio  pietntes,"  as 
they  were  teamed,  without  great  eneaeaa,  nntu  the  deaih  of  Niipce  in  1633.  DigneiTev 
condnnine  U*  experiments  after  this  event  with  the'  eon  of  Ni&poe,  was  fortonats 


mauenlly  fixing  the  image  formed  in  the  camem.    The  process  of  D^err 
(sseoluulT  in  allowing  the  vaponr  of  iodine  to  act  upon  a  piste  of  polished  sitvar,  wbich 
thu  beemnea  eoatsd  will)  ■  tain  film  {tf  iodide  of  silver ;  UiapUtepr^uedlD  thiaway 
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vaa  Dnt  e^oaed  to  light  in  the  canum,  lo  ■nauaed  tlwt  UMtsK^sof  titf  otgettto  b« 
copied  fell  npon  tlie  iodiaed  mrfaee,  whuifa  th^ebj  imdeigoea  ft  ebuig^  Dot  liowe*«r 
visible  od  withdzmwing  the  plate  from  the  caaaeia.  In  order  to  derelep  the  latent 
image,  the  plat*  «u  ezpoaed  to  the  action  of  the  Tueor  of  moenij,  winch  (VodncM 
di^«nt  etnicU  oa  Tanons  parte  of  the  plat^  accoiding  aa  the  iodide  haa  bean  mora  w 
l«a  altond  by  thr  action  id  the  light.  The  nndecmnpoaed  iodide  was  thai  diaaolfed 
b;  pladng  the  pUta  is  a  atron^  aolution  of  hypoeolphite  of  aodium,  and  the  picton  waa 
thsnb;  pemiatiaDtly  fixed  Since  DagaeiTe'a  time,  tbia  piocaea  has-  mideigoaa  con- 
oidenble  impniTemonCa ;  aBongiit  tbece,  vs  maj  menttoii  the  fspoanre  of  tha  [date  to 
the  rapoor  i^  bremine,  by  tibi&  the  KnaitiTeiiaB  of  the  flbn  is  grgatly  incraaaad,  and 
the  ledaction  of  metallic  gold  upon  iJie  rarfius  of  the  fll"t  dnring  the  pronas  of  flxiDg, 
bTThich  the  lights  and  dudea  cc  the  pietnre  are  mniend  moie  flffiictiTa.  ForthadetaUs 
of  the  proceo,  aa  nov  practised,  we  miuit  Mfcs  tha  reader  to  photDgraphie  taxt-booka. 
The  natmfe  of  the  inviaibla  oh^iicBl  change  affected  bj  the  light  oa  the  iodo- 
bKHnide  of  mlTar  is  not  nnderstood,  but  it  is  eridentlj  analogous  to  the  change 
prodnoed  bv  the  light  on  the  mixture  of  chlorine  and  bydrogen  IxfiiM  eombinatioa 
enanea,  which  haa  been  termed  photochemical  induction,  the  flui  beiiu  ao  nodifled  as 
to  render  it  anseaptible  of  deeranposition  ■wbea  laon^t  into  oraitaet  with  tha  npoor  of 

tenm^  and  duration  <d  the  actioa  of  tha  lig^  and  diffiirant  shadea  are  Charadbre  seen, 
irtisn  the  piotoreiaTiewed  1^  reflected  li^t,  oranQ<»dJng  to  the  li|^  and  shadea  <rf 
the  real  object. 

The  sotgect  of  the  prodndioD  of  son-pictarM  on  [aptt  attraettd  bat  little  attention 
from  the  time  of  Wedgwood  nntil  the  ^Mt  1336,  when  Mr.Fox  Talbot  pobliahed 
his  plan  of  "  photogenic  drawing."  This  oengistfld  in  azpoaiug  in  the  camraa  a  paper 
soaked  in  a  weak  solution  of  common  salt,  and  aftenrarda  waihed  orer  with  a  strong 
eolation  of  nitrate  of  silTer ;  the  image  thus  obtained  waa  a  neutiire  one,  the  light 
being  dark  and  the  shadow!  li^t;  and  tha  picturea  were  fixed  by  immeenoo  inaaua- 
tion  of  common  salt, 

Man;  imptoremanta  b»Te  been  nude  in  this  prow.  In  1S41  Vox  Talbot  patanled 
the  beaotifil  ^Mes"  known  as  tha  "Talbot^  or  Calotype  proccaa,"  in  which  tha 
paper  is  coated  with  iodidD  of  silTei'  by  dipping  it  flnt  ta  nitrate  of  (oItcv,  then  in 
iodide  of  potolsinm.  I^par  thna  prepared  la  not  aenaidTe  per  m  to  the  attiaa  of  ligh^ 
bnt  may  M  midered  so  by  washing  it  orer  with  a  miztore  of  nitiate  of  silver  and 
gallio  or  acelie  acid.  If  it  ba  expooed  to  tha  camera  for  two  ar  three'  minutei,  it  doe* 
not  rscriva  a  viaible  inaga  (onlaM  the  lif^t  haa  bean  ve^  atnog);  bnt  still  tha  eom- 
ponnd  haa  nndargme  a  oartain  change  by  the  inflnenoe  td  (he  li^t:  Ibr,  on  snbse- 
qnMitlj  waahing  it  over  with  tha  nuxtnre  ttl  aceto-nitiate  of  ^trer  and  gallic  aod, 
and  gently  wammig  it,  a  negatiTe  image  comee  out  on  it  with  great  diBtinctnea& 
Tbia  image  is  fixad  bv  washing  the  paper  with  hyposulphite  of  sodism,  which  removM 
the  whole  of  tha  iodide  of  ulrer  not  acted  upon  br  the  lig^t,  and  thus  protects  the 
picture  from  further  change  bj  exposure  to  light.  The  negative  pictDTe  thus  obtained 
la  rendered  transparent  In  placing  it  between  two  sheets  of  blotdng-paper  satwated 
with  wfaite  wax,  and  paaaing  a  mMenitolj  heated  smoothing-iron  over  tiie  vhola.  It 
may  then  be  nsed  tbc  printing  poeitive  pictum,  bj  laying  it  on  a  sheet  of  p^ier  prepared 
wiui  ehhsidn  or  iedide  cf  wlver,  and  exposing  it  lo  the  ann.   ' 

A  nuM  iBportant  atep  in  the  progress  of  photogniphy  is  the  snbatitntian,  by  Mr, 
Archer,  of  a  tnronarent  Shn  of  iodised  coltudioD  spread  upon  gjass  for  the  iodised 
paper  naed  in  Talbot's  proceos,  to  receive  the  negative  inuga  in  tha  camera. 
The  proceaa  is  thna  rendered  aa  mnch  mors  obtain  and  n^tjd,  and  the  positive  pic- 
tures obtained  l^  transferring  the  nwative  by  printing  on  paper  an  fbond  to  be  so 
mneh  sharper  in  outline,  than  when  the  tramnrence  occors  throngh  paper,  aa  in  the 
Talbotfpe  process,  that  this  method  is  now  lUuTerRally  employed.  In  this  process,  aa ' 
in  that  of  tha  Calotype,  the  image  pmdnissd  in  the  camen  is  a  latent  one.  lad  leqnina 
development  with  sabstaitca)  rack  as  pyrogallic  add,  or  protoaulphat*  of  iron,  which, 
baring  a  tendency  to  absorb  oxygen,  induces,  in  preeence  of  nitrate  of  silver,  tfaa  at- 
duction  of  the  chloride  or  iodide  to  the  metallic  etata.     For  a  dewoiplion  of  the  beat 

Sparatoe  and  latest  proeessea  need  in  the  Collodion  method,  tha  reader  m^  consnlt 
srdwioh's  "Manual  of  Photographie  Chemiatry." 

A  latga  number  of  other  metallic  salts  beaid^  the  salts  of  rilver  aie  acted  upon  by 
light.  Tha  photochemical  relations  of  many  of  thees  salts  have  been  specially  studied 
Vr  Sir  John  Herschel  (Phil.  Trans.  1840),  in  his  celebrated  Hemtnr  "On  the 
(AemicalActionof  the  Bays  of  the  Solar  Spectnun;"  and,  (bunded  i^ion  theae  dtfl^nt 
action^  a  number  of  methoda  of  producing  pietures  have  been  deacxibttl,  all  of  which  are 
of  secondary  interest  For  a  full  deKription  ot  these  methods,  we  m^  ref^  the  reader 
to  Hunt's  "  Basearohea  on  Ijght" 
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hu  looB  besD  »  mlyect  of  fxperimenUl  duauooD,  itiU  mn«h  imudai  to  be  Icanl 
coDcanung  tliB  cotwoatioD  of  the  phcMgnphie  inu^a.  Thageiunilranilt  of  inTcatiga- 
tioDB  npoo  Uiii  mtgect  m&7  be  itkled  to  be  tha^  in  tlie  Bnt  pl«e«i  s  ■ob-Mh  of  siHcr 
^agiejcr  Tiolet  cotonruformad,  iriiDat  bj  a  fiuther  ution  of  tlta  li^  tlir  nlrer  ia 
^(ibablj  Kdncad  to  the  metallie  iteU.  It  appean,  hoTem,*  moM  dimcnll  Xomfmn 
th«  aabWta  <rf  bUtot  in  a  pnn  >tat<^  either  t?  the  action  of  light,  orbjrotheinaiiiMi 
method!,  the  eridence  of  the  taeaenee  of  mai  a  nit  in  the  vioUt-oolonred  ehl«id» 
depeDding  upon  the  mll-kDOwn  fiwt  that  thia  nitetaikce  ii  """*^  i^od  b;  nitriA 
■cid,  bntdeconnioaed  l^  amnumis  into  chloiide  and  metaL    Then —     ^ 


a  lahBtaiice  inaoluble  in  nitoe  aoid,  in  each  eaaa)  prodnead :  ha  waa  onaUa  to  detect 
free  iodine  vlwn  pure  iodide  of  ailrer  i>  cipoaed  to  light,  and  heaoa  he  conclodea  that 
th^  Mlt  ii  not  de«ompoaed  t^  light  Togel  tiai  likewiae  obaerred  that  the  teanlta 
obtained  wben  the  abore-menlumed  Mltf  an  plepared  with  an  ezoeai  of  eilTer-aal^ 


■  rf  the  iTMipilant,  anMuewhatdinrent;  thni,  vhilat  the  iodide 
EBB  of  iodide  M  potMriim  ikowi  bo  cT 

A  nngnlar  aOM  nodi__  _    ,     -     -         ,      ^-- ,-i 

DbaeiTeaIangagob7Kitter,aiidainAimedbTHetaGheL  If piwandp^wraoakedin 


prenu«d  with ■  of  iodide  oi  potMriim  ikowi  bo  cbanse  of  colour,  that  prepared 

liin  nFfinai  nf  rnlrnT  bnrnnm  rtf riivifllj  mrj  on  aiqicaar*  to  Ught. 

*     'ir  aOM  nodnccd  b?  tb*  rta  i^ranpon  a  blaokHiad  ailTerad  paper  w; 


nitrate  of  nlvcr  aidntioo  be  Uacfaaied  bjr  axpoaore  t« 

•etioa  oif  the  aolar  apectnim,  thoae  portion*  apon  w  ..    _.       __, 

daAer,  whilit  Ihoee  e^oaed  to  the  nd  raja  become  lie^tar,  and  e«nmM  «  bridl-rrd 
oolonr ;  benen  it  voold  appear  Chat  the  least  refiawbu  njn  exert  oppoait«  aetianf 
npon  the  eenaitivB  eilTer^atte.  Clandethaa  alao  shown  (RtiL  l^ana.  lUT)  that  as- 
poBore  b>  the  red  raja  nenlnlieae  the  efiact  preTionalj  piodoced  on  a  Muitiaed 

eo^fpe  platd  bj  wbite  light 

ire  aa  ;ct  quite  onaeqiuiiited  with  the  easential  natoM  <d  the  AaBge  Inra^t 
ftbont  I;^  the  action  of  lisbt  Thni,  we  do  not  know  whethar,  in  the  blai^emng  of 
chloride  of  nlnr,  the  light  need  i^  in  the  deeompontion  ia  eqoinleut  to  the  iriiik 
dona^  aa  in  the  oaie  of  the  decon^oaitioa  of  watw  bj  tlie  galnnic  cmrent  irtiere  the 
ftirce  needed  to  aepanto  tlie  moleculea  of  oxjgm  and  hjdiogen  ia  aa  large  a    " 

•mUe 
ofnitrog 

tton  to  tbafbreea  dereloped  in  the  naolliiig  deeompimtton. 

Cir  onio-plketograpiff, — Hanjattempta  bare  been  made  to  n^trodnce  in  the  photo- 
gndi  the  eolonTB  <^  natnnl  bodies ;  aod  ■Ithoo^  these  attempta  hare  not  succeeded 
to  me  full  extent  of  filing  the  coloared  piftnre,  yet  a  oratain  dflgree  of  piogreas  in  the 
Toixlnetion  of  tinted  imagea  has  been  made.  Thna,  for  instance,  Becqnerel  (Ann. 
Ch.  Fhya.  [3]  »lii  Bl)  baa  described  a  method  by  which  a  ix>loimd  image  of  the  aolai 
epectmm  can  be  prapared,  bm  well  aa  repraentationa  of  the  coloured  rings  fanned  in 
crystals  by  polarised  li^t  Id  order  to  obtain  these  coloured  images,  a  polished  pliLt« 
of  silTCT  Is  inmetsed  in  dilute  hydrochloric  add,  and  a  fllm  of  snb-clUoride  Itnmed 
npon  Iha  silTer  by  allowing  the  iJMe  to  form  the  positive  eleetnidr  of  a  Budmb's  bat- 
t«ry.  The  ^ts  thna  prepared  becomes  nriomily  tinted  when  exposed  to  the  eolai 
apectnim,  aome  of  the  raya  being  reproduced  with  their  distinctive  oolonn,  whilst 
othera  either  prodnce  no  eoect  <»  give  rise  to  tints  differing  ftom  their  owtl  Othca; 
cxpoimentar^  eapedally  Nitpce  de  8t  Victor  and  Campbell,  hare  obtained 
aomeirtiat  analogous  results  ;  DOt,  as  yet,  the  oolonred  images  produced  by  these  and 
mmilar  proceeses  bare  reeieted  all  Bt(«nptB  to  render  them  pernutnant 

Pkotograjihio    Engraving,  Litkographv,    and   Oalvanographg. — The 

._._j__,  _i_.___i.- i  :_  ,,.„y  ^  Hiipce  has  been  body  modiflwl 

)hic  engravhw  m  itod. 
being  plaeed  under  an 

and  benaol,  thoae  por^aia  wMeh  ban  not  Been  insolsted  dissalTt,  lea*ing  the  steel 
plate  exposed  fi^tnesabaeqnent  action  of  acid.  The  plat«  thna  ^npared  ia  thn  ai^ 
mitted  to  the  oanal  j«oceasee  emjdc^ed  in  aqna-tint  engrSTing.  A  someiwhat  aimilat 
proceae  was  patoited  by  Hr  Foi  Talbot,  in  18SS,  for  elding  by  diemieal  meana 
a  podtive  pboCognph  on  a  copper  plate.     This  method  has  recently  bean  modified 

•  Sm  Kvpari  on  thi  NUure  al  tbi  ttHi(ocrii|ita1c  liiiji«t,  B(H.  Amm.  Repoiti,  IMat  p.  MM. 


original  phot^nphic  ptocess  proposed  in  1B27  bj  Nitpce  has  be< 

by  U.  Niipce  de  8t  Victor,  fbrthe  produirtion  of  photographic  engraviiw 

Aplata  of  steel  is  eorerad  with  a  layer  cnpiepand  bitamen,  and  beir~  ~ '~  ~ 
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■tid«ppli«d  mdaMndentlj  bf  Bii  H.  Jimei  and  Kr.  Osboine  of  MrlbotirDe,  to  tlie 
production  ct  liUiafft^bit  and  mncographB  bom  pbolosraplu.  Mr.  Oabmne'B  pn>c«H 
eaiuiria  in  oMliii(^  a  sheet  of  paper  wiCli  a  ■olutioa  of  acid  ehromate  of  potajMoiii  in 
gelatui,  and  axpomng  the  prewred  papm  to  light  bj  pLacing  a  Dt^iTe  pbotc^raph 
ma  it.  After  a.  tew  miDutee  eiposure,  tiia  paper  ia  pUced  m  water  ^  the  anchwngnd 
portiDsj  aie  than  easRj  viuhed  ava;,  and  thgee  parts  irbich  hare  been  acted  Qpon  bj  the 
light  Mmain.  Thii  picture  ie  then  coat«d  with  lithographic  lob,  and  tranitened  to  tlie 
liuiographic  Moiie  tj  preesare;  tlie  prints  obtaiuea  b;  tnuufer  in  th«  nnial  wty,  are 
lemaikabl;  ahaip  and  delicate. 

A.  process  of  phalogalTan^^rapbf,  fbnnded  on  the  deoomposition  ot  selatiii  and 
add  chroidUie  of  potauiam,  hu  likewise  been  proposed.  The  actioD  of  l^t  on  tliis 
mixtnie  [oodnces  a  change  in  Ibe  ffelBtia,  rendered  evident  on  immersins  the  plate  in 
WBtor,  bj  a  diflbiencs  of  level  of  the  larious  P'^  A  mould  of  thia  caued  pictore  ia 
then  taken.in  gntta  percha.  and  a  copper  plate  is  made  from  the  gatti-percba  mould 
hj  the  electiotTH  proceaa ;  thie  plate  is  again  copied  b;  electmlTm,  and  ft«ra  thia 
d  Gop^  plate  the  prints  are  stmck  oS  This  proeeM  givea  the 
■*"  •"  '"^mte  number  of  muttiplicfttiona  of  **"■  — —  -..v;--*  t—*  »v 
lot  Te^  dialineb 
KHWUi'.  tilfn.  with  Cuxdumb  (L  818). 
SXavZTB.    See  Cou,  (L  1032)  and  Fun  (iL  721). 

l>Z»WOZM.  C"H"NO'.~A  brown  anbatance  obtained  bj  Beichel  (t7aier 
Chinarinde  itnd  deren  eiemiiehg  JBeiiandlitiit,  Leipsfb  1866)  from  old  Hnaoooodn- 
cfaona-baA,  and  (brthar  examined  bj  Hease  (Ann.  CL  Pharm.  ciz.  Ul).  '  It  is  vmj 
■olnble  in  alkaline  carbonatea ;  the  aolntioti  does  not  absorb  oxygen  from  the  air  at 
common  temperatwes.  The  brown  subatauM,  boiled  with  essatio  potash,  givea  off 
ammonia ;  and  the  snbatanoe  then  remainuw  in  aolntioii  appean  to  have  the  oompon- 
tion  C*fl*0*,  agreeing  with  qninora-red  and  ^ItAapheoe,  atad  naembling  a  sabeUnco 
obtained  bj  Bnehel  miio  led  dsehona-baA  Hene  is  of  inanion  liuit  a  Inotm  hmnna- 
like  substance,  having  also  the  composition  C*H"0*,  and  easeotially  di&rent  from 
Sohwartf  s  oinchona-ied  (i.  MS),  is  deposited  in  Uie  iaxka  of  cinduma  and  othw  allied 

KMMO'B  or  XWtSVMt  These  names  were  applied  to  a  T<datSe  liquid  of  vari- 
able oomporitian,  and  boiling  at  abont  00°,  obtained  from  erode  wood-qiirit  bj  tiestment 
with  chloride  of  calcinm,  aid  anbaegnent  reetiflcation.  Tolckel  (Fogg.  Ajm.  I'f^"'"! 
272,  SGT)  aasi^ed  to  it  the  oompoeition  CPH'*0*;  but  the  analjaee  mode  of  it  hj  othai 
ehemista,  viz.  Weidemann  and  Schweiier,  Liebig,  Kane,  and LQmel  in.  exhibit 
great  diserepandsa  (the  peroentsge  of  carbon  diAnnglijaboat  10  per  nmt.),  and  Dancer 
(Cheni.  Soc  J.  EviL  222),  bj  a  mora  eareftal  invettigatian  of  erode  wood-spiiiti  haa 
shown  that  it  is  a  mixture,  in  variable  proportiotu,  of  methy lio  alcohol,  acetone,  acetate 
of  Btahj\,  and  dimethjl-acetal,  CH'^)'  -  ^(^^O*,  and  that  the  supposed  ligDone 
or  :^lite  has  no  existence.    (See  UnrsTL-aoiTAi.  and  Jtunrnj-ujoomoL.) 

IiiailUV.    See  IiiODSTAVM. 

ZiZWKX^K  A  mineral  having  the  angles  and  character  of  aphene  (Dufrenoy), 
found  in  a  taloote  rack  ia  the  Apennines. 

UaUVritUK  VPT.»IL»».  IVitW,— The  npf  berriet  of  this  plant  amttia, 
according  to  Nieklia  (J.  Pharm.  [3]  mv.  328),  a  crimBon  coloaiing  matter,  liffalin, 
solnble  in  water  and  in  alcohol,  either  pore  or  etherised,  bnt  insoluble  in  ether.  It  does 
not  contain  niCn^en,  is  not  decomposed  b;  18  hours'  boiling  with  pure  water,  is  coloured 
green  b;  alkalis  (NicUia  recommends  t^s  reaction  for  detectutg  acid  carbcaiate  of 
calciam  in  water),  and  reddened  again  by  adds.    It  has  not  been  obtained  pnre. 

The  leavet  of  privet  yield,  according  to  Folex  (Arch.  Fharm.  [3]  xviL  TS),  a 
Tellow,  hjeroscopic,  bitter  extract,  called  lignstrin,  iaeolnble  in  etfiecatid in  Bbea< 
late  alcohoX  but  solnble  in  water  and  in  dilute  aloohol,  forming  aolntions  which  do  not 
give  distinct  reactions  with  anj  metallic  salts.  Strong  snlphnnc  add  gives,  with  ligns- 
bin,  a  deep  indigo-blue  colour,  changing  on  dilution  to  a  cornflower-blue  or  violet. 

Tbe  leaves  and  htA  of  privet  contain  mannite.  (Polei,  loo.  eii.  Eromavar, 
fUd.  a.  281.) 

*-**-'-T  A  silicate  of  iron  (torn  Frzibram  in  Bohemia,  having  the  ^>pearaiice 
of  p*ea  earth  or  glanconite,  and  probably  a  product  of  the  decompoeition  of  iron 
pyntea.  It  is  a  doj^  amorphous,  earthy  substoace  of  blackiah-greeo  ccJour,  and  in  fine 
powder,  aiqnoring  translucent  with  leek-green  Oolour  under  the  microscope.    Bordnesa 
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—  ktMut  3.  Spaeifle  gnTit7  V  S-043.  A  qiednuo,  ■■  pm  u  eotdd  b«  obtiiDed  (it  b 
oftra  mixed  with  iron  pjTitcs  and  fniie  l^diate},  gftT^  b;  aiuljau,  S3-48  nUca,  CI -fiSirca 
Hid  oijgBii,  and  10-itu  wnteT  ( —  94-20,  iiudndiiig  I-S6  eaiboiuM  of  caleiDBi,  md  lytS  irM 
prntBB),  ■gneing  upprozinutelr  witli  the  IcnniUa  (2Fe^.SaiO':E%).3(F(^"^0*. 

KXlC&onr.  A  nbiitttnce  obUincd  W  SraeonDot  (Ann.  Ch.  Hm.  [|]x.8I9) 
from  the  garden-muil  (£muz  a^reilw).  When  dn  it  fbnni  ■  wtatt  euthj  lun,  taatj 
cnunbled  betreen  the  Snoen.  It  ii  pomewhst  ■olnble  in  cold,  mon  anlnUe  in  boQing 
water,  Kolable  in  boiling  ^oohi^  in  cancenlratad  hydrqchlona  add,  and  eacQj  im  ■!■[»- 

line  liquon.     The  lolntion  in  cold  watar  is  predpiUtfld  b;  tumia  add,  coiir~ ' 

limate,  neatnl  lead-aoetBts,  ferrona  Bidphate,  sad  the  ueUttca  of  eopftir  and  m 


bat  not  l^  oxalate  of  ammonium.  Bj  Arj  diatillation  it  jielda  eaibonat«  of  aauno- 
niom,  and  leavea  dunoal  witli  a  mull  qnantitj  of  alkaline  aah. 
i,  Acnnding  to  A.  Voge! 
red  maila  <^  the  geoiu  L 
violat  in  dilota  arid  Kiliitio)],  brown  or  black  in  mora  eoBcentiated  iblutioii. 
obtained  br  ■"»"'«*'"£  the  tinjmfi^,  freed  from  their  Tiacera,  witJi  dilnte  ititiie  add, 
and  pndpitating  the  eolntion  with  ammonia.  Hie  hiown  or  black  irideaoent  piae^- 
tote  u  inaoluble  m  water  and  in  alooboL  The  nitrie  add  aaliition  gradoallj  aanmaa 
a  erimsan  ocdonr,  then  beoomea  etJourleM.  Hie  eohmring  matt<e,  nin  y'^^j  leans 
a  large  qnantitj  of  ^loaphata  of  ealdnm. 

■SmSB^FB.    8ju,  with  CHaTfoun  (L  SB6). 
Oxide  of  caldum  (aee  Ciai:arDii,  i.  TIS). 

■  or.    8m  Coumxa  (L  904,  MS)  tad  EnocHLosim 
(liLaST). 

Uiaa,  OIK  OV.  CH".— The  Tolatile  oil  of  OilraM  Uwutta,  obtained  bj  dialO- 
ling  the  torn  and  preewd  rinda  witli  water  (i.  10Q3). 

UIKB-rao^vn,  OZ&  or.  A  voUtile  oil,  obtained  fhnn  the  towm  of  TOia 
luropaa,  by  dietillation  with  water  (Brosaat,  J.  Fhaim.  ii.  MS),  or  by  exhaiution 
with  ether  in  a  parcolator.  The  amonnt  does  not  exoeed  0-1  per  cent.  It  ia  lifter 
than  water,  Teiy  volatile,  and  has  a  strong  odonr  of  lime-flowera.    (O  m.  mv.  378.) 

•"  —  ■■■»«"— ™  The  ganeria  name  of  all  roi^  hating  carbonate  of  oldnm  fee 
their  ^indpal  eonatitiiBit  Tlie  pnocipal  a«oee«M7  innititnaDta  are  a«  foUowi : — 
1.  Siljca  and  alomina.  Tli«  former  oocnn  in  ofTftallina  lim*aton«i^  aowxtimea  m 
OTTBtalliiie  qnarla ;  in  compact  limettona^  aomelime*  a*  aand  in  «mall  quanti^  j  moat 
freqoently  conbined  with  alnmina,  in  the  form  of  cl^.  Neailj  all  Umeatoiea  »("*»'> 
mall  quantitJM  of  day,  and  in  aome  the  aoantilj  anuniBta  to  aeraial  nnitB  per  aent,, 
the  limeatone  then  paaidng  into  mad.  Idmeatonea  alao  ocoor  nnnt«.iniiig  ijlioale  of 
caldiun,  aa  at  ()jallrbiik  in  SoQlh  NorwaT. — 3.  Iron:  aometimea  aa  ftrrie  oxide,  aonw- 


timea  aa  ferrooa  carbonate ;  ffenerallj  only  in  small  qnantitiea  and 
neae :  either  aa  manganic  oxide  or  as  mangaaoos  canioiiat&  In  stUl  tuallM'  aaand^ 
tlian  the  iron,  end  often  abeeat  attogether. — 4.  Magnesia,  aa  carbonata:  a  toy  mqoeat 
accessory  conetitnrnt  of  limestones,  bnt  in  tme  lunestonea  not  exceeding  0*6  to  t-0 
per  cent.  When  the  proportion  is  lar^fer,  the  limwtone  passes  into  dolomitia  Timn 
■tone  and  dolomite.— %.  Phosphoric  acid  :  appears  to  occur  only  oocaaionally,  aad  in 
very  inconsideiable  quantity,  no  limestone  haTing  yet  been  found  to  oontain  mon 

thou  0-3  per  cenL  of  it 6.  Alkalis,  oamely  potaan  and  soda,  have  bam  fbund  in  ft 

oonsidecable  number  of  limeatones  by  Schramm  (3.  pr.  Cbem.  xlni  440)  »ai 
Fehling  (tSti  446).    Schramm  fbnnd  from  o"  '    "  "  ....... 


oconrs  in  laiger  qnanti^  than  potaah,  about  in  the  ntio  of  2  at.  soda  to  1  at.  potash. — 
7-  Organic  (bitnminoiiB)  matter,  [aobably  in  all  limeatones,  exeepting  a  few  rayatal- 

'■  "  Dnsidarablo  quantities.     ' 


anthraconitfl,  atiokatone,  and  bituminou*  limestotl*,  the  presence  of  organic  matter  in 
Te^  oonapiciLOiu. 

The  tbilowing  enumeratian  of  the  sub-spedea  and  varietiea  of  limeetooe  is  takai 
from  Urt/s  Diclumarj/  r(f  Chemuiry,  and  originally  from  Jamaim'i  3/ineraioay .' 

1.  Foliated  limestone;  of  which  then  are  two  kinds — adatpar,  vii  Jbliattd 
ffranidar  tiatatont.   The  flnt  will  be  found  in  ita  alphabetical  place  in  tlua  Dictioiiaiy. 

Granular  folialtd  linialone. — Coloar  white,  ol  various  shadee,  eometimeB  spotted; 
masgive,  and  in  distinct  angnlo-granular  concretions ;  lostre  glistening,  between 
pMirly  and  vitreous ;  frscture  fo1isI«d  ;  translncent ;  hard  as  calcspar;  brittle  ;  spedfla 
gravity  {of  Canara  marble)  3-717.  It  (tenerally  phosphorpscM  whea  pounded,  <»iriun 
tiitown  on  glowing  coals;  infusible;  (dferreaces  with  odds.     It  is  a  pve  eaibooata  of 


ubjGooglc 


LIMESTONE.  SB? 

taldnm.  Ooem  in  beds  in  giuutcs  gnein,  lee.,  and  melv  In  aeeondntT  rodi ;  it  (« 
fonnd  in  all  tbs  no&t  nuige*  of  primiCiTe  roeka  ia  Simp^  andaSinds  the  sneat  maiblMi 
Parian  marble,  Pestclic  marble,  the  Monno  Gnoo,  the  vhila  marble  of  Lnni,  of  Car- 
laia  and  itf  Monnt  Hymettus,  the  tnuulamit  white  marble  of  alatiuuiea,  and  flezibla 
while  maibl^  are  the  chief  of  the  white  utarbln  which  the  andeDt*  nard  for  BcalptoTB 
and  arehitactnTa.  The  red  autiqiLa  marble,  Botto  aniiee  of  the  lulinna,  and  EsTptian 
at  the  andenta ;  the  Vtrdt  antieo,  an  indeterminate  miitue  of  white  marble  ukT  green 
aerpaDtine;  ydlow  aatiqne  marbla;  the  antiqne  Cipolin  marble,  ma^ed  with  green- 
oiJouTad  loiws,  eanaed  bf  tale  or  chlorite ;  and  African  breeda  marble,  an  tlie  prin- 
^al  oolonred  maifclea  of  the  andenta.  The  Soottiah  maiblaa  are — the  red  and  white 
Tuee,  the  former  of  which  oontaini  hornblende,  eahlite,  mica,  and  green  earth ;  the 
lona  marble,  harder  than  moat  others,  oonaiating  of  limeBtone  and  tiemolite,  or  oeiM- 
donallj  a  dolomite ;  the  Bkje  marble ;  the  Aaajnt  in  Snthraland,  intiodaced  into  oom- 
merce  bj  Mr.  J<^lin,  of  Qateabead :  it  ia  white  and  grej,  of  Taiiooa  ahadea.  The 
Olentilt  marble ;  the  Ihljjliiili*^  ;  the  B071W ;  the  Blairgowrie ;  and  the  Olenavim. 
Hitherto,  bnt  fyw  marblea  of  granolar  foliated  limeatone  haTC  been  qnairied  in  Enf^aod. 
The  Matia  narilt  ia  not  anfilEe  Vtrde  antico.  The  black  marblee  of  Ireland,  new  eo 
generallj  need  by  aichitecta,  are  Incnllito.  The  Toreen,  in  the  oonnty  of  Waterford, 
IB  a  line  variesated  aort ;  and  a  grej  marbla,  beaatifOll;  clondsd  with  irtiite,  haa  been 
fonnd  neu  Bjlcromp^  in  the  eajne  eoonty.  At  Loo^lotigber,  in  "npperary,  a  fine 
purple  marbla  ia  found.  The  eonnt;  of  Serr;  afibrda  aerend  Tariegated  maiblea.  Of 
the  Continental  marbka,  a  oopiona  aecoout  ia  given  by  Kc&aaor  Jameaon,  Itvuraiogi/, 
ToLiL  [k  502. 

2.  Compact  limeatonei  of  which  tho*  are  three  kinda— cdmmm  compact  Km*- 
§tmt.  Hue  Famritm  Umalont,  and  routont. 

a.  Common  eoaaaet  UmtttoTU  baa  nsDallj  a  grey  oolonr,  with  eolonred  deHneation^ 
MaadTe,  oonoded,  and  in  raiiona  eitianeona  afaapea ;  dell ;  fMetnra  fine  iplinten ; 
banelneent  on  the  edgee;  eoftcs  than  thr  pnrtSag  anb-i^eeiea ;  ean^  frangilija; 
■I L uak  greyiah-white ;  epedflo  gnri^  2-8  to  2'7-  It  afihrreacea  with  anida^  and  bnma 
into  quicklime.  It  ia  a  carbonate  of  caloinm,  with  rariabla  and  generally  minute  [ffo- 
pmtiona  of  ailtca,  aJomins,  iron,  mugnsaia,  and  manganece.  It  oecoia  ptindpally  in 
■eccmdazy  fbrmatioce,  along  with  aandBtone,  g^iaiim,  and  maL  Man;  animal  petri> 
EKtiona,  and  aome  Twetable,  are  fDond  in  it.  It  ii  rich  in  oree  of  I«ad  and  dn^  the 
English  minee  of  the  tanner  metal  being  litnated  in  limextonp.  When  it  ii  ao  hard  aa 
to  take  a  poliah,  it  ia  worked  aa  a  marble,  Dndar  the  name  of  shell,  or  iHflumwAi 
marble.  It  abonnda  in  the  aandatonr  and  cool  fbrmationa,  both  in  Sootlond  and  £n^ 
land ;  and  in  Ireland  it  ia  a  very  abondant  mineral  in  all  the  diatriela  where  day-alate 
and  red  aondelone  occnr.  The  Florentiiie  marble,  or  rutti  marbU,  ia  a  compact  lime- 
Hone.    Seen  at  a  diitance,  alaba  of  thia  atone  teeemble  drawings  done  in  biitre. 

b.  Blue   FemtiiM  Limutont.     Colour  dai^  blniah-gNy,  partly  reined  with  white ; 
tolled  and  nneren  on  the  anrhce ;  fractnre  line  earthy ;  opaqnn ;  streak  white :  a 
■   ■   ■  ■■  -       -       f,  lime  68, 0    "     ' 


hard  in  a  low  degree ;  feela  liaaTj.  Ita  conatitaents  are,  lime  58,  carbonic  add  38'5, 
water  ■onftnrhat  ammoniacal  11,  magaeaia  0-6,  oxide  of  iron  0'2£,  carbon  Cl'25,  and 
■ilica  1'26  (Klaproth).  It  ia  foand  in  looee  masaea  among  onallared  ejected 
minerala,  in  the  neigbbooriiood  ot  VeauTina.  In  moauc  work,  it  is  naed  tor  represent- 
ing the  sky. 

(L  Rotttont,  Colonra  brown  and  grey ;  masrivcv  and  in  distinct  concretions,  which 
are  hmnd  gmuolar;  dull;  opaqne;  fracture  of  the  maas  roondgranDlor;  approachina 
to  soft;  brittle:  apedfie  gravity,  24  to  2-6S.  It  diBaolrea  with  el&rmcance  in  adda.  ft 
occnra  along  with  red  sandstone  and  lias  limeatone.  In  England  this  rock  ia  callrd  Bath- 
atone,  Kelton-Blone,  Portland-stone,  and  Oolita.  It  extend^  with  bnt  little  intermption, 
from  SomenKtohire  to  the  bonka  of  the  Hamber  in  Lincolnshire.  It  ia  used  in 
arcfaitectare,  bat  ia  porona,  and  apt  to  monldar  away,  as  ia  seen  in  the  ornamented  woA 
of  the  chapel  of  Henry  VII. 

8.  Chalk,  already  described  (L  B4f>). 

4.  Agaric  mineral,  or  Bock-milk.  Colonr  white  1  in  mnati  or  tabemae  meeci ; 
doU;  composed  of  Sue  dusty  particles ;  soile  strongly;  feels  meagre;  adheres  slightly  t» 
the  toDgne  ;  light,  almost  supernatant.  It  diasolTes  in  hydrochloric  add  with  met- 
Tescencf*,  being  a  pnre  carbonate  of  caldnm.  It  ia  found  on  the  north  aide  of  Oidbrd, 
between  the  laia  and  the  Cherwell,  and  near  Chipping  Norton :  aa  alao  in  the  Haanres 
of  limestone  caTea  on  the  Continent.    It  is  Ibrmed  by  the  attrition  of  water  on  lime- 

6.  Fibrons  limestone,  of  which  then  are  two  kinda—Mlin-apar,  or  the  oommon 
filirona;  and  fibroua  ealc-ainter.  8aii»-*par.  White  of  Tariooa  shades ;  massiTe,  and 
in  disliuct  flbroa*  eoncrations ;  Instre  glistening  and  peariy ;  fragmenta  splintery ; 
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fs«bly  trudnoent ;  is  bird  m  calcanom  aptx ;  nacily  fnngible ;  ipeeifle  gnri^  Z-T. 
Iti  tuiuttitUMiti  ue,  lime  £0'8,  carbonic  acid,  47'S  t  Stmmeynrun  it  emituiu  null 
qaantitiei  of  gjpnim.  It  oeenn  in  thin  la7«TS  in  eUy-ilatc  at  Auton  Hoor  in  Cnm- 
beilaDd ;  in  lajen  and  veini  in  tha  middle  diitzict  of  Scotland,  aa  in  Fifeahin.    It  ia 


0  necklacaa,  Sk, 

Fibrma  oaia-tinter.  Used  aa  marbls ;  tba  BUeionta  fiwmed  it  iota  ongnent  Taan, 
tlie  alabatttr-box  of  Scripture.     8m  Cxic-iDfTaB  (L  720). 

S.  Tnfacaoni  limestone,  or  Cale-tnff.  CoIddt  girej  ;  maariTa,  and  in initstiTe 
■hspes;  enclosing  IfSTM,  boaea,  sheila,  kc;  dnll;  fructare flna-gnined  oneren;  opaqoe; 
aoft ;  feela  longli ;  brittls.  It  ia  pore  ■au'boaata  of  ealeiani.  It  occnn  in  Iwda, 
gsneraJI;  in  the  DcighbonttLOod  of  riTera;  Dear  Starlj-bmn  in  Fifgehiie,  and  other 
plaeea,      Uaed  far  lime. 

7.  Fiaiform  limeatone,  or  Peaatone.  Colour  jeUowiah-whita ;  maaaiTa,  and 
in  distinct  Concretions,  vhich  are  round  granular^  composed  of  othera  which  are  Tczy 
thin  &nd  concentric  lamellar.  Id  the  centre  there  ia  a  bubble  of  air,  a  grain  of  sand,  or 
nf  unnip  mineral  matter ;  dnll ;  fracture  even ;  opaque  ;  aoft ;  brittle ;  spedfic  ^raritj 
T.  r_  — 1 4..  -ff  — !_: —     T.  :_  A„-^  i^  great  maaaoa  in  tha  Ticmity  ot 


n  primitJTe  limestone,  in  matallifiiroDa  beds,  and  in  veina.    It  ia  ibnnd  in  Qlentill ; 
m  Aasjnt ;  in  Cornwall ;  and  near  Granard  in  Ireland. 
fl.  Aphrite  (i  U9). 

10,  Iineallite;  of  which  there  are  thrae  kinds — compact,  prismatia,  and  foliated. 
a.  Compact  lacollita  ia  anbdiTided  into  common  or  black  marble ;  and  Btiokatone. 

a.  "Du  oonnBurH  vrBtpaet.  Coloor  greyiah-hlack ;  maadTe  ;  gtimmeiing ;  fnctore  fine- 
grained, nnerfln  j  opaque  j  Beuu-hard  ;  stzeak  d&rk  ash-grej ;  brittle ;  ipeciflc  gnvity  3. 
Wlwin  two  piece*  are  nbbed  together,  a  fetid  urinous  odour  lb  exhaled,  i^cb  ie  in- 
oreaaed  bf  breathiiig  on  them.  It  bums  white,  but  forma  a  black-colonred  maaa  with 
anlphnric  add.  Ita  conatitaenta  are,  lime  63'38,  carbonic  acid  41'G.  carbon  075,  mag- 
nesia and  oxide  of  manganeae  012,  oxide  of  iron  0'2fi,  silica  I'tS,  sulphur  OZS, 
chloride  and  nlphata  of  potaaainm  with  water  2'S2  (John),  It  is  said  to  occor  inbeda 
in  primitive  and  older  aeeondarjr  rocks.  HilLi  of  thii  mineral  occur  in  the  district  of 
Assjnt  in  Sutherland.  Tarietiea  of  it  am  met  with  in  Dfrbfshire  ;  at  Eilkenn;  ;  in 
the  counties  of  Cork  and  Qalwa;.    It  ia  the  ^ero  antico  of  the  Italians. 

0.  StinluUme  or  Sainatoiu.  Colour  white  of  man;  shades,  cream-yellow,  Srey, 
bla^  and  brown ;  maadre,  disseminated,  and  in  distinct  ^;TsnuliLr  concretions  ;  dall; 
frncCure  splinteiy ;  opaque ;  semi-hard  ;  streak  grpyish-white ;  emits  a  fetid  odonr  on 
friction  ;  brittle  ;  specific  gravity  27.  The  same  chemical  charatlers  as  the  preceding. 
Its  constituents  are,  88  carbonate  of  calcium,  413  silica,  3'1  alumina.  1-47  oxide  of 
iron,  O'SS  oxide  of  manganese,  O'SO  carbon,  0'S8  lime  ;  snlphor,  alkali,  salt,  water,  2'20 
(John),  It  occurs  in  beds,  in  secondair  limcEtone,  altsmating  occasionallj  with 
BBcondarj  gypsum  and  beds  of  day.  It  IS  foimd  in  the  vidnity  of  North  Berwick, 
resting  on  red  sandstone,  and  in  the  pariah  of  Eirbean  in  Oallow^.  It  is  employed 
for  burning  into  lime. 

b.  Priimalie  Ivcidiii*.  Colonrs  blad;  grey,  and  brown ;  maamve,  in  balls,  and  in 
distinct  CDUcretionB;  extersal  surfece  sometimes  streaked,  internal  lustre  diining; 
oleBvaee  threefold;  tnmslncent  on  the  edges ;  semi-hard;  streak  gray !  brittle ;  when 
rubbed  it  emita  a  stroi^lj  fetid  orinous  smell ;  specific  gravity  3(i7.  When  ita  powder 
is  boiled  in  water,  it  gives  out  a  transient  hepatic  odour.  The  water  becomes  slightly 
alkaline.  It  diasolya  with  efTervescence  in  hydrochloric  acid,  leaving  a  chan^oalj  re- 
siduum. Its  constituents  resemble  those  of  the  preoeding.  It  oecura  in  balla,  in 
brown  dolomite,  at  Building-hill  near  Sunderland.    It  was  at  one  time  called  mnjre- 

e.  FaKated 01  tparrytneulUtt.  Colonnwhit«.grey,aud black;  manive;  disaeminatad 
and  crystallised  in  acute  six-sided  pyramids ;  intcnial  luatre  glimmering ;  fragments 
ifaomlraidalt  traaslucent ;  semi-hara;  brittle;  emits  on  friction  a  unnona  smell; 
specific  gravity  3-66.  In  othtf  reapeota  similar  to  tha  preceding.  It  isfDimd  in  reins 
at  Andnasbe^  in  the  Rarta. 

11.  Marl ;  of  which  there  are  two  Idnda,  earthy  and  compact.  Rtrthy  marl  baa  ■ 
grey  colour ;  conaista  of  fine  dust/ partidea,  feeblj  cohering ;  doll ;  soils  alightlj ;  is 
Gglit ;  etRnvesces  with  adds ;  and  emits  a  urinous  snwU  when  first  dug  up.  Ita 
oanstitueot*«M,cazbonateofcakinm,withalittlealnniina,ailica,and bitumen,  Itoocnrs 


^dbyGooglc 


umnrar.    Tha  bitter  priD^^e  contained  in  die  pipB  of  « 

It  forma  inuU,  bitter  ojstals,  Bpannglf  lolnble  in  mMr,  ether,  u 

in  aleuhol,  acetic  uid,  and  potash ;  from  the  pataah-aalatum  it  is  pracipitsted  by  acida. 
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in  btdl  in  tiie  ■a00Ddai7  limestone  and  gypanm  fbnnations  in  lliiinngia  and  Manaleld. 
Coofoct  vtarl  has  B  grej  coloor ;  is  maanve,  TMJcnlar,  of  in  flattened  balla ;  costaina 
p«tnb(ik>na ;  doll ;  tnctim  eartby,  but  in  the  laige  masaea  slatj ;  yielda  to  the  nail ; 
opaque ;  ititak  grniah-vhite ;  brittle ;  fsela  meagra ;  n)eeiflo  graritj  2'!.  It  intn- 
tneacM  b«fon  the  blovpipe,  and  melts  into  a  greeniah-black  slag.  It  efllbrrescea  with 
aeida.  Its  constitnonte  are,  carbonate  of  ealeiiun  60,  lilies  12,  alumina  32,  iion  and 
oxide  of  manganeea  2  (Kirvan).  It  oocnn  in  bediin  the  ascondaiy  floeti  limestone^ 
It  ia  freqnsnt  in  the  aaal-fiuTaatioDS  of  Scotland  and  England. 

12.  SitnniiDOns  marl-alate.  Cc^ni  gnjish -black ;  maHiTe,  and  f^Tientljwith 
impressioiia  of  flsbM  and  plants  ;  lustre  ^ieteaing ;  fracture  Hlatr ;  opaqne  ;  shining 
streak;  soft;  aectile  ;  tangible;  speciflc  gravity  2-68.  It  is  said  to  be  carbonate  of 
Qildiim.  with  albumin,  iron,  and  liitumeQ.  It  ocean  in  floeti  limeatona.  It  fraqnantl; 
coctaina  copreoiu  mizinBlii,  petrified  flahea,  and  fowQ  ivmains  of  OTptogamoos  plant*. 
It  abonnds  in  the  Htutz.     (JamesOD.) 

ZZKBTTXO  AOxn.  C"H*0<  (H.  Vahl,  N.  Ber.  Aidi.  IxdT.  16).— An  acid 
produced,  together  with  formic  and  acetic  acids,  by  (reating  oil  of  limc^  oi  oil  of  rose- 
marr,  with  add  chiomate  of  potxasinm  and  sulphuric  acid.  As  soon  as  the  action  is 
flushed,  the  liquid  is  diluted  with  wat^r,  and  tLe  limettic  acid,  which  »  . 
lean,  is  washed  and  purified  by  repeated  solution  in  aqueous  carbonate  d  p 
j^ecipilation  with  nitric  add,  and  reayatollisaliou  from  olcohoL 

Limettic  add  is  white,  crysialline;  Tolatilisea  when  heated,  and  fbima  a  e^fttaUiiie 
deposit  on  oold  bodies.  It  has  n«ither  taate  not  amell;  dissolTes  apuinj^;  in  valtr, 
easi^  in  aicohoL 

The  mlter-tait,  C"H*Ag*0*,  obtained  by  adding  nilzate  of  uItsi  to  the  add  nen- 
tralised  with  ammonia,  tbma  a  powder  sparingly  aoluUe  in  water  and  blaAenJng  on 
cipoflon  to  ligh^ 

**"■<"""■■    T  ,        ^  „  _ 

It  fbrms  small,  bitter  ojstala,  sparmgly  solnble  in  water,  ether,  and  amnumia ;  easUy 

d  potash;  from  ('        "    '      '  ''      ''  '  ■  -  •   ■ . 

it,  forming  a  red     ,      .  , 

bj  water.  Nibne  add  disaolToa  it  without  alteration.  It  melts  at  124°,  and  solid 
to  an  amorphons  mass  on  cooling.  According  to  Schmidt's  ooalyais  (colctdatad  with 
the  old  atomic  weight  of  caiboc),  it  contains  e6'04 — ef-B2  per  cent  carbon,  and 
6-32 — S-49  hydrogen,  whence  Schmidt  deduced  the  fbnnula  C*'H**0".  (Beinay^ 
Bochnec's  Rep.  [3]  xii.  306.— Schmidt,  Ann.  Cii.  Fharm.  li.  333.) 

IiOBOKI^a.  Smon  Hmmtititt.  Hgdrottaaquiomdeoflron.  (See  Itmt,  osidm 
or,  p.  395.) 

KZMAaxrm.  Pb'SO'.aCoHO.  Ouprmu  SiUpUte  of  Ltad.  Oaprema  AngUtitt. 
BUiiamr.  Kvpferbleupatk. — Occurs  in  cryrtals  belonging  to  the  monoclinie  system, 
Spedflo  gravity  62 — 66.  Hardneas  2ii — 8.  lustre  vitreous  or  adatnantine.  Colour 
'  '  "  "■  'ucont  Fracture  conohoidal.  Analysis  by 
it  copper,  i'l  water  —  BS'l ;  by  Thomson, 
...  nd  6fi  water.  It  occurs  at  Leadliills,  aJ 
at  Boughten  Oil)  in  Cumberland,  in  cnatBls  aometimee  an  inch  long  ;  at  Linares 
Spain,  and  near  WTna.  It  occurs  altered  to  cerusite,  a  cbange  lilie  that  of  anglceite  to 
ceruritfl.  (Brooke,  Ann.  PhiL  [2]  iv.  IIT.-Thomson,  Phit  Mag.  IMO ;  see  p.  M2.— 
Dana,  ii.  361.) 

XXMOOXJnXB.     See  SnLsrra. 

fcIWl>JiCT»  W.ITM.  A  mineral  consistinB  of  anenits  of  ci^ipw  with  basic  eol- 
ttiateof  Dickel,  and  water;  and  containing  aceoraingto  Lindacker  a  ana1yBia(Jahrb. 
K.  K,  GeoL  BBieba.  it.  653),  29-68  AsK)*,  6-«  80',  16-lS  Ni'O,  2-90  Fa»0,  and  9-32 
water  (  -  89-73),  agreeing  nearly  with  the  formula  *ABCuO'.Mi'SO'.2Ni'0.8H'0. 
Specific  gTBTity  2~^2'S.  Hordnees  S  — 2'f.  Lnstre  ntreona.  Colou  vBrdigris  to 
apple-green.  Streak  pale  green  to  white.  It  dissolves  after  longer  heating  in  bydro- 
t^ricadd.     (Dana,  ii.  600.) 

£ZKnr-  A  crystaUiaable  substance  from  J!Mi»ndafJlartfe<(m(Pagensteeher,  Ann. 
Cfa.  Pharm.  xL  322.— Handw.  d.  Chem.  iv.  924).  According  to  C.  Schroder  (K 
Bepert.  Pharm.  x.  11),  the  best  mode  of  preparing  it  is  to  digest  a  considerable  quantity 
of  the  plant  with  dilute  milk  of  lime ;  mix  the  ^tered  yeUow  liqnid  with  hydroehlone 
acid,  which  forms  a  precipitate  remaining  sospended  in  the  liquid;  agitate  with  ether, 
and  leave  the  linin  to  crystallise  from  the  ethereal  solntion.  It  forms  small  white 
etjrstala,  having  a  ailky  lostie,  heavier  tlian  water,  dissolving  ve^  sparingly  in  water, 
very  easily  in  alcohcd  and  elher,  somewhat  less  cosily  in  acetic  acid  and  in  chloraform. 
Ths  aqueous  solution  tastni  ali^tly,  the  alcoholic  solution  intensely  and  penistently 


dfcp  azora-hlne.  Streak  palo  bine.  Translucent  Fracture  conohoidal.  Analysis  by 
Brooke,  75-4  sulphate  of  load,  18'0  oiide  of  copper,  *-7  water  —  B8'l ;  by  Thomson, 
74-8  sulphate  of  lead,  19*7  oxide  of  copper,  and  S'fi  water.     It  occurs  at  Leadhills,  also 
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bit(«r.   JJmn  SMltt  nod  <]«MinpoM9  when  heated.    It  (pTs*  Ij  mmIjm  S3->3  ftm 
cent.  etrboD  aitd  I'Tit  hjdrogen ;  dom  not  erolTe  unmonia  whni  bwled  with  milk  of 

UnjBITBi    ITitiTe  ralplude  of  cobilt. 

KZMO&BZa  AOXS.  F^veroleic  acid.  7ioet«nSliaure^-C"E^*0'.  (Felonie 
sod  Bondrt,  Ann.  Ch.  Phjs.  [2]lis.l3.— Lkurent,  ibid.  Izr.  IM  ■Iid2e8.— Licbig^ 
Ann.Cli.FbuTiLsziiii.llS.-5ftce.iii:ii.li.S14.— Scli91er,tMilcL352.— A.aOiids- 
manoH,  Jnn.  Sch^ik.  Ondenoek.  i.Stok.  181.— Gm-xri.  tOS}.— An  oiljadd  ocepRing 
in  linseed  and  poppj  oils,  and  Mrtiu<  alio  in  other  diying  oQi.  To  prepan  it,  linaeed 
oil  (or  poppj  oil)  u  saponifled,  and  the  eoap  pnrifled  \n  MiMated  salting  ont,  after 
whicb  it  is  (UsBolted  in  a  la^e  i^nantitj  of  vator,  and  thiown  down  by  an  cxcaaa  ot 
chloride  of  calcinia.  The  precipitated  calciom-salt  ia  washed,  prewed,  and  digested 
in  ether,  which  diwolies  ont  the  linoleate  of  caleimn,  and  learaa  tlie  salts  of  the  stdid 
fkt^  adds  nndinolfed.  The  ethereal  soln^on  is  decomwised  W  oidd  hjdroehlorie 
mia,  wharebj  the  liaoleic  add  is  separated,  and  remuns  dissolTed  in  the  sthm ;  the 
■olDtion  ia  drawn  alt,  and  the  ether  aiitilled  at  as  low  a  tempenturs  as  Dosaibls,  in  m  • 
stream  td  hydn^jsn.  There  then  remains  dark-jellow  linoleic  acid,  lAicn  is  diaolTsd 
in  aloolud,  and  preciidtated  hj  ammonia  and  chloride  of  barinm.    The  bariom-sal^ 


m-ealt  the  acid  is  separated  bj  agitating  with  ether  and  hTdTochlari 


pipetting  off  the  ethereal  layer  of  liquid,  and  ■<i«filliiig  off  the  ether ;  it  is  dried  in  a 
TucuDiD  over  oil  of  Titiiol  and  a  mixtnrs  of  lime  and  snlphate  of  iron  (Schnler).  A 
nmilar  method  is  employed  by  Ondemanns,  iriio,  howeTer,  prefen  uecipitatiiig  the 
linoleate  of  sodiom  by  chloride  of  caldnm  in  a  strongly  ammoniaeu  aolntion.  Saee 
digasts  linseed  oil  with  oxide  of  lead  and  water,  at  a  nnUe  heat;  ezbansta  the  pale-gi^, 
greasy  soap  witb  ether,  which  leaTn  matgarate  (pumitata  aeoording  ti>Sehfilat)and 
a  little  bade  linoleate  of  lead  nndiBsolred ;  evaporatea  the  eth^al  solution ;  and 
decompOHa  the  residue  with  hydrochloric  acid.  The  add  thus  obtained  is  washed  with 
boiling  water,  dissolved  in  ether,  and  recovered  by  eT:^)orating  the  sdntiim.  Or  be 
dscomposes  the  lead-salt  with  sulphydiic  aad,  and  sxbaets  the  linolaiB  aeid  with 
ether. 

Froptrtiei, — Linoleic  acid  is  a  &!nb-yellow,  linqnd  oil,  of  spedAa  gmity  O-OSOS  at 
li",  having  a  high  refractive  power,  and  a  weak  acid  reacdoo.  It  doea  not  solidi^  at 
1S°;  tastes  mild  at  first,  aftenrards  haiah  (Schuler).  It  is  mora  limpid  than  poppy 
oil  (Oudemanne).    It  is  insidaUein  oato',  but  dissalres  readily  in  ttJur,  less  eamly 

Deeompotitiona. — 1.  On  standingin  the  ntr  (or  ten  vredcs,  the  add  absuh  3  p«c 
cent  oxjgeo,  sad  becomes  viscid  and  tough  (Schuler).  It  takes  up  mora  oxygen  tJw 
frasher  it  is.  and  thickens,  bo  that  at  last  it  will  soiTcely  Bow,  but  ramaina  oi^onrlea^ 
and  does  not  evolve  cartranic  acid  (OudemannB).  A  thin  layer  on  wood  expoaed  to 
the  air  fbtms  avamiah;  an  glass  it  only  becomes  tODgh  (SchiilerV  LinoleHte  of 
potaadom  or  sodiom,  coutaining  an  exceea  of  alkali,  expo^  in  the  flnuy  divided  state 
to  tbe  air,  abaorbi  oiyg;en  greedily,  and  becomes  yellov  and  diy ;  it  ttien  dissolves  in 
water  with  dark  brown-red  colonr,  and  deposits,  on  addition  of  hydrochloric  add,  a 
brown  grea^  reein,  nmilar  to  that  produci!d  by  the  action  of  nitric  add  (Saee). — 
2.  By  diy  iSilUlalion,  products  are  formed,  different  from  Ihoie  yielded  by  oleic  aeid 
(Lanrent). — 3.  With  nitric  acid,  the  acid  avella  ap  conaidarablj,  and  yields  a  gTeaiy 
reain,  aDberic  add,  and  a  little  oxalic  acid,  the  last  probably  derived  from  adKerilU[ 
ether  (8 ace).  M'frtws  oci^  and  nKrvurtHU  nifmfs  do  not  form  elaidie  add  with  linolcu 
acid.     (Felooie  and  Boudet;  Laurent;  Schuler;  Ondemanns.) 

Linoleate: — The  mono-add  salts  are  difScult  to  obtain  pure,  and  generally  contain 
tno  small  a  proportion  of  base,  on  accoont  of  thdr  ea^  conversion  into  add  salta 
(Schuler,  Ondemanns).  They  ara  wbitB,  for  the  most  part  nndyEtallisable,  and 
separate  trota  their  hot  solutions  in  flakes;  by  spontaneous  evaporation  they  are 
oblaJDcd  in  the  fbrm  of  a  jelly.  When  expoaed  to  llie  air,  they  become  coloured  and 
odoroOB.     Tbey  are  soluble  in  alcohol  and  ether.     (Ondemanns.) 

Barium-tait. — The  Bait  ptodnced  by  mixing  chloride  of  barium  wiUi  tiieaad  towhicha 
large  eicesB  of  ammonia  haa  been  added,  contains  a  Droportion  of  boiyta,  varying  tram. 
1201  to  24  per  cent  (C"H<'BaO'— 23-48  per  cent  Ba*0).  It  is  whits ;  si^arates  &(nn 
alcohol  on  cooling  in  nucroscomc  oystals,  and  from  ether  on  spontaneons  evi^Knaticm, 
in  mora  diatioct  cryitals.  When  exposed  to  the  alz,  or  idien  k(^  and  also  oa 
boiling  with  aloohol,  it  becomes  yellow  and  sticl^.  It  dissolTca  irery  Muly  in  ether, 
less  easily  in  alcohol;  and  is  insolnhle  in  water.     (Ondemanns). 

The  coUun-H/'  resembles  the  barium-salt    It  was  only  once  obtained  of  the  caur- 
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poeition  C^'CaO'  (oonUiaing  972  pei  cent.  Ck'O),  and  nmtlj  eontaiiMd  ft  nnsller 
pnnntwn  of  lime.     (OndemmnDB.) 

nie  eupric  »tM  a  bluuh-gnen,  inaoloblc  in  ««t(E,  uid  nnriy  ai  is  alcokiL 
(ODdemannEiO 

£«j-mU. — Tb«  add  dindvM  &  luge  qiuuiti^  of  oxide  of  Uad,  uid  fbcmi  then- 
widl  >  xdid,  plsater-Uka  mus;  with  &  ■mallsr  quuititf  of  ozida  of  Ind  it  fbrmi  • 
tfaiek  liquid  whioh,  on  aiposare  to  the  air,  renuing  foF  a  loDg  time  Rreuy ,  and  of  the 
OOtuiateDce  of  ointmeiit  (Liebig).  The  ethereal  aolution  of  the  lead-SHlt  becomes 
reniUBed  dniiDg  er^ioratLOn,  and  throws  down  a  white  haaic  salt,  Qpon  vbich  &i 


naiiUBed  dniing  er^xintioti,  and  tluowa  down  a  white  basic  aall,  apoD  vbich  on  acid, 
Md-btown,  jeU];-Uke  aalt  ii  depoaited  ;  this  last  smells  like  lioseed-oil,  and  shows  a 
TB^ing  compMition  OQ  analjpua.  Enoeed  to  the  ur  in  thin  iBjers  apon  wood,  liiu>- 
Uatei^iead  does  not  form  a  Tanush,  but  stripa  offin  w»U«.    (Sacc) 

The  nuqr"Siwsgt-«a^  ia  inaoluble  in  water. 

BUver-tali.  "Nitrata  of  silTer  throws  down,  bom  the  K>diimi-n]t^  t,  white  predpitate, 
vhich  euQ;  blaekens  from  redaction  of  BUver.  It  dissolTea  Nidilj  in  aqueons  ammo- 
nia, and,  on  en^rating  the  aolution,  a  portion  dTstalliiea  out;  another  portion  ia 
deeompoMd  and  Golonrs  the  liquid  black.     (Ondemanns.) 

iSg£H»-M£(.— When  the  acid  is  diaaolred  in  ranatjc  soda,  salted  out  with  chloride 
of  sodiiiB,  and  dried,  and  thereudue  is  freed  from  cMorida  of  sodiom  b;  dissolving  it 
in  sthsr  and  eruontiug  the  solution,  an  acid  ult  is  obtained  containing  T'fi  per  cent. 
Na*0,  and  UMeing  witll  the  fbcmoU  2C"H''N»0'.C'*H^* ;  bv  calcuLnion,  7-75  per 
cent.  Ha'OT 

The  tiae-Kdt  Is  iiuoinble  in  water. 

xnmSBS.  The  seed  of  the  flax  plant  {Lmvm  vmtatilnmwrn).  The  £>llowing 
•naljaeaof  it  BMglTUlb;  Waj(Joorn.  SMj.  Agr.  Soc  z.  pt.  !.); 


PranKg* 

"     thsKadSea 
Banish,  184T 


M-TO  6-26  0-46 

se-00  s-se  b-T4 

U-13  6-64  10-22 

S6-6S  3-68  12-aS 

82-77  »-80  11-00 

SS'fiO  4-03  10-A8 


BB-11 

SS  SMupIeB  of  oil-eBke,  obtained  bj  expirsiiiig  tlie  flxed  oil  from  linseed  grown  in 
Variooe  ixmntriea,  exhibited  an  amount  of  nitrogen  varying  fnnn  3-83  to  5'3G  per  cent., 
fU&Om  S-60  to  lt-S3  per  cent.,  ash  from  fi'46  to  32'6B  per  cant,  water  from  6'fiS  to 
10-20  per  cent.  The  qnantitj  of  Ubaminona  snbetances  calcolated  from  that  of  the 
nitrogen  Tariee  in  the  S3  samples  from  2$  to  above  36  per  cenL 

Anderson  (Highland  A^.  Soc  J.  new  serie^  No.  69.  p.  376)  found  in  linseed, 
34'44albamiiionjsnbsta]lcei  34-00  oil;  8078  gam,  sugar,  and  celloloee;  3-33;  ash  and 
7-50  water. 

Hsurein  (7.  Phann.  [3]  xx.  9S)  hi«  analysed  the  •ereial  parts  of  linseed  with  the 
fidlowing  raolta: 

iOom  and  aotnble  salts 14 

Soft  resin  and  flied  oil 1 

Water 3 
Matter  insalnble  in  water  and  in  ether ....  4 
{Soft  rtflin  and  flxed  nl S 
S^-«,kbi.m-«.;  ::;:::  S 
Uatter  icaolubla  in  wstai  and  in  ether .        .        .        .12 

Fixed  oil SO 

Water 6 

Hatter  solnble  in  water 8 

Hatter  insoluble  in  water  and  in  ether.        .        .        .18 

100 
For  analjna  of  the  aah  of  linseed,  lee  Fi.4x  (ii  6S7). 

Unseed  alao  contains  a  luve  quantity  of  mncilage,  which  Is  deposited  in  the 
outer  lajna  of  cells  of  the  epidermia,  and  swells  up  when  the  seed  is  macented  with 
much  aa  to  bunt  the  cell-walls.  IpLof  linseed  boiled  withlSptS-WSterjields 
g*  thick  eeough  to  be  drawn  oat  into  threada^  and  Ibnning  a  daik-coumed 
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man  vhtm  irj.  This  erod*  muciUgs  coDtainM,  in  addition  to  the  tme  Teg«tabl«  nnei- 
lus,  tlao  It^niiiiii,  albumio,  an  organic  acid,  perhapa  malio  aoid,  and  aati-coUBtitaenta, 
chixfly  lima,  potash,  and  iron,  partlf  as  phoaphsu*^  V^7  oniuid  in  the  aah  with 
carbonic  acid.  Lineieed  mucilage,  precipitated  bj  alcohol,  gaTB  1 1  pel  cant,  aih,  ooD- 
t^wing  i  par  cent,  earbonio  acid  (Schmidt^  Ann.  Ch.  Fhann.  li.  29).   See  MucoLun, 


,    K  tip<  wh?u  expoaed  to  the  aii.  to  a  traupaient  Tcatooiu,  not  britti    

The;  probablj  aU  reaemble  linaeed  oil  in  ooDtaining  a  g^jccrida  ctflinolui:  acid,  togMhir 
Tithpalmitin  (andpertiapa  iteariD),t>j  the  varying  ^<cipoitiom  of  vhiefathaiidiAvMneM 
an  detarmincd.  Id  the  impure  state,  they  contain  alao  mncna,  gam,  and  albomin, 
of  taste  and  amelL 
«,  and  withont  diaagreeal 
The  eommereial  oil  is  dark  ^elloir,  and  has  a  aharp  penetrating  amell  a 
Soscifta  STSTitr  &t  13°  -  09317  (Scbnler,  Schnbler),  0'933T  (van  Kercho^ 
9,  p.  7D1);  other  statamenla  vtrj  between  0-938  and  0-9fi3.  ^Mieific 
„  ..  7  at  l3°-D-939£:at25°-0'931i  at  60°  -  0-9tafi;  at  BlO  -  0-8816,  that  of 
water  at  16°  being  taken  as  unity  (Bauasnre).  It  doaa  not  aolidify  at  -  16" to  —  tS° 
(Qnaserow),  nor  at  —  28°  (Brandia);  aooording  to  Schnler.  it  dmooita  a  little 
aoIidEitat-  18°.  It  contains,  on  an  avorage^  TBII  per  cent  C,  1 0-98  H.  and  10-93  O 
(Sacc) ;  the  cold-drawn  <ul  contaku,  on  an  arenge,  7S'IT  per  oent.  C,  10-98  H,  and 
t3'86  O,  oorresponding  to  the  formula  C'*H'*0'  (Lefart).  (Sea  Sanaanre'a  maljn^ 
Ann.  Ch.  PhjB.  [2]  xili  8380 

It  containa  margarin  (palmitio,  according  to  ScholCT;  atoarin,  aoonding  to 
TTDTardorben),  and  a  glyoende  of  lindeic  acid  (Saec).  By  aaponiflcation,  it  yulda 
^th  Duigarate,  and  Atlu  linoleata  of  lead  (Oaaseiow,  Biutn.  Arch.  zix.  BO). 

Linaaed  oil  aipoaed  to  aonihiue  for  tome  weeka,  in  contact  with  on  aqnoons  solution 
of  an  equal  waiglit  of  piotaanlphate  of  iron,  becomeo  limpid  and  colonriesa.  Eipoaed 
to  (he  air  in  thin  layers  it  driaa  np  to  a  timnqwrent,  reainooa,  moderately  elastic  maaa, 
raaembling  eaontchouo;  when  haated,  howerer,  it  dnea  not  melt,  bat  au-bonian  and 
boms  (Lenehok  Kastn.  Arch.  iii.  107)-  A  peculiar  ^  is  prodnced  at  the  same  time, 
together  with  a  crumbly  anbataoce,  ioaolnble  in  ether  (Hoppe,  J.  pr.  Chem.  Itx 
117V  Mixed  with  chalk  so  aa  to  fbm  a  powder,  and  exposed  to  the  air  fbr  fbur 
weUB,  it  drica  up  completely,  and  on  diMKuring  oat  the  carbonate  of  calcium  with 
hTdradilnio  acid  and  exhausting  the  residne  with  ether,  a  white  mass  of  tha 
conaiMeaoe  of  tar  is  obtained,  which  behavea  like  oleic  acid  ^tered  by  eipoaure  to  tha 
air.  There  remains  behind  reainoos  linseed  oil  in  the  form  of  a  yeliowish  con^ome- 
rote  mass,  whioh  is  iooolable  in  alcohol,  ether,  volatile  and  fixed  oila,  is  oonverted  by 
•Icobolie  hydiDchloric  acid  into  a  tarry  substance,  and  dissolrea  in  cauatic  pota^ 
(ITnTerdorbea,  Schw.  I.  xru.  216). 

Impure  oil,  coataioing  mucus  or  albumin,  becomes  rancid  in  the  air,  more  quickly 
in  annahine,  and  haa  then  a  repuIuTB  odour  and  taste,  a  i*A  colour,  and  acid 
reaction.  Concerning  the  formation  of  omnised  oxygen  in  Uie  oxidation  of  linseed  oil, 
see  Schonbein  (J.  pr.  Cbem.  lixiv.  838).  When  the  oil  is  boiled  for  some  time, 
till  it  loaea  about  }  of  its  weight,  it  becomea  thicker,  li>naciona,  and  TiBcid,  and 
dries  np  still  more  readil;  than  u  tbe  fresh  state  to  a  tongh,  tarpentina-like  mass, 
■caroely  aulnble  in  oils :  Printtri  tandih.     (See  Ixx,  p.  272.) 

Linaaed  oil  (also  not  or  poppy  oil),  heated  to  abont  32S°— 376°,  tikea  fir* 
and  bums  quietly,  withont  farther  beating  from  withoal,  till  tor  or  charcoal  remains. 
If  the  burning  be  interrupted  1^  dosing  the  Teasel,  there  remaina  a  brown,  tnrpentine- 
like  body  which  may  be  need  aa  bMlime.  When  this  rabstanae  is  boiled  con- 
tinuously with  water  containing  nitric  acid  (water  being  added  to  prevent  the  too 
violent  action  of  the  acid),  an  odour  of  acroleiO  ia  constantly  airolvad,  and  the 
■nbatance  becomea  aolid,  of  the  conaiatence  of  plaster,  resembles  India-rnbber,  and  no 
longar  aticks  to  the  fingers.  It  is  then  not  com;ilet'<Jy  fusible^  disaolvea  to  an 
emnlsion  in  anlphide  of  oarbon,  shrinks  when  boiled  with  conoentrated  caustic 
potash,  disaolvea  only  on  addition  of  water,  and  is  again  predptat^id  from  the  aolntiaa 
by  acida.  Thia  anbstanee  is  soluble  in  alcoholic  potash  and  predpitabte  by  adds  :  it 
Bwella  in  ether  free  from  alcohol,  and  partly  dissolves  in  a  larger  ijnantity  of  ether ; 
aloohol  precipitatea  it  frnn  the  aolntiou.  In  rock-oil  it  sweUs  withont  diSBOlving ; 
also  in  a  litUe  oil  of  turpentine,  bnt  diasolvea  oompletely  in  a  larger  qaontity,  and 
remaina  unaltered  on  evaporation,  Lfnaeed  and  nat  oils  yield  eiglit  or  tea  tim(e  oa 
much  of  thia  c»outchouc-hka  aubatanee  aa  poppy  oil  (Jonas,  N.  Br.  Arch.  xlvi.  169; 
J.  pr.  Cham.  xizviL  881). 

Linseed  oil  sahmitted  b 
which  condense  to  a  coIodj 
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imbling  jell;  uid  (iaoiitchouc  rsnuiai  behind. 


SiUpiur  diwolTM  in   hot  linsaed  oil  irith  (ad  colotu',  nutisllj  ci7>tslIuiiiB  on 

"''"g;  on  longer  heating  the  oil  takes  op,  with  cmlatJon  <a  snlphTdric  wid,  ^t£  ita 
vei^t  of  tol^or,  ind  fianu  thei«mth  a  brown  lisdd  m»at :  /oily  baiMOni  of  tvipAur. 
(See  RBdigHont  and  niex.  N.Br.  Arch.  iL  10;  alao  Heinach.  J.pr,  Chem.  ilii 
18S.)  LiuMod  oil  duaolvee  M{mium(Berieliua) ;  it  dii«olT«  nmrly ^h  amnou* 
-aeid,  wlienbj  it  ii  rendered  heaTier,  preeipitaljle  b;  oil  of  vitnol  and  afdrochloriB 
mcid,aiid  eoagiil&ble  b7  alkalia  (W.  Henr;,  Schv.  J.  ii.  636).  Pituphorvt  boiled 
with  lineeed  oil  Boqairea  s  ecerlet  colour  (Reinich.  J.  pr.  Ghem.  xir.  2ST).  Heated 
vith  Jth  ita  weight  of  phoaphonu  to  76°,  the  oil  beoomea  bromi-blBck,  aod  after 
MoHlig  fbima  a  leather;  snlntance  insolable  in  Hnaeed  oil ;  ^th  phoaphonu  fi»ni>  » 
thin  tar,  which  mixes  with  the  diring  oili.  (Jonas,  N.  Br.  Aw-h  1»t   130.) 

Vfaen  HaaMd  oQ  ia  heated  with  {rd  iodine,  there  page  over,  flmt  iodioft,  thnn  an 
empTmuBolic  oil  euloumd  brown  b;  iodine ;  afterwaiila  white  TBpoim  of  h^driodie 
aoid  BM  erolved,  followed  by  a  thick  yellowish  oil,  and  at  last  chareost,  coBtaiaiog 
iodiMv  remains.    (Reinseb.  J.  ^.  Cbem.  ziv.  263.) 

Bromiitatad  United  oil  ia  obtained  by  draoching  the  oil  with  8  or  10  parts  of 
wttw,  heating  it  to  between  60°  and  S0°,  and  adding  bromine  by  drops  as  long  as  the 
ecdoor  diraiq>eais,  remoTing  tbe  eicsee  of  bromine,  if  neecaiary.  by  farther  addition  of 
oiL  The  loodnet  ia  then  waahsd  with  warm  water  and  dissolTed  in  ether ;  the 
•olntion  is  sliaken  np  with  warm  water,  and  the  brominated  oil  thns  freed 
is  dried  at  120°.  It  is  brown,  smells  like  lingeed  oil  when  heated,  has  a  specific 
Ipari^  of  I'SiS  at  14'5°,  and  containa  4077  per  cent,  bromine,  conespondiiig  to  the 
formula  CBr'H'K)*.  Chlorinaled  linseed  oil,  prepared  in  like  manner,  is  »  daA-velloW, 
eiuek  liquid,  of  specific  gravity  l-QSS  at  0'fi°,  and  contains  32'62  per  cent  chlinijie 
(C»C1»H'W).     fLefort,  J.  Pharm.  [3]  xiiiL  8*8.) 

On  mixing  from  IJS  to  2£  pts.  cUoride  of  tu^kur  with  100  pts.  linseed  oil, 
CMntehoue-li^e  prodncts  are  obtained,  which  ore  the  harder  the  more  diloride  of 
■olphnr  they  contain,  and  are  not  attacked  by  moderately  dilate  acids  and  aqueous 
ttlkuli't,  but  an  nltimatcly  saponified  by  concentrated  alkaua.  They  become  brown  at 
120°,  and  blacken  and  melt  at  a  higher  temperature.  The  addition  of  6  per  cent. 
ehlondft  of  snlphnr  Chickens  linseed  oil,  but  dor«  not  cause  it  to  harden  ;  the  product 
■till  retains  tba  aolubiUt;  of  the  fatty  oils.  When  to  a  aalntion  of  1  pt.  linseed  oil  in 
30  or  40  pU.  mlphide  of  carbon,  a  quantity  of  chloride  of  sulphur  is  added  eqoal  to 
Jth  the  weight  of  the  (mI,  the  mixture  remains  flnid  for  some  days,  and  dnes  up 
to  a  Tomiih  on  wood.  (Perra,  Compt.  rend.  xlviL  8T8;  see  also  Coaiflt.  rend. 
xlTii,  972.) 

With  jth  ita  Toloma  of  sympj  p^Mpioric  iKid,  linseed  oil  beeomM  browniab-yellow 
ocgiven.     (0»l*ert,) 

Cold  atrong  nMmrie  aeid  colours  it  yellowish-brown  (Qaaltier  da  Clanbry), 
dark  red-brown  (Beidenreich,  Tan  Kerckhoff);  it  ooogiilalee  the  oil,  oolanra  it 
piirpl».red,  riolet,  and  block,  and  evolTea  solphuroiiB  and  formic  acida ;  and  there 
lemoing  at  lost  a  ton^  block,  lopy,  saponifiable  mass  (Sacc).  From  thia  lost,  water 
and  aloohol  take  np  snbstaDcee  wMch  predintBle  getatb :  Hatc)nie»  artijusiii  tataun, 
A  mixture  of  6  Toramaa  liiisnnl  col  with  1  lolnme  sulphuric  acid  of  apecifle  groiilj 
1-478  to  1-68S,  shaken  Tigoroosly,  becomes  green  in  15  miantea  (Calrert).  When 
Ifi  gn.  linseed  oQ  are  mixed  with  7i  m.  si^tiniie  odd  coDtoining  BO  per  cent.  H*SO', 
the  temperatare  rise*  to  15°.     (Febling,  DingL  poL  J.  IZB.  £3.) 

Tiinafinri  oil  takes  Are  wiUi  fdmiog  nitric  acM.  Linseed,  hemp,  and  poppy  oils  take 
Are  more  easily  than  nut-oil;  with  dilate  nitria  acid  on  addition  of  Balpfa uric  acid  is 
naacssoiy  (Bonslle).  A  Tigorously  shaken  mixture  of  linaeed  oil  with  Jth  its  volume 
of  nitric  aoid  of  ipeofLc  gianty  I'lS  to  l'S2,  beaomes  yellow  in  Sminutes;  with  acid 
of  apeciflc  grarit;  I'Sa,  green  to  brown  ;  with  nitro-aDlphuric  (equal  nrts  of  oil  of 
vitnolandnitricacid),«een  (Calvert,  Phil  Mag.  [4]  rii.  101 ;  J.  pr.  Chem.  Is,  3E4). 
See  also  Leaeallier,  i.  Phaim.  xiiL  203.  Liniead  oil  shaken  with  water  and  vei7 
dilate  nitric  acid,  is  decolorised  after  some  time,  and  converted  into  a  vamiah  (Aim. 
17S2,  40).  On  dropping  2  to  4  drams  of  strong  nitric  acid  into  a  hmidredwaieht  of 
hot  linseed  oil,  a  slimy  isdiment  is  tbrmed,  with  ftothing,  and  the  oil  ia  changed  to  a 
varnish,  as  with  oxide  of  lead  (Jonaa,  Ann.  Ch.  Pharm,  xxxiv.  23S).— A  miitiire  of 
1  pt.  linseed  oil,  and  2  pta.  commercial  citric  acid,  heated  with  4  times  ita  balk  of  water, 
BH^nins  B  red  colour,  swells  up,  evolves  nitric  oxide,  and  ibrms  a  toogb,  elastic  resin. 
This  last  etrntains  margaric  acid,  and  the  mother-Jiquor  oxalic  and  saberic  adds.  The 
reein,  heated  with  nitric  add,  again  becomes  oily,  and  is  then  decomposed  (the  mar- 
goric  acid  only  remaiuing),  with  formation  of  saberic  and  pimelic  adds  and  a  Tolatile 
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ftftv  nbjtBiics  hatina  the  odour  of  bat^e  add  (Sace). — With  mtrtiu*  aeid  XmaatA 
<^doea  not  form  slaidic  acid.    (Felonas  and  BoodeL) 

Id  eaauet  with  aqoKnu  aaanotua  and  atoohDl,  it  ia  attadLed  with  diAcultj,  and 
jialdi  a  nnaU  quantity  of  war^  crjitalB  of  an  amida  which  melta  at  100°,  aolidiflaa  at 
Vf,  and  diaaolTea  caalj  in  alcohol ;  it  coDtaius,  on  an  aveiaga,  TS'SS  per  cent.  C,  \3-02 
E,  and  fiilS  N,  and  ha*  theFefore  tbe  componitioQ  of  maigaiaoudf^  with  whii^  it  ia 
idantkaL     ^owney,  J.  pr.  Chem.  Ixvii.  IGO.) 

Tinawid  cu  jield%  with  allcaUt,  a,  verv  soft  aoap.  On  haating  with  1th  its  vidnine  , 
OtetuMtio  aoda  d  (petifU  graviwrsi,  it  tnrna  tsUow  and  nmaini  flaid  (CalTert). 
Vf  dittillatjiai  witt  an  nrfw  or  alkali,  it  ovoItob  Iwdiogen,  together  with  a  flahy  odour, 
•nd TieUa  •  graan  distillate.    (AL  itillai:,  HandvUrteri^  yL  874.) 

AfoMunt  and  taJittM  oxidiae  in  linaeed  oU  aomewhat  more  qnicklj  than  in  Tobitila 
oOa,  with  ftnnation  of  Boajk    (Qaj-Lnaaae  and  TbJnard.) 

linaeed  oil  ia  oxidiaad  with  pecnliai  ba^tj  by  acid  cinrmaU  iff  fobttnva  and 
dilnta  inl^niie  acid,  and  jielda  an  acid,  stion^y-ioielliDg  <1i«rilUtj,  (Aribaoher, 
Awl  Ch.  Fhann.  Izziii.  199.) 

It  diaaidTaa  oxide  of  lead  when  heated,  and  is  decoloiiaed  thereby  and  lendered  mora 
aaaQjdirmg  Smming  what  ia  called  boiitd  «i  (see  Liebis,  Ann.  Ch.  Pharm.  xzxiii. 
110;  W.HeniT,8chei.  J.iL686;  Schindler,  H.  Br.  Arch.  xlL  116;  Varrentrapp 
Eafninnrlmb.  iii.  123).  When  ahaken  with  iono  acttatc  of  lead  and  left  at  reat^  it 
Uuowadown  a  tnitod  mnena  ooDtaitung  odde  of  lead,  &boTg  which  is  a  yellow  vai- 
niah  eootainii^  4  ■»  1  pei  cent,  oxide  of  lead.  Exposed  to  the  sun  in  contact  with 
MMpmHa  orida,  itredocea  the  mercni^  to  a  liqnid  mus  (Fuchs,  Ann,  Ch.  Pharm. 
xa.300):  paitiBl  rsdnction  tak«  plaea  in  BtrODg  iQiuhine,  the  oxide  beooming  blackish- 
gnj;  Int  it  is  only  when  heat  ia  ap^sd,  that  a  tmaU  qnantity  of  metal  ia  obUioed. 
(Ann.  Cb.  Phaim.  xx.  2(10.) 

iJnaBed  oil  diaaolna,  aecotdiug  to  Bneholx,  in  about  S  pts.  of  boUing  and  40  pts. 
<tf  cold  aJoohol;  wxoiding  to  BrandaB(Clilb.  Ann.  xUt.  289),  in  32  pts.  alcohol  of 
■pecifie  gtantj  0'S9  and  in  14  pL  ethai. 

tt-n^nvrm.    Sjn.  with  Fxnon  wu  (li  077). 

^EKO  ACItB.  CHK)*  -  C*HK}*  .WO  aoootdins  to  Lanreut  (Ann.  Ch. 
Phya.  IxtL  leej:  C^H^O*  acecodii^  to  Wirs  (Ann.  <%.  Pharm.  ct.  2$7):  tbe  Uttei 
formnla  ^aoes  it  amoDs  the  homolonua  of  oinlia  acid,  inclnded  in  the  general  tbrmola 
C^HV'*0'.  Hiis  ad^  disCOTorad  by  Lanren^  is  prodoceaj,  together  with  pimelic,  bd- 
btci^  adipit^  and  other  acids,  by  the  action  of  nitzic  aoid  apon  oleie,  stearic,  ivpalmitio 
aeid,  and  is  eontainad  in  the  mothar-liqoicc  which  rtoiain*  after  the  pimslic  and  saboria 
adds  bare  been  aeparated. 

The  beat  mod*  m  pvparing  il^  is  to  heat  oleio  acid  in  a  retort  Ibr  about  IS  bants 
witbanequil  wei^of  aibricacid  irfordinaiysbength,  then  add  freah  nitric  odd,  and 
repeat  the  opantion  fbar  or  Sre  times.  The  onited  aolutiona  are  then  tn  be  eT^x«ited 
to  a  boTtb  m  thor  balk,  and  the  ooneentisted  liquid  left  at  net,  till  pimelic  and  sa- 
bccie  acids  erntallise  ont.  The  remainder  of  the  nitric  acid  muM  then  be  mmored  &om 
the  mothar-fiqaur  by  eraporalion  as  oomfdetely  as  possible^  taking  can  that  the  mass 
don  not  blacken  tioia  too  great  eoncentntion ;  the  crystals  whidi  sepante  from  it, 
fxinsisting  of  adipic  and  lipo  acidic  are  dried  and  dissolTed  in  hot  ether,  which  leaves 
a  fbw  bwwn  impniitiee  nndiwolfed ;  the  solntion  is  left  to  erapoiate  to  half  its  bulk, 
and  the  liquid  which  ao*er«  the  eryit^iaeTaponted.  Ha  two  prodactathns  obtained 
by  mftatAag  the  ether  are  sewntaly  dinolved  in  boiling  alaobol,  and  the  solnlioDS 
•nleft  toeri^orataintheur.  By  repeating  theae  operetione  sereral  dmea,  two  adda 
are  obtained,  vis.  adipic  aeid  OTst&lliBed  in  ronnded  tabeicnlons  aggregated  grains, 
and  Iwo  aod  in  sli^tly  elongatMHaminnrLanraDt},  in  tmnaloeent  crosta  mule  up 
<tf  nodular  groi^  of  mull  prienu.     (Wira.) 

I^«  aciaia  modwmtely  soluble  in  ooid  watir.  When  a  turn  grains  of  it  are  hestfld 
on  ft  watA-^aaa,  till  partial  ftirion  takes  place,  the  acid  cTatsltiees  on  cooling  in  a 
flbnms  BUS,  iriiule  a  portion  rolatilisea  and  condensea  on  the  non-melted  mass  in 
beantifhl  lleedles  having  the  fbrm  of  prisnu  with  rectaogalar  baae. 

The  add  (3yslalli»d&om  water,  aontains  I  at  water,  which  it  lows  by  nblimalian, 
the  aalqrdioiu  add  then  ooadenaing  in  long  ihining  needles  (Win).  Its  nponr  ia 
v«n  nflbeUina  and  exdtea  coughi^.  When  deprived  of  i\a  wKter  of  crretalllsatian. 
It  dOM  sot  melt  below  140°  or  I4fi°  (Laurent);  acooiding  to  Win  it  melts  at  tW. 
It  ia  Tety  aduble  in  alcohot  and  etktr. 

lipis  acid  i*  dibanc,  the  fiumula  of  its  sjlts  being  (7H'H'0*,  which  ia  the  same  as 
that  of  the  itaeonatM  (Laurent);  CS^MK)*  (Win).  The  aaita  when  heated  with 
•nlt^mrio  acid  give  off  hpio  acid. 

The  oiaminaiini-eati  cryntallises  in  long  prisma  (Laurent). — The  iariwn-aoU 
■qaiatea  after  a  while  &om  a  mixed  solutKin  en  chloride  of  barium  and  lipata  of  am- 
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maniDmip  ^uidntic  priiraB,  paaong  into  the  octahedraa  (Laarent). — Tb«  ealciunt- 
tall  ii  precipitued  in  like  manner  in  aqiiHie-lased  piitnu^  coDtaining,  aecotdinK  to 
Wip^  C'H'Ca'O'.ffO.— Tin  mprk  tall,  CH'Cu'O',  it  obtained,  bjboiling  cuprio 
rajbootJM  with  the  acid,  in  green  ciTstalline  icalea,  whiofa  maj  be  freed  Erom  adhering 
acid  by  heatine  to  ISO-— 200=  (Win).  — Tha  tUver-tall  containa  C*H*aW)' 
(Lanreat);  C*H-A|;H)<  (WiriV-The  todium-tall  raTBtaUiiea  in  flat  diombic  ^ma 
eonlaining  CH'Nft'0V6H'0,     {Wirt) 

The  eiiatenoe  of  Itpic  add  muat,  bowerer,  b«  legarded  aa  lomevhat  doubtfoL 
Oeriuudt  reguded  it  merely  M  impure  mceinie  add,  and  Arppe  (Ana.  Ch.  Ffaarm. 
cxT.  143)  in  his  mine  recent  inTeaOgation  of  the  products  of  the  action  of  nitiic  acid 
on  oleic  acid,  haa  aniTod  at  the  aama  conclnaidD.  He  prepared  the  adds  t^  Lanrsnt'a 
pnesM  abore  deacKbed,  from  oleic  add  obtained  by  Eaponiflcstion  of  the  ao-called 
■tearin-oiL  The  yellov  eolation  obtained  by  enporating  the  nitric  odd  with  addition 
of  water,  Tialded  a  granular  powder,  whidl,  after  repealei]  crratalliaation,  melted  at  1 27'^, 
and  waa  found  to  consiBt  of  aaberic  add  mixed  with  another  add  which  could  he  ex- 
ttaeted  by  cold  ether,  and  picred  to  be  azeUic  add  (p.  672) ;  Uie  same  add  was  ^ao 
fonnd  in  the  molher-liqnora  of  the  laberic  add. 

blVTiB  A  hypothetical  radicle,  l?H*,  anppoaed  by  BeruLna  to  eiiBt  In  the 
natural  ttta  and  fatty  adda.  At  present  however  these  coniponnds  ate  tegmnled  aa 
deriTatiTea  of  the  tnatomio  radicBi  ffyctr^,  CH*.  (See  EmaB^  ii.  £19,  and  Qi.Tom> 
BiDu,  ii.  S7T.) 

KXQVD.  Thia  tora  ia  applied  to  bodies  in  that  peculiar  state  of  aggregation,  io- 
tenaediate  between  the  solid  and  the  gaseous,  in  which  the  partieln  are  txe  to  mnira 
amomst  IhemselTea  in  all  directions,  bnt  do  not  exhibit  tb«  eonalant  tendency  to  fly 
asan£r  which  is  characteiistie  of  the  gaseous  Btate.*  The  conditions  which  an 
supposed  to  giT«  rise  to  this  particular  state  of  aagregHtion  have  been  already  con- 
sidcnd  in  connection  with  the  dynamical  theory  ot^at  (p.  133). 

&X<tin9AmAJb  A  balMiB  iBodaeed  ftam  a  laige  tzee  (Liqvidainbar  ttgrad- 
folia)  growing  in  Lonsiana,  Florida,  and  Hoiioo. 

LtfiM  Imadamiar,  m  OU  o/  Uguidaniar,  wfaidi  ia  obtained  by  making  indaiana 
In  the  Izee,  is  reoeiTed  immediately  in  Tessels  to  protect  it  from  the  air,  aikd  deeant«d 
after  a  wlule  to  separate  a  portion  of  the  opaque  balgam  which  settles  to  the  bottom. 
It  has  the  eondataoee  of  a  Uiick  oil,  is  tzan^orent,  of  amber-yellow  coloni,  and  has  an 
odonr  like  that  ot  liquid  Stoia^  bnt  more  agreeablo ;  its  taste  ie  aromatic  and  iiritates 
the  throat.  It  eontains  a  eonriderable  quantity  of  benioie  or  cinnamie  add,  and  a 
drop  of  it  reddens  litmna  strongly.  Treated  with  boiling  alcohol,  it  leaves  only  a  small 
residne,  and  the  flltrred  liquid  bncomee  turbid  on  oooliiig. 

Soft-  or  WiiU  Li^dambar  proceeds  either  fnim  the  opaque  deposit  above  men- 
tioned, or  from  parts  of  the  balsam  which  have  run  down  the  stem  of  the  tree,  and 
thidtened  by  exposure  to  the  air.  It  has  the  coosistence  of  veiy  thick  turpentine  or 
•oft  [Ach ;  it  is  opaque  and  wbitisli ;  its  odonr  is  less  atmng  and  more  agreeable  than 
Oat  at  the  oil  jnst  mentioned ;  taste,  sweet  and  aromatic,  but  iiiitating.  It  contains 
a  large  quantity  of  bensoic  or  dnnamic  add.  By  long  exposure  to  the  air  it  solidifies 
eomuetriy  and  beeomes  almost  transparent.  It  was  fbrmeily  sold  under  tha  nams  of 
iritae  F»r»  bttltam.    (Gerh.,  iv.  S86.) 

UtQQZBa.  mmraxev  or.  When  two  Uqnids  of  diflTeract  density,  and 
eapableitfmixing,  are  placed  in  contact,  diffasiontAkeapIace  between  tliein,  mnchintbe 
same  manner  as  between  gaaes.  excepting  that,  aa  the  particles  of  tha  liquid  are  less' 
ftsely  mobile  than  tbnsB  <rf  the  gas,  the  rata  i^  diOtaaion  ia  alowsr.  The  phenomena  of 
liquid  diffhsion  have  been  minutely  investigated  by  Graham,  in  two  clasaicol  aeries  of 
researches  published  in  the  Philoaophical  T^nsaetione  fbr  I860  and  1SS2,  also  in  the 
Journal  of  the  Chemical  Bodety,  iii.  flO,  2a7 ;  iv.  83,  and  iv.  21S  ;  and  important  COu- 
tribntiouB  to  the  snbject  hare  also  been  made  by  Fick,  Bimmlsr  and  Vildc^ 
Beilsteio  and  othcn. 

The  rate  of  difllbsi^  varies  with  the  nature  of  the  liquids,  the  temperattin,  and  In 
the  ease  of  solutions,  with  the  degrse  of  concentistion. 

I.  SUhalon  of  Sallns  SontI***.  Hie  sppantos  nsed  in  Graham's  Brat  aeriea 
erf  enierimcnis  consisted  of  a  sst  <rf  phials  of  nearly  equal  apadty,  cast  in  the  Mme 
moul^  and  ftarther  a<3jnsted  by  grinding  to  a  nnifinm  «tce  of  apratnre.  The  phinJs 
were  3-8  indie*  high,  with  a  iMck  D'5  inch  in  depUi,  and  aperture  1'2S  inch  wide ; 
capaci^  to  base  of  nei^  c^ual  to  SOSO  grains  of  water  01  between  land  S  ounces.  For 
each  ^ffiiMon-fMid  a  plain  ^asa  water-jar  waa  alao  providad  1  indies.in  diametnr  and. 
7  LDche*  deep.    (Fig.  70S.) 

•  Hinv  writsn  uia  Iba  (ing  i- luM"  u  irDunTnioui  wItkllviM  i  tnittliti  !•  Incnrect  ijliii(li,pro- 
fn\j  ipiKklns.  Ills  BvniBtJn  of  lolM,  lul  Indudo  bnLta  llqtud  >ud  ■■■. 
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la  filled  wilL  til*  Mline  «61iition,  Ml-antnotitM  for  inttuie*,  to 

tt  more  corracUT  to  %  diitaiiM  of  lyt  incb  froia  the  groasd 

nufcce  of  the  lip.    The  nei^  of  the  jibai  mu  then  filled  ar~  ~  '''- 

dkdiled  ntm,  k  light  float  being  &*t  -<-     -         - 

-■'   —  "^  ing  tuen  t 


lied  ap  with 
_  e  mrfiuv  of 

the  eolatuui,  and  oue  beinK  t^ien  to  araid  agitatioii.  Alter 
the  phial  had  been  placed  within  the  jar,  watar  na  poimd  into 
the  jar,  eo  w  to  cover  the  open  phiu  to  the  depth  of  an  ineii, 
which  reqaiied  vbont  20  ooncn  of  inter.  The  aaliae  liquid  in 
tJie  phial  ii  tbua  allowed  to  aommimicate  fi'selr  with  the  wain' 
in  the  jar.  The  difihaioii  ie  intennpted  hj  placing  a  small  ]date 
of  gnmnd  glaas  on  the  month  of  the  phinL  and  railing  the  Uttel 
ont  of  the  jar.  The  amount  of  nit  diflWd,  called  the  diffn- 
'  n-prodnet^  or  diffnaate,  i*  aacertain«d  b;  erapontitig  the 
er  in  the  jar  to  dijueen  m,  in  the  ease  of  chlondea;  by  pre- 
,  tating  witfi  nitrate  of  eilTer. 

The  reaidte  of  aereral  eeriea  of  ezpeiimenta  made  in  thii  manner 

•re  given  in  the  following  table,  the  laeond  oolnmn  of  which  gifce 

■be  qnanliljf  of  ult  in  100  pta.  of  the  aolntioii,  one  per  csut.  of  aalt  amoDuting  to 

30-8  graina;  tlie  third,  the  time  of  diffbiion ;  the  fborth,  the  tempentnte,  on  the 

iVUiru>beitac«le;  ttie  fifth,  thaqna&tkjoCaalt  diStaaedin  gtaiia: — 

Tins  I. — DimraioH  or  Sum  SoK.tmoH& 


■.AUx.. 

P.  cot. 

Dtfu 

POr. 

D.BM.. 

ft 

iSl   ■* 

7-41 

G 

ftl-0 

18-04 

i 

ao-T 

16-66 

S 

Bl-O 

80-7S 

fi 

ftl-0 

67-68 

Hjdiiodicuid      .       .       . 

6 

Cl-0 

16-11 

«9-r 

16-68 

BnnniiM         .... 

0-8*4 

io' 

00-1 

6-84 

Bjdioq«maMid  .        .        . 

1-«S 

5 

64-2 

11-68 

5 

ci-a 

«« 

^diated  nitite  Md  (NOfH) . 

ft 
S 

ftl-3 
ftl-1 

14-7* 
«8-76 

ft 

Bl-3 

67-M 

10 

49-7 

8-00 

10 
10 

49-T 
497 

19-91 
88-80 

10 

4S-7 

68'M 

^hnmieMid        .       .       . 

1-761 

10 

67-8 

19-78 

10 

48-8 

11-81 

A«li«M»d(0'H'0')     .       . 

10 

48-8 

33 -oa 

10 

48'8 

41-80 

10 

68-1 

8-00 

'etOphnKHU  Mid     .        .        .     . 

10 
10 

681 
681 

16-96 
83-00 

ID 

681 

86-88 

4-04 

68-4 

4-M 

AmntMiIa       .... 

4-04 

4-04 

88-4 
88-4 

9-69 
19-73 

4-04 

68-4 

41-38 

10 

48-7 

8-63 

Aleobd         .... 

10 

48T 

16-13 

10 

■48-7 

81-60 

11-48 

64-1 

7-73 

Nilnte  of  bariiua  .       .       . 

11-43 
11-48 

64-1 
64-1 

lt-04 
39-60 

11-48 

64-1 

6460 

NitiateofetrontiDM       .        . 

0-83 

11-48 

61-ft 

6-60 

11-48 

64-1 

7-66 

Nitrnteofoaldnm.        .        . 

11-48 
11-48 

64-1 
84-1 

IS'OI 
2804 

11-48 

64-1 

66-10 

AMtaleofbttinm.        .        . 

lfl-17 

68-B 

7M 
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SabMua. 

Parent. 

Dv.. 

Fih 

nmuMt. 

Aeetideoflod       .        .        . 

len 

u 

V            7-84 

8«7 

63 

9              8-82 

OibddeitfbMiam        .       . 

8fi7 

88 

9            1207 
D            38-96 

8(7 

83 

9             46-92 

8-fiT 

63 

9                8-09 

Chloitaeofibo&timm     .       . 

8-B7 
8*7 

88 
8S 

9             11-66 
9            3S-66 

8-67 

88 

9            44'48 

II-M 

63 

B              7'93 

11-41 

63 

3            11-36 

ChkmdA  of  aOdim       .       . 

lt'4S 

63 

3            30-78 

1I'4S 

88 

S            61-68 

I1-4S 

50 

B              6-61 

Chbrideofmanguww   .        . 

11-4S 

60- 

i             6'68 

NitiateofiugnMiitt     .        . 

n'4S 

So- 

S            6-49 

NitratB  of  copper    . 
Chlorid.ofoEC     .        .        . 

I1-4S 

to 

9              644 

11-48 

60-1 

t             6-29 

CUotidaofnugMdiim  .        . 

11-48 

SO 

B              617 

Ci^iiechlorida      .        .        . 

11-48 

SO 

S              6-08 

F<«oadilorida    .        .        . 

11-4S 

63- 

S              6-30 

18-17 

66 

1              7-31 

1817 

65 

4            13-79 

1617 

86 

4            88-48 

Sulphate  €l  ■ii«»«h0B  .        . 

1617 

8S 

4            43-82 

1817 

82 

B             42-66 

16-17 

82 

B            76-06 

2* 

16-17 

83 

S          103-04 

18-17 

es 

4              6-67 

1617 

8t 

4            1223 

18-17 

66 

4             3312 

SolphrteofriM     ... 

lfrl7 

OS 

4            4338 

lfl-17 

82 

8            8963 

la 

W-17 

83 

8            74-40 

34 

16-17 

83 

8          101-43 

18-17 

66 

4             S-48 

16-17 
16-17 

«6 

4            10-31 
4            19-38 

16-17 

66 

4              33-63 

68 

4              18-81 

NitntoofdlTCT     . 

68 

4             36-34 

«8 
63 

4            61-88 
4            13-36 

NitnteofiDdiiiiii  , 

63 

4            23-66 

83 

4            47-74 

63 
69~ 

i              8-33 
4            12-37 

Chloride  of  ndiiuB 

63 

4            34-96 

as 

4             48-44 

83^ 

1              12-14 

lodidoofsodiiim    .        .        . 

6(h 

i             12-18 

Biomid>ofKdiDm         .        . 

SO- 

S           12-14 

Chloride  of  pouarinm    .        .. 

6-716 

BS- 

S            13-44 

Bromids  of  potudiiia    .        . 

4716 

se 

8            13-48 

6716 

69 

S            13-61 

6716 

09 

S»9 

8-08 

68 

Z              T-38 

808 
8-08 

68 
6S 

1  14-05 

2  3672 

8-08 

88 

2            52-Ot 

3 
I  1  3 

8-08 
803 

88 
88 

2              6-fil 
2            18-85 

t.GoogIc 


LIQUIDS,  DIFFUSION  OF. 
Tablb  L — Mnfimud. 


8,.ua». 

F*r  nni. 

D.r>. 

FJir. 

DUtMU. 

B-8T 
9B7 

68-2" 
88-2 

27-00 
80-10 

9-87 

68-2 

7-31 

BiBubonitioflodiiim    .        . 

9-87 
9-87 

68-2 

H-81 
2670 

9-87 

68-3 

62-S8 

4-04 

43-S 

6'S6 

Hrl»teofpo*«dBm     .        . 

4-04 
4-04 

63'8 

12-81 
3E-«t 

4-04 

S3-8 

82-24 

4'9S 

61-2 

8-81 

HTdnteofaodiinm 

4-B6 
4-B6 
4-S6 

633 
6S-3 

11-09 
2088 
40-44 

8-08 

686 

6IS 

8-08 
SOS 

BS-8 
63-6 

11-93 
22-88 

8-08 

6S-6 

46-44 

9-9 

684 

6-02 

CutNo^ofiodiiim      .       . 

9-9 
B'9 

63-4 
88-4 

11-70 
SI -43 

9-9 

88-4 

3974 

8-08 

M-3 

6-14 

Sdphi*>ofpota«inm     .        . 

8-08 
808 

flO-2 

eo-3 

11-00 
3270 

808 

80-3 

43-92 

99 

59-9 

8-33 

Snlphatcafaodiiua         .        .     . 

8-9 
9-9 

fi9« 
69-9 

12-00 
81-96 

9-9 

69-9 

41-38 

B-08 

M-B 

11-63 

Sdphitoof  todinm        .       . 

9-fl 

.59-6 

11-83 

8-08 

«-7 

12-87 

9-9 

59-S 

11-89 

8-08 

697 

12-60 

9-9 

69-fl 

13fl3 

8-08 

»■» 

6-20 

ft-08 
8-08 

B9-e 
89-9 

1217 
2-4 

808 

89-9 

42-82 

Oxalate  of  todiun. 

e-fl 

fiB-g 

6-24 

8-08 

60-2 

6-44 

Kcetat*  at  fiAmaina 

8-08 

60-2 

60-a 

13-62 
23-14 

8-08 
99 

60-2 
89'G 

47-28 
6-67 

AcMataofscidiwa. 

3  fl-9 

4  ,         99       , 

69-5 
G9'8 

12-46 
36-0* 

9-9 

896 

48-04 

TulnteofpotaHiiim     . 

8-08 

69-9 

10-96 

TarUatoitfaodiimi         .        . 

fi-9 

696 

10-68 

1143 

641 

11-60 

H-4S 

641 

11-49 

Hieu  e^Mnmenli,  and  a  nnmbei  of  others  made  ina  siiiiilaF  mBDDe 
fotlonng  geDsnd  cmdiuioiu : 

1,  Diffimut  Btitt,  iu  iolntionB  of  eqaal  Btrengtb,  dif^ue  nneqaaH;  in  e 

3.  WHli  each  aal^  the  nte  of  diffimon  inereasea  with  the  temperahiF 
e^ven  tempeiatan^  ia  propraiUmtiU  to  the  stmigth  of  the  aolntioii,  at  li 
qnanfityMtiaUdiiwJved  doas  not  exceed  4  or  6  p«T  cent 

Later  experimait*  (Chem.  Soe.  J.  xt.  23£)  have  ahown  tiiat  di0haion 
higher,  though  not  giestl;  higher,  laM  than  the  tempar«t»re,  aod  I 


and  at  any 

at  when  ttl6 
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bi^dy  SS^T»  tiw  anbitiBca,  the  liM  iotm  it  ^liu  in  diflbaTBDMi  bj  nte  <tf 
tvnpaatme.  Few  hjixotbia^B  kod  ths  zate  of  ddhmw  wm  fimnd  to  inorcwe  ■■ 
faUowi: 

DiflhdM)  It  Ifi-Sfi  a    (80°  F.)  -  1 

26-66  C.    (80°  F.)  -  l'3fi1S 

87-77  C.  (100°  F.)  -   1-7783 

„  41-88  C  (120°  F.)  -  S'lBlS 

8.  Then  azirt  dMM«  of  cqDidi8faBTe  nibttaiion  irliieli  ooiiidde  in  manjr  euM 

vilh  the  iBOBMnpfaoM  gnmpa,  but  an^  m  tha  wbolr,  mora  c(»i[nh«nnTS  than  the 

htttf.    Ulna,  the  miie  nte  of  diflbaion  ■■  uibibitcd  bj  bTdm^tloric,  hjdrobioini^ 

and  hTdiiodic  aeid  ;  bj  the  diloridw,  iodidM,  aud  braniidiia  oT  tke  Blkali-iaetali ;  by 

tba  nitntM  (f  Uuinm,  itioDtiuin,  and  ealcinm ;   tha  anlphatai  of  magiieaiiiM  and 

4.  For  asTsnl  gcottpn  of  nlta,  it  ia  Imai  that  tba  Bqiiania  of  the  timea  of  aqul 
diflbiiaii,  (tarn  iidiiliMU  <rf  tha  mum  rtraBgUi,  ftand  to  ona  another  in  a  aimpla 
Biimaftail  rdaliDii.  Tbn^  tba  difltaMta  fhon  a  •dDtka  of  nitrate  of  pofaunnm  in 
T  daTB,  WM  aqnal  to  that  obtaiiMd  ftom  an  eqnallj  itrong  solntion  of  cwbonato  of 
potaBlnm,  Id  9-S  diji,  nnmbcm irint^  are  t«  on*  another  aa  1 :  ^  2-1-41 1.  Similar 
reanlla  vara  obtaioed  wilb  2  fer  oent  wJaUoiia  of  nitrate  and  ■olphate  of  potaniinn, 
cqmldiflbMtM  ^  the  two  batng  obtained  in  8-6  and  i-M  daj^inY  and  9-9da7a.aiid 
in  io-A  and  14-Bfi  dm ;  alao,  with  hjdnte  and  nitnta  of  potaarinni,  and  with  nitrate 
■ad  carbonate  itf  Mmnin.  "Hie  timea  of  aqnal  diSbnon  of  1  pra  cent.  aolDtJona  of 
chlorida  of  ammonium  and  chloride  of  lodinm,  van  to  one  anolher  t*  ^^  1 :  «*  8. 
Kov,  aeeording  to  Oraham'a  axperimenta  (ii.  SIS),  the  aqnarca  of  the  timrs  of  equal 
diihaion  of  giaea  are  to  one  another  in  the  ntio  of  tbfir  denaitiea.  Eanca,  by 
analogy,  it  ma;  be  iotfeiied  that  the  molenilea  of  thaae  sprenl  aalta,  aa  thty  eziat  in 
aohtion,  poiaa  denutiea  whidt  are  to  ona  another  aa  the  aqaiirea  of  the  timea  of 
eqnal  dUraiion.  Ulna  the  toliitioii-ietuitm  oC  aolpbata,  nitiste.  and  bjdrate  of  potaa- 
Biam,aie  to  one  another  aa  the  aqnarea  of  the  nnmbara  4,  2  and  I,  tfaatis  m  16,  4  and  I. 
Theaa  ■dotJon-denaitiaa  appear  to  relate  to  a  kind  dT  nmlecolea  different  from  tba 
demical  atoma,  and  the  weighta  of  wbidi  ate  either  eqnsi,  or  bear  to  one  anc^her  a 
dmple  nnmerical  relation. 

The  difflinon  of  a  lalt  into  the  aolntion  of  another  mit  takaa  placr  with  neariy  tha 
•ame  Teloci^  as  into  pare  water ;  at  leaat,  when  the  aolntionl  are  dilate.  Onham 
haa  ibown  tfaat  the  dififadon  of  a  4  par  cent,  aolnlioii  of  caAonate  of  aodiam,  it  sot 
■enaiblT  aActed  br  the  MMtnee  of  4  per  ocot.  of  anlphate  of  aodinm  In  the  liquid 
atBoaptaere;  nor  that  of  a  4  pa  etaV.  aolntiDaof  nitrate  of  potantnm,  by  the  aune 
propcction  of  nitrate  of  ammouiiim.  The  praaanee  of  4  par  cent  of  eolphate  of 
aodinm  rednced  the  diffbsioD  of  carbonate  of  lodiiim  by  only  }  of  the  whole.  In 
atrongar  aolntiona  the  rataidation  woald  [oobab^  be  greatsr.  There  ia,  indeed, 
reaaon  to  beliere  that  the  phanimuma  of  liquid  diffiiaion  are  eihibiled  in  their 
only  by  weak  aolatiou,  the  <Abet  of  concentration,  like  that  of 


I  in  naea^  being  to  produe  *  deyrtufe  from  IM  normal  eharaeler. 

of  diSbmoD  ia,  howertc,  uatarwlly  affected  when  the  tiqnid  atmoaphera 

taina  a  portion  of  tbe  dilfhaing  aalL    The  eonaidentioa  of  Ihia  case  leada  to 


Jie  general  qncatioti  of  the  motion  of  partidea  <^  a  diaaolTed  aabatanca  in  a  eolation  of 
nneqoal  concentlation.  Tbe  general  law  which  resulatea  anch  moramenta  appeara  to 
be  thia :  —  TV  ttloeiiji  toilh  mdch  a  *oltible  tall  d^uan  from  a  ttnnger  into  a  mahir 
toiuti/m,  u  pnrportiontd  to  tha  difftnrtct  of  eowtntratUM  Jxtetat  Am  eoMigwtvt 
ttrala,  Thia  law  haa  not  yet  been  experimentally  demonstnted  in  ■  anradent 
nambet  of  casee  to  eatahliah  it  conipletpty ;  bnt  in  the  case  of  ehlortde  of  ao^nm.  it 
baa  been  ahown  to  be  true  by  the  following  eip«riineitta  of  Fick.  (PhiL  Mag.  [4] 
Z.30.) 

A  cylindrical  glaaa  tabc^  open  at  both  enda,  waa  cemented  into  a  Teant  completely 
filled  with  ctHnmon  aalt,  the  cylindrical  apace  filled  ap  with  water,  and  tiie  wbala 
immaraed  in  a  Urge  jar  containing  water.  The  apparatna  waa  than  lefl  tu  itaelf  for 
acTeial  weda,  the  water  in  the  jar  being  from  time  to  time  taken  ODt  and  renewed. 
Now,  aa  the  lowrat  atmhim  of  Iiqaid  in  the  tuba,  being  in  contact  with  nudiasolred 
aalt,  muat  remain  conatantly  aatiuvted,  while  the  uppermoet  layer,  which  ia  in  contact 
with  pure  water,  contains  no  salt  at  all,  a  certain  normal  atate  of  diffdaion  will 
ultimately  eatabliah  itself  thronghont  the  length  of  the  tubej  cbaracteriaed  by  the 
condition,  that  ea«h  horizontal  atratnm  will,  in  a  giren  tjm<v  give  Dp  to  the  atratnm 
immediately  abore  it  aa  mnch  nit  aa  it  receirea  from  the  one  bdow.  When  thia 
atate  ia  attained,  tbe  denaitiea  of  the  ancceaeiTe  atrata  daereaae  from  below  npwurda 
in  arithmetical  progreaaion.  Thia  law  of  decrease  waa  verified  eKperimentalty  by 
iumernng  in  the  liquid,  at  vnrioua  deplha.  a  glatia  bulb  auapended  ftom  the  arm  of  a 
balance,  and  conntopoiaed  by  weighta  in  the  uppoatte  scale.    Thid  law  of  deereaae, 

r.    ,     Google 
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1  tana  Firk  hu  ihown  that  tlie  ranlta  of  "■'*"*-*■""  agna  villi  Uuw  of 
eip«TiiiiaDt. 

How  Irt  f  deaoto  Um  qnui>t%  of  nit  which,  in  the  Donnal  atata  of  diflbaoD, 
paaaM^  in  a  Knit  of  tim^  Umn^  a  imit  of  boriaonUl  aaatuii  of  a  ej lindiical  tobe 
whoae  ItM^t  ia  equal  to  tha  nnit  of  length  i  thia  qnantii^  ia  called  the  dtfiuwH- 
tctffdmt;  alao,  let  Q  be  the  qaatrtit7  ^  «dt  whioh,  in  the  time  t,  Aowa  tram  the 

.....     .  ^  ^^^  the  wi'       ■         '  ■    - 

;  and^thedi 


Henoe^  with  a  tube  of  giTen  dimennona,  and  a  aolntian  of  known  and  conataiit 
denn^  at  the  bottom,  the  di^iaiait-eo^ffidtHt  X,  of  aoj  lalt  maj  be  <— i"^i«'<^  fioDL 
thaqnanti^  Q,  dillbaed  cut  in  a  oiTaD  time. 

Thia  method  haa  been  applied  cr  Ildc  onlf  in  the  mm  of  chloride  of  aodimn.  It 
b.  in  fkot,  Iboa^  aimiile  in  prind^  aomswhat  inoonT«ni«it  of  appHntiaa,  on  aeoonnt 
of  tlie  Icag  limo-~at  baat  fbnrterai  daja— which  mnit  elapae  befbn  the  nonnalatata  ia 
attained. 

Anolher  method  of  ddomiining  the  diStimon-ooeiBeient  of  a  tilt  haa  bean  deriaed  bj 

Jollj,  and  ^filied  in  aareiBlcaaaebjBrilatain  (Ann,Ch.f1]tna.xGix.lOS).    He 

K-    >rnn       apparatna  naed  oonaiita  of  a  glaaa  tab*  (Jig.  TOS),  aboat  time  iiKJiea 

F^.  TOD.      1^  -^gf^  ipand  ^t  the  bottom,  and  «nt  off  new  the  bead,  ao  that  the 

A  lam  li  the  orifloB  ia_nat  mooh  men  than  a 

the  tuba  beiug  twow  tl.  .  ....  ... 

■alt  theDimmadktdjbeKiiui  todiJIbaeintothawrtar.BndaE  the  liquid 
IT  the  oriflee  beeomM  dilated,  it  paMwa  Tomd  tlwbeiMl  totheo^tc 


\^ 


Dart  of  the  Ube^  ita  ^*c*  haing  n[ipii«d  ^  mom  «oneMitnt«d  lianid 
man  abore.  IHth  thia  uparatna,  Beilatun  haa  obtained  the  follow- 
ing diUh^on-eoaficiect*  (taking  that  of  dilarida  of  pntaaaiDm  for  unity), 
for  tolntiona  <«>T.t«ining  i  pw  cent,  of  Mlt,  and  at  tjha  tamp«atnn  of 
t"  0.  (t3i°  F.) 

lAnu  'n.—Diguiion-iio^fieUnU. 


Chloride  of  potaMinm        .  1-0000 

minte  of  poUMimn  .  09187 

Chloride  c^aodinm    .        .  0-B337 

Bichromataof  potaMJnm  .  O'TMS 

Carbonate  (J  potaadun     .  OTSTI 


flahhate  of  potaaaiam  .  0498T 

CaAonate  of  aodinm .  .  O-MU 

Sulphate  of  sodinm    .  .  0-6SSV 

Sulphate  of  magneainm  .  0-S687 

Sulphate  of  tapger    .  .  0-S440 


Beililein  in&n  (Kim  hii  e  , 
pr^ortional  to  th«  difltoenoa  □ 
•omewhat  greater  ratio. 

Himmler  and  Wilda  (Fogg.  Ann.  e.  317}  are  of  opinicm  that  the  want  of  agrse- 
i  of  BnlateiD'a  nonlte  with  this  law  ariaea  from  a  defect  in  the  method  of 


atrcDgth  of  the  aolntion  in  the  tnlM  ifig.  709),  Ihoiwh  conatanOj  de«rcaaji^  ia 
nnifonn  at  anj  inatant  of  lime  throughout  tha  mUJm  length;  whewai,  a  little  eon- 
dderation  will  ihow  that  die  dmait;  near  the  raiflee  miat  be  !<«•  than  that  in  the 
laigei  arm  of  tha  tuba^  and  in  thia  arm  Uaa  than  near  the  botI«m  of  the  bend,  where 
the  liquid  muit  Uagnate  to  a  certiin  eztmt.  I>am  thii  aonice  of  anor,  Fld'a  nKide 
of  abeerration  ia  frae.  Si  mmlar  and  Witde,  however,  pRf)oae  other  methoda, eofder 
of  eiecntion  than  Fick*!,  and  not  rnlgrct  to  Ui*  neeasit;  of  waiting  till  the  normal 
Btate  of  diffiuion  ia  eatabliihed.  One  of  dieae  method*  ia  rimilar  to  that  (doited 
I^  Qnham  (p.  706),  exceeting  that  the  Toael  containing  the  sidation  ia  perfectly 
nlindrical,  a  condition  which  gnatl?  aimplillee  tha  calculatioiu ;  and,  instead  of  being 
jJaced  at  the  "bMiaa  at  the  water  jar,  ia  luppcofed  on  a  atand,  so  bb  tu  bring  ite  mouth 
within  «  Una  or  two  below  the  anriaoe  of  toe  water ;  the  aalt,  aa  it  diifbaca  out,  ii  thua 
made  to  flow  orer  lie  aidea  of  the  veaad  and  fkllt«  tha  bottom,  leaving  on  atmoepbero 
of  pore  water  above.  Another  method  px^raeed  Ifj  the  aame  authora  is  to  place  the 
aalmo  solution  in  a  veaiel  haring  the  fonn  of  a  triangular  pcieni,  aud  determine  tha 
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Tariatm  «f  immtj  at  diSbnat  dsptlu  belor  llu  niz&ue  bf  oUmttiwi  of  the  indicM 
of  nftaction. 

Qrahsm,  in  hit  later  azparimanta  (FIiiL  Tmu.  1803,  put  i.;  Cham.  Soc  J.  XT. 
p.  317)  alio  hm*  a  [dam  glaM  jar,  is  whirli  tb«  salt  ii  alloved  to  tiaa  from  balov  in  a 
cjlindncal  eolDnm.  Tke  jaia  wart  162  nun.  (S  inehai)  in  haig^  and  87  mm.  (3'46 
indiBs)  in  vidlli.  In  cpentii^  wran^tentha  of  »  litn  of  mtar  w«e  flnt  placed  in 
iIm  jar,  and  then  ona-tcnUi  of  a  litra  of  the  liquid  to  bcdiflbaad  was  canAiUrconmed 
to  UP  bottom  of  tha  jar  hj  maana  of  a  floe  pip«tte.  The  whole  fluid  coltunn  taen 
meaisrad  127  tnm.  (fi  inofaaa)  in  height  Aa  mnch  aa  flre  at  mx  minutea  of  time  weie 
ocM^iad  in  amptyuig  the  pipatta  at  the  bottom  of  the  jar,  and  extiemalf  little  die- 
tartMlua  waa  oocaaiMied  in  the  ■aparinauobeut  watai,  aa  emld  ba  diatinetlj  ar— 


liqnid  introdoeed  bj  the  pipette  wae  ralonied.  The  jar  waa  then  left  nndia- 
I  allow  diiltai^  to  proceed,  the  aqjeiimenta  beioR  alwva  oamducted  in  aa 
t  of  eonatant,  (v  oeailj  oonatant  tempenttnre.    When  a  certain  time  had 

^ ,   hn  dHftwii"  ~**  intampted  br  dnwing  off  tilt  liqaid  from  tha  tt^h^nMiia 

•■■maUaiidion,  doiri j  and  dahtMnt^,  aa  the  liqaid  had  beoi  lliat  introdnead,  in 
^  xtiona  of  n  cnNa  eentimeliaa,  or  nn«  ■Ttonnfh  of  the  irixte  Tolnme.  'Hie  open  end 
^thseboctSmbi^  theaiphon  waa  kept  i»  contact  wHh  the  iwltee  of  the  Bqnid  in 
the  jar,  utd  the  portion  ofliqnid  draws  «ff  waa  leecmd  in  a  ftadoaled  nuMnre.  Bt 
erapontliw  euh  fiadion  aepatatcfy,  the  qaaali^  of  aalt  whu^  had  ttaMi  into  eqmu 
ae^ima  01  tha  liqaid  edomn  waa  aacarlained.  Aparticntar  adnBt^ec^thiameUMd 
ia  that  it  aflinda  toe  meana  of  aaoartaining  the  aMoltta  rate  or  vdoci^  of  diflhiion, 
tendering  it  poaaible  to  Mate  tite  ^it**"—  which  a  aalt  tranla  pa  aeoaad  In  tanna  of 
the  metfr.     Eloeh  a  anutant  mn(t  enter  into  all  tha  ohronlo  phanomana  of  plmiolon, 

«  not  unlike  tke  time  of  tha  &lling  of  bea*;  bodiaa  in 


Tbe  anhalaneea  wlMaa£lIluioDlM*been  eoniridcBed  in  the  preecdine  pagea, 

tbtj  e^ubit  eonaidarabla  diTnaitiea  in  their  diflhaCre  mobiUtj,  all  beloDgto  t  

diCbrite  daM.  C^ipoaed  to  them  is  anoMm  elaaa,  wbUk  are  mndi  Um  difltamy 
and  are  Hkewiae  diatingnished  from  the  ftemw  br  aereial  wdl-detaed  phjnrical  and 
ehamicnt  dianctai,  espneiallv  hj  the  abaenca  ol  the  poww  to  ctTBtalliar,    Such  an 


it  dianctaa,  espneiallv  b?  the  abaenca  ct  tbe  power  to  ctTBtalliat 
_iatad  nlioia  add,  hjdiatad  ainmina,  and  oths  ■~^*"'"  oxidia  of  the  auunmona 
auB,  ^an  th^  esiat  m  the  aolabla  hnn ;  alao  atarch,  dextrin  and  the  gnma,  oaraaMi, 

' —      '"- — "~   —'--=-   ■-•■-     ad  animal  extnctiTa  mattera.    ^nae  bodiea  am 

_  _  _  t  duuBcttr  of  their  l^drataa.  Ahhoagh  often 
largelv  aolnUe  in  water,  dmj  ue  held  in  eolation  hj  a  moat  fM>Ia  brea.  nwj  appeal 
aii^nlarlj  inert  in  the  ewacitr  of  aeida-  and  baaai,  and  ui  all  tbe  wdinarj  ehemlcal 
nlationB.    Bat, on  the  other Eaod,  t'   '  "       '     •    •  j._   ...  -i. 


Mid,  thaii  pccoliar  pb/sieal  aggregation,  together  with 
d  to,  uipcara  to  be  leaofredTm  mbataneaa  that  can 
interrene  in  the  organic  procniea  of  life.  The  plaatic  elemBntB  of  tha  an&nal  bodj  are 
fband  in  thia  ela<a.    Aa  gelatin  appeara  to  be  ila  Q'pe,  aabatanoea  of  thia  claaa  maj  be 


the  eoQindai  condilioii  afmaaar,  Oppatei  to  the  colloidal  is  tbe  eryital^e  oonditioii. 
SubManeea  aSectin^  tbe  Utter  Ibnn  maj  be  claaead  aa  eryttaUoid*.  Th»  diatinction  ia 
no  donbt  one  of  intunate  molecular  Conatitation. 

Althoim^  ehemicall;  inert  in  the  ordinary  aenae,  coUoTda  poeseaa  a  CDinpcnaatlna 
•ctiTitr  of  their  own,  ariaing  oat  of  their  phjaical  piopeftiee.  While  the  nsidi^  S 
the  arrMalline  atractnre  ahuta  oat  nttemal  impteanoiu,  tbe  snltoeaa  of  tba  cdatiDona 
ooUtna  partakes  of  flnidity,  and  enables  the  ceUoid  to  beonne  a  mpdinm  for  uqnid  dif< 
fhiion,  like  water  itaalf  The  MUne  penctnl^^  appean  to  t^s  Uie  fiom  <i^  oenmi- 
._.j__  -         1.  __n_-j  !  .  ..  ^  \afj^  tOTDperators.    Hence  a  wide  aenaibilitf 

._«d.  Another  and  emincntl;  cbancleriitio 
exiatence  ia  a  oontinned  metaataaiB.  A 
>r  while  existii^  liqnid  at  a  toDperatnre 
under  ita  aaoal  frMaing-point,  or  to  a  sapenatnTatad  saline  rolntion.  Unid  scdloidB 
appear  to  hare  always  a  ptetev*  modiflcatnw  ;  and  thn  often  paaa,  nnder  the  slighleat 
inflnencea,  from  the  8nt  iato  the  aaoimd  oonditien.  The  aolntion  of  hjdmted  aiUda 
add,  tar  instance,  ii  easily  obtained  in  a  state  of  purity,  bat  it  aunot  be  paweiirTcd. 


become  inaolnble  at  last    Nor  does  Uie  change  of  this  eolicad  a[f>earto  stop  at  tt 
point    For  the  mineral  fi»m*  of  silieic  acid,  dcpodtad  from  water,  soch  as  flint,  aia 
often  found  to  have  paused,  dorisK  th«  geologieid  agea  of  thair  sxistanet^  fratn  the 
Titraons  ur  ooUo'idal  into  tbe  dystulliae  condiKon  (H.  Boee^   The  ooUoidal  is,  in  UiA, 
a  djrnamical  elate  of  matter ;  the  cryatalloidal  being  the  statical  conditioD.    It  may  be 


.igic 


LIQUIDS,  DIFTtJSION  OF. 


■Iwtjs  domand  time  aa  ui  denent),  nkj  tlte  thmctaiutu:  piotisrtioii  « 
oniuiii!  ehanra  liao  b«  rehsnd. 
^>ie  IbUowin^  ezpnimNiti  nude  1^  tlie  mptLod  of  jiF^iSiuioD  (p.  TOO),  axhiUt  thit 


TiKLi  nL— ijtfi<ri 

OTK/lOiwr 
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■007 
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■008 
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■12S 

■Oil 

■008 

■008 

-003 

■IM 

■013 

■oia 

-003 

■004 

■ISS 

•OST 

■016 

-004 

■008 

-26T 

-049 

■030 

-003 

■006 

'340 

■OSfi 

■OGO 

■004 

•007 

■oos 

■429 

■138 

•m 

-00« 

•017 

■006 

■630 

■318 

180 

■081 

■031 

■-oio 

■010 

■6M 

■S31 

■306 

■097 

-0S9 

-016 

■023 

■7M 

■499 

■496 

■216 

-146 

■047 

■0S8 

■881 

■730 

■740 

■407 

•288 

■113 

-076 

-99! 

1'022 

1076 

■734 

-666 

-343 

-216 

IS 

1090 

1-383 

1-486 

1167 

1-060 

-366 

706 

14 

I^IST 

1-803 

1-768 

1731 

1719 

1-892 

1-725 

lB«ndI6 

S-264 

3-834 

8783 

6-601 

fl-097 

6726 

7-306 

9M» 

10-000 

10-003 

-9-999 

9-807 

10-000 

10-000 

Here  Uie  mprtiiiipoMd  column  of  wstei  beiiig  111  milliiaetm  ^4'38  inclua)  high, 
the  chloride  of  ■odiom  U  Ibmid  to  have  diffiuea  in  Eeniible  qnuiti^  to  the  tt^  end 
could  h«Te  riwu  hiKher.  The  top  of  the  diffluioD-oolunin  of  lulphete  of  magneeiuni, 
•od  likewiM  that  irf  augar,  fpeMz  to  have  jurt  reached  the  top  of  the  liquid  in  tha 
foDiteMi  daja  of  the  ezperimsnt  Bat  thn  cuknda,  gam,  tannin,  albumin  and  eaninel, 
eihiUt  a  sraat  UUng  off  En  the  imta  of  diftidon.  Qnm  and  twrnin  do  not  appear  to 
be  cairied  bj  diffiuian  higher  than  the  aereotll  atratiuii,  the  minute  qnutitiei  ftnud  in 
the  hitler  atrat^  whidi  together  do  not  exoesd  0-03  gnn^  bdng  doubtlan  the  remit 
of  aemdeiital  dineniOD,  aiuiiig  probably  from  a  morement  cf  the  upper  Uqpid,  oeca> 
aioned  bj lUcht  uunnalitieB  <alanperatui«.  Thadiflhaioll  of  albumm  and  of  canmd 
it  still  aloww. 

Bj  wmtimiing  the  diftmon  ot  difRsent  nbilaiiOM  till  eqnal  quantaties  had  diflbaed 
oat,  thafblloiriDgieanllavarcobtaiDed: 


Ml  of  hjdmdilarM  acid  in  tliree  da3«  eoncipoiida  with  the  iWBimim  el 
limn  in  Mren  dvra.  Ejdmchkcio  and  the  allied  hjdradd^  with  other 
U,  are  the  moat  dillfaiiTa  aDbatanoea  knonu 
The  diSuiMi  pra«M  in  alcohid  appeaia  to  be  WTeial  timea  Oowtt  than  in  walw. 
The  following  table  exhilHtB  the  rMuita  of  eiperimeDta  on  three  anbstancea  diaiolTcd 
in  aleohol,  and  placed  tindv  •  etdomn  of  alcohol,  the  a^mment«  brnng  conducted 
euctlj  aa  desoiMd  at  p.  700. 


^dbyGooglc 
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TuiJi  IV.—OigiMion  e/lOptr  emt.  lolfitioiu  e/lojint  and  JoitaU  ef  iVfOHfin* 


Vo-bMot 

.-..,... 

iSSflf-SK 

SMiBM  ■(-»>. 

■02S 

•oec 

■017 

■033 

■017 

■04« 

tl61 

■018 

■038 

063 

■064 

■3  IB 

-080 

066 

■020 

■022 

■US 

■071 

■024 

■263 

•073 

■028 

10 

•417 

■0B5  . 

■080 

11 

■6S7 

■286 

•210 

13 

■036 

■BIB 

-4B8 

l-23fi 

1167 

■092 

14 

1(06 

1-B07 

1-7O0 

Handle 

4(61 

6-366 

6-3« 

10-000 

IfrOOO 

10-000 

3.— AppHaatfMt  wT  Xi4«ld  IMOtaslan  M  OhmnlMLl  AaalyvlB. 

Hizad  Mlts  mkj  tw  more  oi  leaa  Miparated  by  Qieir  Tmeqnal  difRuibili^.    A  Bolntion 
of  1  pt.  of  caiboDBta  of  poluoiaiii,  uid  1  pt.  carbonAU  ti  lodiiua  in  It)  pU.  of  w  ' 
pUeea  in  a  a  diffiuiaD-phul  (Jig.  70S),  jidded  in  IDduji  at  If  a  difihaits  coutaii 


a  obtuned  t^  ttaie  method  of  jar-difftuian  at  p.  700 ;  whm  a 
Diitan  of  two  silta  vu  placed  at  the  ttottom  of  tha  jar,  ths  man  Afifanre  nit  tra- 
Tolled  npwardi  the  most  lapidly ,  (liovuig  itself  Bft,  and  alm^  moot  Urgelr,  in  the 
n[f)et  strata.  The  fbUoriog  table  ahom  Ibe  neolts  obtained  inth  a  mixtnie  of  equal 
puts  of  the  diloridee  of  potaednm  and  sodium. 


Clil«ld.of 

Totnl 

pounlun. 

DMtaulfc 

■018 

■014 

■082 

■02i 

-016 

-040 

■044 

■014 

-068 

■07S 

•OSS 

-101 

-0S4 

■136 

■141 

-063 

■204 

■185 

■280 

•262 

■161 

'408 

■830 

•212 

•643 

10 

■S4» 

-Ul 

■700 

11 

•418 

■468 

■878 

■611 

■sn 

l^OTO 

IS 

-»«2 

■6B4 

14 

-ei6 

■778 

1-887 

If  and  18 

1-886 

l-Sfil 

2^9«6 

6^001 

4-«9fl 

lO-OOO 

i.,  that  if.  nearly  thtee-fimrtluh  an  cUerids  of  poiinwiiun, 
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Vywrr  itntL. 

IC  ii  CTidmt  that  tht  raaoedjna  e^iarimmt  ini^t  ^  n  coDdneted  u  to  diffon 
■way  tha  chloride  of  potuunm,  uidleiTV  Wow  a  mixton  MDtun!iig  chlfmds of  lodiiua 
in  t«Uti*a  excras,  to  m  gnat  m  extant  M  tba  ehloride  of  potwnnm  ia  fnmd  iborr,  in 
the  lut  e^t^ment. 

Further,  the  mixtnn  in  which  ehloride  of  potMrinm  wai  eoneaiilnted  in  the  axperi- 
nent  deecnbod,  eo  u  to  fbrtn  73  per  cent  of  the  whale  miztnn,  might  be  >gun 
■nbjeeted  to  di^ion  in  the  nme  mMiiMr.  In  an  ezpetimcoit  upon  a  mixtnre  of  7'G 
gnna.  at  chloride  of  potunnm  and  3-6  fcnna.  of  chUuide  of  lodiiun,  the  six  npper 
•tiata  gave  040  nulhpnii.  of  nit,  of  which  SIO  miUigm*,  or  9G'>  par  oenL,  were 
chloride  of  potaeriom.  It  ii  obrioua  that,  hy  ntprating  this  difftaiira  reetiflcation  a 
■officient  nomber  of  tiine%  a  pcntton  of  the  mora  diStauTe  sdt  mi{^  be  obtuned  at 
lait  in  a  etata  of  sensible  pnnty, 

'Dm  {needing  examine  illaatntea  the  sepontion  tf  nneqnal^  dillbeiTe  nirtals  <» 
basn;  the  fcdlowing  example  refreeentlt  on  the  other  hand,  the  sepaiatioD  of  SDaqoallj 
diAuiTe  sods  nnited  with  a  common  Ijwcl  Chlcnde  and  «ali^ttte  of  sodiom  diffWa 
•epuat«lj  in  the  phial  experiments  in  ths  prnpartdon  of  1  to  0707. 

TtXM  VI.—I>iffiitiim<tfSpm-cemLqfChl«riit<ifat4iui»a<id6pireiKt.tif 
mnl^ffJrMU  BH^iaU of  SoiUim,  far  T  ii^  «t  W—Wlb. 


V,im.^^ 

CklerM**) 

HdhntB 

■asTJ 

Total 

""""■ 

■I'l 

•"■■"■ 

■oog 

■009 

■on 

•boi 

■014 

■024 

■OOf 

■OM 

■038 

■003 

-041 

-0«D 

■00« 

■060 

•OM 

■oia 

■107 

■141 

•026 

■170 

■203 

■0*9 

■2B2 

■278 

■lis 

■898 

■3«0 

■ioa 

■M6 

■473 

■817 

■780 

-«o 

■507 

1087 

■037 

■694 

{■331 

■713 

■0O» 

1-037 

IS  and  IS 

1-390 

2-ltl 

Sf31 

4'Bft9 

S-000 

6-099 

Here  tlie  separation  is  still  more  eenaible  than  with  the  baeee.  The  eiz  nppe* 
strata  contain  263  millignmmee  of  sell;  of  which  339  milligrammea,  that  is  90-8  per 
ceaL,  sre  chloride  of  sodinm.  The  salt  of  the  npper  eight  strata  amonnts  to  696 
luiUignmniea,  of  which  £83  milltgrammee,  or  83-9  per  cent,  are  chloride. 

On  omnpHriDg  tile  diffluion  of  a  mixCoceofeqninlentqiiaiititiee  of  chloride  of  sodinm 
and  enlphate  of  potaniiun  with  tlwt  of  a  mixtom,  also  in  eqairaleDt  proportions,  of 
chloride  of  poUBsiam  end  sulphate  of  eodiaiD,  it  wee  found  uiat  the  diBadon  of  the 
metals  is  not  affpcted  br  the  arid  with  whidi  each  of  them  is  orisinalljr  ooMbined. 
This  remit  is  qnite  in  harmony  with  Berthelof  s  view,  that  the  aads  and  b*ee«  ai« 
indifo«ntlT  combined,  or  that  a  mixtnre  of  ehloride  tA  potasnnm  and  anlphste  of 
sodium  is  the  seme  tUngas  a  mixtnreof  ehloride  of  sodinm  andsnlpbate  of  potaseiam, 
when  both  mixtures  ne  in  the  atat*  of  sdhitim.  With  two  acids  greatly  nneqial  in 
their  affinity  for  baMo,  howerer,  the  mmit  might  pos^btr  be  diffiswit. 

In  some  caen,  difiWon  ia  alao  o^ble  of  dTectinfC  tne  dMompodtiM]  of  chemical 
compounds.  Thus,  wban  a  solution  of  common  alnm  is  allowed  to  diAue  into  wmter, 
the  sDlphate  of  potassium  passee  out  more  rapidly  than  the  sulphate  of  aluminium.  A. 
solution  of  Bal}9iat#  of  potaseiam  in  lime-water  left  to  diStaee  into  lime-water  yidda 
a  diSumte  containing  hjdiats  of  potasaiam ;  similarly  )rith  salphate  of  sodinm.  Tha 
Eolphatee  of  potassiam  and  sodium  are  also  decomposed  by  carbonate  of  ealdnm  dis- 
■olvnd  in  Parbooic  acid  water,  when  the  liqnid  ia  allowed  to  diflhse  into  pun  water. 
The  chloridea  of  potasrima  and  aodium  on  not  EMUibly  decomposed  1^  lim 
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tlik  manner.  Wlien  ntanted  nlnliona  of  linM-water  and  in^Jute  ot  aldnm  tn 
mixed  in  sqoal  Toltune^  1  per  oanl  of  cUoride  of  aodinm  dinoliw  In  llu  nizbm^  and 
tile  loliition  left  to  difihsa  into  p«n  water,  aoicely  a  tiaca  (tf  ^J^'^  "^  aodinm  ia 
obtained;  bnt  irheu  Ibe  BOlotion  of  nlphato  of  caldnm,  with  anadditioii  o(2  percent, 
of  chloride  of  aodium,  te  kept  at  the  boiling  point  for  half  an  hour,  and  the  eolntioa 
mixed  tiro  or  three  dan  aftenrarda  Tith  an  equal  Tolnme  of  Ume-water,  and  diSkied 
into  para  vat«r  for  3f  days,  the  diffliaat«  in  three  celle  ia  fbond  to  contain  0231 
gnina  hydrate  of  sodium  and  0371  anlphate  of  aodioin.  It  appean,  then,  that  mora 
than  one  condition  of  equilibrium  ia  poaiibLe  for  mixed  aolutiaa*  of  sulphate  ofealdnm 
and  cUoride  of  Bodium.  Cold  eolutiona  of  (beae  aalta  ms;  be  mixed  without  decom- 
{MntioD,  or  wilhont  aenaible  foraution  of  sulphate ;  bat,  on  bmtiiig,  thia  change  ia 
indaoed,  and  ia  permanent,  tnldiBte  of  sodinm  being  formed,  and  eontinniog  to  eziit 
in  tha  sold  notation ;  for  it  it  the  decompoailion  of  that  aalt  alona  by  hydnte  of  calciiuB 
vhich  appwra  to  yidd  tha  difltaaed  hydnta  of  aoda,  Aa  the  dbda  of  time  and  tern- 
paratDie  an  often  eonTactibl^  it  ia  poaaiUe  tlut  the  aam«  deoompo^tion  mi^t  take 
plaMatordbaryteaapeaatnreaBftaawnndenUe time.  If ancb hatha caaa^Ta hare 
an  ageiKj  in  llw  Mil  by  which  the  alkaline  ««rb«p»te»  teqaired  hj  j^ta  may  be 
tamed  from  the  chtcsidea  of  potaaiDm  ud  aodiom.  aa  well  aa  from  the  anlphatea  ;  for 
tbe  anlphate  of  caleinra,  geoenlly  prearnt,  will  oonvrrt  Ihoae  chloridea  into  anlphatea. 
The  mode  in  which  theaoilof  the  earth  ia  moiitened  by  rain  iapecoliarly  &Taurable 
to  aapantioni  by  diffliaion.  The  aidnble  aalta  of  tha  aoil  may  be  aa^poaed  to  be  earned 
down  together,  to  ■  certain  depth,  by  the  flnt  paction  of  rain  -mitM  filla,  while  thej 
find  afterwarda  an  almoqihae  of  naariy  pore  water,  in  tha  moiatnr*  whidi  &lla  laat 
and  oocnniaa  tha  anrfiue  atiatnm  of  the  aou.  Siiltaaion  of  the  aalta  npwarda  into  tbe 
— *-r,  with  ita  aepantioM  and  de«ompoaitian%  mnat  neeeaiarily  ei '^^ — '*-  -■ 


a  aapta  of  the  odiold  cJasa  (p.  TIO)  nMseaa  a  yns^eAj  ^lieL  ia  Tatj 
naefal  in  aasiating  diSbaive  aapaiationa.  The  jdly  of  atarch,  tlut  of  animal  maena,  m 
pectin,  of  Payan'a  vegetable  geloae  (EL  826),  and  othar  solid  c<dloidal  hydratea,  all  of 
which  are  itrictly  apwking  inaoloble  in  cold  water,  are  thenuelrea  pcnneabia  when  in 
maas,  aa  water  ia,  I^  the  more  highly  diffiuive  snbatuieea.  Bnt  such  jelliea  gicatiy 
reaidt  the  puesge  of  the  leas  difl^va  aabetanesa,  and  cot  off  oitiraly  other  oollofd 
anbataneea  like  thameclTea  that  may  be  ia  aolntioii :  in  thia  reapact  they  naemble 
animal  membrane.  Thia  mode  of  amaration  by  diffhaiOD  Ulrongh  a  aeptom  ia  called 
dialjaia.  A  mere  film  of  the  oollotdal  septum  podocea  thia  aepanting  (dbcL  That, 
if  a  aheet  of  very  thin  latter-papet,  w^  imed  with  itaidi.  and  hanng  no  poroatly,  be 
laid  an  tha  nu&ce  of  waUr,  adepreaaian  made  in  ita  centre,  and  a  mixed  solutioii  of 


^  „  ling  fpMT cent  of  «««haubatanenponredaponit,Jh« 

sugar  diflhsea  tluonf^  into  the  water  while  the  gnm  remaine  abora,  ao  that,  after  twentr- 
fbnr  boora,  the  water  bdow  is  Ibuid  to  contain  aboot  three-fonrtlu  of  the  whoU  sugar,  in 
■condition  so  pure  aa  to  c^stalliae  when  the  liqoid  ia  arapoimled  OTor  the  water-bath. 
Now  the  aiied  pifier  has  no  power  to  act  at  a  Bltei ;  it  ia  mechanically  {npenetrabl^ 


the  water  of  the  (mUtigeDoaa  etarch  with  whioh  the  paper  ia  aiied,  ia  not  directly 
STailable  aa  a  meiUom  br  tha  diffiiakm  of  either  the  aogar  or  the  gnm,  bung  in  a  itAte  ill 
real  thonoh  feeble  chemical  combination.  The  hydntpd  compound  itself  ie  solid,  and 
alao  inaiJable.  Sugar,  howerer,  with  other  cryM*llo!da,  can  aeparato  water,  molecule 
after  molccal^  from  any  bydrated  colloid,  sodi  as  atatcfa.  The  angar  thna  obtaini  the 
liquid  medium  required  for  diAwMl,  andmakea  its  w^  through  tha  galatinoua  etqitom. 
Oum,  on  the  other  hand,  presenting,  aa  a  colltnd,  an  affini^  tot  mta  ol  the  faebleat 
dcecription,  ia  unable  to  aeparato  that  liquid  from  the  galatinooa  starch,  and  so  isils  to 
open  uia  door  t^  its  own  paaaage  ontwatda  bj  diAaion. 

IHSteion  of  a  oystallt^  thimigll  a  Omi  jeUy  mewa  to  proceed  at  neariy  tha  game 
rate  a>  into  pme  water.    Thia  ia  abikingly  ahewn  by  the  foUowing  eiperimant. 

Ten  grammea  of  chloride  of  aodinm  and  2  KnuoBiea  of  tbe  Japanese  gdatin,  or  gelusa 
of  Payen,  were  diaaalTed  together  in  ao  much  hot  water  aa  to  fbnn  100  cub.  cents,  of 
liquid.  Introduced  into  the  empty  difflunon-jar  and  allowed  to  oool,  thia  liqnid  set 
into  a  ilim  jrliy,  occnpying  tbe  lower  iiart  of  the  jar,  and  containing  of  comae  10  per 
cent,  of  chloride  of  aodinm.  Inatead  of  placing  puns  water  oier  thia  jelly,  it  waa 
C0T«nd  by  TOO  cub.  cents,  of  water  oontainuv  2per  cent  of  the  aame  geloae,  cooled  «o 
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fkr  Bi  to  ba  OD  tha  point  of  gelatinuing,  the  ju  at  the  sama  time  being  placed  in  a 
cooling  Diiitare  in  order  to  expedite  that  change.  The  jar  with  ita  eont^Dta  via  now 
left  undiatnrbed  far  eight  dun  &t  the  temperaton  10°.  -Aft*r  the  lapse  of  thia  Ume, 
the  jellj  via  removnl  from  the  jar  in  ancoeaaiTa  portjoni  of  HO  cob.  eenta.  «adi  bom 
the  top,  and  tha  propoctioQ  of  chloride  of  Mdinm  in  the  Tariooa  atrata  aaoeTtainiid. 
The  reanlta  irere  lerj  nmilar  to  thoae  obtained  in  diflbaing  the  earns  salt  in  a  jar  at 

SID  water,  excepting  that  the  difliiaioD  in  thegeloae  i^pounl  more  advanced  in  eight 
ja  than  diDbsion  in  water  for  iieTea  daya.  '^th  a  eotonred  CTjstaUoid,  each  m  «dd 
chromatA  of  potassium,  the  emdoal  eleyition  of  the  rait  to  the  top  of  the  jar  ia  tcit 
plainly  seen.  On  the  other  band,  the  diffiuion  of  a  eolonred  colloid,  aueh  na  csnTncl, 
throngh  the  jeU/,  ajqwan  acai^ely  to  hsTe  begnn  after  the  li^isa  of  eight  days.  The 
diffiuioD  of  a  salt  into  the  aolid  jeUy  may  be  regarded  aa  eementstion  in  iti  aimfJest 

The  moat  sailable  of  all  anbatancra  foradialjtic  acrptnm  ia  De  la  Rne'a  Togetable 
parchment  or  parchmeot-paper  (i.  819),  which  ia  nnaiaed  paper,  altered  by  a 
abort  immeraioD  in  anlphnric  aad,  or  in  chloride  of  cine.  Paper  lo  metamonihcnd 
acquires  considerable  tenacity,  and  whan  wetted,  expands  and  becomta  tianalneent, 
evidentlj  admitting  of  hydration.  In  tha  wett#d  itate,  parchmeDt-paper  ean  eaaily  be 
^iplied  to  a  light  boop  of  wood,  or  better,  to  ■  hoop  made  of  sheet  ^tta  pn>cha, 
1  inehea  in  depUi  and  8  or  10  incbea  in  diameter,  so  aa  to  fbnn  a  vaeael  kke  a  sieve  in 
Ibrm  (Jig.  710).  The  diac  of  parchment-paper  uaed  should  exceed  in  diameter  the 
hoop  to  be  GOTered  by  4  inches,  so  aa  to  nsa  well  lonnd  the  hoop.  It  may  be  bound 
to  the  hoop  by  atring,  or  by  an  elaetjc  band, 
^-  *1"-  hot  ahould  not  be  flrmly  somred.     The  parch- 

ment-^per  Moiit  not  be  porous  Ita  BOnndnna 
will  be  ascertained  by  sponging  the  npper  aortiu:* 
^  with  pnre  water,  and  then  obMiTTing  tliat  no  wpt 
f  spota  show  themselTes  on  the  opposito  side.  Soch 
defbcts  may  be  remedied  by  applying  liquid  albu- 
min, and  then  congulutinB;  the  same  by  heat.  Mr. 
Qe  la  Roe  recommends  the  use  of  albumin  in  cementing  parchmeDt'paper,  which  may 
thus  be  formed  into  cells  and  bags  Tory  usefnl  in  dialytic  eiperimenta.  The  mixed 
fluid  lo  be  dialysed  is  ponred  into  the  hoop  upon  the  surface  of  the  parchment-paper 
to  a  small  depth  only,  such  as  half  an  inch.  The  vessel  deeciibed  Idudyier)  is  then 
floated  in  a  basin  containing  a  conaiderable  volume  of  water,  in  order  to  induce  the 
egren  of  the  diBbaiTe  oonstitnanta  of  the  mixture.  Half  a  litre  of  urine,  dialyeed  for 
twen^-fonr  honra,  g^ve  its  cryatalloida]  constituents  lo  the  external  water.  Tha  Ixtt^r, 
DTsporated  by  a  watM-both,  yielded  a  white  saline  maas.  From  this  mass  urea  was 
extracted  by  alcohol  in  so  pnie  a  condition  aa  to  appear  in  ojatalline  tufts  upon  the 
eTaporation  of  the  alcohol 

tor  operating  an  anuiller  qnantities  of  liquid,  a  small  ^ast  bell  jar,  tied  round  at  the 
bottom,  as  shown  in  fig.  711,  may  be  used.     Fig:  712,  713  ahow  eonvenient  modea  uf 
auf^Kutiiig  the  instrument  in  a  basin  or  a  jar  of  wttn.    In  Mr.  Qiaham'a  experimenia 
F^.JH.  Fig.712.  JV-71S. 


two  eizes  of  bulb  were  mnployed,  314  and  iH  inches  in 
diameter,  the  dialytic  septa  having  sreaa  very  nearly  of  ^ 
and  ^  of  a  square  metre  (15'S  and  7'8  square  inchea). 
With  IDO  cab.  cents,  of  liquid  (the  quantity  nni&Uj  em- 
ployed) the  septum  of  the  amaller  instruments  was  eoTctvd 
to  the  depth  of  20  mm.  (O'S  ioch)  and  the  septum  of  the 
laiger  to  a  depth  of  10  mm.  (0'4  inch).  The  thinner  the 
stratum,  the  more  exhaustiva  the  diSbsion  in  a  given  time. 

When  a  considerable  diflbsion  is  d^red  within  24  honni,  it  is  gcnei^Iy  inadvisable 
to  cover  the  septum  deeper  than  10  or  12  mm.  (half  an  inrh). 

Numerous   experiments   on  the  difibsion  of  eijBtalloids  through  various  dialytic 
septa,  such  as  gehitinous  starch,  oosgalated  albunun,  gum-bagacanth,  besides  animal 


^dbyGooglc 


DIALYSIS. 


717 


mocw  and  pordMiumt-papar,  all  tended  to  proTe  how  liUl*  the  diffiuiTe  prooMi  U  ia- 
teribredwitbbjtlM  interrentkni  of  ctdlndntstteT.  SalUuipeu  tafnBccre  thMrMoal 
nlkdrediAinbilit^anehaiiged.  The  nine  partial  •epantion  of  miudnlUucbeared 
win  th9water-ui(p.71S).    Vithsmixtaie,  foruutance,  of  eqntlpaMaof  dioridee 


of  potMMumu 


1  ud  40-83 


J  dMompowd  ninn  the  dui7«er,  m  Uhj  uv  in  the  watet^jar.  The 
oiea  oi  neai  m  wOBMitillg  diSbrion  appeue,  bowerer,  to  be  dinuniab«d  in  dialjsii,  at 
least  with  a  paramait-piqNii  aeptam.  ThoM  the  diflhrion  from  a  3  pet  oenl.  lolBtiiin 
t£  ijilorida  of  t™*"""i  hi  a  conatant  pcziod  of  three  homi,  waa — ■ 

At  10°  a    .        .        .    0738  grm.    1-00 

„  SO  ...     0764  grm.      107 

„  80  ...     O-HSSgrm.     1-20 

„  40  ...     1-OlT  gnn.    1-87 

Hie  tato  of  diffiuion  in  water  alone,  without  the  septnm,  would  havp  been  donhled  bj 
an  equal  riae  of  tempentnre,  instead  of  beina  increued  one-tbiid  only  aa  aborp. 

The  following  table  exhibita  the  rate  of  difibsion  of  aereral  mbrtnncei,  both  ci;»- 
talloTda  and  ooUi^da,  oampnred  with  chloride  of  aodiom  aa  a  ilandnrd.  The  larger 
bell-jar  (p.  TIS)  WM  naed,  and  the  parehment-paper  waa  changed  in  each  eiperinuDt 
The  nbetaooe  in  eolntion  amoiuit«d  to  2  grma.,  tKe  depth  tf  bquid  in  the  diuJjuer  to 
10  mm.  (0-4  of  an  inch),  and  the  anrface  of  the  aeptnal  to  0-01  aqnare  metie  (16-4 
•qnaie  indiea). 
Taaia  VIL — DUdjpi*  tkrotgk  Fankmmt-foptr  diaing  tutntg-fimr  iotir*,  (U  \V. 


T,o,-«t.^«i™. 

DI«™t.lB 

^ssssr 

OUoride  of  aodinm 
Pierioaeid       . 

Theina     . 
Salidn     . 

Amr^^hSn 

Enraet  of  logwood 
CWochtt    .        . 
Extract  of  cochineal 
GaUotannic  acid 
Extract  of  Utmna 
Pnriflad  cantael 

1-667 
1-690 
140* 
I'lSS 
■8M 
■783 
-617 
■306 
-280 
■2Sfi 
■086 
■060 
■0S8 
■009 

1000 
1-020 
■847 
■703 
■603 
-472 
-811 
-184 
■168 
■16» 
■06) 
•030 
■019 
-006 

nie  picric  add  and  th«in«  were  actnaUrdiOhsed  from  1  per  cent,  aoloticou^  and  the 
nnmben  obserred  are  multiplied  bj  2.  The  emtaUiaable  principlea,  theins,  aalidb, 
aad  aiDjgdalin,  appear  gnatJy  mote  difftuibte  than  gallo-tanoie  acid,  or  than  gum,  aa 
has  been  already  aeen.  audi  ineqnah^  of  rata  i«  Hlulj  to  CwUitata  the  aeparatioil  of 
Tegetable  princiiJea  bjr  the  agency  of  dulyiia. 

Prtparation  of  CoBriid  Sa/utaneet  by  Dialt/nt. 

The  pnriSeation  of  maajr  colloid  anbatancea  may  be  efiected  with  great  advantage  bj 
placiiw  diem  on  the  dialyser.  Accompanjing  cryatalhnda  an  eUminated,  and  the 
colloid  ia  left  bahiiid  in  a  atate  of  pnii^.  I^e  puriflcatioD  of  lolnblB  e^Jloula  out 
rarelj  be  effected  by  any  other  known  meana,  and  dialjaia  ia  STidently  the  appK^iriate 
modn  of  preparing  audi  bodiea  frea  ban  etjitall^da. 

WhMi  the  mixad  adnlion  obtatiMd  b*  ponoag  ^lieate  of  Bodinm  Into  watts  anidn-< 
'  latcd  with  hydroAkrie  add,  waa  plaoed  o^  a  parchmoit-p^Mr  dialyaer,  and  allowed 
to  difftaae  into  water,  the  lattai  being  occaaiuially  dianged,  a  quantity  of  lilieia  aoid 
waa  left  upon  the  eeptom,  amonntinK  after  the  lapae  of  flva  dan,  to  aeven^ei^tha  of 
the  origioal  silicic  add,  and  the  eolation  of  silioo  add  whiA  nbmqoently  paiiea 
throogfa,  is  so  ftee  from  hydroehloric  add  aod  dilorida  of  aodinm  aa  not  to  give  a 
pmapitate  with  nitrate  of  siItot. 

aofnble  dlidc  add  forma  a  peculiar  clan  of  compounds,  which  like  itaelf,  are  ed- 
bJEdal,  and  difl^  entirely  from  the  ordinal^  silicates.    These  compounds,  irtiieh  n»j 
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baiMlladeolllBili«Btsi(iTOO-BllieKtai<,mpp««tloeoDt^  uiaddof  higtHritonb 
mjght  than  radiiiar;  nlimc  add.  Coailicic  aod,  like  gaUatumi^  gammi^  and  otliBF 
colkAdal  Kida,  naitaa  with  jiJirtiw,  taraang  ft  rnaiKraln  of  gdatin,  which  is  pieeipitUrd 
OD  miajng the ac^tiani  of silioie ai:id  andgdatin ;  bnl^  lue  the gallotamuto  (i.  S28), 
miM  in  compoailioa  aeeordinK  ai  the  one  or  the  othv  otmatitiient  ii  preeait  in  nceii. 
Cadlloieaeid  (lea  piwipilatea  both  oAarMtttts  ami  and  pniBeoKA*. 

The  tne  hrdrated  alamina,  abo  Cram'a  metalanioa  (I  lfi9),  an  obteiafld 
•olable  b7  diai^nng  Bolntinu  of  them  ocddea  in  the  ehlotide  and  aMlale  of  the  nma 
metal;  m,  Ukewiw,  hydtftted  farrie  oxide^  and  llie  pecaliarlaric  b7dnit«  (mets ■ 
fame  hTdiate)  diMorfired  by  Pten  de  St-Oillea  (p.  3»B),  and  wlnble  chromic 
hjdrate  (iL  (MS).  Tha  aorfirBl  nriattea  cf  Franian  blue  (ii  22B,  Mi)  ara  obtaiiwd 
■olQbla  by  duJjnng  thai  aoltilioiu  in  i»calatfl  of  anmUHiiDDi,  the  lottar  wit  ^Auing 
awaj.  Btannie  and  metaataanie  adda  both  gire  aolnble  modidcataona  when 
dialjaed  from  alkalina  aolntiona;  titanio  acid,  when  dialTMd  &vm  a  atdntioii  in  dilate 
h;dn>chlorio  acid;  tungatio  odd  and  molybdic  acids,  whan  the  tnngatate  and 
u^jrbdata  of  aodinm  in  dilute  aolnlion  are  repeatedl;  dialjied  with  a  alight  eiecaa  of 
llTdMehlorio  acid.     (Chem.  Soc  J.  [3]  ii.  318.)  _ 

A  f"lnt«™  at  gam-arabic  (gnmmate  of  caldinn)  dialjaed  after  addition  of  hjrdro- 
dilorieadd,  gave  at  once  the  pnie  gnmmic  aeidof  Enmj  (iL  9S9).  Stdnble  albnmin 
IB  obtained  in  a  atate  of  purity  by  dialjaing  albmnin  with  addition  of  aoetii!  nad. 

Oavauel  ef  angat  pnrifled  ^  lepaated  [vedpitation  witli  alcohol,  and  iA«vaida 
by  dialnit,  eontain*  the  piopottion  id  carbon  in  the  higb««t  of  the  eamndk  bodies  of 
CMlia  (O.  748) ;  it  loan*  a  ticanloai  jelly  when  coneentntod,  and  anwan  dectdedlj 
eoUoIdaL  IA«anotliereolIinda,ilIiMaiolnbl«and  an  inadhible  mo^ficalicm.  The 
latter  haa  ita  solntalitjr  restored  by  the  action  of  alkali^  fi>Ik>wrd  by  that  of  acetic  add 
and  aabseaoent  dtalyaia. 

P<s  flutter  details  on  tbe  preparation  of  ooUtfda  by  dial^da,  sss  Chsm.  Soa.  J.  xt. 
US— 260 1  alao  the  desei^tiont  of  the  aertnl  sabsbUMes  in  duii  alphabetical  order 
in  thia  Didioiiaiy. 

tSpsraNmi  ofArm^tm  AM  fivm  O^UIdti  Limidi.~Tiai.iaM  may  be  adTantagn- 
OB^y  a^isd  to  the  sepuatloD  ^arsanionsaoiaandmatallie  lalta  tVom  otgsnie 
■dalioDB  In  msdieo-legal  MiqairiM.    His  [bocsb  has  the  advantage  of  intnidqcingtio 

'  "'        *  '  cheidcal  reagent  of  ai^  kind  into  the  organic  fioid.     The 


d  Ibr  ojisratina  i*  alao  of  the  aim] 

_    .  ..„uiclian>d  ii  pUeed,  to  the  deptli  . .     _ ,  __.  ..  , 

hoopofgntt«ipwahalO«r  II  indies  in  dianetWiOOTcred  with  paidimeiit-paperOt?.710> 


The  OTganic  liquid  ii  pUeed,  to  the  deptli  of  half  an  Jnd^  on  •  ^aljacc  fbrmed  of  a 


le  application  of  the  proper  reasenta 
to  predpitate  and  remore  a  nelal  ftom  solntion.  One-half  to  three-fbmiha  a  the 
oiyitalhadal  aad  diffluible  conitituanta  <i  dte  {oganic  liquid  will  genenlly  be  foood  in 
the  water  ^  the  badiL 

Tartar-emetic  and  atryebnlna  may  be  aqiarated  fhna  Tisdd  ra^anic  matter 
in  a  tinilar  mannm:  indeed,  all  aolnble  poiaooou  sabatanees  Kgpatx  to  be  eiTitallinda, 
and  tliaelbre  paea  throng  eollcudal  aepta. 

Baa  Zjota  (p.  624], 
W  or.    See  Bur  (p.  ,S3). 

T  (pp.  Slti,  827). 

UMF^BS,  0«M0»»  or.  When  two  Hqnida  are  a^arated  by  the  intemn- 
tion  of  a  porona  di^ihragin,  a  flow  of  liquid  takes  place  from  one  dde  of  the  aeptom 
I*  tbe  other,  or  aometimes  an  nneqaal  flow  of  the  two  liquida  in  opponte  diraotiaiia, 
ao  that  the  quotity  d  liquid  iaaeaaea  on  one  side  of  tlia  ai^tnm  and  diminishea  on 
theotlur.  ThisMeDonuBon  was  originally -deaignafjd  by  the  conelatira  (eiua  En- 
doamoie  aad  Hxoamoi^bot  it  ia  better  espieaaed  bf  tbe  shoder  wind  (Oamoae, 
boat  trph,  impaUoaV  liiaA,  indndes  tbe  two  fannsr. 

The  paasass  of  liquids  through  porona  acotawaafitst  studied  by  Dntroobet,  iriioaa 
Miparatos,  aallad  an  mdotmttMitr,  oonsisteaaf  anamnrdass  tab^  haviiw  a  Ibnoal* 
■h^ied  enansian  at  the  bottom,  and  dosed  at  that  end  aj  a  pieoe  of  bladder.  Th^ 
tabe  was  fllled  with  a  saline  sdntion,  and  placed  in  a  Totical  position  in  ajaroontain- 
ing  wato.  The  flow  of  liquid  ia  tbe  one  direction  or  tha  otnar  waa  meaaored  by  the 
aae  or  lUl  of  the  liquid  in  the  talxk  SatMchet  infterad,  fhmi  hla  enjanmenla,  that,  the 
Telodty  at  tha  oonotia  cnirant  ia  ^i>porttoi]ate  to  tha  qnantitj  of  aalt  at  other  aijid 
■nbstsnoe  originally  oontained  in  the  saline  aolutioa.  The  experimenta  wt,  Iwwemv 
inexact,  becuae  no  allowance  waa  made  far  tbe  alteration  cA  hydiostatic  iiiiiaaiiiii 
Muaed  by  the  rise  or  fall  of  the  liquid  in  the  tobe.    Tierordt  (P(^Aim,lxxziii.7S), 
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«<ia  nnd  ft  modifl«*tioo  of  Dntn>diet*s  ^>[«ntaav  in  wiiioh  thu  m 
ntmoTed,  fbund  that  tils  Tdodlj  of  the  eairent  ineroMW  with  the  iuitail  ct 
of  tbe  KJadon,  but  in  ■  lower  latio. 

Fiotemx  J0II7,  of  Heidelbov.  hai  examined  the  oimoM  of  wstet  end  wline  «olu- 


which  ii  freqaen^  disnged,  so  u  to  keep  it  neaiiy  pan.    The  tube  with  ite  oontea 
ii  taken  ant  from  time  to  time  and  weighed,  and  theae  t^terationa  are  repeated  till  tl 
t,  ibowing  that  the  whole  tit  the  aalt  has  paaaed  out  ftom  tl 


tnb^  and  nothing  bnt  water 
In  tUa  manner  it  ia  found  that  a  gives  qnantity  4>t  anj  nit  whidi 


■alt,  i>  called  the 


the  water  ia  alwava  rqdaeed  b^  a  daOmte  qiuuitity 

, ^  ..  whiA  ia  thoa  r^ttoed  by  a  iuut<if  weight  ^  then  ., 

atdomoHe  (or  otimtie)  tquieaUnt  of  that  wdt.    Thla  qnaoti^  nriaa  with  the 

et  the  aalt,  and  with  the  tempraatONk  iwrnanng  aa  uie  temperature  riaaa;  bat  it  ia 
indBpendsut  of  the  deuai^  of  the  aolntion.  At  tempnatorea  near  0°  0,  the  endoa- 
motic  eqniTiileat  of  hjdrate  of  potaamam  waa  found  to  be  200 ;  of  ehloride  of  aodinm, 
between  i'3  and  i'fl  ;  of  aulphate  of  aodiom,  between  II  and  12  ;  of  nentnl  salphate 
of  potaadnm,  12  ;  of  add  aiuphate  cf  potaasnm,  3-3 ;  and  of  hjdrtted  niphuric  add 
(at  18°  C.\  0S«. 

Theae  remtta  pnnt  to  the  eonehition,  that  tfae  ocnoM  between  water  and  aalina  tola- 
tiona  eonmita,  not  in  tba  oppodto  paaaag*  of  two  Uqoid  coneDta^  bat  in  the  p«aaage 
of  perticlea  at  the  aalt  in  one  direction,  and  of  pure  water  in  the  othor.  Thia  coneln- 
don  ia  atnogtliened  hj  Qraham'i  obaerralioD,  that  common  aalt  difitaaea  into  water, 
throo^  a  tbin  membtane  of  os-bladder  d^rind  <rf  ita  ontar  moBoalar  ODttitig  at  the 
aams  late  aa  vhoi  no  tnembrane  ia  intmpoaed. 

^u  flow  of  water  Into  the  mUim  aolntion  Ii  the  onl^  one  of  the  two  moremente 
wliicfa  can  be  aotrecllj  deaoibad  aa  a  current.  Thia  ia,  u  fiMt,  the  tma  oamoatv  and 
tbpenda  laaimliiiilj  on  the  aetitm  of  the  membran*  ot  otbtct  paioaa  aeptnm;  f^  the 
qnantitT  of  w>t«r  whidi  thna  puaea  into  the  adalion  ia  oftoi  mndi  gT«^er  than 
would  M  inttodnead  by  mere  liqnid  dillhnon,  amoimting  in  aomo  eaaea  to  aereial 
hundred  time*  Aat  of  the  aalt  displaced. 

Thia  action  of  die  aaf^nm  haa  been  exfteiiMd  in  Tariona  waja.  Bj  Dobodiet  and 
othai^  ilwaa  attributed  to  eapmarita;  bit  thia  fen*  ii  qnite  inanffldent  to  aooonnt  fbr 
the  gnat  ineqnalitj  of  aacanaion  vmdt  dilfeient  Kqnida  eihilat  in  the  oamotia  apni' 
latna :  in  ftet,  Oianam  haa  ahown,  that  aolntiana  <tf  the  moat  diffinmt  chataetar  axhutit 
Ten  naidj  aqnal  aacennon  in  tnbea  of  eqnal  diameter. 

OamoM  haa  likewiae  been  atbiboted  to  the  nDeqnal  abaoiption  of  tlie  two  liqnide  by 
tb*  porotM  aeptmn.  Bnppoae  the  a^tom  to  be  of  andi  a  natnre  aa  to  abaorb  only  one 
of  thsliqnida,— the  water,  fbrinatanee.  Thewaterwill  then  pnietnteUuiaeptam,  and 
coming  in  contact  with  the  aallnc  aolnlioll,  will  diSbaf  into  it.  Mon  wat«  will  tben 
be  abMrbed,  and  aabaeqnently  diflbaed,  and  thna  *  eontiimoaa  enrmt  will  he  aet  up. 
If  boUi  liqnide  are  abaanmd  1^  the  aeptnm,  bnt  in  ditRrent  degmea,  and  nch  ia  capable 
of  difltaaing  into  the  other,  like  watar  and  alcohol,  the  molt  will  be  the  formation  of 
two  tUKqnal  cturente  in  oppomte  diiectiona,  Water  is  abaoibed  by  animal  memlsane 
moeb  miae  rapidly  than  moet  ether  liquids,  and  aceordin^y,  when  a  aeptnm  of  this 
kind  ia  aaed,  the  direction  of  the  eurrnit  is  in  moat  caaea  from  the  water  to  the  other 
Hqi^  Aeooiding  to  Liebig,  a  giren  weight  of  dried  oz-bladder  absorb*  in  the  same 
time,  200  ToliL  of  wats,  181  Tola,  of  a  ntnniled  aolntion  ct  common  salt,  S8  vols,  of 
•loohdl  of  the  BtranaQi  of  M  per  cent,  and  IT  nb.  ot  bone-oiL  When  watoi  and 
alnJiri  are  arparated  by  an  animal  membrane,  the  qmnti^  of  water  which  paaaeainlo 
the  alodlol  it  greater  than  the  qnanti^  of  alcohol  whidi  t^'"*  into  the  water ;  bnt 
when  the  aame  liqnida  are  divided  by  a  thin  film  of  ooUooioi^  whidi  abaorba  alcohol 
mora  qniekly  than  wat^r,  the  contraiy  efhct  is  produced. 

Od  the  cotter  band,  the  noineioiis  enerimenta  recontlj  made  by  Qraham  (Pliil 
Trans.  IBGfi,  p.   177 ;  Chem.  Soe.  }.  vill  4S1  lead  to  the  conduiion  that  oemoae 
dsDenda  ceeentially  on  the  chemical  action  of  tfie  liquid  on  the  aeptam.    llieee  szpe- 
»  wen  made  partly  with  porooa  minrral  Mpta,  poitly  with  animal  membrane. 


battarie^  abont  Ave  indisa  in  depth,  amm 


inia  earthenware  oamometar  oonsistad  of  the  ponnu  i^liiiders  employed  in  Toltaie 

Ktely 

■ring 

le  experiment,  water  waa  ftdded  to  the  jar  to  equalise  the  pressure.    Theriae(orfsn) 


the  ponnu  i^lmdera  employed  in  ToItaie 
anted  bj  a  gbss  tube  0-  Inch  in  diameter, 
y  means  of  a  cap  of  gntta  pardia.    The 


IS  fllled  to  the  baae  of  tKe  glass  tnbe  with  a  saline  solution, 
'  rater;  and  aa  the  liquid  within  the  ' 


n  ttw  tnbe  waa  vety  regular,  aa  obMrT«d  mm  hour  to  hour,  and  the 
I  genera^  terminatad  in  five  honn;     From  expertmenta  made  on  bo1u> 
tiuia  id  ernj  vuio^  of  iolnble  nbatance,  it  appeared  that  the  rise  m  oamose  b  quit* 


byGoogIc 
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inngiiifleatit  with  iMotnl  oiniiic  iubstBDcea  ii 

taaniii,  && ;  >a  liiewiae  «it£  nsnti&l  salts  of  ,        _ 

the  chlorides  ani  ailniea  of  polassiam  and  godinm.  and  witli  chloride  of  mercniT. 


iceti<^  (al|ih<iTOiu,  dtric,  and  (ailaric  adds.  TheM  are  lurpassed  bj  the  g 
mineral  acids,  such  as  mlphoric  add,  pboophoric,  and  b;  sulphate  of  potassiam,  which 
an  agaui  sxceeded  hj  aitia  of  potuaium  and  sadinm.  poMessiug  a  decided  add  of 
alkaliDa  reaction,  sneh  aa  diaialate  of  potaanam,  phosphate  of  BodiaHL  or  the 
carbooalea  of  potaasitun  and  godinm.  The  higblj  oamotic  substances  were  Ueo  found 
to  act  with  moet  adrantago  in  small  proportiona — wodndng,  in  bet,  the  largest  osmoae 
in  the  proportion  of  one-qnarter  per  cent  diaaolTed  Th*  aame  rabelance*  an  likewiae 
alvRja  chemically  actirs  bodies,  and  poaseea  afflnitiea  whicb  enable  them  to  act  on  the 
material  of  the  earthenware  septom.  Lime  and  alumina  were  aiwaja  fbiind  in  solution 
after  osmose,  and  the  corrosion  of  the  septnm  appeared  to  be  a  oecfvauy  condition  of 
the  flow.  Septa  of  other  materials,  such  as  pure  carbonate  of  calcinm,  g^pBom. 
nanpreased  ehannal,  and  tanned  sale-leather,  although  not  deBdent  in  porasit}', 
«  apparently,  because  thej  are  not  chemicoUf  acted  on  b;  tbe  ssline 


Similat  rtMlt*  vere  obtained  with  septa  of  snimal  mnmbrane.    Ox-bladder  wie 

found  to  act  with  moch  greater  strength  and  regnlari^  when  diTcated  of  its  outer 

maBfolar  ooat.    Cotton  (slico,  impregnated  with  liquid  albumin,  and  afierwarda 

heated  to  coagulate  the  albumin,  foirned  an  excellent  septum,  reeembling  membrane  in 

Fia  714  ff^rj  respect     The  onaometer  Qg.  714)  used  in  these  ezpoi- 

''  nenta  waa  amnged  like  the  orwinal  instrument  of  Datmdiet; 

bot  the  membrane  waa  anpported  hj  a  plate  of  porfotated  ainc, 

and  the  tube  waa  of  considerable  diameter,  viz.  ono-tenth  of  that 

irf  the  month  ofthebnlb,  or  of  the  disc  of  membnine  exposed  Id 

the  liquids. 

Oaooae  in  membrane   presents  many  paints    of  almilaril; 
to  tb*t  in  earthenware.     The  membrane  is  constantly  ondcrgo- 
ina  decomposition,  and  its  osmotic  action  is  exhaustible.    Salts 
■nd  otbtr  snbslancee  capable  of  determining  a  large  osmose  are 
all  ebemicallj  active  substances,  while  the  great  maaa  of  neutial 
organio  aabsttuicee  and  perfectly  nenlxel  monobsaie  salts  of  the 
metals,  soch  aa  chloride  of  sodium,   poaseea  only  a  low  degree 
of  action,  or  ars  wholly  inert.     The  active  anbstoncea  ait  alao 
most  effident  in  amall  proportiona.*      With  a  solution  contnia- 
ing  ^  per  cent  of  corbinuite  of  poIaab,therieeiDthe  osmometfr 
was  167  millimetres;  and  with  I  per  cent  of  the  samp  aalla,  206 
millimetres   in    five    hours.    With  another  mcmbrtuie  and  a 
stronger  solution,  the  rise  was  S63  millimetres,  or  upwards  of  38 
inches  in  the  eame  time.    To  induce  osmose,  the  chemical  action 
on  the  membrane  must  be  different  on  the  two  ddes,  and 
i  apparently  not  in  degree  only,  hut  in  kind,  ria.  on  alkaline 
p  action  on  the  albuminous  snlistance  of  the  membrane  on  the 
'  one  aide  and  an  acid  action  on  the  other.    The  water  appears 
always  to  accumulate  on  the  alkaline  or  basic  nde  of  the  mem- 
brane.     Hence  with  an  alkaline  salt,  such  as  carbonate  of  sodium,  in  the  osmometer, 
and  voter  onteide,  the  flow  is  inwaiiia;  but  with  an  and  in  the  osmometer,  there  is 
nwatlTe  osmose,  or  the  flow  is  outwards,  the  liqnid  then  falling  in  the  tube.    The 
elwiridM  of  bariam,  sodiom.  and  magneaiam,  ajid  similar  neutral  salts,  ore  wholly  indif- 
ferent, or  appear  to  act  merely  in  a  Bnbordinate  manner  to  some  other  aotivti  add  or 
bssiG  substance,  which  may  be  present  in  the  solution  or  the  membrane  in  the  most 
minute  quantity.     Salts  which  admit  of  dirision  into  a  bnaic  salt  und  fr«e  acid  exhibit 
an  osmotic  octirin  of  the  highest  order,  f-s-  the  acetate  and  varions  other  salts  of 
alninina,  ferric  oxide  and  chromic  oxide,  cuprous  chloride,  slannons  chloride,  nitrate 
of  lead.  Ice,    The  add  trsTeU  outwanb  \>j  mSusioD,  superindncing  a  basic  ixmditioD 
of  the  inner  snr&ce  of  the  membrane,  and  on  odd  coniution  of  the  enter  snr&ce,  the 
most  javonrable  condition  for  a  high  podtive  osmose.    Aniiv  Uie  dibsaio  salts  of 
poUsainm  and  sodium,  such  as  the  sulphate  and  tartrat<^  uiough  strictly  neutral  in 
properties,  begin  to  exhibit  a  podtive  oemoee,  in  consequence,  peihqiiii  of  theit  reaoln- 
tion  into  sn  acid  anpersalt  and  free  alkaline  base. 

The  following  table  exhibits  the  osmose  of  substances  of  all  olasees  through  mem- 
brans,  the  degree  being  a  rise  or  &1I  of  1  millimetre:  — 

*  Thfh  BTtlon  Increuet  ■llh  the  Itnnfth  or  tha  lolaltaii  up  to  m  uruln  point,  si  tba  ibovo  eiimplfd 
tbnw.    With  Btroosor  lolutlobi  the  ppttt  at  the  membnpfl  probjllllf  becoma  bvp«i  up  vUh  puLfcld 
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OaiuMi  or  1  MB  ( 


Oxdiaaeid  .        . 
fifdroahloiic  add  (01  par  cent) 
Tiichlorids  of  gold 
SUniiN  chlocid*   . 
FUtiDie  ehlorido  . 
OUgrida  of  ma^nstiaa 
Cfal^idc  of  ■odium 
IThlfTJilfr  nt  mrtMriTim 
KilnUs  of  sodiDm 
KitnU  of  lilTor   . 
Sulphate  of  potossinni 
Solptuta  of  niB^Dediul 
Chlraide  of  caldnm 
.    Chloiide  of  buiom 
Chloride  of  I 
Chloride  of  cobalt 
Chkoidaof : 
lie  01 


Chloridfl  of  moo 
Chloride  of  nickel 

Nitnteufleiid 
Nitnte  of 
Sitrata  of 
Nitrate  at  copper   . 
Chloride  at  coppei 
StaimoDa  chlonde  , 
Fanoui  diloride    . 
Mracnrio  chloride 
Henmrooe  nitrate  . 
Mercnric  nitnta 
FszTte  acetate 
Acetate  of  alnmininia 
Chloride  <^  alnmimnia 
Phoaphote  of  eodiDin 
Carbonate  "f  putiirrriTiin 
otic  action  of  cubonate  of  potaaniuti  and  other  alkaline 


of  potaaniuti  and  other  alkaline  aalta  ii  interfered 
sr  bj  Uia  preaence  of  chloride  of  Bodinm,  being  reduced 
to  almost  notching  b;  an  e^nftl  proportioa  ot  th&t  lalL  The  moderate  poaitiTe  oamoaa 
of  lalphatB  of  potaeriiun  la  eonvntad  into  a  Ter;  aensible  nagatire  oanioae  bji  the 
nceaeac«  of  the  merest  traoe  of  *  Urong  acid,  vhile  the  poaitiTS  osmose  of  the  same  nit 
■B  singnlsri J  promoted  by  a  small  pK)partion  of  alkaline  carbonate:  thua,  a  I  per  sent, 
■olntion  of  aolph^  of  potaBiium  girea  an  osmose  of  21°,  bat  tba  addition  of  O'l  per 
cent.  c^carboBate  of  potassiam  raises  it  to  betveenSSl  and  204  dtgreea.  (Graham.) 
•  If  a  ^aaa  tube,  bent  in  the  fbnn  of  a  Dphon,  and  having  ita  shorter  leg  chjaed  with 
Uadder,  be  partiallj  filled  with  salt  water,  the  shorter  leg  then  immersed  in  a  nasal 
of  pun  water,  and  aerearj  poured  into  the  longer  leg,  ao  that  ita  pressure  mi^  act  in 
oppositioa  to  the  fbice  wiUi  which  the  water  t«uds  to  enter  the  saline  solatioo  through 
the  bladder,  it  will  be  fbond  that,  when  the  column  of  mercniy  attains  a  certain  heignt; 
the  two  liquids  will  mis  without  change  of  volume,  the  Ibrce  of  the  osmotic  carrent 
being  then  eiactlj  balanced  In  the  weight  of  the  mercurial  eolnmn.  In  this  way  the 
msctuuiical  force  of  the  oemotie  carrent  ma;  be  meaeured.     (Liebig.) 

Oimoae  appears  to  plaj  an  important  part  in  the  functions  of  life.  We  have  seen 
tliat  it  is  peeuliarlj  exeitad  bj  dilute  saline  solntions,  sodi  aa  the  animal  and 
vegetable  juices  are,  and  that  the  add  or  albJine  piopertj  whioh  these  juices  posses  ia 
anollier  farouiable  condition  tor  (heir  action  on  membraue.  The  natural  excitatioii 
of  oomose  in  the  substance  of  the  membranes  or  ceU-walla  diTiding  such  solutions  seema 
tfaerelbn  almost  ineritable. 

In  osmose  there  is  also  a  lemailabl;  direct  snbetitntion  of  one  of  the  great  forces  of 
natnrebjita  eqaiT&leDt  in  another  force, — the  oonTenion,  namely,  of  chemical  action 
into  meonamear power.  Viewed  in  this  light,  the  osmotic  iiuectioD  of  fluids  may, 
pmliapa,  snpplj  the  defiment  Unk  which  intervenea  between  diemical  decompoeition 
and  T™""^'  moremenL  The  ascent  of  the  aap  in  plants  appean  to  depend  upon  a 
BBulaz  oonveision  of  chemioal,  or,  at  least,  molecular  action  into  meohanical  ibrce. 
The  juices  of  plants  are  eonatantlT  permeating  tbe  coatings  of  the  snparfldal  vessels  in 
die  bans  and  other  omu;  ana  as  these  erqiorate  into  the  air,  a  freah  portion  of 
liquid  ia  abaortMid  1^  Ue  DumbraDO  and  eraporatee ;  and  thus  a  regular  upward 
current  ia  eatabliahe^  hj  which  the  sap  is  tiannbired  fh>m  the  toots  to  the  highest 

parts  of  the  tree,     ^snmilar "■' '■ ' — .i_  ..i^ ,_ .    . 

ths  skin  and  lungs  <rf  animal^  cc 
interior  towards  the  surbce. 

From  his  recent  eDwrimeots  .        „  .  =  --,  -, 

Oraham  infen  that  the  water  movement  in  osmose  is  so  affUr  ot  hydration  and  of 
ddiydration  in  tiie  substance  of  the  membrane  or  other  oolloM  eqitom,  and  that  the 
difluaioii  of  the  saline  solution  daeed  within  ths  osmometer  has  little  or  nothing  to  do 


■epta,  witli  the  solution  of  ai^  oolknd  (gun,  fbr  instance)  contained  in 

Yet  Oie  difftuion  ontwaids  ot  tlie  collord  ia  always  minnte,  and  may  so 

to  nothing.    Indeed,  an  insoloble  colloid,  such  a*  gnm-tragacanth,  placed)  in  powder 

within  the  oemomeler,  was  found  to  indicate  the  r^d  entranas  of  water,  to  convert 

""  — n  into  a  bnlky  gelatinous  hydrate.    Hen  no  outward  or  double  m '~ 


e  gum  ii 
ooble. 

"  vot.  m. 
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The  d<glM  of  hydrfttion  of  anj  g«Ial£noiiB  bo^  ii  unuih  oSbcttd  I7  tha  liquid 
medioB  in  vhieh  it  ii  plMsd.  Tlui  im  Tunr  obrion  in  fibrin  and  anioul  membnuie. 
Placed  fu  pnie  wiUir,  neh  odlolii*  arc  bjontad  to  a  higlui  d«grae  than  litej  an  in 
nndnl  n&ne  Kdntiana.  Heno*  Um  aqmUbiism  of  hTdratian  ii  diffia«nt  on  the  two 
■idee  <rf  the  mcmhnne  of  an  ooimnvts.  ^le  ont«r  waitut  of  the  membrane  being  in 
CMltact  with  pnie  wata^  t<ndt  to  hjdnte  itself  in  a  higher  degree  than  the  inner 
•nrfhee  does,  uie  latter  •orikee  being  «nppoaed  to  be  in  tontaet  inth  a  aiJine  aolntian. 
When  the  ftall  hydration  of  the  ontdr  snr&oe  extends  thiough  Ehe  thickneaa  of  the 
membrane  and  reaches  the  inner  iurboe,  it  there  reenrea  a,  cheek.  The  degree  of  l^dra- 
tioQ  is  lowered,  aod  wat«r  mnat  be  given  np  by  iha  inaar  layer  of  the  membrane,  and 
it  fcrma  the  esmoae.  The  oonlact  of  the  aaline  fluid  ii  thuB  atteuded  by  a  oontinaciiia 
eatalyaia  at  the  gslatiQoni  hydiate,  by  which  it  ia  reeolred  into  a  lower  gelatinous  hy- 
drate and  free  water.  Tha  inner  anrftee  of  the  membrane  of  the  oamometer  eontiacta 
by  contact  with  the  saline  tolntioB,  whilt  the  onter  la^oe  dilstea  by  contact  with  pure 
«ter.  Far  from  promoti]^  thia  Hparalioii  of  water,  the  diffiuioii  itftfaeaalt  thron^- 
ont  the  aabslance  of  tiia  membrane  appean  to  impede  oamoae,  by  equalisioa  tha  con- 
ation as  to  aaline  matter  of  the  membtane  QitOTig^  ita  whole  thickneaa.  The  advan- 
tage which  ctdloidal  aolationa  hare  in  inducing  osmose,  appears  to  depend  in  part  upon 
tha  low  diffiiaibili^  of  sneh  K>lIttiolll^  and  thflir  want  of  power  to  penetzate  the 
eoUotdal  aeptom. 

^e  tnbstances  flbrin,  albumin,  and  animal  membrane  swell  greatly  when  immetsed 
Id  wsler  eontainins  minTiCe  propi»tiana  of  urid  or  of  alkali,  as  la  well  known.  On  the 
other  hand,  when  the  proportion  of  add  or  alkali  ia  carried  beyond  a  point  peenliar  to 
each  snbstiuice,  contiaction  of  the  colloid  takea  place.  Sach  ooIloTda  as  haTO  been 
named,  so^mre  the  power  of  combining  with  an  increased  proportibo  of  water,  and  at 
forming  superior  gelatinona  hydiatea,  in  consequence  of  contact  with  dilate  aod  or 


oamotie 


Euma  hydiatea,  ii 

m  panmnMDt-pu)er  is  more  elongalrd  in  an  alkaL 

*-'-  10  hydntea  and  dilated,  the  coUoTds  fireeant 

illftbei 


alkaline  solution 


siUlily.  Used  m  teptt,  the^  appear  to  aasome  or  teaigu  tl 
-mder  inflnaneea  aniarenllf  tne  most  fsebla.  It  ia  not  attempt 
hydration  of  oollolda  with  the  oamotdo  eflfeeti  thenoe  arimng. 


prerailing  changes  in  compoeiljm 


lam,  Phil.  Tnuia.  18S1,  p.  373; 


.  .  ,  _. .  t«rm  is  applied  to  the  passage  of  liqnids  through  eqiiilarr 
tubes  under  preinr^  In  acoordance  with  theanal(wy<a(pseoual3ani[aration^{L  820). 
"^     '    ■  -     d  Qig  (abaeot  were  made  bj  Poiaeuille,  who  determined  tlu) 


B  preasuTS,  and  to  the  length 


int  glass  butt^  A  (jfy.  71S),  aboot  two-thiids  of  an  inch  in  diuuctrr,  hanng  a  otpa- 
_.    t__  ,  .   „  .        ,,  -' "4  daastnb*,  witha  boroofabout  2BuIli- 

latch  0  ia  mads  npon  the  glass  tuba  above. 


city  dr  from  1  to  S  e.  c,  blowu  upon  a  thick  g 


^    .  led  to  Uie  carved 

aziiemitj  of  the  tube.  Tha  bulb  and  aapillai7  are  im- 
mersed in  a  vessel  at  water  dnringthe  espaunant,  to 
aeeoie  uniformitr  of  temperature.  Tht  tcaw  enmloyed 
to  impel  the  liquid  through  ijia  capillaiy  1*  obtained  Enim 
compressed  air  contaiiied  in  a  Isi^  reservoir  provided 
with  a  mweurial  gauge.    The  time  is  noted  in  se«onda. 

The  liquid  ai^  be  introdoMd  into  the  bolb  thmuf^ 
the  qien  np^  tube  bj  mean*  of  a  tab»-ltannd ;  bnt  it  la 
more  convuuent,  althongli  reqairing  a  mndi  loiigaF  time, 
to  SU  the  bulb  I^  aspiration  utouah  the  ca^Uar;.  With 
this  view,  the  comyesasd  air  is  shut  offbj  a  stop-cock, 
and  the  uf^er  tnbe  of  the  balb  allowed  to  communicate 
with  the  receiver  of  an  wr-pump  inatnad,  whereby  ez- 
hansSon  b  modneed,  wfails  the  open  end  of  ths  eapillaiy  ia  inmened  in  a  portaoa  of 
tha  liquid.    The  li^ud  wbidi  enlsn  the  bqlb  in  this  inaBiNt  is  sdm  to  be  free  from 
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manto^  tor  tl)e  pnipose  of  flllio^  tha  fanner,  ia  aim  smided. 
ftom  tltB  axpaimenlB  of  PoiMoille  it  appcan  Oiat  when  ■  tabs  ezcM^  ■  certain 


ie  of  afflux  ii  ngDlat«d  bj 


Rn  tM  oxpgimwrta  of  Poi« 
lengtt  (irkich  u  gnatar  aa  tke  di 
Um  foUowing  UvBi — 

1.  The  flow  iaoKBaei  diraotlj  aa  the  pranm. 

S.  Vntb  tnlica  ^«qiial  diameter,  the  qoantitiea  diachaiged  in  eqnal  liinsa  an  in- 
ntwh  a»  tha  kpgtha. 

3.  Intabeaof  aqnal  lengSi,  hot  diflignmt  dUaieten,  therataof  rfhniaaithefbnitli 
poven  of  the  diaineten. 

The  matoial  of  which  the  tabe  ia  made  dooinot  t^peaf  to  inflaence  the  ranilt,hut 
the  natme  of  the  liqnid  emplo^  ezoeiaea  •  mattod  rKrt.  The  liquids  oscd  in 
Poiaenille'i  BTwirimenta  vets  in  moat  oweg  •qneou  (olationi  of  Tariona  bodita, 
eapaeiallj  <rf  aalta.  In  the  Bajoritf  at  '""t^'wti  At  flow  of  ihe  aalDtkni  waa  dower 
than  that  of  diatillednfar.  AU  the  alkaUa  ooeaaioned  tUt  reUitdstkni.  In  atvw  iii- 
■U"*— 1  DO  senaibh  alteration  was  prodneed ;  tfana  neither  nitrate  of  lilrer,  mercuric 
chloride  isdide  of  Bodion^  iodide  of  nan,  nitric^  hjdfiadu^  httinuA  nor  hTdrobroioic  acid 
■ecaud  to  have  anj  tnflii»»»,  whilit  nilphydne  and  pmaaie  aeidi,  the  nimtta  sad 
dloridea  of  potaaiiiim  and  ammoninni,  and  Uie  iodide,  biooxidB,  and  cyanide  of  potaa- 
aiiun,  inizMHd  the  npiditj  of  the  flow ;  it  ii  ramaikable,  however,  that  eoneentnted 
■oIbUoiu  irf  iodide  of  poturiam,  at  temperataree  above  60^,  and  of  nitrate  of  potaaaiuu 
abore  40°,  aotnallT  flow  more  slowlj  than  distilled  water.  Stiict  attention  to  the  tern* 
psatoia  at  which  theae  eompariBOna  am  nude  ia  abaolutel;  oeceuoi; ;  forbothwitk 
Watsr  and  with  dilate  aalntiaDa  gentrtilj,  a  alight  elemtion  of  temperatiue  [oodiioea  a 
new  inctaaae  in  the  rapidly  of  efflux.  Watei,  foi  inataoce,  at  46°  escapee  thnragh 
the  aaiw  tnbe  aj  timea  aa  IM  aa  it  doea  at  S°. 

No  eooneetiiHi  haa  hitherto  ba<o  tzaeed  between  tha  rote  of  efflnx  of  a  liqnid  and  ita 

nntj,  cafollaiit;,  or  finiditj.    The  capillarity  of  alcohol,  aa  well  as  ite  denailT,  in- 
d  with  water,  nhilst  ita  flniditj  diminiahea;  hut  a 


linDrqwrtii 
re  of  eqnal  p 


nuxtare  of  emial  parte  of  akobol  and  water  flowa  ont  with  eonaidOTablv  leaa  than  half 
the  nifadilj  cc  pnre  alcohol,  and  with  leaa  than  a  third  of  that'of  diatilled  mItT,  The 
Hilntinn  of  aloohol  thatfbre,  to  a  gmt  extoit,  retarda  ita  efflnx,  and  bejond  that  prant 
inereaaea  it:  tha  ■"'"""""■  nteof  efflnx  ecoKaponda  with  that  paiticolaz  mixture  of 
aleoholandwatM,  which  ii  attended  irith  the mMimnmoonteaetion  after  the  admixture 
of  the  two  liqoida. 

Thedsneeof  aolnbili^of  sbodjin  wats  mean  to  rxerdae  bat  a  SAMOtlaiT  influ' 
ence  on  the  neolt.  PmaeBiUe  ahowi  it  to  be  nighlj  prabaUe  that  tinoM  KrintioD^ 
whco  inbodoeed  into  the  bhiod  of  a  liTins  anim^  provided  thej  do  not  eauae  tb» 
aenun  to  ooagnlat^  Drodoce  effaeta  of  aecJoation  and  ntaidatioa  on  the  eapillai:^  nc 
eolation  oom^xmding  with  those  which  are  ohearved  in  the  Mne  liqnida  in  emlUty 
tnbeaof  gjhia.  He  1m«  ahown  tbia  to  be  thecaae,  bj  direct  expcrimott,  with  iodide  Mt 
potaaaian  whan  iigeeted  into  the  veina  of  the  hocM ;  and  that  when  variona  aalta  are 
mingled  with  tha  •ertim,  and  the  liqnida  are  altowad  to  flow  oqt  throvdi  a 
retturdatioD  or  accelentdon  occnra,  oa  in  the  eoneaponding  ea»ea,  «i^  th< 
Bolutiona. 

^le  following  tablea  contain  tha  numerical  naulla  of  Pcweuillfl'a  experimenta. 

The  aalta  an  anu^ed  aeeotding  to  tha  adda,  which  appear  to  have  the  graateet 
influence  on  the  rate  rf  efflnx  The  tetten  d,S,C,  &&,  designate  the  tubes  emplajed. 
L  ia  Uks  length,  I)  the  diunater  of  the  tnbe,  H  the  picvran,  measured  b;  a  oolnmn  of 
water  inmiunetna,  T  the  tempciatDra  (aentigrade\^3I  the  quantity  of  aubatance  in 
100  pts.  of  wafct,  S  tha  time  of  efflux  in  leoonds.  The  fignrea  pinted  in  the  thicker 
^p«  falPte  the  tma  of  efflnx  of  pore  water  in  eai^  case. 


i  their  aqneona 


«(«o/iiiyii»ftift»y4  0»(»*««ryn<&'*    (PoUeni 

le.) 

^  1 . 1 .. 

••'— 

..1.1 

B.    L 

-t4;D-0-34S4«;  H  -  1000  ; 

B.    L.  84;  D-0'24St8;  a-1000; 

T  -  ll-fl". 

T  -11 « 

1 

Iodide 

•fpotasrinm   . 

0 
01 

687-e 

Iodide  of  potaiahun    .. 

100 
20-0 

530-4 
506-T 

I 

I            ■ 

0-2 
0-4 

M67 
686-6 

lodi^ofao^lmi 

50-0 
0 

sa 

0-8 

688-6 

0-4 

tee^ 

» 

» 

a-0 

6676 

■■            «     ■        ■ 

2-0 

MO-8 
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IhmiifLtjuitU  tluvi^h  axillary  7\ti«*— omtiiiaecL 


Zedidr  of  wdinai 


Bromide  of  potannm 


670-0 
6771 
f66-S 

8687 
668-3 
e«8'6 
606-8 


0 

0-1 

0-a 

0-* 

1-0 

10-0 

ao-o 

otKMliDia 

10-0 

1-0 

ro 

ofmignadTiin 

1-0 

•I 

0.    L—  37;  D  —  OieiaS;  H - I370-S; 


Nibsto  of  nlTer . 


I   74I'S 

740^ 

I   741-0 


B.     H-IOOO; 
'CUacide  af  potusiam 


Heccwic  cUonde 


an-  1000;  T 
Hjdiochlonta  of  mor- 


I    fi76-8 

580-8 

I   600-0 


T  .  la-T". 

Cjfsnide  of  potasdiL 


I    SSiH) 

661-8 

648-8 


T-ll-2°. 
Snlplute  of  potaninm      i-( 


fi7B-S 
67S-9 
692-1 


PhosphUe  (^potaaBinm 


ArsenaU  of  potaannm 
a,  ofaodinm  . 
i/M  carixnitte  of  am- 
AAd  «arboaat«  of  po- 
Add  carbonate  of  ao- 
Carbooate    of   unioo- 

Cartenate  of  potaannm 
n         of  Eodium   . 


6764 
SS3'3 

600-8 
688-0 
617-3 
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LIQUIDS,  TRANSPntATION  OF. 


Flow  ofLbpdtU  throt^k  Capillary  7\iiM— Mntinnad. 


Oukta  of  poUniiim  . 


B.    H-868;  T-Ul". 
AcetatooflMd   .        ■W'O 


B.    H^lOOOi  T-ll-fQ. 


I  I  ' 

.)   3-0    I   I 


I  S75'l 
681-2 
6M-T 


J., 


3.    H-IOOO;  T-ll'9°. 


Hjdrats  (tfpotanii 
„      of  sodiom 

CoilOHItl«t«d 


Hjdriodie  acid 


T  -  11-8' 
!d  iodia  acid  . 


3-4  1    fiTS-6 


E.    L-S7;  D-0-1SI6;  H-3012-3; 


.|»..1J 


r.    L.  TO;  D -0-307;  H-2fta9-4; 


J:    H  -  1000;  T- 11-0°. 


iS9-7 
671-4 
M9-S 
670-S 


Cubonie  acid 
Artifldal  Salter  w. 


Concntt.  snlphnttc  tcid 
Solid  tartaric  add 
Senun  of  oz-blood 
Madcdia  wine 
SpaiUing  9iUei7 


trya 

677-8 
678-6 
SSl'8 
tSM-S 
680-6 
684 '3 
682-0 

teo-6 

836-T 
682-8 
SOS-9 
S86-6 
SSS'i 
1816-0 
086-0 
883-1 
6868 
6180 
B78-fl 

680-8 
1460-6 

soil 

1048-6 
1134-1 
I46Z-8 
tSSl'O 


It  is  mnatktd  b;  Onham  that  tha  flow  of  a  liquid  u  greatljr  tetaided  bj  the  pi 
eeDcv  of  amuH  quaoti^  of  a  wlnbla  ooll^;  lo  much  ao  that  the  traiupisalioD  tn 
may  be  tui«l  •«  a  collndoBrope.  The  tmu^rabilit;  of  diffeiait  ialli  'W"  al 
genenD;  to  f<dlow  their  ratio  of  difRisibilitT  in  mtei. 

TheiwlaCed  fact  diacoTered  h;  Foiseaills  that  aaueoaa  alcohol  haa  »  point 
nazimnni  relaidation,  coincident  with  the  degree  of  dilation  at  vhicb  the  paatMt  M 
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LIQUOBICB  — LIBOCONITE. 


d  liqnidi  ooeon, — which  dcgrM  of  dilntioD  eontroondi  with  tlia 
haa  boD  nuds  bj  Oiahsm  fw  BUitiiig-poiiit  M  tn  iiwoiUiit 
OD  tha  nlaCion  betvmn  capillBir  trasBpmitioi)  and  ^amieal 


densatioa  of  the  mixed  li 

hydnUk  CH*0.3H'0,  hu'bi 

nriea  of  axpsrimmti  od  tha  nlaCion  ^wtvmn  capiUaiT  trasBpinu 

compoBitioa.    The  3-»lom  bTdreU  of  matbjlic  Hteohol,  CH*OJH*0,  thon^  not 

diningiiuhed  by  uij  puticDlar  degree  of  condeiiaMion  ia  Toluna,  ashibito  >  paeAiari^ 

inita  tnnapindonrate^ambr  to  tbatofdilntoetlijUealeahoL  Aahydiatedaeida 

alao,  in  many  caws,  mhihit  ■  ahanateriatio  retmriatjon  of  ttanafaiatinn  at  ap   " 

degree  of  hydntioo.    In  h^dtitad  attbcUnee*  geiumU]',  the  extent  to  irtuohb 

" —  --  -'"—•-d  by  aaDesation  of  T8t«r,  it  ti;  no  nMua  in  pnuntian  to  the  inti.^u  » 

^ Id  inlphiirie  ftcid,  tat  inatueeL  the  mammmn  tmuf^tioo-tinM 

t  with  tlw  hj4tUeH«0*.H*0;  ia  fteetio  acid,  with  the  compoimdC'H'O'^'O; 

of  nitric  acid  with  23S0».SBK>;  and  with  alaohol,  aa  abore  obaiTTed,  with  the 
hjdnte  CffO^H'O,  "Bia  tnnanntiaii-tjmea  of  these  hjdntn  an  nren,  anonsBt 
other  tttaii*,  in  the  fallowing  taUis  in  wUchthe  tiam^intion-tlma  of  vUec  U  the 
aame  tanpentnieia  taka>«*  the  nnit  of  wnparfeon: 


(flrahan 

i.) 

Cwold  (-Aloud). 

TKSI 

»ir 

ISiXX 

Water.       .       . 

l-OOOO 

HethTtie  alcdud . 
Bthjlic  kloohol    . 

CH* 

0-63OO 

+  >H«0 

I'soai 

CH^ 

i-iaco 

+  JBTO 

S-T683 

Wliokkofaol    . 

iyH"0 

3-M90 

Folate  of  ethjl. 
AeetAterfet^  . 

(WO-      . 

0-eiio 

CHM*      , 

0-M80 

Bn^nte  of  ethyl . 

C^«0«      . 

O'Tdoo 

Valerate  of  ethyl. 

C?H"0'      . 

0-827O 

Aaedeacid.        . 

Cm'O' 

lasoi 

+     HK) 

27400 

Botycioadd    .     . 

craK)» 

1-6850 

+     HH) 

3-2790 

Talarianie  acid    . 

CH"0»     . 

21SB0 

*■     HS) 

S'SSSO 

Nitrieadd.        . 

HHO- 

0-S8BB 

+    |HV) 

2I0M 

Sulphuric  add      . 

BHH>* 

31-4514 

+  ■h»o 

S8-TT06 

Acetone       . 

CH'O 

04010 

+   6H«0 

1-6040 

On  compoiinK  tlia  tranniintion-tiBe*  at  the  tereral  aloohola,  ethen,  and  adda  in 
thie  table,  it  will  be  aeen  thal^  ao  br  aa  (heee  obaamtioni  extend,  the  order  of  iiiima 
aioo  of  indiiidnal  lubstancea  in  any  hanMlagoai  acriea  ii  indicated  by  theii  disree  at 
banapiiabili^  aa  cleariy  aa  by  their  oompintiTa  ToUtility,  the  heavieat  moTeculea 
haTing  the  doweat  nte  of  rfBux.  It  mayahn  ba  obaerred  that  tha  tranquntioD  rata 
of  as  add  w  akwer  than  that  of  an  ether  with  whidi  it  ia  matameric ;  bn^ric  add,  tlw 
axaopU,  ii  Blown  than  acetate  of  ethyL 

ftMimnuoa.    See  OtTonaanor  (a  930). 

Mm  A.  neutral  mbaCance,  flTi«fin^  according  to  Emmet,  in  th^ 
B  (Liriodmdron  ttdi^era).  It  la  obtaincdby  exhanstiiig  tha 
eeutiBting  to  one-fifth,  wnabins  tJie  Imram  mbatanea  iriiich 
•miatea  with  weak  potaib,  and  erntalliaing  from  boiling  dilute  alcohol  It  crya- 
taUiaes  in  icalaa  cr  in  radiating  nee>£n.  It  la  bitta,  malt*  at  83°,  ia  putly  TolatOa, 
aparinj^  aoloble  in  water,  leij  aolnble  in  akohol  and  etfaar.  It  ia  decompoMd  l^ 
atKAg  hydrodiliffia  or  aulphnno  add,  the  lattei  conTarCing  it  into  a  brown  leain. 
Iodine  fldonia  it  yellow. 

■MW<JO»X*».  OctaitdnA  Annutt  of  Copptr,  dkaleopkuilt,  Zmanurs.— 
Thia  mineral  occnre  in  trim«trio  rayatal^  exhibiting  the  combinaliciQ  a>P  .  Pa ,  occa- 
■ionally  an  inch  in  diameter,  bu  uanally  minute.  Aiude  vP :  oP  ~  119°  20' ; 
F<B  :Fgo-73°33'.  Cleavage  tatwal,  bnt  obtaineil  with  (GflLenlty.  Itai«ly  gnnnlar! 
Hvdnaia  —  2  to  2'j.  Specific  gnntr  ~  2-882  ti>  2-986.  Lnatre  ribeona,  tiHipttig  to 
teainom.  CtHota  and  abeak  tky-tuae.  Ftactora  impaifectly  emdK^dal,  nneren. 
ImjMftetly  aectJle. 

wben  heated  it  tnnia  green  and  b^liu  to  glow,  then  beoomins  dark  brcFwn.  On 
ehaiDoal  bdbra  the  blow-pipe  it  mdta  slowly,  and  ftmna  ■  red  brittJe  bcwl ;  when 
reduced  with  carbonate  i^  aodiom,  it  yields  white  acales  of  aTsatude  of  copper 
(Damonr).    It  ia  completely  diaaolved  1^  adda,  and  eren  by  ammonia. 

The  fbllowing  are  analyses  of  liroeontte  6om  Cornwall ;  o.  by  Harmann  (J.  0. 
Chem.  ixxiii.  396)— A.  by  Damour  (Ann.  Ch.  Phya.  [31  xiii  401>— «;  by  Tcolle 
Waehtmeiater(KoDeL  Vet.  Acad.  ForhandL  1832,  p.  80);  — 
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AiK*  FW*  Ob>0  AhO*  B^> 

a.  23-00  8-78  86-88  10-86  3fi-Cl  m  86-03 

b.  33-40  3-31  37-10  1009  i6-*t  ~  98-tT 
e.       33-14  268  86-10  8-94  U-T8  m  lOtMO 

nun  lemltB  naj  be  lepRmntcd  bj  th«  ftdlowing  IbniialB; 

a.    (4Al'0'J»0').3(K!q'O.A«W).48HH) 

4.    (tAlK)'JW).4(6OBK)jU'O').a0HKJ 

*.    (4Al*O'JK)').S(SCa'0ii^>'S.7aH^) 

liraeoniM  oeeon;  wftbnuiowcnaof  oappm,  pjtitMi  aodqoActe,  at  HaelOoriand 

and  Hasl  Dni^,  ia  Oom«>U;  ■lMinniiDiitaci7>i»l«ftt  HaanipBiidiaHQiign7,Biid 

in  Toigtland.    (Daai,  iL  429.) 

SfD.  with  Hi^TT  8put. 
Atomic  wtigkt  7,  ^mio^  I'- — Litliit,  1))«  aide  of  tU*  molal,  m* 
ic«d  bf  AifvailMn  in  1817.    It  was  flat  obtained  from  patalila  (rilieata  of  abi- 
ft  vA  lithiun),  in  vhich  it  sxiati  to  tiMBnioiint  of  A  par  cent,;  ft  «—'-*-  -*-" 

•  (3-6  par  M 
itaooma  of  Hi 
W.A.  Millar  (£awr<(  (i/''(k  JIn2(ii.^ui>oui«(OK,  ISeJ).   In  smaller  qaaoti^M  it 


latdj  datectad  it  in  tiie  mMa»it«  of  JnTonaa  in  Fnnce,  and  in  tint  of  Pamallee  in 
South  Hindoatan  (Ann.  Ch.  Phacu.  cix.  2$S),  and  Bng«lbsah  hw  fonnd  it  b  tho 
matorita  of  the  Cape.    (Pogg.  Ann.  czvL  £12.) 

Brandaa  (Sdumr'B  Ahh»1ati  viiL  120}  atatad  that  a  white  eoaboatible  meUl  b 
obtained  from  lithia  hj  tha  action  of  tile  eladzio  enrrea^  but  metallic  litbioni  waa 
flnt  obtainedinddliiitelbrmbj£nnBaii(Pogg.  AjULxdv.  107).    Ths  pmceaa  i«  B* 

Fan  ohkaide  of  lithium  ia  ftued  otn  a  apiiit-lamp  in  «  nnall  poteelain  en)cibl<% 
and  deeompoaed  \rf  a  anc-caibon  battta;  of  4  to  6  ceUa.  The  positiTe  pole  ii  a  nnAll 
aplintcr  of  gaa  ookc  (the  hard  caibon  drpoaited  in  Raa-ntorls),  and  the  n^stiTe  pole 
an  iron  win  aboot  lAe  thidawta  of  a  lutittiDg-needla.  Ait«r  a  few  Mcondo,  a  amall 
nlvei-whila  rcgolaa  ia  formed  under  the  ftued  chloride,  totmd  the  iron  win  and 
adhering  to  it,  and  after  two  or  three  minntM  attAiua  the  fdu  of  a  imall  pea.  To 
obtain  tEie  metal,  the  wire  pole  and  ngnlna  am  lifted  ont  of  the  fnaod  maae,  by  a  atDBlL 
flat,  KpooD.*haiwd  imn  ipatnl*.  Tha  wire  maj  than  be  withdrawn  fttim  the  atill  malted 
meul,  which  la  prateeted  bom  oxidation  br  a  coating  of  chloride  of  lithium.  The  metal 
now  be  eaailTremored  from  the  apatnla  with  a  pan- ■—'-■'■ 
ff  tock-oiL  Theae  opentiona  may-  be  repeated  ere 
»  of  tha  chloride  maj  be  reduced  in  a  rery  ahcst  ti 

lathiom,  <ai  K  biahly-cnt  (nrfoe^  haa  the  colnni  of  ailver,  bat  qnicklj  tamlahea  on 
sapoanre  to  the  air,bMoniing  alightljr  jellow.  Itmelta  at  180°,  and  if  prcaaed  at  that 
temperature  between  two  glasa  platea,  axMbila  the  coknn  and  brifhtnfiaa  of  poliahed 
(ilrer.  It  ia  harder  than  poCasdnm  or  aodinmi  but  aoftar  than  load,  and  maj,  Uke  that 
metal,  be  di&wn  ont  into  wire.  It  tean  modi  more  eaatl;  than  a  lead  wits  of  the  aatoe 
dimeoBiona.  It  ma;  be  wedded  byimaeuie  at  ordinaiy  temparatnrea.  It  6o*U  on 
tock-oiL  and  ia  the  li^teet  of  all  known  aolida,  ita  apadBc  gravUr  being  O'SSH — 
0-S78.  (Bnnaen.) 

IJIhinm  ia  much  lea  oxidable  than  potaadoni  or  aodinm.'  It  makes  a  lead-grnj 
-* — *■  ID  paper.     It  ignite*  at  a  temperstiire  much  higher  than  ita  melting  poin^ 


■nlphnr.  When  thrown  on  watn',  it  oiidiaaa,  but  does  sot  fbae  like  eodjum.  Nitrie  acid 
acts  on  it  an  Tiolestlj  that  it  melts  and  often  takes  Are.  Strong  sulphuric  add  attada  it 
alowl; ;  dilute  sulphuric  add  and  hTdrochloric  add  quickly.  Sihea,  glass,  and  porce- 
lain are  attiicked  by  lithinm  at  temperaHma  below  200°.  (Bnosen,  Ann.  Ch. 
Fhsrm.  zdr.  107.) 

UiTMIUBfa  CPSXAKim  €W>  LiCl.  Produced  when  lithium  bums  in  chlorina 
gas ;  also  bj  duaolTing  lithia  or  eaibonate  of  Lthium  in  hjdiochlorio  add.  By  erapo- 
rating  the  aqneoos  solution  at  temperaturea  abore  \6SP,  oc  an  alcoholic  aolntion  OTar 
sulphnrie  acid,  the  anhydrous  chloride  ia  obtained  in  onbes  hanng  the  taste  of  common 
salt(C.  Qmelin).  According  to  Tioost,  it  arstallise*  in  regular  octahedrons.  Aoooiding 
to  H.  Bose,  it  ia  more  Tolatile  than  chloride  of  potaesinm,  lesa  Tolstile  than  chloride 


In  open  Teasels  it  Tolalilisea  eren  below  ft  red  heat,  uid  ia  partial^  cos- 
nrtad  Into  cncboaate> 
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Tha  Itt/draUd  ehloridt,  LiC1.H*0  •ooording  to  B«inm«)ib«g,  liCLSH^  Mcoidli^ 
to  Hemunn  and  Trooat,  is  fonued  wiun  the  anbjdroiu  diloTide  ddiqanaces  in  the  ur, 
or  when  Uie  squeoai  •otntioa  u  eraporated  at  ■  nther  loir  tempentiire  (btlov  IO°X 
and  njntnniniK  in  large  nctangnlar  piinni  Tith  fbnr-aided  summlM  notina  on  Uu 
lateral  adgea :  it  !•  pioMld;  iaomorpluHii  with  hjdralcd  chloride  of  Mdiom.  Bj  rajiid 
arltallinitioti,  it  tern  needles  grouped  in  feathery  tafta  like  sal-ammoniao 
(Hermann).  Both  the  anhjdnHU  and  toe  hjdimted  chl<^ide  deliqoeace  rapidlj  in  the 
air,  and  diatolte  Tet^  readilj  in  water  and  in  alcohol.    (C  Gmelin.) 

(ifdryioay.— Idthinm  aalta  aM  irhite,  (seating  thoae  which  containaooloaradacid, 
tndi  aa  duxnme  acid.  Thej  an  moi«  i«dil;  fludble  than  the  oomaponding  aalta  id 
petaadmn  and  ■odium,  and  are  permanetit  in  the  Bra,  if  the  add  ia  not  too  TolatUe  or 
eaiil;  deoompDied.  Fused  with  earbonata  of  lodivm  on  plutinum  foil,  they  caiue 
a  dan  vellow  stain  ronnd  the  cirenmfeiBnoe,  whilst  carbonate  of  lodinm  by  itwlf  pro- 
dooeetliis  fXKt  to  a  mncli  amoller  degree  onl;  (Berieliae).  Fnsed  on  pUlinnnt 
wire  the;  oolonr  the  blowpipe  flame  carmine-red.  An  eiceea  of  a  potawinni-aalt  doea 
not  interiere  with  the  productioii  of  thia  colour,  but  the  presence  of  a  small  qoantity 
if  aoda^Tes  rise  to  the  yellow  flame  (H.  Roae).  Alcohol,  in  idiich  a  salt  oflithiam 
u  dlssDlTed  or  difhued  in  the  state  of  fine  powder,  also  bmna  with  a  caimine-red 
llama  (C.  9m«ltn).  The  same  occurs  also  with  paper  saturated  witli  a  solntioB 
of  a  salt  of  lithium,  or  the  wick  of  a  taper  saturated  with  moistened  jAospIiata  or  ace- 
tate of  lithinm  (Turner,  Ed.  PhiL  J.  of  So.  iL  267;  ir.  118).  By  mean  of  the 
•pectioseope,  the  occunence  of  vnn  nisute  traces  of  litliium  may  be  detected,  by  a 
brilliant  ciimson  band,  having  a  re&Hngibility  betwMn  those  of  the  lines  B  and  C  of  the 
solar  spectrum,  and  a.  Sunt  yellow  baod  samswlisl  leas  re&angible  than  the  line  D.  In 
these  two  lineg  the  whole  ligjlt  of  the  lithium  snednun  is  contained,  when  Itormed  bj 
the  ns-Rame  of  a  BuoHn's  burner.  At  very  high  (emperstum^  bowr?n,  iodl  as  that 
of  a  hydn^ea-flsme,  a  blue  line  also  makes  its  appeannce. 

2.Reaetiont  in  aolutiort.—AH  salu  of  hUiinm  an  solaUe  in  v*t<r;  but  the 
carbnnste  and  phosph&lB,  and  the  double  phosphate  of  lithium  and  so^om  an  but 
slightly  salable.  Hence  the  other  salts  of  lithium,  when  Cot  dissidTtd  in  too  modi 
water,  yield  difficullly  solubla  precipifatea  with  carbanaU  of  ammowAlM,  jwtatriMi,  «f 
todium,  and  with  phoiphate  o/todiuni.  Carionatt  of  sodium  predpitatss  the  salts  of 
lithium  after  some  timeonly.  Common  ditodin phot^hitit  iota  wA,  pndfiiMt»  tbmain 
the  cold,  eTcn  after  a  long  time,  except  on  the  addition  of  ammonia,  whidi  gradnaUy 
gives  rise  to  an  abtmdant  precipitate.    But  a  mixture  of  a  salt  of  li^nm  with  limo- 

Ehate  of  sodium  becomes  turbid  by  boiling  or  BT^xiratioti,  and  the  diy  residue,  on 
eiuB  treated  with  water,  leavee  the  difHcultJy  soluble  phosphate  of  lithium  and  sodium. 
Phoiphate  ofpotaeinum  givea  no  precipitate,  even  on  boiling  or  ersporatiou  ;  but  on 
the  addition  of  ananoTiia,  an  abuudant  predratate  after  some  time  (S.  Rose).  S]/- 
drqfiuoiilide  acid  throws  down  from  salts  ot  litTi™m  tlie  almost  insduble  fluoride  of 
sUicium  and  lithinm  (Be  r  sell  us),  and  purio  dni^  predpitata  pierata  of  lithinm  (H. 
Boss).  Solntions  of  lithium-salts,  even  when  coneenlrated,  are  not  precipitated  bj 
perchloric  acid,  sulphate  of  alnmininm,  dichlorids  of  plarinnm,  oxalic  add,  or  tartane 

Aso 

an  almost  insoluble  white  powder,  contains  lithia.     (Berielins.) 

8.  QuaniitativaSitimationand Separation, — Lithium,  aftar semration fron 
other  metals,  may  be  estimated  as  carbonate,  sulphate,  or  chloride.  The  hydrate  and  Iha 
cnsanic  salts  of  Uthium  are  converted  into  carbonate,  Li'CO',  when  igmtsd  in  CMltaet 
with  the  UT.  All  lithium-salta  aontaining  volatile  acids,  may  be  converted  into  sul- 
phate by  heating  them  with  sulphuric  add:  the  excess  of  add  may  be  expelled  by 
simple  Ignition,  without  addition  of  carbonate  of  ammonia,  because  lithium  does  not 
torra  an  odd  sulphate.  The  chloride  is  not  so  well  adapted  for  qoantitative  estimation 
as  the  sulphate,  on  account  of  its  hjvroscopic  qoalilin  ;  but  as  lithium  is  generally 
obtained  sa  ddorida,  in  the  process  of  separating  it  from  sodium,  it  is  conreniant  to 
estimate  it  directly  in  this  form :  it  must  be  ignited  in  a  well-eovemd  crocibl^  and 
weighed  immediatr^  after  cooling. 

Lithinm  may  also  be  estimated  ss  phosphate,  liTO*,  by  evaporating  the  solutiim  of 
a  lithium-sah  with  phosphate  of  sodium,  adding  a  quantity  of  hydrate  or  carbonate  of 


with  phosphate  of  sodium,  adding  a  (quantity  of  hydrate  or  carbonate  of 

'  *    '         '^la  liquid  alkaline ;  digesting  the  residue  with  ammcou^ 

with  a  mixture  of  equal  voumes  of  water  and  ammcmia, 


xctiii.  193;  Jahtesb.  lS6i,  p.  739).    Acc(ading  to  Kammelaberg  (Pogg.  i 
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441;  Jfthnsb.  lS57,p.  111),BolntioDsof  UtliiamtieatsdvitlipIu)«pIiats«i]di»rboit>ta 
cf  Bodiam  jield  aalta  of  tha  form  IPPO',  contuuing  varuble  qiuntitiaa  of  Uttiinm  und 
sodinin  -,  bnt  Freaenica  (Zeitechr.  Annal  Cbem.  i.  12)  flnda  that  the  predpiCate  ob- 
tained u  above  alnjB  luia  the  composition  Li'FO',  uid,  Moordinglj,  that  Mayei'a 
jaocBKB  ia  cnpable  of  yielding  comet  leanlta. 

lithium  is  separated  from  the  earth -me  tain  and  heaTT  n 

tDHDDar  aa  tlie  othsr  alkalis,  nsmelj,  hj  snlDhydric  add,  m^hi 

ciutioiut«  of  anuooninm,  &c    From  potsBsinm  it  ma;  be  «eparated  by  dichloride  of 


IT  aa  tlie  othsr  alkalis,  nsmelj,  bf  snlDhydric  add,  m^hide  of 
late  of  ammoninm,  &c    From  potsBsinm  it  ma;  be  «eparated  b 
ftatinum,  which  precipitatefl  potaaainm,  but  not  lithium  ;  and  bom  aodium,  bj 


fev  dam  diisolvea  the  chloride  of  lithium,  and  lesvaa  the  chloride  of  sodiom. 

A^  DDwenr,  this  Wt  proceaa  is  Bomewbat  tedioos,  and  is  apt  to  be  rendered  iacxact 
by  the  presenco  of  moiatupe,  Bun  sen  (Ann.  Ch.  PhartQ.  cuii.  348)  recommends  the 
£dloiriiig  indirect  method  of  estimating  lithium,  wheu  it  eiisla  in  the  state  of  miztun 
tr  oombiDatioD  irith  other  alkali-met^.     The  anhydrous  mixture  of  the  ehloridee  of 


•TBpnsting  this  aolQlion  ia  asaiu  treuted  ii 
residue  of  thia  extract  is  ignited  and  veigl 


i  and  veighed.  It  is  then  dissolved  in  yn.ta\  tlia 
if  chlonue  is  determined  by  precipitation  with  nitrate  of  ailTer ;  the 
flltrate  ia  then  freed  from  excess  of  silver  by  bydrochloric  add,  and  the  potassium  con- 
tained in  it  is  precipitated  by  cblortde  of  platinum.  The  qnantify  of  chloride  of  potaB- 
■ium  thos  determined  gives,  vben  deducted  from  the  lotsl  veignt  of  the  chtorideo,  s 
remainder  A  =  i  chloride  of  lithium  +  y  eUorida  of  sodium ;  and  the  quantity  of 
chlorideof  silver  equivalent  to  the  koovn  qnautitj  of  chloride  of  potasdum,  givea^irtien 
deducted  from  the  total  weight  of  the  chltnide  of  silver,  a  weight  B,  whence  ths  qnan- 
titj  of  chloride  of  lithinia  i«  calculated  b;  the  formula — 

f-l'0323B— 2'ft52SA. 

U.  AtotAia  vtigkt  of  Liliium.  The  earlier  determinations  of  this  number  by 
Arfredaon,  Tanquelin,  C.  O.  Qmelin,  and  Kralovanaky,  were  much  too  high,  having 
been  mnde  with  Utbinin-Hiila  contiuiing  sodium.  Hermann,  Benelius,  and  Hagen, 
ppepnvd  Gnbonate  of  lithium  free  from  sodium  by  precipitation  with  carbonate  of 
■mmonium,  and  converted  it  iltte  Eulpiiate,  which  was  then  analysed  by  preeipitatioD 
with  baryta.  In  this  mancer  fienelias  obtained  the  number  6'5.  The  numbers  ob- 
tained by  Hermaun  and  Hagen  were  lower,  and  even  that  of  Beizelinahaa  been  shown 
by  aubee^nent  eipsrimenta  to  be  too  low,  the  error  probably  ariaing  from  partial 
decomposition  of  the  carbonate  of  lithium  during  fhsion. 

Mallet  (SilL  Am,  J.  xxii.  349),  by  decomposing  chloride  of  lithinm  with  nitrate 
of  silver,  obtained  the  numbers  6-92  and  690.  Diehl  [Ann.  Ch,  Fhirm.  eziL  S3), 
bj  the  analysis  of  carbonate  of  lithium,  the  purity  of  which  had  been  tested  b^ 
spectral  anal}«is,it>niid  the  atomic  weight  of  the  metal— T'OSS.  Trooat  (iiui.  cxiiii. 
3S4),  by  deoompoinng  the  pure  carbonate  with  ailicie  add,  obtained  t^a  number  7'^  ; 
the  anuysis  of  the  chloride  gave  the  same  result ;  and  the  decomposition  of  the  car- 
bonate by  aulphuric  add  pdded  the  number  706.  From  all  these  results,  the  num- 
ber 7  is  adopted  as  the  true  atomic  weight  of  lithinm. 

LITBIUIC,  rXitroaZSB  or.  This  compound  ciTstalliMS  from  the  aqneons 
solution  in  very  amall  opaque  grains,  which,  at  the  temperatore  of  commencin^'Ted- 
neas,  fuse  to  a  dear  maaa,  again  becoming  doudy  aa  it  solidifles.  It  is  veiy  shghtlj 
salable  in  water.     (Beraelius.) 

KITHXUM,  OXXSB  OT.  LilMa,  Li*0, — Aakydrotu  litMa  is  obtained  aa  a 
T^lowish-white  spongy  miBs,  containing  a  certain  quantity  of  peroxide,  by  burning 
Uthium  in  oxygen,  and  leaving  the  product  to  cool  in  a  stream  <u  the  gaa.  (Troost, 
Ann.  Ch,  Phya,  [3]  IL  703.J 

The  Affdraie  may  be  obtained  from  petalite,  (podnmnie,  or  lepidolite,  which  »n 
nlicstee  containing  lithium  (moat  advantageonsly  from  le^dolite),  or  from  triphyline, 
which  is  a  phosphate  of  lithium,  manganeoe,  iron  and  alnminium,  by  the  Mlowing 


L  Lepidolite,  petalite,  or  lithia-spodnmene,  reduced  to  fine  povrder  by  carefiil  levi- 
eation,  is  ignit«d  with  twice  ita  weight  of  quicklime  ;  the  mass  is  treated  with  hydro- 
chloric add,  then  with  sulphuric  acid ;  the  resulting  sulphate  of  lithium  is  dissolved 
out  from  the  sulphate  of  ™lrin-m  ;  and  the  laat  tnces  of  calcium  are  removed  by  pre- 
dpitation  with  oxalate  of  ammouinm.  The  solution  of  anlphate  of  lithium  is  then 
treated  with  a  quantity  of  baryta-water  juat  sufficient  to  tluow  down  the  solphuiio 
add,  and  the  filtrate  on  ersporstion  jielda  hydnite  of  lithium. 

2.  Troost  (Ado.  Ch.  Pbys.  [3]  iL  121)  Wts  10  pts.  of  finely-powdered  lepidolite 
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-with  10  p(«.  of  eubonate  of  barium,  5p(&  nilphaUof  bninin,  and  S  pta.  sulphate  nt 
poUniom.  The  foMd  man  Mpantca  on  omdiag  into  a  hMTj  tnuparant  glui  and  • 
mpenutaiit  whitt-  ciTBtalHns  bIu  eonsiitiiig  of  Um  ralphataa  of  barium,  lidiiiua, 
poUHinin,  and  Bodinm,  and  cDDtamingiwarij  aU  the  lithiom.  Tbcalkaliiwnilphatoa 
are  diuolTed  out  ty  vatsr,  and  coDTflited  into  BblnriJiM  b;  chloride  </  bariom;  the 
potaseium  ia  precipitated  hj  diloride  of  platJumn,  and  the  chloridea  of  lithimn  and 
Mdiom  an  Mpirat«d  hj  msua  of  alcohol  and  ethe^  In  openting  on  a  large  mbI^ 
ihe  doable  lolphate  of  lithiom  and  potaMom  maj  be  aepanted  b}r  fractional  erja- 
tiUisation. 

S.  Tripbjliae  is  disaolTed  in  Btitnu  hydrodilario  add,  nitrifl  add  being  added  te 
bring  the  iron  to  the  itat«  of  feme  oxide ;  tlia  aolntian  i>  an^ionted  to  dijiie™ ;  and 
the  Ksidae  ia  treated  with  water,  which  I«t«  all  the  iron  ai  imohible  pboaphita. 
The  •otntlon  containing  the  cbloridfa  of  lithinni  and  manganeae  and  a  uttlc  phoe- 
phoric  add,  ia  treated  with  inlphide  of  banom,  which  nmoTea  tbe  two  latter  snb- 
Blajicea ;  the  exceaa  of  bariom  is  removed  by  ralphnric  acid  {or  better,  bj  carbonate  of 
ammonium),  and  the  Sltiate  ia  erapoiated  to  di^iess  and  ignited.  CSilonde  of  litbinm 
thna  obtained  tkcqaentlj  contains  chloride  of  aodimn,  which  maj  be  sepaiatad  In 
•leohid  and  ethei.  The  dilwide  ia  then  conrated  into  sulphate,  and  from  this  salt 
owstia  UOdais  obtained  as  above.  (Mailer,  Ami.  (%.  Hiyi.  [3]  xIt.  IM.) 

Hjfdrale  of  litMntm,  liHO,  sepantas  ftom  the  aqaeoos  solntion  in  small  ciTstalline 
gnioa.  It  has  the  same  taste,  caosticitj,  and  alkaline  action  on  vegetable  c(doaia  aa 
potash  and  aoda,  but  is  modi  Uei  soluble  in  water.  It  melts  easilj  below  lednes^ 
Gjnning  a  fneed  mass  which  ha*  a  crTstalline  fractun.  It  do«a  not  appear  to  Tolatilisa 
at  a  white  heat 

Fnsed  lichia,  u  commonlj  prepared,  coirodes  platinam  TMwela  powerfblly,  so  that 
nlver  tcswIs  should  oIwajB  be  need  fiv  heating  it.  Thii  action  apon  platinam  ii  sud, 
indeed,  to  be  one  of  the  best  indieationi  of  the  preeence  of  lithinm;  but,  aocording  to 
Trooat  (Ann.  Ch.  Fharm.  cxxiii.  384),  it  ia  not  ^^oduced  bjpnre  lithia,  or  by  snj 
pnre  lithinm-galt,  bat  only  ty  soch  as  contain  ccaiom  and  rabidium. 

Ptnxidt  of  lathaoK  is  said  l;  Troost  to  be  firmed,  together  vith  Utlu^  when 
lilliinm  ia  horned  in  o^gen  gas. 

UTBnraii  mwnDB  or.  Ii*S.  This  componnd  is  fbrmed  when  lithinm 
is  thiown  00  melted  sidplinr ;  also  when  solphate  of  lithinm  ia  heated  to  ndoeia  with 
diareoaL    It  dissolTes  in  water  and  aleohol  Du«a  eaailj  than  lilhih 

ftXTKOUlAWT.    See  Pnnnmra,  Csevicax. 

¥,Tnf  1TM  mil »  SUMt-marroa  (Aaneuirl).  A  kind  <rf  iilay,  of  which  then 
are  two  Tarieties,  the  fiiible  and  the  indunted. 

FriabU  lithoaarQe, — Goloor  white.  Uamive  and  sometimea  in  imata ;  particles 
Bcalr  Bad  feeblj  gtinimering;  streak  ahininK.  Slightly  cohering.  Soils  alight^. 
Feela  rather  greaaj  \  adherei  to  the  toogne.  Light.  Fho^iboiesces  in  the  dait  om 
coDStitnenta  are,  oocording  to  Kiaproth,  eilica  32,  alumina  26^1^,  iron  21,  chloride  of 
Bodifun  l'£,  and  water  IT'O.     It  occurs  aometiniefl  in  tin-stone  Toins. 

IndUTOiid  Litltomarge.  Colonrs  jellowiah  and  reddish-white.  MasriTe  and  amjg- 
daloidal.  DuU,  opaqncL  Fraetnre  fne  eartb/.  Streak  shinj.  Sofl^  sectile,  and 
easilj  frangible  ;  adhmes  Btronglj|  to  the  tongue ;  greasy  to  the  touch.  Spedfic  gtivity 
2-4*.  Infoaible  befbre  the  blowpipe.  Some  Tarieties  phosphoreeoe,  and  othcrB,  when 
moiatcned,  afford  an  agreeable  amell  like  that  of  nuts.  Its  conatitoenta  are,  silica 
ibtb,  alnmina  SB'S,  oxide  of  iron  3'7fi,  water  14,  and  a  trace  of  potash  (Kiaproth). 
It  oocors  in  vaina  in  porphyry,  gndea,  &&,  at  Bochliti  in  Saxony,  and  at  ZoWte 

UTSOWPBMRTia.    The  root-baik  of  lAthotpermum  arwnae  contains  a  red 

colouring  matter,  which  reacts  with  water,  alcohol,  ether,  and  alkalis,  in  the  same  way 
aa  that  of  atkanet  (L  12S),  excepting  that  the  lithoaperm-red  forms  a  t-lne  soluti(»i 
with  ether,  whereas  alkanet- red  forms  a  daA  red  solutioiL  (Ladwig  and  Kromayer, 
mp.  Chim.  app.  1860,  p.  211.) 

KXranrB.  Laclamu.  Tbumssol  an  nwu. — A  Une  edouring  matter,  used  diieSy 
for  preparing  teat-popers.  It  ia  obtained  ftom  Tariooa  spraea  of  Boee^ia,  Vanaiaria, 
and  Ltaaara,  the  same  lichens  in  fact  that  jield  ardiil  (L  366).  It  ^ipears  from  the 
experiments  of  Ojlia  (Berne  Sdeot  ri.  SO)  that  the  blue  colonrmg  matter  is 
developed  in  the  lichena  by  fermentatioo,  when  the  proximate  prindples  contained  in 
them  are  tnetamor^hoaed  in  presence  of  an  alt«linn  carl>oiiat&  Under  the  influence  li 
Uie  air  and  ammonia  alone,  Uieee  licbena  yield  nothing  bat  archil ;  but  if  an  alkaline 
carbonate  is  likewise  present,  the  lidiens  ondsivo  a  totally  difflrent  alteration,  and  tb* 

Coct  of  the  fenneolation,  iaitead  of  being  red  Or  violet,  has  th^n  a  pore  blue  cdoor- 
blne  oolotatioB  is  due  to  the  cwnbinalaon  of  die  new  mlonriiig  mattsr  with  Ui« 
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•tkali:  for  Ktda,  aa  a  wM  knowii,  i«dden  litmoi,  Out  U  to  M^,  thej  units  with  tlie 
alkali,  sad  liberate  the  colooring  ntattci  of  Qie  litmos,  which  io  this  gtaXe  is  red,  like 
that  of  archiL  Vnieo  2  pCs.  otBoecMi  tineioria  uid  1  pt-  cmitwoBtfl  of  pataniaiD  an 
repeitedlj  moigteiied  with  carboDBte  of  Bnunoiiinni,  Or  with  arias  which  a  BahiiM«d 
witb  that  wit,  the  nusa  BCqnires  in  three  dajs  a  brown  or  dirt;  led  colonr ;  in  20 
01  20  days  a  purple  red;  in  30  days  a  blue  ootonri  and  in  40  daja  yields litmiu  of  the 
fiant  colonr  (GSlia,  J.  Pharm.  hit,  277).  Litmn*  ii  prepared  in  Holland  from 
.Xeoowora  tartarea  and  Boecetla  bncfcrui  fans  the  Canary  lilea,  the  oolonred  maaa 
obtained  aa  abore  being  Chiekeiied  with  chalk  or  gypeam. 

Our  knowledge  of  the  colaurino;  oattcn  of  litmiu  ie  not  vary  exact,  bnt  the;  are 
probably  dariied  directly  froia  orcin,  like  orcein,  t}ie  eoloming  prmdple  of  archil.  The 
principBl  of  these  colouring  matten  is  aiolitmin,  and  tlu«e  othnn  have  been 
distingaisbed,  namely,  Spaniolitmin,  eivtbrolein,  and  •rTthTolitmio.  The 
followuig  mode  of  preparatiou  of  theae  eolonring  mattan  ii  ginn  bf  Eane  (PUL 
Tran».lB*(l,  p.  2BB): 

L  Conmercial  litmiu  in  powder  IB  ezhansted  with  boiling  water,  and  the  pale  blu6 
.  -      ..  ....       .      .  .         .^j^  ^  ^.^ 

■  and  the 

_^ „     -  "  *''*''  thrown  on  a  filler;  and 

the  lendne,  alter  being  freed  bom  ezoeas  of  add  t^  washing  with  water,  is  wall  dried 
and  rrpettt«dly  bailed  with  alcohol,  ai  long  aa  that  lignid  eztracta  anythiDK  from  it 
The  alcoholie  solution  is  erspoiatad  to  dijmius  over  the  wster-bath,  and  the  residue 
digested  with  warm  eUier  as  long  as  the  ether  ia  colomed  by  it.  The  ethereal  aolntioD, 
dirtjllad  in  the  watet-bafh  to  reinoVa  Uw  Cther,  learM  Erythrolein  in  the  farm  of  a 
purple  aemi-fluid  oil.  The  portion  of  the  i^'*^''""  eacbact  which  ia  ina^nble  in  ether 
couaists  of  Erythrolitmin. 

The  red-brown  powder  which  remains  after  the  boiUng  with  alcohol  (vid.  n^) 
.eonnst«  of  impure  Aaolitmin.  This  snbManae  ii  either  tanled  with  pnre  water,  and 
pore  aiolitmia  obtained  by  eraparating  the  abongly  coloured  solndon ;  —  or  the 
reaidne  inwlnbLa  in  alcohol  ia  boiled  with  ammomacal  water,  and  tha  blue  solu- 
tion en^ 

«a^^  (he  reeoUing  sal-ammoniac  with  alccJiol. 

b,  Tlie  atcoDglycwnired  liquid  obtained  byboilinglitmni  with  water  is  precipitated 
with  nentnl  acetate  of  lead ;  the  pr«cipitBta  wsshed  with  water,  treat«d  while  still 
nunst  with  snlphydria  acid,  and  ■oapeaded  in  warm  anuBOniacal  water ;  the  4aA  blue 
liquid  is  evaporated  to  dryoeefi,  and  moistened  with  hydrochloric  add ;  and  the 
Bol-animDDiae  is  separated  by  means  of  waim  alcohoL  The  midus  ia  hut  of  small 
amount  in  propoitioQ  to  the  deep  eoloor  of  the  solotiaD;  it  lometimea  eonaiata 
of  pnre  asolitmiD,  mora  larelj  ot  Spaniolitmin,  a  anbatanoe  not  containing 
nitnigeD. 

Aiolitnmi  is  a  red-brawn  amoipbotis  powder  which  diasoln*  will)  bine  colour  in 
ammonia,  and  forms  bine  and  Tiolet  lakn. 

Spaniolitmin  haa  only  been  obtained  mixed  with  aac^tnin,  bnt  it  qipean  to  be  of  a 
light  red  colonr. 

ErfthroUin  is  a  semi-flnid  man  of  a  fine  rod  colour,  and  dinolrea  in  »iinni;n»», 
fomius  a  pnrpte  liquid. 

EiyutroUtmm  frams  dTstalline  grains  of  a  flae  deep  red  colour,  colonred  hint 
by  potash,  and  fbtmiiig,  with  ammonia,  a  blue  componnd  insi^Ue  in  water. 

The  fallowing  are  the  analytical  reaolts  obtained  by  Kane  with  these  substance^ 
and  calculated  with  the  old  atomic  weight  of  carbon  (6-lZ  or  12-24); 

ErgrthioMB.  BrrUiroUmln.  asollBiia.  SpanCoUtialB. 

Carbon       .        .        7427        <S'7S        »-3        40-1)0        6006        44-S4 

H^fdrogen  .        10-08  8-09  8-1  5'3S  662  3-11 

Of  these  foor  sabataoeee^  asolilmin  is  the  onl;  one  which  contains  nilzogen.    Eane 

determined  the  nitrogen  only  by  the  compaiatlTe  method  which  gave  pr^ortiona  of 

N  ;  C0<  Tuyin^  frran  1  ;  lT-3  to  1 :  18-8.  ^^ 

The  composition  of  azolitmin  ^tproaohn  pM4t7  lietilf  to  the  formula  O'H'NO' 
(carbon  40-0,  hjdrocen  4-1,  nilmten  8-2),  acoOTding  to  wlueh  asolitmin  would  oontain 
1  akoxygcB  more  tBanraB^u,andmi^itbedetiTedfKimcvoin  in  tha  manner  shown  bj 
the  eqnation, 

CH^)*  +  NH"  +   0»     -     {THTTO*  +  HK>. 

If  this  be  true,  the  Bcti<a)  ot  the  alkaline  eartxmatea  in  the  formaUon  of  litmus  may 

be  explained  by  sappooiDg  that  tl  ''  

aulaectad  to  the  ii&aence  of  ur  i 
iuffilf  oxygenated  than  orcein. 
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Th«  ammoDuKiJ  Kilntion  of  ■xolitmia  fonne  wUh  the  nlti  of  the  heaTy  metali,  imdri- 
tat«  which  ore  rod  or  bine,  according  tothsqiuuitity  of  metal  eoDlainad  in  them.  'At 
Bzalitmiitea  of  barium  and  eaicium  are  bias.  The  Ita/i-eonipoieid,  which  hoi  a  fine 
Tiolet  colonr  when  recenUr  preptuwl,  but  h«come>  blua  when  dried  at  130°,  i^^peaia 
to  coDt&in  2C'HfPbNO*.Fira.  The  ttannou*  Mil  is  a  take  of  a  fine  tiolet  tiAtmt ;  hy 
expomre  to  (he  air  in  the  moiit  at^t^  it  i<  conveited  into  a  ttatmic  oompotuid  of  a 
iplendid  Bcatlet  eolonr. 

Aiolitmin  Bnspended  in  v&tar  through  whi<A  chlorine  gat  ia  pirwriil  jialdi  jelknr 

Aiolitmin  aabjected  to  the  action  of  naseent  hTdnweo,  ia  diHolred,  and  ooDTsted 
into  a  componnd  called  by  Kane,  IpQcaialitmin,  vhich,  hovevxr,  cannot  be  obtained 
puce,  because  it  oiidisei  immediately  and  beeomea  eolonnd  when  eipoied  to  the  air. 
A  white  compound  of  Imcazolitmin  with  Mannio  oxide  ia  fbrmed  by  boiling  the 
atannonl  compoond  of  aaolitmin  wiUi  water ;  on  ezpoaure  to  tbe  •ij'.  It  ia  immeiURtely 
converted  into  the  acarlet  Btannio  compound  of  aiolitmin. 

unram,  avtaoammxa  mrorxow  or.    See  aLTwanr  (iL  SM). 

KIVU  or  W&PKUX.  An  old  term  applied  lo  a  mixtnn  of  tlie  hiriwt 
Bnlphidel  of  potaannm,  obtained  by  heatdog  aniphur  with  carbonate  of  potaMtom  in  « 
corored  naael.    (See  Fotaosihii,  Suu-Hnns  or.) 

&ULEV1&TXOW.  The  appHeatioD  of  watei  to  the  fixed  TesidaM  of  bodies,  fbr  til* 
purpou  of  Bxtracting  the  laHne  part. 

KIX.IV1UM.    A  eolution  obtained  by  liziTiatiiHL 

KOABSTOVB.     Magnetic  iron  (»«  (p.  197):  Me  )ll«0  UMnmux, 

XAAJK.     See  Cut  (i.  1023). 

M>VBXSV&  An  alkaloid  exieting,  aocoidingtoBaBtick  and  Procter  (Fhano. 
1.  TrauB.  I-  270,  4S6)  in  LoMia  infiata.  It  is  oily ;  cannot  be  Toladlised  without 
decompoeilioD  ;  disaolTes  Tei;  readily  in  water,  alcohol,  and  etlier ;  and  forma  oystal- 
Itaable  salts  with  bjdrochlorie.  mlphucic,  nitric,  and  oxalic  acida.  The  aolnticmi  an 
precipitHted  by  '"""'"     It  acta  aa  a  uarcotio  when  taken  internally. 

ViaoiTK    A  magnesian  Tesavian  from  Korwaj.    (See  Vuunur.) 
L    Syn.  with  LnucoiTBirs  (p.  S86), 
A   snlphate  of   magnesium  and  aodinm,  HgKaSO'.I^H'O,  ftom 
Tsobl,  appponcbing  aatrachanite  in  composition.     It  ia  of  yellowiah   eolonr,  apecifin 
gravity  2-378,  and  givea  by  analysis  62-3fi  SO',  1278  MgH),  19-fl7  NaK),  H-46  HH), 
and  O-ee  Fc'O*  and  Al'O'  -  AMI.     (Karafiat,  Haid.  B«,  184^  p.  288.) 

&OOAWXTB<  A  variety  of  OTrc«clerit«  from  Calumet  Island  on  Uie  Ottawa 
Canada,  where  it  occnrs  associated  with  serpentine,  phlogopite,  pyrites,  and  apatile, 
in  crystalline  limestone.  It  baa  a  weak  sabresinous  Instie,  pale  ac  ii»A.  browniali 
coluui,  and  gn-yish  sCrnsk.  Hardness  —  3.  Spedflc  KTvntj  —  3-6 — 3-64.  Sometimea 
in  crystals  with  rounded  anglea,  which  appear  to  be  pseodomoiphs ;  one  gave  the 
angle  124°,  near  that  of  homUeude.  Contains  32'19  per  cent  silica,  IS'IS  alumina, 
3S'7T  magnesia,  O'0S  lime,  2-U  protoxiiie  of  iron,  and  IS'92  water  (including  earbonio 
acid)  -  10M6.    (T.  S.  Hunt,  Phil.  Mag.  [4Jii.  66.) 

KOO-VOOD.  Boil  de  CamptcSa.  BlrmhcU. — The  t(ee  i4udl  fielda  this  wood 
IB  called  by  Linnssua,  Hrrmatoxt/iiim  ca '■ 


Iiogwood  IS  so  tieavj  as  to  sink  in  water,  bard,  compact,  oTa  fine  grain,  capable  of 
being  polished,  and  scarcely  susceptible  of  decay.'  Its  predominant  colour  is  red,  tinged 
with  oranfce.  yellow,  and  black. 

It  yields  its  colour  both  \o  apiiitnons  and  watcir  solvents.  Aloohot  extracts  it  more 
nadily  and  copiously  than  water.  The  colour  of  its  dye  is  a  fine  red,  inclining  a  little 
to  violet  or  purple,  which  is  principally  observable  in  its  watery  decoction.  This,  left 
to  itself,  becomee  in  time  yellowisli.  and  at  length  black.   Adds  tnm  it  yellow;  alkaUs 


ta  colour,  and  Rive  it  a  purple  ( 
would  take  only  a  slight  and  lading  c« 
were  not  previously  prepared  with  alum  and  tartar.     A  little  alum  is  alsa  added  to 


Sl-aEi  would  take  only  a  slight  and  lading  colour  from  decoction  of  logwood,  if  tlisy 


bath.    By  these  means  they  acquire  a  pretty  «>od  violet. 


A  blue  coloor  may  be  obtained  from  logwood,  by  mixtngverdigriawitiidw  bath,  and 
"  sping  the  cloth  till  it  has  acquired  the  proper  ahade. 

le  great  consnmption  of  locwood  ie  for  blacks,  to  iriuch  it  gives  a  lustro  and  vel< 
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I)acoction<ifl(S*<>Ml<*freq.aentl7mixidTith  that  of  brazil-wood,  to  tmdnt  ooloon 
deepar,  thiuz  proportion  being  vajied  according  to  the  ihade  deaired. 

Logwood  ia  naed  fitr  dTeJog  ailk  Tiolat  For  thia,  the  ailk  must  be  Moored,  alnmed, 
■Dd  waahed;  bewiae,  vithont  aluouB^  it  would  take  only  a  reddish  tin^  that  would 
not  ataod  wetting.  To  dye  silk  thna,  it  must  be  tamed  in  scold  deooctton  of  logwood 
till  it  baa  acquired  tka  proper  oolonr ;  if  the  decoction  were  naed  hot,  tha  colour  would 
be  in  atripea  aadnneran. 

Btrgnuoui  obaored,  that  a  fine  Tiolet  mi^t  be  produced  from  logwood  by  impng- 
uatiiig  du  rilk  with  aolntion  of  tin.  iD&ot  wa  may  thua  obtain,  paiticnlarlj  by 
ulzing  logwood  and  braiil-wood  in  Tiziona  proportiiuu,  a  great  number  of  fine  ahade^ 
more  or  laaa  indined  to  red,  from  lilso  to  nolat.    See  H^uToxiua  (p.  4).         U. 

lOMOV^rm    Syn.  with  LlrxoHnra  (p.  47S). 

UWOsnUTS.  A  Tarii>ty  of  maiwite  or  white  iron  pyrites,  firand  at  Freiberg 
echneebe^  and  in  CoruwalL  Hantaan  ~  S'G.  Speafle  gravity  —  i-925 — b,  ' 
Colour,  tin-wbita,  aometimaa  gceemsh  or  greyiah.  Btioak,  black.  Ace<nding  to  Flatt- 
oer'a  analysis,  it  oootains  4661  per  cent.  8,  4-10  As,  41-23  Fe,  O'SS  Co,  0'7E  Cu,  and 
0-aO  Pb  (-  99-24).    (Braithaupt  and  Flattnar,  Fogg.  Ann.  bcxvii  13S.) 


other,  alcohol,  i 

and  oxalate  of'cBlciumTTH.  Weber,  liihieab^.  1859,  p.  £72.    See  also  Sehnitiet! 
sU<1.18Sli,  p.e2fi,) 

ftOPKin.     C"H"N>.     i^rniiHualHiA   (L&arent,  Ann.  Ch.Phy«.  [3]  xix.Sag. 

Fownea,  Ann.  Ch.  Fhann.  lir.  3SS  and  368, — Qasamann,  ihid,  iciii.   3S1.^ 

Qoaamann  and  Atkinson,  fUif.icvii.  28S  ;  Cham.  Soc.  J.  ix.  220.— Qm.  lii.  199. 
— Oarh.  iii.  179  j  iv.  1010. V— An  organic  base  pnjdaced  by  the  dry  distijlation  of  hy- 
ida^  braucrlaaotide,  i«  aioinilphida  of  ben^lene  (Lanrent),  of  amsiine 
..  _ .  J,  and  by  haating  solpbite  of  banzoyl  and  ammoDtom  with  alaked  lime 
(Qossmann).  Its  IbrmatioD  finm  hydrobtnuamida  (p.  183),  Or  from  the  iaunerie 
compound  amarine,  may  be  rrpnaented  by  the  eqiutioo, 

4C"H"[P     -     8C"Hi'N'   +  C"H"  +   aNH", 
HidrobauiBiili.       .    Lopbloa.  OIL 

The  compoond  (T'R"  —  SCH*  (polymenc  with  atilbane)  ia  probably  tha  inly  matter 
which  diitils  over  with  the  lopfains.    (Q-erhardt) 

JVfparahsH,— 1.  When  hyorobwiaamide  is  beated,  ammonia  esiBpe^  togathar  witi 
a  mobile  fragrant  oil,  and  thero  lemaina  a  fased  masa  which  may  be  distilled  at  a  high 
eratnre,  but  ia  m(ffe  adTantageoQaW  treated  by  pooriog  it  ont.  palTerising  it  when 
and  digaating  it  in  hot  ether,  whidi  eztracta  a  small  quantity  of  a  bod;  crrstal- 
r  in  shining  lamiiue  aa  the  a^ation  coola.  The  reaidne  ia  heated  wiib  alcohol  to 
hilling  point,  and  hot  eaiwtie  fiotasli  added  to  it  till  the  whole  is  dissolved ;  the 
„„  jid  on  cooling  depotit*  thMad-Iike  oyatals  which  may  be  washed  with  alcoboL  It 
ia  better,  however,  to  boil  the  reaidiie  insolable  in  ether,  with  alcohol  containing 
hydrodilorio  add,  mix  the  eolation  at  the  boiling  heat  with  ammonia,  and  leave  it  to 
cool  (Laurent). — 2,  Froni  the  miitan  of  laphise  and  amarine  obtained  bjdiatiUing 
benapylazotidr.  tha  amarina  is  extracted  by  boiling  with  rock-oil,  or  the  lophine  ^ 
boiling  with  alcohol  containing  hydrochloric  add  (Lanrent). — 3.  From  the  diatillate 
obtained  by  heating  aiosalphide  of  beniylene,  the  cnly  products  are  extracted  by  ether, 
the  Btilbene  bv  boiBng  alcohol,  and  (he  tbioneaaal  by  rock-oil,  and  the  residue,  con- 
aialing  of  lophine,  ia  dissolved  by  boiling  with  alcohol  and  potash,  or  with  alcohol 
containing  hydrodiloric  acid.  A  similar  puceea  ia  adopted  with  the  product  resulting 
from  diadlling  the  mixture  obtained  by  treating  bitter-almond  oil  for  two  or  three 
weeka  with  sd^lydiate  of  amnvBUum.  which  mixture  also  oontaina  picril  (Laurent). 
— 4.  The   needle-ahaped  oyatals  which  snblime  in  the  neck  of  the   retort   daring 


temperat 
cold,  and 


Tha  formation  of  the  lophine  i«  EudJitated  by  heating  the  retort  very  quickly  and 
eovoing  the  vpptt  ptrt,  at  tha  commencement  of  the  dutillBttoii,  with  red-faot  coals 
(35samann).  The  beat  mode  of  condnctjng  the  pracenB  is  to  addaqnactiCy  of  qoick- 
Ume,  equal  in  we^t  to  the  hydrate,  introdoce  the  mixtore  into  a  rather  ehallow  glo- 
bnlar  retort  coatedwith  day,  and  cover  the  retort,  as  far  as  it  is  filled  with  (he  mixture, 
with  live  coala,from  the  very  beginning  of  the  operation.  Only  small  qoBatities  should 
be  operated  on  at  once,  from  10  to  IS  grms.  of  the  benzoyl-compoand,  with  about  4  to 
6  timea  the  quantity  of  the  time  mixture.  When  the  operation  is  thua  conducted,  only 
ft  small  quautity  of  amaiine  forms  at  Snt ;  and  when  this  has  meltod  down,  the  upper 

D„.„ab,GoOgIc 


At  th*  iiiiiiiinwtiinfiiit,  ft  maU  qnantatj  at  an  Momatic  oil  acoompaiiMa  the  lophisc, 

apparanll;  naidting  from  Ha  aiaeompoBtiaa  of  tlu  a ' —  ■-'-  ' — "■'-■  — ^  -■■-  — 

prodnda,  the  {cinapal  at  which  ii  amanna  (aoMHi 
cation  ai  in  lAanDl^a  method  <1). 

Properliet, — L(^)hiiu  fomu  ooloorlnt  naadlM,  often  an  inch  long;  gnmped  in  tnfta, 
asd  luniiig  ■  hube  ainnlar  to  that  of  caftim ;  the;  baomoa  opalFaeent  aAir  a  wlule, 
bnt  irtain  thrir  lu&e.  At  2n°  tha  «ampo«iid  nblimea,  gradnall;  but  cmti^elj, 
withont  ^ariooa  ftukm,  and  without  doconpoailiDn.  It  nultj  at  3S£°,  Itniiiiiig  a 
tnoqannt  Hqnid,  which  at  260*' atdidiflea  in  a  tadiatinKCrrrtallina  maa.  Itia  tast«- 
Uai  and  inodtnona,  with  acaimlj  taj  alkaline  reaction.  The  alcoholic  acdiition  Exhibits 
flnoceacmee  like  qoioine,  bat  not  in  ao  high  a  degros.  It  bu  no  action  npon  poUrised 
l^t  (Qoaiuann  and  AtkinBon).  Q.  Knhn  (Chem.  Centr.  ISSl,  p.  387)  ob- 
tauwd,  br  tfaa  dij  distillation  of  ajdrochlorate  c^  hjdiobenzBmide  (p.  184),  two 
modilcatieiu  of  lophinc,  ona  dyEtalliBing  io  needlea  ■wbieh  melted  at  230°,  the  other 
(likewias  oUainad  by  Ekman,  Ann.  Ch.  Fbaim.  cni.  IM)  in  nsedlea  which  mdted 
•tl70". 

Tha  eonmoattion  of  lophine  haa  been  nuiooa^  Kpreoentod  by  the  foimols  C^'N* 
and  C^P*' (Lanren^,  CH'TC  (Fownea),  CrH'TP  (Qoaamann  and  Atkin- 
ion),  C'»H"H»  (LiaitX  Fownrfa  fbnunla,  C^HiW,  agiees  beat,  on  the  whole,  with 
the  aaalyae^  and  likeroe  aSbrda  the  beet  repreaeutattoa  of  the  fonnatioii  of  the  com- 
pound fmn  hydnbennmide  (oi  from  amarine) : 


H"  10  S-4  5-«  SI  Si  S-6  S-6 

H» _2B^  9-5  82        •    ■  9^  •    •  9J_ 

0"H"N>     298        1000        100-3  Wl  '  M-8 

lamcmt'a  aeoond  aaalyvia,  whidi  dittn  conaidaTably  from  aH  tha  real,  was  ^obaUy 
la  with  impnie  materiaL 

'    'j  Bolnble  in  boiling  alcohol  and  etkrr, 
a  to  aboat  the  Mme  Bmaant  in  nvk-oU, 

-         .       .  .  t  aepantes  in  a  crystalline  powder  on  cooling.     It 

diawlTM  eMilyaud  withoat  deoompontion  in  boilinf  aUxMie  fotath.    (Lanrent) 

According  to  Ekman  (Ann.  CIl  Pharm.  cdi  ISl),  100  pta.  of  abeolnte  alcohol  at 
19°  diaaoln  0'81  pt  of  limine,  and  at  31°  ftom  0-84  to  0-91  pt. ;  at  ^e  boilii^ 

■  -""otoa-T*  pt«       '  ■_"   '.  .."1    "  ."    '"*.'.'  ' """ 

n  of  Iodine,  and  bnaed,  togetfaec  with  the  latter,  by  the  decomposition  of  hy<m>- 


baoa  witn  imimTe  maicnai. 

Iiophina  ia  maohible  in  vattr,  tsit  apuiiigl/  a 
wyit^llWpg '"  neadlea  on  ooolinB.    It  diaiolToe  to 

and  in  oit  ^ turpentittt,  whence  it  aeparates  in  a 


^ , .5  pta.;  and  100  pti.  ether  diaeolve  0-SSpt.  lophine  at  19",  0S3  t*: 

0-88  at  30°,  and  O-SS  at  31°.    Of  an  indiflbrant  anbatance,  hsTing  nearly  the  o 
aitim  of  loidiine,  and  bnaed,  togetfaec  with  the  latter,  by  the  decomposition  of  1 , 
dilorate  of  Indrobenaamide  at  1SI)°-S00°  (p.  18S),  100  pta.  abeolnta  alcohol  diMolre 
0-07  pt  at  ie°,  and  0-83  to  037  pt.  at  the  boiling  point ;  and  100 pta.  ether  at  the 
boiling  pidllt  diMolre  049  to  0*74  pt.  of  the  same  aabetance. 

Daoomperitiimt. — LophiiM  boiled  with  mtrie  acid  forma  nitrolophine  (Laarent). 
It  if  diaaolved  by  bromne,  withoat  erolntion  of  Taponn  of  hydrabromic  atHd.  When 
the  naaa  ia  diMohad  in  ether,  and  the  aolntion  mixed  with  alcohol  and  abandoned  to 
raontanaosa  aTapiaBtion,  beantifol  yellow  pricmB  with  nctaognlfU'  base  sepsnle  oat ; 
tfinan  <ayatala  gire  off  bromine  when  heated,  and,  libtn  wnter  js  wnred  npon  them, 
tarn  irtute  ana  &11  to  powder  (Laurent).  Lophine  in  contact  with  iodide  of  tth/l 
doM  not  form  any  aabatitatioD-ODmponnd,  not  even  when  the  two  bodies  ere  heated. 
tegvdwE  to  100°  in  a  sealed  tabs  for  sereml  weeks.  A  portion  of  tbe  iodide  of  ethyl 
i«  deeompoaed  into  alcohol  and  hvdriodie  ftcid,  which  combines  with  the  lophina. 
(Qoismann  and  Atkinson.) 

hiae-salte  are  for  the  most  part  inaolnble  in  water,  and  tp« 
— Th^  are  rather  Tmstable,  hanng  a  t«ndenay  when  rocrysti 


Tba  lophioe-salte  are  for  the  most  part  inaolnble  in  water,  and  tparingly  aula 
■  atcohoL — Th^  are  rather  Tmstable,  hanng  a  t«ndenay  when  Tocrystalliaea  to  g 
ip  paxt  of  thwr  add  and  form  bnaic  componnda ;  tlii*  is  particolariy  tha  eaae  with  tha 
olMato.     ■"  ■     - -.  •  ..^j.     -  -  . 


BsdretUereie  tif  LopKine,  0"H"N*.BC1,  separates  qnickly  on  cooling  tnan  a  sclu' 
tion  of  lophine  in  boiling  alcohol  containing  hydracbloric  acid.  If  a  eolation  in  a 
•tdlteieiit  ^oantity  of  boiling  alcohol  be  mixea  with  snch  a  qnantity  of  hot  water  that 
no  IwBWJiate  precipitate  ia  formed,  the  liquid  on  cooling  yields  well  doBned  crystalliiM 
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Umina  (Laaient).       ThA  «Mond  modiflcatioii  of  loduue,  obtained  hj  Knha 

(p.  184),  fonna  a  b;dK)clilont«,  also  coataining  C"E"N>.HCa,  which  crratalliwB  in 
lUtrlaoed  nsedlce,  melting  at  1B0°.  When  bjdxodilone  add  is  added  to  a  hot  eatn- 
laMd  alcoholio  aolntioti  of  lopliina  till  the  miitora  eihitata  a  deddsd  acid  naction, 
the  hjdiochloiate  aniwaUB  OD  oooling  in  laige  trBnaparent  oeedlee  rerf  much  like  the 
CtjBtali  of  pan  loimine.  If  left  &r  *om«  time  in  the  mother-liquor,  they  ebanga 
into  amall  white  opaqne  prisma,  an  alt«ntion  which  ia  prDbaUj  due  to  lina  of  water. 
Sevmal  other  lophine-eompoonds  eohibit  a  aimiLii  ehai^  When  lophine  ia  treated 
with  atxong  hjdrochloric  acid,  it  baoomea  natnooa,  and  am  onl;  be  restored  (o  tho 
CTjalalliiK  atsM  b;  ramoring  Iha  acid  and  OTataUiaing  from  alcohol  (OSaamsDn 
and  Atkinson).  The  hT^achl(aBte  ia  nearly  inaolabla  in  vater,  bat  diosolTea 
prettr  enailj  in  alcohol  (Lanreat).  It  has  a  alight  add  reaction,  dissolTes  mora 
madily  in  water  and  aloohol  than  the  pun  baaa,  aod  exhibita  ationger  flnoreaoence. 
(OdBBmann  and  Atkinaaa.) 

Hydrochlorate  of  lophioe  onitea  with  dicUoride  of  platitntin  when  tha  aolntioiu  of 
the  two  ealtB  in  boiling  aloohol  aie  mixed  together,  the  donbla  aalt  aopantioft  aa  the 
Uqnid  eool^  in  oi«neesX>loimd  ciyatalii,  the  tbrmala  of  which  ia  probablj 
C^B^'N'.HCLFtCI'.  Th»  chloroplatinata  of  Enhn's  second  modiBcadon  of  lophine 
eontain*  water  at  aytalliialJon,  tha  antonnt  of  which  was  foond  to  be  difl^nt  in 
diffimnt  prmarationa. 

mrale  o/LapUnt.  0"WStJHSQ»,  fbnna  fine  luht  laminai,  devoid  of  luatra.  When 
heated  till  they  aoftm,  Ihe^  give  off  1  st.  water  (Lanrent).  From  a  concantiated 
alcoholic  aolntion  of  loobine  acidulated  with  nitric  add,  the  odt  oyiilalliBea  in  amall 
plate^  which,  if  eorerea  with  atrong  nitric  add  &ae  from  nitrooa  acid,  are  couTertad 
Into  an  oily  maw.    (Ooaimann  and  Atkinaon.) 

SiUpiate  of  Loplan*  is  obtained  in  amall  ahining  reetangnkr  UniiniB,  by  heating 
lophine  with  alcoholic  anlphnrie  add,  and  mixing  the  aolulion  with  hot  water,  where- 
iqmu  myatdliaatiiKi  enanea.  Tha  ala^olie  acJntion  reddens  litmoa  and  ia  precipitated 
In  water,  a  portion  hoverer  ranaining  in  adatian,  ao  that,  on  adding  ammonia,  a  pre- 
apitata  of  lophine  ia  (tall  obtained.  I^nrent  firand  in  the  dry  salt  ll-f>  and  13'2  per 
eant  of  aolphnric  add;  the  neutral  aalt  reqnirea  ll'Sl  per  cent  of  auljdiuric  acid 
(LanrentV  When  a  solution  of  lophine  to  which  ezceai  of  nlphnric  acid  haa  been 
added  ia  left  to  eTsponte  slowly,  tha  aulphate  aepsratee  in  broad  traaaparent  tables, 
which  become  opaque  and  efflumce  oa  exposure  to  the  air.  When  crystallised  mon 
rapidly,  the  compound  sepanlra  in  latge  needl«a.  which,  if  IHt,  far  some  time  in  tha 
mother-liquor,  change  into  amall  white  opaqne  naedlea.  At  each  crystal  liaation,  the 
B^  becomes  man  baair,  and  by  freqnent  solution  and  recryatallisBtion,  the  add  may 
be  almoat  entirely  remoTed.     {aosamsnn  and  Atkinson.) 

Lophine  also  forma  ayatalliDe  oompcnnd*  with  Mtratt  of  tilver  and  dieUoride  of 

KOTAU^IL    Syn.  with  HosimLKirDa. 

XAZeOLAAB.     A  name  applied  by  Staithaapt  to  •  TStiety  of  felspar  closely 
naembling  orthodaae,  if  not  identual  with  iL 
KUBBZOAVTBi     Oleagmona  or  fhttr  bodies  used  fiir  redndng  the  friction 

...   _....._. .^   ^Be."-- '-  '^   — 

Waogoo  draaa  mJ 
tielagg, VoL  i.  pt.  S,  p." 742 ;  andtha arliole PaBAfmt One  in  thia  Dictionary.) 

Ktroms  illl  l\*U»»  Bee  Ur^i DieUonarjr  ofJrta,  jv.  iL  737 ;  Suhirdtun 
tmd  WsiU'i  ChemaU  T'tehiology,  tqL  L  pL  4,  p.  131 ;  and  the  articla  Psospbobvs  in 
this  IHctionaiy. 

lee  LncHmnn,  (p.  6SS). 
See  Lmanun,  (pL  697). 
Chknda  of  bItw  (see  te^Tin). 

Nibateof  mlTerhsed  at  a  low  heat  (sea  NiTBtna). 
A  bitter  non-mtcoffenons  snbatanoe  obtained  from  lupine-ieeda. 
0,  Ann.  Ch.  Fharm.  liii.  3OB0 

'^^M.  The  yellow,  granular,  aromatic  powder  otnated  at  tlie  base  of  the  cooes 
of  the  hop,  and  forming  from  B  to  1 8  per  cent,  of  the  oouee.  It  containa  iyr  difierent 
sobstaaoes ;  via,  a  volatile  oil,  a  ceein,  a  nitiogenona  substsoce,  a  bitter  prindple.  and  a 
gummy  anbatance.  The  eonea  contain  aboat  2  per  cent,  of  the  volatile  oil  This  oil 
and  the  remn  ptobably  give  to  bear  ita  agreeable  arontatia  odour,  while  .the  bitter 
■nhatanoe  tends  to  preaarva  it  (See  Hor,  p.  16£.) 
X>VPim  MSXAIAOmviK.  Tha  alchemical  name  of  trisulphide  of  antimony. 
HtFTM,  The  Inteswithwhich  thejoiniogsof  TevelaaredowdaN^diBbraDtkinda 


between  parte  of  a  madline  or  earriagSL    (Bee  Dra'a  Dictionary  of  Artt,  ^.  ii.  736  ; 
the  dhapter  on  Railway  and  VaagooQraaem£n;t«ni*oii  and  Waitit  Clumical  Txi- 
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736  LUTEOLIN. 

■cecodlng  to  tti«  lutare  of  the  opetatkcM  to  b«  perlanutA,  and  of  the  nbetaneea  to  be 
distilled  in  theee  Teneb. 

Wheo  Ti^nuB  of  wntBFy  liqiuns,  and  meh  aa  are  not  ooiroaiTe,  an  to  be  retuued, 
it  U  snfficieDt  to  aarraiuid  the  joining  of  the  reeeiTer  to  the  nose  of  the  alnnbio,  at  o( 
the  retort,  with  elipe  of  paper  or  at  linen  eorersd  with  flour-paste.  In  nch  eaaee  alao; 
oHpi  of  wBt  bladder  mar  be  eonvenLentlj  lued. 

When  mora  peDetraOng  and  diaaolving  Tspoon  are  to  be  ralained,  a  Inte  ii  to  be 
employed  cf  qiu^me  dacked  in  the  air,  and  beaten  into  a  liquid  paale  with  irtiitea  of 
egga.  Tliit  paate  ii  to  be  epraad  npoD  linen  alipa,  which  an  ta  db  applied  exaellj  to 
the  joining  ot  the  Tenda.  l^lii  Inle  iaTOy  conTCoieDt,  diiea  eaailj,  beeomis  solid, 
and  aofficiently  flim.  Venda  may  be  flirmed  of  it  hard  enou^  to  Eiear  poliahing  on 
the  wheeL 

Liutl;,  irtien  add  and  isixroeive  vaponn  are  to  be  ntained,  we  mnit  hare 
Nconne  to  the  late  called  fat  ivii.  Thi«  lute  ii  mads  by  foiming  into  a  pute 
aome  dried  day  finely  powdered,  silled  throngh  a  silken  siere,  and  moistened  with 
Wat«r,  then  beating  this  paste  well  io  a  mortar  with  boiled  linaerd  oil,  that  is,  oQ 
which  has  been  rendered  drying  by  litharge  dinolved  in  it,  and  ftt  for  tlte  use  of 
painten.  This  Inte  easily  tAee  and  retains  the  Ibnn  given  to  it.  It  ia  genarally 
tilled  into  cylinders  ot  a  couvenient  size.  These  are  ta  be  applied,  by  fiattemug  them, 
to  (he  joinings  of  the  Teasels,  which  oogbt  to  be  perfectly  d^,  becaose  the  least  moia. 
tars  would  prerent  the  lute  bam  adharins.  When  the  joinings  are  well  closed  with 
this  fiit  Inte,  the  whole  is  to  be  eorered  wiui  slipe  of  linen  spread  with  Inte  of  lime  and 
whites  of  eggs.  These  slips  are  to  be  bstened  with  packthread.  The  second  lute  ia 
nenssiry  to  keep  on  the  fl^  late,  becauae  this  latter  Tenuins  soft,  and  doea  not  becinas 
■olid  anoogh  to  stick  on  alone. 

Ontla  percha  may  be  oniled  to  glsss,  in  tube  appaiatos,  by  fusing  the  gntta  percha 
at  the  point  of  jnncbon  by  means  of  a  hot  iroo  knife-blade. 

Fine  porcelain  clay,  mixed  with  a  solDtion  of  botai,  is  well  adapted  to  iron  resnels, 
the  part  reeeiTed  into  an  apertnn  being  smeared  with  it.  U. 

y.trraWTiTWi  The  yellow  colouring  mattn  of  weld  {Eettda  Uttteltt).  It  vuBrst 
isolated  by  Chevrenl  (J.  Chim.  mid.  ri.  IfiT),  and  has  been  more  liilly  eiamined 
and  analysed  by  Moldenhaaer  (Ann.  Ch.Pbarm.c.  IBOJ  andby  Sohiitsanberger 
and  Faraf  [Md.  SnppL  i.  ISSV  HoldenhaUBt  prepares  it  by  sxhaasting  weld  wit^ 
alcohol,  distilling  off  the  aloohol  &om  the  extract ;  then  washing  with  water  and  drying 
Ihensidne;  ezhansting  it  with  ethra;  dissolving  the  reaidne  left  on  evaporating  the 
ethereal  aolatioa  in  ateohol ;  adding  a  larger  quantity  of  water ;  heating  to  the 
boiling  point ;  filtering  hot ;  and  leaving  the  filtrate  to  cooL  The  product  may  be 
pnrifioi  by  ncrystalliaation  from  boiling  very  dilute  spirit  containing  1  oi  2  per  cent. 
aloohoL  Behutcenbe^er  and  Faraf  erhaast  the  plant  with  alcohol,  precipitate  (he 
eztiract  with  water,  and  heat  the  precipitate  with  water  to  2fiO°  in  a  steel  appacalda ; 
the  Inteolin  then  dystallises  on  the  side*  of  the  veesel  on  cooling,  and  may  be  purifled 
by  two  ciTstallisations  from  enperheated  water. 

Luteolin  eiystallisee  tram  eolation  in  boiling  dilnte  aloohol,  also  from  a  hot  satmnled 
solatiaB  in  dilute  snlphoric  or  acetic  add,  in  yellow  four^ided  needlee  oirasged  in 
ndiate  groups ;  it  may  also  be  obtained  in  needles  by  caniM  anblimation.  It  melta 
at  S20°  wiut  partial  decompositian,  to  a  black-bnwn  maaa.  It  is  inodoions.  has  a 
ali^ttybittn.aBbriiwnittute;  diaaolves  in  14,000  pts.  of  cold  and  S,000  pts.  of  boiling 
toattr,  in  S7  pta.  aUohot  [at  what  tamperMure?]  OM  in  62£  pts,  of  ttitr.  It  reddens 
lilmus  paper  sli^tly,  and  nnitee  with  imtiiUic  oaida.  It  dimolves  with  deep  yellow 
colour  in  cajuHc  aikaU*  and  alkaline  carbonates,  remaining  in  the  pure  stiJx  when  its 
ammoniacal  solution  is  evaporated  (Moldenhauer).  By  prolonged  heating  with 
mmnDnta,  it  is  completely  dissolved,  tbrming  a  deep  yellow  eolation,  and  leavii^ 
on  evaporation  a  dark  coloured  residue  which  gives  off  ammonia  when  heated  wi^ 
potssh  (Sobntaenberger  and  Paraf).  In  cold  dilnte  acidi  it  is  bat  sparinriy 
salable ;  more  easily  in  cold  eonoentrated  ralpkurie  acid,  forming  a  yellow  solution 
fKnn  which  it  is  separated  by  water  withoat  alteration.  It  dissolves  sparingly  in  cold 
concentrated  hudroeMoria  acid,  more  easily  in  warm  concentrated  fn'tne  Ofu^  but  is 
nearly  insoluble  in  that  acid  when  cold.  I)iluta  jdtrie  acid  acts  upon  it  only  when 
heated ;  strong  nitric  acid  dissolves  tt  with  deep  red  colour,  the  solution  being 
decolorised  by  prolonged  boihng,  with  (brmatioD  of  oxalic  add  (Moldenhauer). 
Heated  to  200°  with  ^oefhorit  ankydridt,  it  yields  a  red  subetanee  which  dissolves 
with  violet  colour  in  ammonia  (Schutsenberger  and  Paraf).      Distilled  with 
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LUTIDINE.  737 

tlannoutek'jriiU,  and  aertale  o/Jtad,  a  bladiih-grqt  precipitate  wiOifirroui4iiljriate, 
•nd  brmm  with  mlpiate  0/ comrr. 

According  to  MoldeDhaiier,  luteoliD  contiuna  62'6  to  63'0  prr  esnt.  cmrbon  and  8'70 
to  4*1  hjidngeD,  wfaotee  ht  deduces  ths  fonnnls  C*H"0*,  reqniriiig  82'8  C,  37  H,  aod 
S3'6  O.  Ainotding  to  Schiitzenberger  imd  Fuaf,  the  air-dried  labataim  l^t«d  to 
1S0°  (ciTes  off  10'23  pa  ceoL  iruter,  and  that  vbich  haa  been  dried  OTer  Bulphnrie 
acid  giTSB  off  7*03  par  cent,  at  the  same  temperattuv.  Luteolin  dried  at  lf>0°  gave  hj 
tuiljoB  616  to  eS'fi  per  cent,  carbon,  and  3  6  to  3'S  bydrogea,  vheace  SchiitiAnberger 
andPanfdedQcethefbimulaCi'H'O*,  which  reiiiuics  62-1  C,  3-4  H,  sod  34-e  0.  To 
the  lubatance  dried  over  inlphniic  acid,  tfaej  awign  thr  Ibrmnla  C"H"0*,  and  to  the 
air-dried  BDbsCance,  2C"H  *0*.H*0.  A  lead-iall  precipitated  from  the  alcoholic 
aoln^n  of  hiteolia  bv  alcoholic  acetate  of  lead,  gaTe  b;  HnaljBis  30-97  per  cent,  C, 
1-98  H,  and  4933  Pb'O,  ngrefting  nearly  with  the  formitU  C'"H*0'.Pb«0,  which 
reqnirea  31'66  C,  176  H,  17-88  O,  and  49'0  PhK). 

IiUTlJnni  C'H'N.  An  organic  bus  iwmerie  with  benzylamin?  or  tolnidine 
(i.  fi76),  diMOTered  by  Andereon  fAnn.  Ch,  Pharm.  Im.  t.)  in  bone-oa  Tbia  oil 
contains  ■  unmber  of  oily  basea  solnble  in  hydrochloric  acid ;  and  on  decompoeirg  the 


resulting  solntion  with  poCaeh  and  rectilyuig,  Intidinp  pasHS  orer  at  aboat  146°. 
nme  b^  is  tband  in  coal-tar  napht^  and  in  sbale  naphtha.  Ihs  liquid  obt 
^diBtillingthebitnininou8shaleofIXli»t«hire(E)r.  Williams,  Chem-Boc.  J.  vii.  97); 


_jo  among  thn  Tolatile  bases  obtaiifed  b;  the  diatillatioa  of  peat.  (Tohl,  Jahrcab. 
18M,  p.  7*2,    Chnrcband  Owen.  Phil.  Mug.  [4]  ix.  110;  Jahre«ber.l8B0,p.  369.) 
'  eiitical  with  that  from  bone-oil,  ocenrs  among  the  prodacts 


of  tba  dry  distillatioa  of  cincbonine,  and  tHUMes  otst  in  rectiflcatiOD  between  100°  and 
IMO.  GreTiDeWiinams,  who  discorered  this  base  (L  869),  and  has  recrDlly  isMitnled 
a  aearching  comparisoD  between  its  properties  and  that  of  AnderHonU  base  (Proc 


Boy.  9oc  ziiL  30$),  distingniabea  it  as  3-lntidiDe.  The  pT(^)eitiee  of  the  two  bases 
and  of  many  of  their  salts  are  eesentiaUy  differant,  as  will  bt  seen  by  ths  following  cora- 
paratirs  statements. 

Fkyikal  propertia  of  the  Baaa. — Both  bases  wh»n  pnn  an  colonHeM  rebactiTe 
oils,  lutidine  haTin^  a  dansity  of  0-9467  at  0°,  aod  ^Igtjdine  of  0-S5S5  at  the  aame 
tamperatnre.  Lntidins  boils  at  164°;  ^Intidine  betwen  163°  and  168°.  Taponr- 
density  of  lalidine,  by  raperimant  (at  200°)  —  3'B39  (Andenon)i  of  A-Iutidina 
(at  213°)  3>  3'787  (williuma);  by  caJcalation  —  3-699.  It  may  ba  infatmd  fiom 
thia  that  the  boiling  point  of  fi-lntidine  haa  not  been  ntimatod  above  the  trath,  be- 
oanae  if  the  fradaon  had  been  taken  too  high,  the  Tapoar-dcDsi^  would  haTe  arred 


,      „      ,  .  „...  hinglh 

by  any  method  ofpnrification,  aoa  *ft«r  boiling  with  nitri<^  chromic,  or  any  other  1 
it  it  (dJU  givoi  <dr  on^entralisation  with  an  ukaK.  All  ikt  salts,  howsrer  puriflad, 
emitthssamesmallonth*  addition  of  an  alkali.  0-IufidM«  has  also  amost  character- 
istic tmsU,  qnite  nnlike  that  of  Ititidine,  and  somewhat  resembling  that  of  nicotine,  bnt 
with  ont  the  peculiar  pongency  of  tbat  base,  and  fkr  more  pleasant.  No  treatment 
with  adds,  or  oxidising  agents,  and  no  imonBt  of  purification  of  its  salta,  make«,the 
least  altentioa  in  lbs  small,  or  cawm  It  to  a^nMh,  howsTsr  distantly,  to  that  of 
lutidine. 

Lutidine  dinolm  readily  when  shaken  with  three  or  fonr  times  its  bnik  of  water, 
and  on  warmiog  the  liquid,  it  becomes  milky,  the  base  separating  team  it.  B-luHdint, 
on  the  contrary,  reqaim  aot  leas  th&n  2G  parts  of  water  to  dissolTe  it,  and  the  solution 
does  not  become  turbid  when  wsrmed;  on  the  contmry,  a  miztnie  of  water  and  lutidine, 
cloudy  from  azcesa  of  base,  becomes  clear  on  wanning.  Hence  it  appean  that  tutidina 
is  less,  S-lntidine  more  solabls  in  hot  thaa  in  cold  water. 

Both  lutidine  and  fi-Iotidine  onite  with  aeidt  and  with  talit,  fbnniug  eryitaHinc 
oomponnds,  most  of  which  are  veir  Bolnble. 

Oompmnd  of  S-lvtidiiu  idth  Cttpriti  Sulphate.  (CH'TI)Hhi'80'.4HK).— When  3- 
Intidine  is  gradually  added  to  a  solalioa  of  cnpric  sulphate,  a  colons  pale  gmn  pre- 
cipitata  is  formed,  which  dissolTna  in  aieeea,  lorming  a  rich  blue  liqmd,  which  after 
flltoation,  >ood  beCDmea  filled  with  brilliant  blue  prisms  of  considerable  siM^  and 
having  in  the  air-dried  State  the  eompodtioa  above  given.  Thay  give  off  2  at.  water  at 
100°,  and  become  anhydrous  at  200°.     (WilUama.) 

Gold-talte,  CHV.HCLAqCI'.— Both  boMS  give  salts  having  this  com^ositioD ;  bitt 
a  mixMn  of  hydiochlotat«  of  B4vti^ne  with  trichloride  of  gold  became  UMriy  soHd. 
whereas  with  the  IitMduM-saU  the  pivcipitate  occupied  only  half  the  bulk  of  the  hqnid, 
■nd  did  not  require  more  than  a  fourth  of  the  quantity  of  water  to  dissolve  it  th»t  wil 
neeessaiy  in  the  case  of  0-lutidine.    (Williaros.) 

Vol.  III.  3  B 
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73S  LUTIDINE-LYCINE. 

Ifereurie  tall  o/LntMnt,  CHV.SHgCI,  or  CT^N.HhgCf .  This  salt  wpaMtM  frcm 
a  miitore  of  the  aloohatie  ■aloCiomi  oflntidiiie  and  menoric  chloride,  a*  a  white  bulky 
precipitate ;  from  dilute  Kdntiou  it  ia  gndoallT  depoaited  in  radiating  cryatala.  It 
diaKdTea  in  boiling  watei,  with  putial  dMompoatiOD ;  man  froelj,  and  vithont  alien' 
tioD,  in  boiling  al^ioL    (AndeTBaH.) 

Pallmdium-ralft—Ttui  ehlonpalladite  of  A-lntidioe,  CHV.HCLPdCI,  is  ob- 
taioKl,  aa  s  neariy  aolid  dimb  of  gmrnst-red  prinna,  od  learing  a  mixbue  of  the  bu^ 
hydrochloric  add,  and  ehlOTide  of  palladium,  to  itaelf  for  four  da^  When  hMted  for 
a  long  time  to  100°,  it  ia  decompDnd,  1  at.  hydrochloric  acid  being  prm  aS  from  2  tt 
of  tiie  salt,  and  lesTing  tlie  eompotlad : 

CrH'TPClTd"     -     (C7HTf.HaPdC3).CTPNPd.Cl 

The  cKmdt  <if  piiaaMe-fiJiiMf[-amMmtam,rf\'-''^'fP~tci,th«}MMeagti^ 
the  last-mc Dtioned  mbalaiioa,  is  eaail;  obtained  bv  acting  on  chloride  of  putladinm  in 
•olotion  with  0-liitidine.    Ihia  bote  ia  not  aaail;  aolnhle,  and  predpitatea  at  onccL 
(Williame.) 

On  mixing  eolalioni  of  b7dioehl(»«te  of  luUdiiu  and  chloride  of  paHadiam,  exaetlj 
iimilar  in  eoncentntioli  to  thoae  abora  employed,  no  ayelala  were  obtained  b^  the 
time  that  the  eontenia  of  the  leaael  eontainmg  the  34u^dine  had  nearly  aolidified : 
and  CTen  after  a  month'a  rapoee,  the  qoantitj  obtained  waa  mnch  amaller  than  with 
^laiidinoL 

PUttHia  aa/fa.— The  iMoroplatiiiata  id  both  baaea  haTC  the  compoaition 
CH'N^CLPtCl',  and  cryatalliae  in  reeUngnlar  lablsta;  but  thp  a-lutidin»«alt  axhtbite 
Ab  maoB  npericc  £>cilin  of  eryitsllijing  that  ii  obeemd  io  the  Gorreaponding  gold- 
and  pallkdiBm-aalta.  The  preeenea  of  ^dcochloric  add  in  aiceee  greatly  retarda  the 
fiirmation  of  the  lntidin»4>lt  (Anderaon);  but  Williama  finds  that  thi*  ia  not  the 

>e  with  the -■■  •■         *  ' .-.-.■  ... 


_  . .  ,  ...»  0^  fib  Pto^Uf  talU  iy  boiimg, — Cblon^datinate  of  3-tutidiDa  begins 
»  deOOIDpOM  the  infUnt  Ike  adntion  enten  into  ebullition,  an  inaoluble  ydlow  powder 
beginning  to  depad^  and  i^adlj  incmuiing  in  quAnti^.  After  boiling  with  water, 
thia  ult  hoc  the  compoeition  of  OikydneUorate  of  pleHno-lMtidiiw,  0S  |  p^'  1 3HCL 

The  Bolotion  of  chloroplatinata  of  Intidine,  on  the  other  hand,  required  U  boon 
aotiTe  boiling  before  any  depoait  began  to  tbnn ;  and  eroi  after  aaTeial  honra'  boiling 
tlie  deposit  waa  tsi;  smalL 

Ptatfaow  fottf. — When  aqnal  wd^ita  (1  arm.  each)  of  platiuoua  eUoride  and 
B-latidii>e  were  mixed  in  an  ^fiaratua  ■nnonndad  with  a  non-conducting  madiam,  the 
tampeiatiiie  loae  bom  16°  to  S4°,  and  a  hard  britUepcodoct  was  obtiujied,  agrseing 
alnott  axacCly  in  wmpodtion  with  the  fbnnnla  C'H'N.PlCL>-Whpn  lutldioe  w«a 
twalwi  with  platinona  chloride  nnder  exactly  the  aame  conditions,  the  tempctntam 
n>M  two  degraea  hightr ;  but  the  piDduct,  inatead  of  ►'"""■'■^  a  hard  hritue  mas^ 

Babititutimi  Arivalimt  qfLHtiiiit*. 

Bran-IS-uiTllim. — Amixtureof  iToL^-lntidineand  2  voL  iodide  of  ethyl  heated  in 
aaealedtabe  to  61°  for  three  minutea,  aoIidiBsdon  coaling  to  s  maaa  of  cryatala  of  toittiic 
of  tthyl-B-luadine,  Cm*(C^*IN.HL— The  ^tinuttftaU  pre[>ared  thfrrftnm  in  the 
nanal  way.  ciygtallisea  in  inperb  oraDge-eoIonred  froada,  oontaining  CH"N.HCLPtC1*. 
This  lalt  when  boiled  with  water  tnma  blafk,  and  depoaitj  oUtinanL  After  two  dii,va 
boiling,  it  yielded  27'G  per  cenL  of  Che  metal,  the  original  aatt  containing  28*99 
percent.    (Gr- William..) 

'E/isth-t.'OTnioa. — Amiitnre  of  Intidine  and  iodide  of  etbylin  the  above  proportiona, 
heated  to  tha  BWne  tempsntore  for  (he  same  time,  ahowed  no  dgna  of  raysl^liaatioD 
on  oooling.  It  required  an  haur'a  digestion  to  efieet  combination ;  and  in  twentj-fbnr 
honra,  only  haif  (lie  prodnot  had  eryatalliaed,  the  reat  remaining  in  the  form  of  a  aynip. 
(G^.Willi»m^P^oc.  Boy.SoC.zii.  311.) 

MiTSTi/'^-i.cTinm,  C*H"II  —  CTH^CH*)!!.— iB-lntidine  mixed  with  iodide  of 
mstbyl,  beeomes  healed,  and  forms  igdriodaU  qf  inrl^l-0-tiiiidine,  a  aalt  TSij  aolobla 
in  mitar  and  alcohol,  bot  nearly  inauuble  in  ether.  lU  alcoholic  aolntion  er^Mintcd 
lo  a  aynip,  aemain*  liijnid  if  left  at  rest ;  bnt  on  touching  it.  beaotiftil  long  needlra 
ahoot  through  the  liqnid,  whidi  soon  beoomes  completely  aolid.  The  oUnnmofmatr, 
(?II"N.HCLFtCl',  forma  crystals  containii«S0-29  per  cenL platinum.  (Qr.  William  a, 
Ed.  FhiL  Trans.  «xi.  [a]  317.) 

»TOm.    (Hnsemann  and  Marmi^  Ann.  Ch.  Phann.  Snppl.iL  383.)— Abaa* 
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eontainrd  in  th«  box-thom  (LgeitiJii  barbarimi).  The  leavee  an  rppeittedly  boilM 
nith  wvtar  (the  stems  ^eld  but  a  imtill  prcidiii:t) ;  the  extraela  are  prectpitsted  wiTh 
baric  BcelatA  of  lend ;  and  the  ftltnto,  freed  from  lead  br  mlphjdnc  add,  and 
neatndised  with  carboiiats  of  sodiom,  is  evaporated  to  a  third  of  its  origiDal  volume. 
The  liqnid,  veiy  strongly  addnUted  with  sulphurio  acid,  is  (hen  precipitated  with  a 
■olutioil  of  phosphomo^bdate  of  sodioin,  or  a  miitnre  of  SO  at.  biogitato  and  1  nL 
phosfJiODioljbdato.  Tiw  light  toIIow  precipitate,  after  washing  with  water  acidalated 
viA  anlphDrie  acid,  is  mixed,  wmle  still  moist,  witJi  carboDate  cd'horiom,  dried  over  the 
water-bath,  and  eihaDsted  with  bailing  alcohol  The  eztrseta  leave,  aSlta  erapna- 
tioD  of  the  alcohol,  a  sympj  rFaidnc^  from  which  the  base  id  it  be  dissolved  oat  b; 
dilute  li;dnKililoric  aod,  wbile  a  nsinous  bodj  remains  undiafolved.     The  hydro- 


irtiile  riiombic  »iims,  s>  ^. 

of  oystala.     The  £ree  bass,  obtained  by  treating  the  h;drDcblorat«  with  a 

of  iMriiiiii  and  alcohol,  is  a  white,  radio-CTystaliine,  deliaaeacent  mass,  which  has  a 

sliaip  but  DOt  biUer  taste,  dissolves  easilv  in  water  and  aloohol,  very  sparingly  Id 

pther,  sod  melts  with  decomposition  when  heated.  Host  of  its  salt*  am  ayBtallisable, 

and  eiaily  soluble  io  water;  some  of  them  are  also  daliquesceat. 

XTOWfoaUfg.  The  flne  dost  of  lycopodinm,  ta  elubmoss,  eonBists  of  the 
spores  of  the  plant ;  when  diflVised  or  strewed  in  the  air,  it  takes  tM  &om  a  candle, 
and  boms  off  like  a  flash  of  lightning.     It  is  used  in  theatnis. 

From  1000  ports  of  these  spores,  Buchoti  eitraetsd  BO  parts  of  a  Sied  dH  soluble 
in  alcohol,  SO  of  aDgu*,  IS  of  maeilage,  89G  of  a  sabatance  insoluble  in  water,  alcohol, 
ether,  eesenoe  of  tuipenKue,  and  cold  alkaline  leys. 

The  leaves  contain  fi'O  per  cent,  chlorophyll,  2£-0  exttaetire  matter  and  acetate  of 
aluminium,  d'O  (^anie  salts  of  caldam,  magnesinni,  maoganeee,  iron,  lead  (F),  and 
copper  (?},  and  64  0  celtnloM. 

The  infosioD  of  lynopodium  )s  used  as  ■  mordant,  On  account  of  the  large  quantity 
of  aoeUte  of  aluminium  which  it  eontuns.    (Felonie  et  Frimy,  Ttaiti,  vi.  469.) 

XiTXIXAM  BTOXS,  Tovukitimt,  or  Batanitt,  a  velvet-black  siliceous  stone  or 
ffinty  jnxper,  used,  on  account  of  its  htudness  and  black  colour,  for  trying  the  purity  of 
the  precions  metals.     See  Qold  (ii.  S2S), 

XWWKTW.  This  liquid,  which  fills  the  lymphatic  veiaeb,  is  colouriess  or  yellowislt 
when  pure,  red  only  if  blood-corpttscles  happna  to  be  mixed  with  iL  It  is  sranetimeB 
transparent,  eometimes  ali^tly  turbid  or  ojudeeeent,  of  a  buntly  saline  taste  and  mawk- 
ish ftTiimaJ  odour ;  its  reaction  is  usually  alkaline.  It  coagulates  in  from  four  to 
twen^  minntes  after  ite  discharge  from  the  lymphstJcs,  then  Airming  a  gelatinous, 
tambliDg,  Golouilees  cosgnlum,  which  gradually  contacts  more  firmly,  and  endoees  a 
UxgB  number  of  tlw  so-islled  lymph-corpuscles:  this  coagulum  usually  ooeupiea  but  a 
Ten  small  spaoe  in  proportion  to  the  serum. 

Tba  especial  morphologic^  iltmmtt  of  lymph,  b  addition  to  fat-^obules  aiid  oudeas- 
like  ftirmations,  are  the  tme  lymph-corpuscle^  which,  however,  do  not  differ  essentially 
from  mucus-  and  pos-eorposelea.  In  Ivmph  that  has  been  earefnlly  collected,  bloo<t 
corpnselee  are  not  found,  exceptins  when  the  liquid  has  hepu  oDtained  from  the 
hrmphat^  of  the  spleen,  or  from  animals  that,  have  been  starved  to  death.  (H.  Naasn, 
EandwSrl.  d.  PhgtM.  ii  363-110.) 

The  cjlrmicol  cotutitumU  of  lymph  are  in  general  similar  to  those  of  blood,  without 
the  Ted  corpuscles.  The  spontaneously  eoagulating  substance  of  the  lymph  isperfectlj 
ideDtical  with  the  fibrin  of  blood.  In  human  lymph  (obtained  in  eases  of  disease  or 
iirinTy),  Hsichaud  and  Cotheig  found  0'52  per  cent.  andL'HiritierO'32  per  cent,  flbrin ; 
whUe  10  die  lymph  ctf  the  hone,  from  OIH  to  0'33  par  cent,  has  been  found  bv  different 
obscrven.  J.  HiUler  fbund  tliat  frogs  irtiieh  had  been  starved  to  death  dormg  winter 
jieMed  a  lymph  perfeotlj  free  from  fltein;  whereas  Nasse  found  that  the  lymph  of  fri^ 
which  had  been  kept  in  a  heatsd  nx>m  s^  oaagiilat«d. 

1^  albumin  et  the  ^mph  has  the  same  general  properties  as  blood-albumin. 
Oeiger  and  Schloasberger  fbund,  however,  that  albumin  fhnn  the  lymph  of  a  horse, 
tturaidi  it  exhibited  no.rMotioB  with  vegetable  colouia,  did  not  ooagulata  on  boiling, 
but  Uat,  on  evaporation,  a  membrane  was  formed  on  the  surface  of  the  liquid  as 
if  a  Btaaagly  alkiJine  albuminate  of  sodium  had  been  present.  This  tymph-sertim  was 
not  rendered  tnrlnd  by  acetic  adi^  unless  boiled  after  acidification :  neither  was  it 
listed  by  rennet,  whence  the  absence  of  casein  nay  be  inferred  ;  nor  by  ether. 


InEnmai 


lytapb,  the  albumin  has  been  (bund  to  vaiy  fretn  0'4S4  to  3-002  per  a 
■     -■•  ■.     Intheas' 


and  is  that  of  the  horse  from  13  to  t-7S  per  cent.  In  thensb  of  lymph-albumin,  even 
after  repeated  extraction  with  wat«r  and  spirit,  Ifasse  found  an  extraofdioarily  laige 
quantity  of  alkaline  carbonntm. 
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Fat  ODcnn  in  lymph  ddIt  ia  rdbU  qnutitira,  and  tor  the  moat  part  id  a  aapaaified 
fbim ;  ia  the  iTmph  of  the  bone,  Naiae  fonnd  0-0088  par  cant  of  aee  fat,  and  0-0675 
per  Beat,  of  afkaUu  aiita  of  fat^  adds ;  vhile  in  bomau  lymph,  Harehaud  and  C^- 
bmi  toraii  D'264  per  cent,  of  a  pale  r«dditb  &t. 

The  lymph  also  containa  lactates. 

In  hones'  lymph.  Nunc  toond  O-OTSS  per  cent,  of  extractive  matters  eoludla 
in  alcohol,  and  0-687T  per  cent,  solable  in  vater  only ;  nhile,  aooording  to  Qeiger 
and  Schloaabeisei,  the  whole  of  the  extractiTa  matten  amount  to  027  per  cent. 
Hum  wai  unable  to  detect  area  in  the  lymph  of  the  bono. 

Minrrat  amttiiaenti. — In  lymph,  aa  in  all  the  animal  fluida,  chloride  of  eodinmia 
the  preponderating  minenloonatitQeiit:  in  bonee' lymph,  it  amonnta,  according  to  tnafse, 
to  0-41ZS  per  cent.  Alkaline  carbonate!  were  fonnd  bf  Naese  in  honea'  lymph, 
the  qmuitity  bung  estimated  at  0'096  ptT  cent. ;  bnt  Oeiger  biled  in  detecting  them :  in 
the  aab  of  the  wdid  eonstitaenta  of  Uie  lympb,  hoTerer,  the  latt«T  fonnd  an  abnndatice 
of  alkaline  carbonates.  ^Die  prcsence  of  ammoniacat  ealts,  which  was  napectcd 
by  Naue,  boa  been  definitely  eatablisbed  in  borBea'  lymph  by  Geiger  and  Scbloasber^r. 
Hassa  fbnnd  that  bones'  lymph  is  comparatively  ricb  io  ■  nip  h  uric  acid,  whidi  exists 
in  it  pre-formed;  he  eatunates  the  qoantity  of  ndphate  of  potasaiam  at  0-0233  per 
cent.  Alkaline  nhoapbatea  oecuf  only  in  very  amall  qoantitiea.  The  enrthy 
salts,  with  a  ■moll  quantity  of  feiric  oxide  (arising  probably  fnnn  the  pnaeace  of  a 
f^  blood-ooiposcles},  were  fonnd  by  Nasse  to  amount  to  only  0-031  per  c«nLin  horsec^ 

The  qnantiCy  of  water  in  lymph  appears  to  be  Tciy  Tariable,  but  nersr  so  g^at  as 
in  the  Uood-pfosme.  In  hmnan  lympfa,  March  and  fbnnd  B6- 9  26  per  cent.  ondL'Heritier 
fbnnd  92-13S  per  cent,  water ;  in  the  lymph  of  horses,  (he  quantity  has  been  found  to 
Tary  from  92-B  to  BB-87  per  cent. 

Hasse  haa  instituted  an  intereeting  comparison  (based  on  direct  analyaea)  between 
the  composition  of  the  lymph  and  of  the  blood-semm  of  the  horse,  from  wMch  it  appeals 
that  the  indiTiduol  aalta  stand  to  one  another  in  precisely  the  same  ratio  in  the  two 
liqnidi,  although  their  abeolnte  qoantity  is  very  difierent,  on  account  of  the  eompaiA- 
tireW  larger  proportion  of  water  in  tlie  lympb. 

There  are  also  Minaiderable  differences  in  the  proportions  in  which  tbe  mineral  eon- 
■titnents  stand  to  the  organic  matters  in  tbe  two  liquids:  while  100  pta.  of  salts 
correspond  to  lOSS  pts.  of  organic  matters  in  the  blood-eemm,  the  ratio  in  tbe  lymph 
b  as  100  to  only  7Bfi.  According  to  SHarchand  and  Colberg,  hnman  lymph  contains 
inganic  and  inorganic  matters  in  nearly  equal  part«.  (Lthmatin'iPki/ticiegicalCkaiiutry, 
translated  by  Day,  ii  299.) 

r.    A  CIt«A  name  Ibi  Amn. 


VtAOm  is  Uie  oriRtM  or  onTolope  ot  the  frnit  d  tbe  antmeg  (IfyrUtiea  noteiaia). 
It  forms  ■  somewhat  thick,  tough,  nnctaoua,  reticulated  membrane,  of  a  yellowish- 
brown  or  orange  colour ;  has  a  somewhat  more  agreeable  odour  than  nutmeg,  with  a 
Warm  and  pungent  taste,  and  is  used  as  a  condiment  in  cocking. 

Uace  contains  two  oils,  one  of  which  is  nnctnona,  Uand,  and  of  the  conaiatence  of 
Imtter;  the  other,  which  is  obtained  by  distillation  with  'watez,  is  thinner  and  volatile. 
By  cohobating  fbur  times,  1'7  per  cent,  oil  may  be  obtained  (Hoffmann,  Repert. 
PhBnn.iliiL  2SS);  from  old  mace,  11  per  cent.  (B ley,  tiui.  xlriii.  94).  It  ia  trans- 
parent and  .ooiourlees ;  of  spedflc  gravity  0*931 ;  amella  stmngly  of  mace,  and  bae  a 
burning  aromatic  lasta    It  forms  a  permanent  liniment  with  aqueous  ammonia. 

■CAOKS  is  the  name  given  to  certain  spots  in  minerals  of  a  deeper  hue  than  the 
leat ;  sometime*  proceeding  frum  difference  of  aggregation,  sometimes  from  the  pieaence 
of  a  fi>reign  eubstance :  clay-sIate,  for  example,  may  be  maded  with  iron  pyrites. 

M*OT.M.     Twin-erjMals  (iL  lfi9). 

IC&OUnux.    Syn.  with  Hosim'Unac  Aero  (p.  lO-lEI). 

IK&IIDBB.  Garana.  Krapp.—Tbe  root  of  Buiia  (tfufton™.  eztensiTdy  used 
in  dyeing  for  the  production  of  a  variety  of  colours,  namely,  red,  pink,  purple,  block, 
•ud  libocolate.  Other  species  of  iftiUa  yield  similar  colouring  mattors.  and  an  also  used 
aa  dyeing  materials ;  via.  S.  Mtmgitta,  or  Muigeet,  which  grows  in  the  mouDtaiuona 
regions  of  HindooBton,  and  is  used  in  that  conntn  for  producing  (he  red  and  cbocoUta 
BgUMS  seen  in  the  chinti  calicoes  of  (he  East  loffies  ;  and  R.  pengrina,  which  ia  culti- 
rated  in  the  Lavaat,  where  it  is  colled  JlUari,  and  imported  into  this  conntry  under 
Uie  name  of  T^rtey-rooli ;  but  Bubia  tmetomm,  or  dytri  maddtr,  is  the  only  i^edas 
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cnltinted  in  £arope :  it  thriTea  btM  in  a  wann  dimity  and  is  groTn  exteanvelv 
Deu  Avignon  in  Frann,  ileo  in  AIsbCb  uid  in  Niiples ;  in  the  north  of  Enrope  it 
raqnires  a  shelterrd  aitiiatioii. 

All  kiudj  of  miKldflr  hsve  A  pecalinr  Hinell,  uid  a  tasta  betwefm  bitter  and  BireeL 
Their  colour  varies  axtremelj,  being  sometimpB  jelloir,  sometimM  omngs-red,  leddish- 
hniwn,  or  btown.  They  MB  mom  or  !«■  hygroB<»pic  ;  ao  that  eran  when  cloeely  packed 
in  cBsks  in  the  state  of  poWer,  they  bIovI;  attract  moiBlnre,  increasB  in  weight,  and  at 
length  loBA  their  pulverulent  condition,  forming  a  firm  coherent  nuuv.  Some  kiikda 
of  madder,  eopedallj  those  of  Alsace  and  HoUsjid,  when  mixed  with  water  and  left  to 
stand  for  a  short  tinu^  give  a  thick  coagotam  or  Jellj — an  effect  whieh  does  not  take 
place  in  the  same  d^ree  with  Avignon  madder.  Themadder  of  Avignon  containssonaeh 
carbonate  of  calcium  as  to  effervesce  with  aada.  The  herbaeeons  parts  of  the  jdant, 
when  given  aa  fodder  to  cattle,  are  fbond  to  commumcate  a  red  eolour  to  their  bones. 

The  principal  advantages  wliich  madder  preseota,  as  a  dya-atnffl  are  the  IbUowlng  : — 
1.  It  is  capable  of  prodaciiig,  according  to  the  mordantu  and  the  method  of  treatment, 
s  gnat  varied  of  diflbreiit  colonn  and  shades  :  anch  aa  black ;  red  of  diffbmt  kinds. 


from  adnll  brownish  red  to  a  bright  red  and  delicate  pink,  besides  the  peculiar  cokHir 
known  as  Turkej-red :  also  purple  of  various  sbades,  from  a  dnll  reddish-paiple  to  a 
delicate  bloi^-pnrple  or  lilac,  as  well  oi  cbocnlate  of  all  shades. — 2.  Its  eountring 


n  have  but  little  affinity  fijr  cotton  fibre,  and  a  great  afSni^  fbr  moidanis  ;  so 
that  it  is  not  diffiimlt  to  secure  a  good  white  on  (he  ^arta  of  the  tissue  to  which  no 
mordant  has  been  applied. — 3.  The  compounds  whidi  ita  eolooring  matter  or  matters 
yield  with  mordants,  poseess  an  unusually  stable  eharaoter ;  so  that  tbey  may  be  ex- 
posed, withont  much  detriment  to  the  eofonr,  to  the  actioQ  of  variou  agents  tor  the 
puipoee  of  ijnproring  or  modi^ring  the  shade. 

Oliiiiiiliial  Oonatltntlan  of  Xoddor.  lliBre  is  probably  no  subject  eimnected 
with  the  art  of  dyeing  which  has  given  rise  to  so  much  discussion  aa  the  compoaitioD 
of  madder,  and  the  chemical  nature  of  the  colouriDg  matters  to  which  it  owes  its  valu- 
able propraliea.  The  subject  has  engaged  the  attention  of  a  great  number  of  chemists, 
among  whom  may  be  especially  mfiutioned,  Robiquet  and  CtJin,  Kohlmann,  Qanlthier 
de  ClaabiT  and  Persot,  Eunge,  Schonck,  Schiel,  Higgin,  Debus,  Sbecker,  Bochleder, 
Sacc,  and  Emile  Kopp.  Ifevartheless,  our  knowledge  of  madder,  as  compared  with 
that  which  we  possess  of  other  colouring  prindplea,  is  still  conftwed  and  uncertain. 
Acoording  to  some  chemists  (^cc,  for  example)  and  many  roanabcturers,  madder 
contains  but  one  colouring  principle,  while  most  others  admit  the  existence  of  at  least 
two,  vis.  alizarin  and  purpurin.  Moreover,  according  to  some  chemists,  ths  colouring 
matter  exists  in  madder  raady  formed ;  whereas  oUiers  suppose  thst  fresh  madder 
i^mtjin.  merely  a  eolour-geneialins  substance,  which  snbsBqnently,  by  a  kind  of  trr- 
mentation  gives  rise  to  the  colouring  matter  properly  so  called :  the  latter,  which  ia 
Sdiunck's  view,  appears  to  be  hosed  on  the  moel  tmstworthy  eiperiments. 

When  ordinary  commercial  madder  is  exhausted  with  boiling  water,  a  dark-brown 
muddy  liquid  is  obtained,  having  a  taste  between  bitter  and  sweet.  On  adding 
a  small  quantity  of  an  acid  to  this  liquid,  a  dark-brown  precipitate  is  produced ;  while 
the  supernatant  liquid  becomes  clear,  and  appeals  of  a  bright  yellow  colour.  The 
precipitate  consiBts  of  alizarin,  porporin,  mbiacin,  two  resinoas  colouring  mattery 
pectie  acid,  oxidised  extractive  matter,  and  a  pccoliar  nitrogenons  substance.  The 
fiqnid  filtered  from  this  precipitate  contains  the  bitter  principle  and  the  extractive 
matter  of  madder,  as  well  as  sugar,  and  salts  of  potassinm,  calcima,  snd  magnesiom. 
No  Btarch,  gam,  or  tannin  con  be  detected  in  the  watery  extract  After  the  madder 
has  been  completely  exhausted  with  boiling  water,  it  appears  of  a  dull-red  Colour.  It 
still  eoDtaius  a  quantity  of  colouring  matter,  which  cannot,  however,  be  extracted  with 
hot  water,  or  even  by  alkalis,  since  it  exists  in  a  state  of  combination  with  lime  and 
other  baaes,  fonning  compounds  which  are  insoluble  tn  those  liquids.     If,  however. 


. „  .  .  c  alkali,  a  dark-red 

liquid  is  obtained,  which  gives  with  acids  a  dark  reddish-bniwn  precipitate  of  aliiarin, 
purpurin,  rubiocin,  resin,  and  pectic  add.  The  portion  of  the  madder  left  after  treat- 
ment with  hot  water,  acids,  and  alkalis,  consiBta  almost  entirely  of  woody  fibre. 
(Schunck.) 

Of  the  aubstances  thus  shown  to  exist  in  ordinary  madder,  ths  most  important  are 
undoubtedly  alizarin  audpurpario,  which  are  in  bet  the  essential  red  colouring 
matters  of  the  dye-stufT.  "niey  were  discovered  by  Kobiquet  and  Colin,  to  whom 
we  are  indebted  for  the  first  memoir  of  any  importance  relating  to  the  chemistry  of 
inaddar.    (Ann.  Ch.  Fby*.  [2]  xxxiv.  22fi.) 
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U2  MADDER. 

Aliiarin,  tHe  Litanc  add  of  Debns,  Maddtr-nd  at  Rnngp,  Matiire  cnloranU 
rouge  of  Oanlthier  de  Claubn  nnd  Fenot,  waa  obtsiced  b;  Robiqiirt  and  Colin  as  a 
sublimate,  in  boaatiful  rpddisb- jrllow  needles;  bat  the  mode  of  preparation  irhicb  they 


adopted  left  it  oneertuu  vh^er  the  alizarin  pre-PziBted  in  madder,  or  vw  a  product 
of  ^composition  of  aome  othc^  bod*  produced  Dj  bast. 

It  mtf,  bmrerar,  be  extracted  from  oidinarr  madder,  w  naed  by  ihe  dja,  by  the 
lu^lioD  of  BolTBUta.  and  obtained  in  crystals  vitnont  anblimation  :  bence  its  eiist«Dce 
in  ordiiisn  madder  may  be  inferred  (see  i.  114  ;  and  for  details  of  prejMration, 
Ginrlin'M  Handbook,  liii.  326,  and  xiv,  130).  Its  comrositioa  cannot  be  legordad  as 
definitely  utablished.  Wolff  and  Suecker's  formula,  C'*H'0',  is  most  in  accordance 
vith  the  reloCioD  of  aliiarin  to  cbloronaphtiialic  acid,  CH'CIO',  both  of  Chne  com- 
pounds beiiiB  converted,  by  the  action  of  nilric  acid,  into  [dithalic  acid ;  but  Schunck's 
formula,  C"H"0',  appeal*  to  explain  more  clearly  the  formation  of  alizarin  from  rubian 
(p.  ^^b) :  it  moat  be  remembered,  howeTor,  iLat  the  fbnnnla  of  mbian  itaelf  is  by  no 
means  veil  estaUiibed.  Alizarin  is  very  little  aolnbls  in  water,  more  tolnble  in  alo^iol, 
but  nearly  inooluble  in  alnmininm-aalta.  Its  alkaline  solntions  have  a  beantifbl  nolrt 
or  pnrpls  coloiir,  and  it  forms  lokea  of  vaiioni  eolows  with  tha  Bsrthy  and  hsavy 
■nelaUie  oxides. 

Furpnrin,  the  JfaJifar-jmrpis  of  Rnng^  Vnttjrs  edoroKU  mat  of  OooHhier  do 
Clanbiy  and  Fenoi,  Oxiiuarie  acid  of  Debus,  ii  extracted  from  madder  br  the  sanM 
processes  as  aliMiin,  and  Mmrat«d  from  it  Irr  its  mparior  solubility  in  alua-tiqnor. 
It  bean  aonsidenbla  rvsemblanoe  to  alitarin,  yielding  a  czyitalline  snblimsta  when 


blight  red ;  whereas  aliurin  tbrms  riolet  solutions  with  alkalis.  Those  d 
might,  howsTST,  be  produced  by  (Lfl  admixture  of  s<»ne  ftireign  substance  with  alizarin ; 
and  oocordin^y  some  chemists,  ss  already  obserred,  do  not  rcgaid  pnipurin  aa  a 
distinct  substance,  but  attribute  all  the  colonriug  pover  of  maddrr  to  aliiarm.  Thoe 
an.  howerer,  other  charscten  which  slio*  beyond  donbt  that  pniporin  is  a  distinct 
■ubstonee:  vis. — 1.  Ite  decomfioaitun]  wben  exposed  to  tho  air  in  alkaline  solution,  the 
'   uof  the  liquid  then  chon^ngfrom  blightredtoreddish-yellow,  sndnltinutelydia- 


ajppearing  slmoet  entirely,  otter  whicb  purpnrio  can  no  longer  be  dlscotered  in  the  sdn- 
tion,  whereas  alizarin  soffers  no  snch  decomposition  (achnnck). — 3.  Its  optical 
properties.  Stokes  has  shown  that  when  a  solntion  of  pnrparin  is  examined  t^  a  prism, 
the  apeetnim  which  it  exhibits  ia  totally  diS^nt  from  that  which  is  produced  m  like 
manner  by  alisarin.     (See  Liqbt,  p.  638  ;  also  PcBFUBorO 

Considerable  differenm  of  opinion  likewise  axiats  as  to  am  relative  Tolne  of  alisaria 
and  pnrpnrin  as  dyeing  matanols.  Aceordingto  Sobiqnet  and  SchuSck,  the  lln<«t  and 
moftpomanentmaddei-oidonnare^vdacedbjalizann;  whereas  Bunge  and  BU-eiAer 
M»  of  opinion  that  the  Uvelieat  tinta  an  prodneed  by  porporin,  and  that  this  snbstance 
likewlae  plays  tile  ptindpal  port  in  the  mannikctnre  of  Turkey-red.  Aceotdii^  to  B. 
Ki^ip, on  the  otkerhand,  the  real  basis  of  TnAt^-ted  is  oliEann ;  and  be  fbrlher states 
that  pntpnrin,  thonj^  it  dyes  mordanted  &brics  peifeetly,  does  not  yield  colonn  of 
so  great  a  de^ee  of  stebili^,  and  has  not  so  great  an  affinity  for  oiled  doth,  as  alisarin. 

From  Schnndfs  •zpsrinunt^  it  appears  tMt  all  the  usual  maddeiMnloais  may  bo 
obtained  by  means  of  alizarin,  and  that  the  colours  to  produced  are  ss  pan  and  brilliaDt 
as  oidinazy  madder.colonrs  ars  after  a  long  eoniee  of  treatment  wit^  so^i,  odds,  be; 
They  are  likewise  equally  fast,  and  qnits  equal  to  ordinary  maddoF-colaaiB  in  thrir 
power  of  naiating  decomposition  by  soap,  alkalis,  tee. 

In  abort,  the  £ibI  result  of  dyeing  with  madder  and  its  preparations  appeals  to  bv 
■imply  the  combination  of  oliaarin  with  the  various  mordant  em^oyed.  It  can  easily 
be  uiown,  indeed,  (hat  the  finer  madder-colours  contain  little  besides  alisarin  in  combi- 
nation with  the  mordant.  If,  (br  instanoei  a  fewyards  of 'maddpr-pink  calico  '  betwated 
with  hydrochloric  add  to  remove  the  alumina  of  the  mordant,  tien  welt  washed  and 
treated  with  caustic  alkali,  a  violet  solution  is  obtained  ^m  wbich  acids  predpitate 
yellow  flocks  coDsisting  of  ahnoat  pure  alizBrirk  Purpunn,  on  the  other  hand,  is  iband 
to  have  almost  entir^y  disappeond  from  all  madder-coloura  which  have  been  sub- 
jected to  a  long  coarse  of  aftar-lreatinent;  a  result  quite  in  accordance  with  the  bet  abore 
mentioned  of  the  deoompodtion  of  pnrporin  iu  alkaline  solution  on  enosure  to  the  air. 
(Sehnnck.) 

Hadder  likewise  contains  certain  yellow  colouring  natters :  but  tber  are  nsclMs.  if 
not  positively  injurious,  in  the  process  of  dydng.  Bnbiacin  is  a  yellow  aystaUised 
colouring  matter,  coinciding  in  moat  of  its  properties  with  the  vnoiAfffHinrf^  of  Rnnge. 
It  is  only  aliglitly  soluble  in  boiling  water,  but  disKolves  more  freely  in  boi£ng  alcohol. 
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and  nyitdliaatheidlnm,  on  coding;  in  giwnuh;fdl(wti»ei«tttw«Iei  and  DccdlM.  It 
disBolres  iritiiont  dccompomtioii  in  stmng  siilphaiic  sad  in  boiling  nitric  acid,  uid  with 
parpla  colour  in  alkalia.  ICb  componnda  vith  nutidJic  ozid«a  am  mostlj  nd.  Wli«n 
traced  with  a  boiliDg  (olation  of  (otic  chloride  or  nitrate,  it  dinolTea  entiralj,  yielding 
a  brownish-rad  aolntion,  irhich  giTM  with  hjdrochloiic  acid  a  floeoolent  praeipitute  a 

Of  tlH  two  nsiDoiu  oolomiiig  n 
brawn,  bfittlc^  rain-like  body,  rerj 
100° ;  tlM  otlMi  is  a  reddiah-brown  powder, 
Th«ae  two  coloQiing  matMn,  U     " 
or  dnn  eolonring  matter  c 

Dot  oontribote  to  the  intennt;  ol  _  ,  ,  _ 
judldal  eflfct  on  the  braatj  of  the  dje*.  If  printed  calico  be  dyed  with  a  mixtois  of 
alizaiin  Bud  anj  one  of  tliese  three  eoloanng  matten,  the  coloan  are  fiinnd  to  be  both 
weaker  and  kas  beanlifal  than  irtien  aliiarin  ii  naed  alone.  The  red  aoqoiies  an 
umsgB  tinm,  and  tha  pnrpla  a  leddiih  hue,  whibt  the  black  ia  leia  intana(<,  and  the 
paRa  wU^  abonldnmain  wh^  hareaognindaTdlowiah  aoloor.  lliaefftet  of  Ihate 
eolonrillg  "■"*■""  mna^  timafow^  be  oovBteracted  a*  mnch  aa  poanble  bj  pMrandng 
UuEneiuarfh      -.     ±     ,   .,    .    .         ..    ,  -      ..         


noiu  oolonring  matten  Blna^  mentioned  (p.  Ti3)t  one  is  a  dark- 

n-like  body,  rei?  aoinble  in  eWhol,  and  meltiDg  U  a  little  abore 

a  reddiah-brown  powder,  leae  eolnble  in  alcohol  Uuo  the  pKMdiag. 

natl«n,  toeether  with  mbiadn,  eonatitnte  pKibablf  the  tawn; 

matter  of  madder  mentioned  by  the  older  ehemiala.    The;  iw 

ntennt;  of  the  ctdoon  dyed  wiUi  madder,  and  exert  a  Terj  pre- 


themtelvea  to  thefiibrie. 


conaeqiiena  of  the  ,      ,  ,  ,  

t  may  act  yciy  pmndioialh  in  djeln^  bj  eombiiung  with  the  mordant*  and 

ine  extract!  Tfl  mattai  of  madder,  whim  in  an  nnalteied  itate,  nrodncei  noit^n- 
riona  aStaitfl  direetlj ;  but  hj  the  action  of  oxygen,  eapeciallj  at  elavBted  tempera- 
tnraa,  it  seqedna  a  brawn  colonr,  and  than  contnbiLtea,  togetfaer  with  the  rabiacin  and 
nainou  eokniniig  matteia,  to  deteriiaate  the  ookmr^  andanllj  the  white  parte  of  the 
hbric  Hence  the  anilbrm  dirtj  reddiah-toown  tint  which  a  piece  ot  oohoo  cahibito, 
both  on  the  nrinced  and  imprinted  p<»tianB,  altar  having  been  djed  with  nuiddar  x  the 
nmoTsI  of  uia  tinge  ia  one  of  the  olgecta  of  the  afl<r-tieatn>«tt  with  ao^  and  other 
mateiiala.  In  the  ptoeeaa  ot  mannbctaiing  ^anuein,  thia  mbMance  ia  pait^  deeom- 
poaed,p«iitl7TMnaTedb7tbeanbaeqnanlwaahin^:  and  thia  wplajna.  inagreat  ma«^ 
ha  geatsr  pu^  and  bnllian^  of  garancin  eoloBi:*,  ••  oMnpared  with  nu  ' ' 
I.   The  odractiTe  tnattrr,  wbenpnr^  hju  thsappftusneeof  avellowajrup 


colonfv. 

honey,  ia  eaail;  eolnbte , ^ ^ ,— ~— 

nlntion  by  any  earthy  or  metallic  aolt ;  bat  tha  aotatioii,  if  erapontted  in  contact  with 
the  air,  gndnally  toniB  brom,  and  then  pri»  on  abondant  brawn  precipitate  with 
acetate  of  lead.  Ita  aqneona  eolntioo  mii«d  with  hydroehlaric  or  avlphnric  amd,  and 
boiled,  beoomea  green  aad  depoaite  a  daik-sreen  pawder.  Henoe  thia  extraiitiTa  mattw 
ha*  been  called  chlorogenia  by  Schnndc,  rnbiahloric  aeid  byBoohledar.  The 
lanthin  of  Knhlmann  and  the  madder-yellow  of  Bwlge  ^fwar  to  be  niz- 
tnrea  of  the  extraetJTe  matter  with  a  bitter  principle. 

The  sugar  contained  ia  madder  ia  ^baUr  glncoae:  it  ha*  not  hitherto  be« 
obtained  in  the  eryatalliaed  atate ;  bat  it  yields  alcohol  and  earboBie  acid  by  tar- 
mentation,  like  Dr£naiy  sugar.  Thr  woody  fibre  which  ratnaina  after  maddet  haa 
been  thoronghly  axbanated  hj  the  action  of  Taiiona  adyaits  (p.  743^  always  r«taiiM  a 
•light  reddiui  or  bntwniah  tinge,  from  the  presence  of  aome  colouring  matter  vhidl 
eauBDt  ba  completely  lemoyed,  and  leans  to  adhere  to  it  in  the  santa  way  m  it  doea  to 
(he  fibre  cf  nnmordaoted  cotton. 

Tha  inorganic  oonatitnentsofmadder-roothaTa  been  aBalysadby  H.  Soehllm 
(Ann.  Ch.  Pham.  lis.  341)  and  S.  Moy  (Md.  iir.  US} ;  those  of  the  seed  by  Sehisl 
(Haadw.  d.  Chem.  ir.  SOS). 
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10-38 

88-87 

89-87 

Toow 
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The  Alraw  madder  (a)gtown  on  &  hiohlj  ealcnTKnia  soil  yielded  S'2fi  per  cent,  uh ; 
i  jiMad  8'4  per  cenL    iTie  aeed  of  Avignon  madder  gave  814  per  cent.  Boh. 

FtrrTnaiion  of  the  Red  ColtniriTig  Maiteri. — Tlie  eitroctiaa  of  aliiarin  and  pnipnrin 
from  madder  by  the  action  of  aolTenta  showi  that  theae  cotoDrins  matters  exiat  ready- 
formed  in  madder  in  ita  opdinaiy  state,  aa  osnd  by  the  dyer.  But  it  adll  remauui  a 
qupation  irhether  tbej  eiiEt  in  the  loot  vhQe  growing  or  when  newly  dog  op,  or 
whether  they  ue  formed  bj  any  snbaequent  proem  of  chemical  change.  }4ow,  it  baa 
long  been  Imown  that  when  gmand  madder  is  kept  tightly  packed  ui  eaaka,  it  con- 
stantly improTM  in  qoalitj  for  aevenl  years,  after  whii^  it  again  detariorstea  ;  and  it 
was  always  suppoeed  that  this  efi^  was  dne  to  some  process  of  slow  femtentatioa. 
The  real  nature  of  the  change,  however,  remained  for  a  long  time  nnkaown.  Sbecker 
sapiKMea  that  the  change  which  goes  on  eonsiflta  in  the  conTsraion  of  sliiorin  into  ^ve- 
ponni  but  this  would  comititate  anything  but  an  imprarement  in  qnality,  ainoB  the 
oolonrs  prodooed  by  porporin  are  in  moat  reapecta  infrnor  to  tfaoia  of  Jinrin.  Sendee 
this,  alinrin  is  a  body  not  easily  decompoaed,  onjeaa  expoaed  to  the  action  of  very 


action  of  air  and  moistnre  for  a  very  long  period  of  time,  if  not  entirelr.  Mr.  ^Tiggrin 
of  Manchester  states,  as  the  results  of  his  eipmimeuts  on  this  gabjecl,  that  there  exuts 
in  madder  a  peculiar  Blbnminoiu  ferment,  which,  bj  acting  on  the  xanChin,  gives  riae 
to  the  formation  of  colouring  matter ;  and  that  this  procOH  takn  pkce  to  some  ertent 
even  doring  the  abort  period  of  time  occupied  in  djaing.  This  view  has  been  con- 
firmed in  ita  main  featores  by  the  experiments  of  Schondt 

That  the  whole  of  the  colouring  matterof  madder  da<e  not  exist  ready-fbrmed  in  the 
article  aa  need  by  the  dyer,  may  be  rendered  evident  by  a  aimple  eipariment.  If 
madder  be  exhausted  with  oold  water,  the  clear  watery  extract  does  not  contain  any 
alizarin  or  other  colouring  matter,  aince  these  are  almost  inaolubla  in  odd  water. 
NeveHhelesa,  the  extract  when  gradnalW  heated  ia  ibond  e^iahle  of  dydng  in  the  woe 
way  as  madder  Itself.  If  made  tolerabb  strong,  it  posssaaas  a  deep  tbUow  colour  and 
a  very  bittn  taste ;  bat  if  it  be  allowed  to  stand  in  a  warm  ^aee  fer  a  tsw  hoars,  it 

to  poasees  the  wht'      *  ' 

.     .   .         ,  ,      .  a  yellow  colour  a 

taste.     Hence  it  may  be  mferred  that  the  enbetance  whicdi  imparls  to  the  ai 

bitter  tiut«  and  jrellow  colour,  ia  capable  of  giving  riae  tt>  the  formation  of  a  certain 
portion  of  colonrmg  matter.  By  extracting  madder  with  boiling  water,  the  snbaeqnent 
gslatinisation  or  coagulation  is  prevented,  and  (he  extract  retains  ita  yellow  colour  and 
bitter  taste  ;  a  proof  that  the  copulation  obaerved  in  the  extract  with  cold  water  is  a 
resalt  of  some  process  of  chemical  change  which  is  arrested  when  the  temperature  ia 
Bufflciently  raised.  When  the  extract  is  agitated  with  a  little  animal  charcoal  the  Utter 
absorbs  the  bitter  principle,  and  gives  it  up  again  to  boiling  spirits  of  wine,  which  on 
«vaporaId<m  leaves  it  in  an  almost  peiAct  slate  of  puritj.  In  this  manner  Schnnck 
obtained  aanb«ta]]C«  to  which  he  has  given  the  name  of  Unbian,  and  of  which  the 


Tellow  colour  and  an  intensely  bitter  taate^  is  easily  soluble  in  water  and  alcohol 
IS  not  a  coloaring  matter  in  the  practical  aenae  of  the  word,  for  it  gives  to  mordants 
in  dyeing  only  the  fointest  ihades  of  colour.     But  if  its  watery  solution  be  mixed  with 
sulphuric  acid  and  boiled,  it  gradually  deposits  a  qoantity  of  inaolable  yellow  flocka 
d  becomes  almost  colourless.     These  fiocks,  aitar  being  well  washed,  ai     ' 


d^e  exactly  the  same  colours  as  aliiarin.  In  &ct  they  contain  aliaarin.  The  liqnid 
gives  the  reactions  of  sugar.  Taking  this  £ict  into  consideration,  it  becomes  posnble 
to  give  an  account  of  the  principal  changB  which  takes  fJaee  in  the  procen  of  manu- 
t^tnring  garancin.  It  is  evident  that  during  this  process,  the  easily  soluble  rabian 
becomes  converted  into  the  difficultly  aolnble  alizarin,  that  thaie  is  in  this  Casey  in  &ct, 
aa  actual  formation  of  colouring  matter  which  is  added  to  that  ^nady  tTi'atn'ng  in  the 
rooth  A  similar  change  takes  place  when  caustic  alkali  is  used  in  place  of  the  acid. 
A  solution  of  rubiaa  on  being  mixed  with  caustic  potash  or  soda,  simply  turns  red,  but 
on  being  boiled,  it  becomes  dark  purple  and  deposits  a  purple  powder  which  consists 
chiefly  of  a  compound  of  alizarin  with  alkaL,  insoluble  In  caustic  ly&  Fermentstioa 
also  decomposes  mbian  with  great  &dlity  ;  but  in  order  to  eflnct  its  decompomtion  it 
is  not  indifierent  what  f«inent  is  taken ;  a  peculiar  ferment  is  easantial  to  the  paipoan. 
A  BOlodon  of  mbian  may  be  left  fbr  several  days  in  contact  with  yeast,  decomporang 
albumin,  casein,  emnlain,  &e.,  without  showing  any  sign  of  diange.  But  if  an  extract 
of  madder  with  cold  water  be  mixed  with  a  l^e  excess  of  alcohol,  flocks  of  adir^red 
colour  are  precipitated,  which,  after  being  well  waalied  with  alcohol,  ai«  fbond  to  con- 
sist chiefly  of  an  asotised  principle  called  Ery  thro  ay  m,  whidi  exerts  a  peculiar  and 
powerful  decomposing  effect  on  mbian.  If  some  i»f  this  substance  be  mixed  with 
H  watery  solution  of  rubian,  and  the  mixture  be  left,  to  stand  at  the  ordinary  tem- 
perature, the  rubian  is  found  after  a  few  honn  to  be  as  completdy  decoinpaeed  •■ 
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if  it  bad  been  trsated  vith  a  ilrong  add  or  canstio  alkali,  tbon^  oo  evolution  of  gas 
OF  anj  of  the  Dsnal  aigOB  of  fannentotion  liare  been  manifeflted.  The  solntion,  if 
tolerabljdzoDj^gelatiniBHj'iistBB  an  extract  of  madder  with  cold  wsl«rdi>G«,  under  the 
same  dicnDUtSDceo.  Thejrllj,  vhen  miiedwilh  cold  vater,  ie  foniid  to  beslmast  ia- 
aoluble.  Tha  vater  aeqnlree  onlf  a  alight  coloni,  bnIcontuiiiBaiiearinHolDtion,«liilnttie 
insoluble  portion  oootajna  alizarin  mixed  with  the  ferment.  Thia  procesi  of  decompo- 
■ition  affoidn  an  explanation  of  the  iact,  well  known  to  madder  djera,  that  if  tbe 
dje-bath  be  healed  up  rapidly  to  the  boiling  point,  instead  of  graduallj,  U  ia  the 
omal  practice,  prejudicial  e^i^  enims.  In  fact,  the  sudden  heating  puis  a  gtjip  to 
the  actioD  of  the  ferment,  aa  would  be  the  case  in  an;  other  proccea  of  fermeatation, 
irhetesatJie  giadnal  heating  allows  it  to  exert  its  full  decomposiDg  powsr  on  thembisn. 
Hence,  too,  the  adxantaga  of  mixing  together  sereral  sortji  of  madder,  one  containing 
perhaps  an  excesa  of  rubian  in  proportion  to  ferment,  the  other  a  aaperabundance  of 
int  to    counterbalance  it.     The  imptnrement  which  takes  place  in  the   qoalitT 


of  madder  after  long  keeping  is  probabl;  alao  an  effect  of  tbe  aami 
it  seems  highlj  pmbable  that  the  alizarin,  irtiich  andoubtedlj'  exisn  reaay  lormea 
in  ordinary  madder,  owes  its  formation  to  the  action  of  fbrmentation  on  rubian ; 
and  an  experiment  made  with  freah  madder  roots  goes  fkrto  proTS  that  this  la  in  fiict 
the  caee,  and  that  the  fresh  root  contaias  no  trace  <^  read;  formed  colouring  matter. 
Some  madder  roots  having  been  taken  ant  of  the  Bronnd  aiid  cut  amall,  without  being 
dried,  produced  (he  ordinary  colours  when  lued  for  dyeing  in  the  common  manner. 
But  on  treating  the  roota,  aSler  being  cut  into  pieces  aa  quicklj  aa  possible,  with 
boiling  alcohol,  a  jellow  extract  vaa  obtained,  which  contained  mbtBB,  but  which. 
eren  after  all  the  alcohol  had  been  drivea  awaj,  waa  found  incapable  of  imparting  to 
tnordaola  any  but  the  slightest  ihadea  of  colour ;  while  the  portion  of  tbe  root  left  un- 
diasolred  by  the  alcohol,  ou  being  subjected  to  the  same  teat  aa  the  extract,  impaited 
to  mordanta  no  more  colour  than  the  latter.  It  waserident,  therefore,  that  the  alcohol 
in  this  caae  had  eActed  a  separation  between  the  colour-producing  body  and  tbe  aseat 
which,  under  ordinary  circumstaccco,  ia  destined  to  effect  ita  tranaformation  mto 
colonring  matter.  The  same  relation,  it  is  apparent,  tubmata  between  rubian  and 
eiythrosym.  as  between  amygdalin  and  emulain. 

Emhrozym  difiera  in  oompotrition  from  all  other  known  ferment*,  containing  but  a 
amall  proportion  of  nitrogen  not  exceeding  4  per  cent.  Itactaonan  aqueona  aolution 
of  aagar  nearly  in  the  aacae  manner  as  yeast,  giving  rise  to  the  formation  of  alcohol, 
carbonic  acid,  hydrogen  and  succinic  acid,  but  it  is  diating^iiBhed  from  all  other  fer- 
menta  by  ita  power  of  uctini;  on  rubian. 

Aa  rubian,  when  snlyected  to  the  action  of  acida,  alkalia.  or  erylhro^m  yields  alinrin 
And  gincoae,  the  decomposition  might  at  tint  eight  be  euppoaed  to  consist  aimply  in 
the  resolution  of  the  rubian  into  tbeae  compounda,  according  to  tbe  usual  mode  of  de- 
if  glucoaidce.  The  real  deeompoaition  ia  bowarer  much  more  complex,  the 
IT  conaiating  of  aliiarin  and  glucoae  only.  The  part  inaoluble  in  cold 
waiar  contaua  in  all  caBra.  beaides  alizarin,  two  reainoua  colonring  ma(t«rs,  namely, 
Kubiretin.  C"H"0',  easily  soluble  in  alcohol,  and  Yeran tin,  C"H"OMeiB  aoluble 
in  that  liquid.  But  in  addition  to  these,  there  ia  unifbrmly  found  accompanying  the 
ijizaiin,  a  third  body,  belonging,  as  &r  aa  general  appearance  and  propertiea  are  con- 
cerned, to  the  same  claaa  of  aubstances  as  rubiacin.  The  third  body  is,  bowcTer.  in 
each  case  quite  distincL  When  acids  have  been  employed  for  the  dec<nnpo>iition  of 
rubian,  then  thia  third  body  is  Ibnnd  to  have  the  following  properties  : — It  ia  tolerably 
eoluble  in  boiling  water,  and  cryatallisea  in  lemon-yellow  ai!^y  needles;  it  is  decompoaod 
on  being  heated,  but  reaiata  the  action  of  nitric  and  concentrated  sulphuric  acida  ;  thia 
aabatanccBubianin,  contains,  acoording  to  Scbunck,  C>^"0".  When  alkalie  are 
uaed  inalead  of  adds,  the  rubianin  ia  replaced  by  Bnbiadin,  C"H"0*,'>  which  ia  a 
body  crystallising  in  beautiful  golden-yellow  acalea,  inaoluble  in  water,  but  soluble  in 
alcohol,  and  complelil;  Tolatihsed  when  heated.  But  when  rubian  is  decompoaed 
by  fermentation,  it  yielda  neither  of  these  two,  but  in  their  place  Bubiafin,  a 
substance  agreeing  in  composition  with  rubiadin,  and  rsaembling  it  in  most  of  ita 
propcrtiea,  bat  eaaentially  dLetinguisbed  from  it  bj  passing  into  rubiacic  acid  when 
treated  with  ferric' chloride.  Thia  eubatance  ia  usually  accompanied  by  another  of 
aiuiilor  [ovperticfl,  called  RubiBgin,of  which  itia  difficult  t«  say  whether  it  must  be 
cuisidered  as  distinct  from  the  others,  aince  it  has  not  been  obtained  in  a  Btat«  of 
perfect  purity.  All  theae  bodiea  which  accompany  alizarin  make  their  appearance  ao 
iirvariably  under  ^e  circumstances  above  mentioned,  that  their  occurrence  cannot  be 
considered  as  scddentaL 

Assuming  for  robian  tbe  formula  C^H'M)'',  Scbunck'a  view  of  the  formatiou  of 
these  compounda  may  be  represented  in  equations  ss  follows : — 
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a.  FonnAtionof  aliisria  (C"B'*0<'u>aording  toSthoiid): 

I,  Of  tenntiD  imd  nbiretin: 

C-H*'0»    -      Ci'H»0*  +  C"H'*CH  +  6HK). 

e.  Of  mbiiuiiB  and  gliunM : 

C-H-0"   +   HS)     -     C"^H»W  +   VS'Hr. 

d.  Of  nbiailui  and  rabiafin  : 

f^g*^"   +   2HK)     -     C»H"0*  +   2C*Hi«0*. 
Or  rabiadiD  and  nbiafln  may  b«  ooiuidaTed  >i  pradocU  t^  the  fnithtc  tnatamoijduoia 
of  nibiaDin : — 

C"H»0"  +  BH}   -  C"Hi*0'  +  (?H'K)'. 

It  appeal^  tlim,  tliat  rabiui  nodeigoiH,  not  oni,  bnt  tbrM  dii&rent  proecwia  of 
dKompositioD  n^uo  acted  onbyaxids,  alkali*,  orfenDaats  ;  thatthe  fbnoatioa  of  ninr 
ii  conD»ct«d  Dot  wiUi  that  of  aliurin,  but  witb  that  of  Tabunin  and  ita  allies,  and  that 
in  feet  then  is  no  noaoD  ■'  ' 
eictnnoD  of  ibe  othen ;  «h. , 

jidd  aliiarin  alon^  withoat  any  of  the  acooiii{iMiniig  bodiea,  whutb  an  fiom  ttua  point 
of  view,  not  only  a  sooioe  of  low,  but  also  piqjadicial  in  pnu^ies. 

The  Ibrmatioti  of  alizarin  and  of  the  othec  prodncta  of  rnbiau  abom  maattoned,  do«s 
not  depend  upon  oxidation.  Nereitheleai,  aoxndinA  to  Schonck,  mlaaii  doea  aofbr 
a  partial  ozidation  when  its  aqneoua  aolntion,  miiea  with  an  *lkali  or  Blkaliue  earth, 
ii  (opoMd  to  (be  air,  the  product  formed  being  inbianic  acid,  (T'IP'CF,  (or  peihapa 
(^iJ^O*  »  CH^O")-  Ita  formation  may  perik^ia  be  repnaented  by  tlie  equation : 
C^HMQit  +  C    -     VS*^"  +  200*  +  aH»o. 

It  w  a  trae  gloeooide,  and  ia  reaolved  by  the  aame  agents  whicb  effect  the  deoompori- 
tion  of  rabian  into  aliaaiin  and  glneoee,  no  aecondary  prodocti  makiog  theii  af^ear- 
ance;  peA^pe  thus: 

C««B"0»  +   aHKI     -     C'rH"0'   +   2C'H"0'. 
RoMuk  Kid.  Alluila. '         Olunn. 

For  fiitther  detaila  nepeeting  all  these  piodaeta,  «ee  Bmujl. 

Vss  nt  — ■''^— '  In  Tlj  >lf  The  diief  Die  of  '"»*^"  b  in  eotton-djeiiig  and 
ealieo-printiog.  In  woollen-dyeing  it  ia  not  ao  mndi  employed,  e^ieeiaUy  in  this 
coontiy,  only  the  ordinaiy  woollen  goods  being  dyed  rad  with  it ;  the  ooLmu  ia  not  so 
bright  as  that  obtained  with  cochineal  or  lai^  althou^  mors  permaDmt  and  oheapML 
Silk  ii  eeldom  dyed  with  madder,  because  cochineal  anbida  bnghta  tin(«. 

The  aeries  of  operations  nanally  adopted  for  printed  ealicoee  is  ai  follows : — 

I.  The  calico  hSTing  been  singed  and  bleached,  the  Ktordaot  is  printed  on;  namely, 
'  tfd  Uqmr'  (acetat«  of  alaminium  containjog  a  small  qnanlity  of  sulphate)  tat  red  or 
pink ;  '  inn  iiqaoT '  (fenous  acetate)  for  violet,  puijde,  or  blaak ;  and  a  mixtute  of  thia 
with  rei-UqyoT  tai  chocolate. 

S.  The  printra  doth  ia  hung  up  with  ft«e  access  of  ur  for  abont  two  days.  Daring 
this  process  of  "  ageing,"  Ihs  moraaot  nndeigoea  important  ohugea,  and  becomes  to  a 
jTcst  extent  insolnble,  and  tlmefiire  fixed  in  the  oottMl :  rtd-Umiar  parta  with  a  grait 
part  of  ita  acetic  acid,  and  ita  alumina  remaina  as  a  higUy  basio  snlpbiUe ;  imfiiqiiar 
abaorba  oxygen  and  loses  acetic  add,  and  is  thus  eouTntsd  into  a  bane  ferric  acetate^ 
Of  iate  yeen,  a  "  rapid  ageing  proceea  "  haa  come  into  extensJTe  nn ;  it  consists  ia 
passing  the  printed  <alico  through  a  heated  efaambar,  the  atmoaphere  of  which  is  kept 
exactly  saturated  with  water-THponr.  This  proceae  is  frHjneniYy  completed  in  about 
half  an  hoar,  bnt  the  time  reqairod  for  it,  aa  weL  aa  for  tbe  orduuu?  ageing  ^oeea^ 
varies  with  the  amount  of  mordant  upon  tbe  eloth. 

S.  The  next  operation  is  called  "  dungini^"  and  FOnsittS  in  passing  the  doth  through 
a  bot  mixture  tn  cow'^iuag  and  wator.  During  this  procesa,  snperfluous  portions  of 
the  mordant,  irtiich  would  otherwise  get  dotochad  from  the  doth  anring  tbe  dyeing  and 
would  be  precipitated  in  combinatioD  with  colouring  matter  npon  the  nnpiinted  parts, 
Bfe  remored  (perhaps  in  ootnbination  with  organic  constitaei^  of  the  bath),  aiui  the 
romainder  is  coaTertad  more  or  less  completely  into  pfao^ihate.  For  a  good  many 
years  past,  the  use  of  cownlnng  in  this  process  has  been  to  a  great  extent  auperseded 
bj  thM  of  an  artificial  preparation  known  as  "  dang  substitate."  first  introduced  by 
Mercer,  the  essential  constituents  of  which  aio  alkaliue  phosphates  and  arsenates.  (Sea 
Utbiho,  ii.  853.) 

4.  Steeping  m  tbe  maddt^bath,  which  ia  kept  lukewarm  at  fliBt,  and  graduall/ 
raised  to  the  boiling  heat 
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3.  "Clearing,"  bfpaning  tbabbric  Utroogh  it  boiling  miitniv  of  bna  and  vatn,  or 
■oap  and  water,  ot  thron^h  a  weak  aoInCioD  of  chloride  of  lime,  or  I17  "  ciufting"  that 
is,  Bipoaiag  it  for  some  tuni  on  the  gran  to  tha  action  of  ait  and  li^t,  or  b;  leranl  of 
these  proMBiea  in  eucceBaion. 

To  obtuin  greater  yariet;  of  colann,  other  dye-itulTk  ara  Bumetimea  added  to  the 
miiddai^bith,  e.g,  quercitron  or  fiutic  fbr  orange,  logwood  for  blacks,  &c 

For  fgither  dataiie  relaCiog  to  the  operstioos  of  nuddat-djain^  Ma  Ur^i  DietioiUTg 
e/  Aril,  fe,,  artieles  Maddib  and  ToasBT-Ran. 

The  chemical  changes  which  take  place  daring  the  pruoFSB,  ma;  be  ebortlj  deaaibed 
as  followe :  Id  the  fliet  place,  the  water  of  the  cff e-bath  eilracta  tbr  nune  aolable  eon- 
BtitusDIs  of  tha  miidder,  indi  aa  the  sugar,  ezCraetive  maddar,  and  biUsr  principla 

imbian).  Tlw  latter  is  decomposed  by  Che  ferment,  and  tha  ealnnring  matter  tharebj 
bnned  i>  added  to  that  olieadj  eiiitiog  in  the  not.  Aa  the  Irmpenitare  risei%  the 
lees  BoMble  conalitaeDtB,  such  as  the  oliiarin.  purpnrin,  nibiadii,  rennona  ctdoniing 
matten,  pectin  and  pectic  acid,  begin  to  disac^Te,  utd  at  Ihs  aamn  time  combine  parti; 
with  the  mordaoti  of  the  liibric,  partly  witb  the  lime  and  other  baaea  contained  in  tbe 
roo^  or  addld  to  the  dye-bath,  and  thus  pramit  the  liquid  to  take  op  &<sh  qnantitiea 
from  the  madder,  ne  cstraetiTs  matter  acquires  at  the  Mme  lime  a  brown  colour  bj 
the  combined  action  of  heat  and  ozjjan,  and  eoran  the  while  portiana  of  a  pieea  of 
printed  calico  with  a  nnifonu  brown  bnge.  At  the  lams  lime  the  alomina  mordant 
has  acquired  a  dirty  browniah-red  oolonr,  and  the  inm  mndaat  B  Uaok  or  brownish' 
purple,  so  that  the  fabric,  aAer  ramOToi  fiom  the  dye-both,  presanln  a  mj  nna^lly 
appearance.  To  dear  the  wfaitao,  and  at  the  some  time  brighten  thecaloniabyremoriiig 
the  rabitcin,  reainoos  nutters,  extractive  motCar.  &e.,  and  leave  nothing  but  the 
alinrin  combined  with  the  mordontH,  ia  iha  object  of  the  fifth  operation  or  series  of 
operations  above-mentioned.  But  even  this  treitioBnt,  though  sufficient  for  the  more 
ordinary  descriptions  of  goods,  does  not  completely  remove  the  foreign  subalonces ; 
'a  which  reason  the  finer  descriptions  of  printed  calicoes  are  snlnectad  to  on  ofter- 


of  oolonr  is  temoTsd,  aa  may  be  aeeo  by  the  led  tingaof  theaoap-liqnor,  and  thepnri^ 
of  the  white  partums  is  almoat  entirely  restored,  unring  this  proeea^  the  brown  and 
yellow  cotonnng  matt«n  are  prcAMblf  removed  br  donbb  deeompoeition,  the  alkali  ri 
the  soap  combining  with  and  dissolving  them,  while  the  tut  acid  takes  their  place  in 
the  f&bnc  After  being  washed,  tha  goods  are  passed  throngh  a  weak  solntion  of  acid, 
mostly  mlpbnric  or  oxalic,  or  an  acid  tin-salt,  which  ceases  the  colours  to  iJieume  an 
orange  tinge.  The  point  at  which  The  oi^on  of  the  acid  liquid  is  to  be  aneeted,  can 
only  he  oaoertaincd  by  practice.  The  next  step  in  the  process  is,  after  washing  the 
goods,  to  treat  them  again  with  aoep~liqnor  in  a  dose  vessel  under  preeanre.  By 
exposing  the  gooda  on  the  gross  for  some  time  after  tha  fint  souping,  the  use  of  acid 
may  be  obviated ;  bnt  the  process  then  becomes  much  more  tedious.  In  this  way  are 
prodoeed  those  beautifU  pmka  and  lilacs,  which,  for  delicacy  of  hue,  combined  with 

rt  permanence,  ore  not  mipassed  1^  any  4yed  colours  known  in  the  arts.  Whether 
fat  acid  of  the  soap  employed  fbnns  so  eeseotial  conatitoent  of  these  colours,  is  not 
certainly  known  ;  but  it  is  probable  that  it  eontribntes  to  their  beanty  and  durability. 
It  is  certain,  however,  that  they  always  contain  (at  acid.  If  a  piece  of  calico  which 
bos  gone  through  the  proeessee  jnst  described  be  treated  with  muriatic  acid,  the  colour 
a  yellow  stain  ;■■-■■-'  "- 


is  destroyed,  and  a  yellow  stain  is  left  in  its  place.  Ttiis  yellow  elaiu  disappears  01 
mating  the  calico,  after  washing  with  water,  with  alkali,  yielding  a  solution  of  a  bean- 
tifbl  pnrple  colonr.  This  solntion  gives  again,  with  an  excess  oF  odd,  a  yellow  floccu- 
Isnt  preapitata,  which,  after  filtration,  dissolves  almost  entirely  iu  boiling  alcohol,  and 
the  solution,  on  evaporation,  afibtds  Deedle-sh^>ed  oyetals  a!  pure  alizunn,  mixed  with 
white  masses  of  fat  acid.  The  1aR«r,  therefbre.  seems  to  occupy  the  pLice  taken  np  by 
the  impurities  before  treatment  with  soap."     (Schanck.) 

An  essential  couditiun  for  tha  prodaction  of  permajMnt  maddeF.«olonra  is  the 
ravseuoe  of  a  certain  quantity  of  lime  in  the  bath.  This  was  flrst  pdnted  out  In 
Hansmonn,  who,  after  having  prodnced  very  fine  reds  at  Bonen,  where  the  water  is 
calcareous,  encountered  the  greatiat  ofastaeUs  in  dyeiu  the  asms  reds  at  Logdbadi 
near  Colmar,  when  the  water  is  neariy  pore ;  but  on  adding  <hilk  to  his  dye-bath,  ha 
obtained  reds  as  besntiful  and  as  pennanent  as  those  which  he  had  formeriy  prodnced 
at  Kouen.  It  has  also  long  been  known  that  Avignon  madder,  which  is  gtown  on  a 
h^hly  cslCBTeouB  soil,  and  contains  so  much  calcic  earbooate  aa  to  effwveace  with  aq^ 
amirds  the  most  permanent  colours,  whereas  AJsoce  madder  rpquiros  the  addition  of 
chalk  in  order  to  produce  the  same  eSect.  The  iime  appears  to  set  by  tmiting  with 
those  constituents  of  the  madder  (the Tubiacin,  pectie  acid.  &c.),  which  when  taktn  up 
by  the  moidonts  in  Urge  quantity,  act  iiguriuusly  on  Iho  colour:  for  Scbuuck  MM 
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Bcbionet  liaT»  diown  b;  ezperim«nt  dut,  in  djeiog  with  pore  >liairiii,  the  least 
■ddiboD  of  lime  ia  ntliet  iqjuriatu  tlua  otiierwiu,  as  it  weakens  the  ctJoora  vitlunit 
adding  to  their  dnrnbijilj.  On  the  other  huid,  the  addition  of  rabiacin,  of  the  leanom 
colaonng  nutters,  or  of  pectic  acid  to  aliiarin  waa  fbnnd  to  bo  rnr  prejudicial,  therad 
then  acquiring  nn  orHiige,  and  the  purple  a  teddish  hue,  whifs  tJie  black  bAOune 
brownish,  and  the  white  porta  of  the  fabric  assumed  a  yellawiflh  tinge :  bnt  thna 
effect!  dilwppeared  complete];  at  uooa  aa  Che  foreign  odouring  mattei'  wai  completelj 
Batnrated  with  lima,  the  tjnctorial  power  of  the  alizarin  then  reappearing  with  all  its 
original  inleniitj.  Too  great  »  qnantitf  of  lime  imut  however  be  aToidtd,  as  it  wonJd 
take  hold  of  the  aliiariD  it«eli|  and  prerent  it  from  uniting  with  the  mordants. 

VreparKUons  of  MMUer.  Since  madder  contains  a  varie^  of  anbatances  which 
impair  the  brightneas  and  permanencj  of  the  colours  produced  b;  aliiarin  and  pnrpa- 
rin,  it  fallows  that  the  process  of  dyeing  with  it  must  be  greatly  bcilitatnd  by  the 
previous  remoTal  of  these  sabnances.  This  olnect  is  attained  b;  treating  madder  with 
snlphuric  Bfid,  which  destroys  the  rabiadn,  reamons  colouring  matters,  gum,  pectin,  ex- 
tisctiTe  matter,  &e.,  and  at  the  same  time,  by  its  action  on  the  rubian  still  existing  in 
the  madder,  increases  the  quantity  of  aJiaariD  and  purpnrin.  Madder  thus  treated 
prodncea  dyes  which  require  lees  clearing  than  ordinaij  madder-colours ;  and  there 
IS  this  ftirther  adyantage  in  ita  use,  that  nearly  all  the  colouring  matter  oontained  in  it 
is  available  for  dyeing,  whereaa  when  crude  madder  ii  employed,  nearly  a  third  of  the 
rolonring  matter  remaina  in  the  residue  unutilised.  These  oonaideiatiaaa  have  led  to 
the  use  of  the  following  preparations  of  nuddei : 

1.  Snlphurie  Charcoal  (Ckarbon  itilpkuri^).—TbU  name  waa  given  by 
Bobiqnet  to  a  product  which  he  obtained  by  Ireatmg  pnlrerieed  madder  with  a  con- 
sider^e  quantity  of  rather  strong  eulphniic  acid  for  aerentl  bonra.  tlien  dilating  with 
water,  flltning,  waahing,  and  drying  the  residue.  It  dyes  strongly  and  prodncea  veiy 
fine  eolonis;  bnt  being  diiBciilC  and  costly  to  prepare  on  tbe  large  s^e,  its  mannfactnre 
baabesn  abandoned,  excepting  for  the  pi«panttoQ  of  colorin,  a  pri>diict  introduced 
into  commerce  by  ISM,  Legier  and  Thomas,  and  obtained  by  eihaustiag  the  eulphu- 
ric  charcoal  with  alcohol  and  dietilling  the  aolulion  to  the  consistence  of  an  eitracL 

2.  Oarancin,  first  prepared  by  I^gler,  Bobiqiiet,  and  Colin,  ia  obtained  in  a 
omilar  manner  to  aulphnni:  charcoal,  eieeptiDg  that  a  amsUer  quantity  of  acid  is 
added  (less  than  a  thira  of  the  weight  of  the  mwlder),  and  the  mixture  ia  more  largely 
diluted  with  water  and  boiied  for  a  longer  time.  The  product  ia  washed,  dried,  and 
grotmd  with  a  small  quontitv  of  chalk  or  sodlc  carbonate  to  neutralise  any  acid  that 
may  be  retained  by  the  woody  fibre.  Madder  yields  from  3S  to  36percent.  of  garanciD. 
Garandn  colours  are  regarded  as  somewhat  less  stable  than  those  obtained  directly 
from  madder ;  but,  if  the  garancin  be  well  prepared,  the  colours  are  generally  fine  and 
brilliant,  and  the  white  ground  remains  intact.  The  violets  which  it  prodncea  are  how- 
ever not  quite  satisfactory,  and  to  obtain  a  rose  colour  witJi  it  is  very  difficult. 

3.  Pincoffin,  or  Muariru  ixmtmerciale,  introduced  b;  Messrs.  Fincoff  and  Co.  i^ 
Msncheater,  is  a  garandn  prepared  and  washed  with  the  greatest  care,  then  made  sa  neutral 
as  posaible,  and  heated  aboTB  100°  by  liigh  pressure  steam,  whereby  a  certain  quantity 
of  brown  colominjf  matter  is  deatrcyed  or  rendered  inert.  This  product  yields  very 
pare  and  bright  violet  tints  without  requiring  clearing  uid  the  other  colours  obtained 
with  it  are  equally  satiafoctoiy. 

^,  Garancenx.— Thia  is  a  product  obtuned.by  treating  the  waste  madder  of  the 
dye-houses,  which,  as  already  observed,  still  retains  a  considBrable  qnontity  of  colouring 
matter,  with  aolphuric  acid,  then  filtering,  washing,  drying,  and  grinding.  The 
substance  tliui  obtained  still  dyes  tolerably  well,  and  ma;  he  used  for  a  certain  class  of 
patterns  cot  containing  roee  or  violet  tinta 

5.  Flowers  of  Madder  (^FUitrde  Garanct)  is  the  name  given  to  a  kind  of  washed 
madder  first  prepared  at  Avignon  b;  TVTM  Julien  and  Rocqnio:.  The  madder  is  bos' 
pended  in  water  containing  a  small  prcportion  of  acid,  portl;  to  saturate  earth;  carbo- 
nates, parti;  to  render  the  colouring  prindples  less  aoluble.  It  ia  left  in  contact  with 
the  water  for  some  hours,  during  which  time  alizarin  and  purpurin  are  formed,  and 
become  inaoluble,  and  aometimes  a  true  fermentation  ia  set  up.  The  product  ia  then 
carefiill;  washed,  ao  as  to  remove  onl;  the  more  soluble  matters.  The  first  liquors, 
being  atrongl;  charged  with  augor,  are  subjected  to  vinoua  fermentation,  and  on 
eubaequeiitly  distilling  them,  a  considerable  quantity  of  alcohol  is  obtained.  Madder 
yields  about  fiO  per  cent,  of  this  product,  which,  being  free  from  gummy  and  agccharins 
bodiea,  and  eapedoUy  from  the  brown  colouring  principle  which  soils  the  mordants, 
yield  much  finer  colonra  than  madder  itself.  More  than  half  the  quantity  of  madder 
cultivated  at  the  present  day  is  converted  into  flowers  of  madder  and  garancin. 

6.  Madder   Extracts All   the  products   sbove  mentioned  contain  nearly  the 

whole  of  the  wood;  fibre  of  the  root,  an  imparity  which  prevents  thab  use  in  calico- 
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printing.  To  get  rid  of  this,  gmmdn  ar  mlphnric  chaicoal,  "v  flovna  of  madder,  u 
tnatad  with  certnia  solienta,  u  in  tbe  propuntian  of  Golorin  ■iRndy  mentioned, 
whereby  tie  colonring  matten  ere  diaaolTed  out  and  the  woody  fibre  and  other 
impruitiev  are  leit  behind     The  BoWente  lued  for  thiB  pnrpoBQ  are  -■ — 

a.  Mwnmum-aoiU,  altun  being  elmoet  alv&ye  the  nit  employed.  The  gRranciii,  jb^, 
u  repeatedlj  boiled  with  on  oqneane  aolntioiKif  olnm,  the  coloarinff  m&tt^r  pzecipitflited 
from  tbe  filtr«tB  by  enlpburic  add,  and  the  predpitate  collected  and  waabtd.  The 
•ztisct  thns  obtained  alinoet  alwaye  contains  alomina,  bnt  ia  otherwise  very  pnie,  and 

C'  1»  veiy  brilliant  colon™  in  dyeing  and  talico-printing ;  bnt  the  procoM  is  costly, 
use  it  icqnires  Urge  gnantities  of  alnm  and  eulpbnric  acid,  aod  to  recorer  the  ■lum 
in  the  cryBttUine  form,  and  sepante  it  from  the  acid,  the  mother-lignors  most  be 
strongly  concentnite^in  leaden  Tessela.  Moreover,  the  r«idne  of  the  madder,  being 
impregnated  with  alnm,  which  prevents  ita  fnrther  lue  in  dyeing,  is  totally  loet 

b.  Mkaiit  and  AlkaiintiialU.—Tbt,  alkaline  eitracta  are  obtained  by  repeat«dly 
treating  madder  or  its  deriratiTee  with  solution  of  canatic  soda,  carbonate  or  phosphate  of 
■odiom,  OF  aqneoas  ammonia,  Altering,  precipitating  the  colonriDg  matter  by  ■  mineral 
acid,  flitciriiig  again,  then  washing  and  drying.  This  process  is  more  economical  than 
that  with  alnm,  but  the  extracts  are  much  eoctamioated  with  resinoaa  andpectoos  snb- 
-. ^  ^^  ^mA  adoDred,  and  when  nsed  for  dyaing.  yield  eolonn  which  require  ttit 


eaiefnl  aoaping  and  elearine  whereby  tbe  depth  of  tbe  colour  is  greatly  diminished. 
Tha  extracts  may  bowerer  De  improved  in  quality  by  boilina  them.  wMle  yet  moist. 
with  dilnta  sulphuric  acid,  then  flftering  and  washing. 


a  prepared  by  treating  good  garancin  or  flowers 
,  have  a  fine  yellow  or  jellow-browu  eoloor,  and 
dye  veiT  well,  especially  if  they  are  preserred  in  the  pasty  condition.  K  tbey  are 
tnonushly  dried,  the  cidonring  matters  become  so  eamplet«ly  envelojwd  by  the  resin, 
that  they  are  very  difficult  tO  moiatsi^  and  neatly  insoluble  in  water,  even  at  tlie 
boiling  heat. 

4.  Siriel  mparation  of  Buium  Jtom  Madder ;  E.  Kopp's  procres  (BaU.  Soc 
indutr.  de  Sulhoose  (1S61)  xui.  9;  lUp.  CHiim.  app.  1S61,  pp.  16S,  223,  279; 
Jabresber.  18S1.  p.  SSS).— This  process  consiitd  in  tha  Ireatmeiit  of  madder  with  (u^ 
piwrotM  aad.  it  diSen  eeaentjallv  &om  all  the  preceding  botii  in  principle  an'l  in 
practice,  requiring  tbe  use,  not  of  uoweia  of  madder  or  garancin,  but  of  madder  it 


Strasbourg,  is  as  follows : — Tbe  ground  madder  is  macerated  for  eight  or  ten  boura 
with  to  or  12  times  ita  weight  of  water  containing  2  or  8  per  cent,  of  anlphuroua  acid  ; 
the  resulting  solution  is  filtered,  and  the  reaidne  ts  pressed.  On  mixing  the  filtrate, 
which  eontaios  the  colorific  matter,  with  3  per  cent  of  ita  weight  of  solpharic  acid,  of 
specific  gravity  1 -02,  and  heating  to  30°  or  40°  C,  purpurinia  deposited  in  large  red  or 
Uange-colonred  flakes,  which  are  separated  by  decantation  andBltcation,  and  Chen  washed. 

The  motbsr-liqoor  of  the  puipurin,  heated  to  the  boiling  point,  gives  off  carbonic 
add, and  yields  a  predpitate  of  a  1 1  lar  i  n  coloured  greenish-black  by  a  foreign  snbstaoce, 
which  is  likewiss  produced  by  the  action  of  acids  on  the  lanthin  of  MM.  Knhlmann 
and  Higgin.  This  ^reeu  aliwin  la  collected,  filtered,  and  washed.  It  may  be  flirthai 
pnrifiedby  lablimatioD,  or  by  solution  in  alcc^l  or  wood-spirit. 

The  mother-liquor  of  tbe  green  alizarin  contains  the  whole  of  thn  aulphuric  acid  used, 
together  with  the  saccharine,  gummy,  and  other  matters  extracted  by  the  water  ikita 
tbe  madder.  This  add  liquor  is  used  for  converting  into  weak  garancin,  the  madder- 
reaidne  which  has  been  einansted  by  aqueous  solphurous  add  and  pressed.  The  moda 
of  openting  ia  exactly  the  same  as  for  tranaforming  ftesh  madder  into  garancin. 

Tbe  matbar-liqnor  of  the  garandn,  which  is  stUl  acid,  but  likewise  saccharine,  it 
neutralised  with  lime  or  chalk,  and  fermented  so  as  to  obtain  alcohol. 

This  process  is  very  simple  and  economical,  tbs  quantity  of  sulphniio  add  ccnsumed 
being  abont  the  same  as  employed  in  the  preparation  ^  ordinary  garandn,  and  the 
only  otha  material  nsed  being  tbe  small  quantity  of  sulphnr  (or  p^tea}  required  to 
produce  the  aulphnroua  acid. 

By  a  eanftil  experiment  on  ths  small  scale,  Kopp  obtained  from  100  pta.  of  Alaa^n 

1-85  grms.  purpurin. 

8'16      „      green  aUzarin)  j-  i    ,  ,na  i^ 

0-80       "      iXw      „       {  ^^ "  W"  C 
12-0        H      madder-residue  dried  at  40°. 

ii'O        n         n  ■       convertad  into  ganuKin  and  dried  atlOO^i 
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7S0  MAnDER— MAGNESITE. 

imd  be  ealimiitps  the  united  mlouring  pawen  of  these  mttterialB  M  rqnal  to  1}  time* 
that  of  tiie  midder  if  employed  in  the  crude  state. 

It  does  not  appear  Hkiij  tliM  an;  other  autiieptie  mbnanee  cm  be  adTsntageoualj 
■ubatituted  for  t£e  enlphnroiu  acid.  Kam  baa  anmeeessftdly  tried  phenol,  creoeot^, 
aneniooa  acid,  aod  rolatile  oils ;  irtule  the  naa  at  antiseptic  lalta,  such  at  thuee  of 
aluminiajn,  meicai^.  eoppe^  lead.  tee.  is  inadmisaible,  beruue  the  residaee,  which 
alnj*  oontain  a  portion  of  the  colouring  matter,  Toald  be  contaminated  with  metallic 
oxidea,  and  Mola  not  than  be  rendered  arailable  Ibr  dyeing,  in  the  form  of  garanrin 
ocgarsncenx.  (See  fiofmann'a  Report  on  Clumieal  ProdticU  a»d  Pneatet  in  the 
AtttmaHenal  ExUAilion  <i/1863.) 

7.  Madder   Lakes Theee  lakes,  which  ore  obtained  bj  preeipitatiDg  aqneam 

eitnrts  of  madder  or  its  deriratiTn  with  Balls  of  tJniniaiiim,  iron,  tin,  &c.,  bat  espe- 
eialljwith  aluminium-salts,  possess  s  degree  of  fastness  whinh  withaUnds  the  Btrongmt 
agents.  The;  are.  however,  bat  little  vsed  in  dyeing  md  calicD-printing,  on  acconnt 
of  their  high  price,  but  ire  oitensiTely  employed  as  artists'  pigmeoti.  For  the  [H¥pa- 
ndon  of  an  aluminous  madder-late,  see  Laxl  (p.  406) ;  ^so  Ur^t  Dictioiuirg  of 
Artt,  ^c,  iil.  16. 

The  residae  of  madder  treated  with  solphurous  add  by  E.  K<h>p'b  process,  but  not 
jet  exhaoated,  yields,  when  washed  with  boiling  water,  a  yellow  uqDor  still  retsininc 
«  Gonsidanfale  qnantity  of  cokioring  matter  or  of  mbian.  This  IiquCi  mixed  with 
a  alt  of  alnminiun  more  or  less  neutralised,  fumisho,  on  boiling,  floe  red  or  rose- 
oolonrrd  lakes,  according  as  the  prtntortion  cd'  aluminium-salt  is  greater  or  smaller. 

The  same  liquid  mixed  with  milk  of  lime,  produce*,  on  boiling  a  violet  lime  lake 
(■  eompoiuid  of  alizarin  and  purpuric  with  lime),  wbidi  may  serve  Ibr  prodaeing,  b; 
doable  deomopofiition,  other  compounds  of  the  colouring  nutter  with  metallis  oxidee ; 
or,  if  decomposed  with  heated  bydrochlorio  acid,  it  will  yield  the  colouring  matter  in 
the  form  of  a  yellow  or  biownish-yetlow  extract  reeembliog  eolorin  (pL  718). 

▼sloKtloD  of  Madder.  The  method  DsosJly  adopted  for  ascertaining  the  value 
of  any  sample  of  madder,  is  to  dye  s  eertsia  quantity  of  mordanted  cauco  with  a 
weighed  quantity  of  tlie  sample,  and  compare  the  depth  and  solidity  of  the  colounwith 
those  prodnced  by  the  same  weight  of  another  sample  of  known  qniUity. 

Thibierge  (lUp.  Chim.  app.  1S6S,  p.  151)  proposes  to  cstjmato  the  ralne  of  a 
sample  of  nudder  by  precipitating  the  alcoholic  tincture  obtained  by  treating  madder 
witli  100  times  its  weight  of  alcohol,  with  a  standard  solution  of  neutral  acetate  of 
lead.  A  similar  method  was  proposed  some  tame  ago  by  Basset,  who,  however,  weighed 
the  precipitate.  Thibir^e  states  that  the  coloor  of  the  precipitate  obtained,  eepeoailT 
if  contRtlted  by  that  of  the  premtMtate  [Oodaced  by  stannous  chloride,  is  snfficiently 
chaiacteristiG  to  detect  the  presence  of  any  adulteration.  The  method  of  precipitation 
with  a  standard  solution  of  acetate  of  lead  is  certainly  expeditjoua,  but  it  remains  to 
be  proved  that  the  predpilation  is  reenlar  and  complete,  and  that  the  remit  is  not 
rilialnd  by  tJie  presenee  of  any  fiireign  body  extracted  fVom  the  madder  by  alcohoL 

Madder  is  aometimee  adulterated  with  sand,  clay,  bridi-dnst,  ochre,  saw-dost,  bran, 
'4.  Some  of  these 
.  may  be  discovered 

by  the  usual  tests  for  that  substance,  since  madder  contains  no  tannin.  If  the  adot- 
InatioD  is  of  a  mineral  nature,  its  presence  may  be  detected  by  indnerating  a  weighed 
quantity  of  the  sample.  If  the  qnantJIy  of  ash  which  is  left  exceeds  10  par  eeoL,  adul- 
teration may  be  suspected. 

■KABSMB,   B&BT   ZVSXAV.     See  HuMnn. 

MASftBVOKHa.  CakamoB  concretions  prodnced  by  pofypi,  placed  at  the 
■nrface  ot  calcareous  nuniflcations  which  ars  fixed  at  their  base,  and  pnfbrated  by 

''**^*""'"*  A  term  fbnneily  applied  to  certain  irtiite  predpilalea ;  thng,  the 
basic  nitrate  of  bismuth  thrown  down  on  addingwatar  to  a  aolation  of  the  metal  in 
nitrie  acid,  was  called  magutery  of  MranM. 

MJLOMAi  A  precipitate  or  man  of  erystolsi  or  mixture  of  substances  in  a  pnlpj 
orpas^  state. 

The  oxide  of  nagnesiam  (p.  7U). 

A  pharmaceutical  preparation  coneistics  of  a  Dliitara 
of  several  hydrocarbonateB  of  magnesium  obtained  by  predpitatiog  a  lolDble  magnesium- 
salt  with  an  alkaline  carbonate.    (See  Cabbokatxs,  i.  7S8.) 


An  old  name  for  black  oxide  of  maogauese  (;.  tr.) 
JKAimsiTM.    Native  carbonate  of  magnesium.    (S«e  CABBOtUTBS,  i,  p.  7S}.) 
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'.     Sjn,   Mamium.     Sjmliob  and  Atomic  wraghta,   Hg  -  12 
»r«g  -  24. 

.  __9iDPtalu  luaiillj  clamed  with  Qiow  vbcm  oxidaa  consdtuta  the  olkaliae  eBitlu  ; 
but  it  ia  niacli  mora  eloaeljp  analogima  to  cine  than  to  auj  other  elemSDt.  It  occure  in 
the  minpral  kuigdom,  u  hf dnte,  ofbonate.  boFate,  phoephate,  inlphats,  chloride  ;  and 
nitiatr,  aometimes  in  the  solid  state,  aometiinee  diainlTed  in  T&nauB  mineral  waters 
(indadins  lalt  spring),  and  in  sea-water;  in  a  varietj  of  minenlg,  consisting  of 
■ilicate  of  magonium  combined  with  other  silicates,  as  in  Mnp-stone,  meerschaant 
ateutite,  ophite,  tolite,  SJioithite,  honiblenda,  asbestos,  talc,  angita,  cluTBolite,— and 
combined  with  alDmininm,  in  spinel  and  icilanite.  It  also  occnn  in  the  bodies  of  plants 
and animsls,  chiefly  as  carbonate  and  phosphate,  and  in  ccnnbinatianwitho^aniciicids. 

Onr  acquaintance  with  the  compoonda  of  this  metal  does  not  date  from  earlj  limes. 
The  knowledge  of  csrbonats  of  ma^nium  or  mamrtia  aSm,  as  a  medicine,  was  first 
promnlgated  from  Rome  in  the  beginning  of  the  eighteenth  cantoij.  Valentinin  ITDT 
and  Slenigt  in  1709,  sabeeqnentlj  finind  the  same  earth  in  the  mother-liquor  of  salt- 
petre and  in  Epsom  salts.  Hoflinann,  Black.  MatgraC  and  Bergman  pointed  oat  the 
characten  whicli  dJatinsiuHli  it  from  Lme,  «i^  which  it  was  at  first  confounded.  Dhtj 
first  obtained  from  it  the  metal  maoneaium,  which  Bnssy  succeeded  in  pieparing  in  a 
state  of  neater  pniit;.  It  has  aince  been  obtained  m  much  larger  quantilua  bj 
Bunsen,  Matthiessea,  and  Derille  and  Can 

Frtparatiim  of  Vtt  tnrtal. — 1.  By  heatin 

a  porcelain  or  uatinsm  cnieible.     When  a , — - 

in  cold  water,  by  which  the  soluble  chlorides  are  diasolTsd  out,  and  the  metal  ia  Isfta* 
a  grej  powder,  which  can  be  melted  ioto  globnlea.    (Buss;,  PogK-  Ann.  iviii.  140.) 

S.  £jr  tie  eUetrolytit  of  the  fiuedeU'mdt.  A  porcelain 'cradle  is  divided  in  ita 
Upper  port  into  two  halTee  by  a  Tertieal  di^>hragin  (made  out  of  a  thin  porcelaiu 
crncibte  c»Ter),iuid  fitted  with  a  oover  (filled  &om  a  tile),  through  which  the  extremities 
of  the  curbon-poles  of  a  galranic  batteiy  are  introduced  info  the  two  h^ves  of  the  cru- 
cibls.  The  crucible  is  Umd  heated  to  redness,  together  with  the  cornr  and  the  poles, 
and  filled  with  fused  chloride  of  roagnesium;  and  the  salt  ia  snbjected  to  the  action  of  a 
battery  of  10  Etnc  carbon  elementa.  The  n<>gBtiTe  pole  ia  cot  like  a,  aayr{fy.  127,  ToLil. 
p.  438)  so  that  the  magneaium,  as  it  scMiates,  may  lodge  in  the  caTitian,  and  not  float  on 
the  sunaee  of  the  sptciflcoUy  heaner  liquid  (Bunsen,  Ann.  Ch.  Fbarm.  Ixzxit.  137). 
According  to  Matthiessen  (Cham.  Sot;.  J.  riii.  107),  the  metal  may  be  mach  mors 
easily  obtained  from  a  fused  mixture  of  4  at.  chloride  of  magnesiuai  and  3  at  chloride  of 


ammonium,  may  be  fused  and  electrolysed  in  fiunsen'a  apparatus  jUBt  described,  ths 
cutting  of  the  DegHtiTe  pole  being,  howevfir,  dispensed  with,  as  the  metal  ia  heavier  than 
the  fswd  mixture.  A  very  simple  and  conveoieot  wsj  of  reducing  the'metal,  especiHlly 
for  the  lecture  table,  is  to  fuse  the  mixture  in  a  oommoa  clay  tobaaco  pipe  orer  an 
argajid  spirit-lamp  or  ^s-bnmer,  the  negative  pole  being  an  iron  wire  passed  up  the 
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u  may,  however,  be  obtained  in  much  laiger  quanti^.  by  heatina;  a 


9.  of  chloride  of  magnesium,  100  grms.  ftised  chloride  of  sodium,  and 
.  alTsiised  fluoride  ta  calcinm,  wim  100  gnns.  of  sodium,  to  brinht 
redness,  in  a  covered  earthen  crucible.   The  magneaium  is  uiershy  obtained  in 


which  are  afterwards  heated  nearly  to  whiteneas  in  a  boot  of  compost  chann^  plaeed 
within  an  inclined  tube  of  the  same  material,  through  which  a  stresm  of  dry  hydrogen 
ia  passed.  The  magnesium  then  volatllisea  and  condenses  in  the  upper  part  of  tha 
tube.  Lastly,  it  ia  remelted  with  a  finx  oomposed  of  chloride  of  mBguetnum,  chloride 
of  sodlun,  and  flacoide  of  calcium,  and  is  thus  obtained  in  large  ^bules.  It  still, 
howmer,  nMaDy  retains  portions  of  carbon,  silicinm,  and  nitrogen,  &om  irtiich  it  may 
be porifled bycareftal  distillation  in  a  current  of  hydrogm  (Devi He  and  Caron,  Ann. 
Ch.  FhBrm.cL  859).  Souetadt  has  recently  pr^nied  magnesium  by  this  process  on 
a  conajderable  scale  for  commercial  purposes. 

Propertia. — ]IIagneainm  on  the  recently  fractured  surf  ace  is  sometimes  slightly  ciys- 
talline  and  coarse^  laminated ;  someliine*  fine^itained.  In  the  former  case,  it  ia 
nlver-white  and  shining ;  in  the  latter,  blmsh-grev  and  dulL  Ita  specific  gravity  is 
l'7430at.-i-e°C.  (Bnnsien);  l-7fi,  accordiog  to  Deville  and  Ciron.  It  ia  about 
as  hard  as  calespar,  and  may  bs  easily  filed,  bored,  sawn,  and  flattened  to  a  certain  ex- 
tent, but  is  scaicely  more  ductile  than  sine  at  ordinary  temperatures ;  it  may.  however, 
be  drawn  out  into  wire.  It  melts  at  a  moderate  red  heat  (Bunsen);  melts  and 
volatilisee  at  about  the  same  tempetatore  BB  ainc  (Deville  and  Caron).     It  does  not 

find  Uis  propDTttoD  of  auhjdroui  lalt  prtHdC. 


t.GoogIc 


752  MAGNESIUM. 

Kllsrinadryntmoapbera,  but  Id  d&mp  air  ■oon  becomes  eorerrd  with  a  film  of  hydnte 
of  iniign€«iiiin.  Healed  to  TedneBS  in  the  air,  or  in  uryamgiu,  it  !)ani»  with  a  duxiling 
blnisb-irbit*  light,  and  tonnt  mngaiaia-  The  light  of  bnruiiig  maguniam  lb  remiu^t- 
abl;  rich  in  chamicaJ  raja,  ajid  nuLf  b«  iu»d  for  takiug  photi^ntp'  ''  ' 
pars  cold  uaiT  but  slowljr,  addtiialtd  vial/T  Terf  quii^ly  ;  wben 
bTdrocUocic  kcid,  it  takn  fire  momentarilj ;  atniDg  niphurie  a 
siowlj  ;  a  mixtors  of  tuipkurie  acid  uid  fianiaq  mtrie  and  doei  a 


impentsj 
.     rittl«:         ,,  ,  .  . 

ncitea  directly  with  mtrogen,  fbiming   a    tianapaient    ciTitalli*ed  nitride.  Big's. 
(Devllle.) 

MagDeeinm  forma  bat  oon  seriea  of  oomponndi,  in  which  it  is  mono-  or  diatomtc 
accoi£iig  to  tJie  atomic  weight  adopted,  &  g. : 

The  chloride  MgC3      -       IS      +      US     -     47'S 

or  Mmg-Cl'      -        34       +    2 .  86'S   -     660 

The  Oiide   1^0       —    a .  12     -h        IS        -       40 

or  Mnig~0       •-       21       -I-        IS        •-        40 

',  UgBr  or  MmgBi*,  ii  fbnnd  in  lea-water  and  in 
It  (pHngH.  It  ii  pmdnced  b;  bsatiDg  magaeaiam  in  bromtne-Taponr,  or  by 
passing  the  Tiuoot  otct  an  ignited  miiton  of  inag;nnia  and  charcoal.  In  the  anhj- 
drons  stat«,  it  u  a  white  nuuB  of  crTttsiline  aapeet,  which  is  not  ftiaible  below  a  red 
hmt,  and  not  TolatJle.  It  deliqa«ce«  ">P>^J  "'  ^^  ^i  "'^  dissoltn  in  water  wilb  » 
hissing  noise  and  evolation  of  beat.  l!he  sohition,  which  majr  also  be  prodaced  tj 
^sSOlTmg  magnesia  in  hydrobromie  acid,  jialda,  bj  eraporation  over  oil  of  vitriol, 
etystals  eontaiaiag  3  at.  w»t«r.  When  evaporMed  bj  heat,  it  gives  off  part  of  its  hy- 
dnbromic  acid,  and  leATes  a  mixture  of  magnesia  and  bromide  of  magnenimi, 

IKASBHZinK,  CHIMWCDK  OT,  MgCl  or  HmgCl',  is  an  ingredient  of  im- 
watar  and  of  many  nlt-eprings  and  other  mineral  waters.  It  is  produced  when  mag- 
nesium bnros  in  chlorine  gaa,  also  by  pasaiog  a  slream  of  chlorine  orer  an  ignited 
miitnre  of  masnpsia  and  charcoal.  Tiiis,  however,  is  not  n  good  mode  of  prepanlion, 
because  the  wloride  of  ms^esium  has  but  little  volatility,  and  does  not  separale 
easily  from  the  cbarcooL  Neither  can  the  onhydrons  chloride  be  obtained  by  dinolving 
magnesia  in  hydrochloric  acid  and  eraporating  to  dryness,  because  it  is  then  partly 
decomposed  hythe  water,  (^ring  off  hj^vchlono  add  and  leaving  magnesia.  The  br«t 
mode  of  prepanng  it  is  to  evaporate  to  diynass  a  solution  of  magnesia  in  hydnchloric 
add  mized  with  sal-ammoniac,  and  ignite  the  reddne  in  a  platianm  crucible.  A  double 
chloride  of  magnesimn  and  ammonium  ia  thus  fbrmed,  ftom  which  the  water  is  eipeUed 
before  it  can  dacompoee  the  chloride  of  magnesinm  ;  and  at  a  higher  temperafore  the 
anhydrous  double  chloride  is  likewise  decomposed,  giving  offsal-ammoniai^  and  leaving 
pure  chloride  of  magneeiuni. 

Anhydrous  chloride  of  magnesinm  is  a  white  translucent  mass  conaiEting  of  hugs, 
flexible  crystalline  plates, havmg  a  pearly  lustre,  and  sharpbitter  taste.  ItmeltstO  a 
clear  liquid  at  a  low  red  heat.  It  dissolvea  readily  in  water,  with  eonsiderabla  rise  of 
temperatuie.  The  Hydraltd  eilorida  is  deposited  fi«m  a  hot  concenlrated  solution  on 
cooling  in  needles  and  prisma  containing  HgCL3H*0.  The  eiystala  ars  Ughly  deli- 
quescent, dissolve  in  O'S  pta.  of  cold  water,  in  0-272  pta.  of  hot  water.and  in  2  pts.  of 
alcohol  of  speeiflc  gravity  0-817. 

Chloride  of  magnesium  nnitei  with  the  alkaline  ehloridea.  The  potauiiein-tait, 
ECl2HgC1.6H'0,  ciystalliiM,  1^  carefU  evaporation  from  the  last  mother-liquor  of 
ses-wat^in  rhombohedial crystals. — The  lodium^alt  contains,  according  to  Posgia  1  e 
(Compt.  rend.  zz.  IISO),  NaCL2HgCl.H<0.  . 

MACnnunnC  DBTBOTZOV  AJTD  SOTHKATIOM  or.  Hagneuum- 
aalts  are  colouiieaa,  tmless  they  contain  a  coloured  acid.  The  carbonate,  borate,  phos- 
phate,  arsenate,  orsenite,  and  many  of  the  organic  salts,  are  insoluble  in  water;  but 
most  of  these  salts  are  soluble  in  a  solution  of  chloride  of  ammonitim ;  moat  of  the 
othen  aie  soluble.  The  aqueous  solntioaB  have  a  bitter  taste.  All  magnedum-Balts, 
excepting  the  ignited  metaphoephate,  dissolve  in  hydrochloric  add. 

1.  BiaeliQni  in  tit  dry  teal/. — All magnesiam-salts containing  volalilB  adds  ai« 
decomposed  by  ignition,  leaving  a  residue  of  magnesia.  Hagneeiom-salts  heated  before 
the  blowpipe  with  a  small  quantity  of  nitrate  of  cobalt,  leave  a  roae-eoloured  residue. 

2.  Seaciioni  in  fiofufton.— Solations  of  magnesium-ssltaarenotpredpitatedby 
mlpts/drie  add  or  tulphidt  of  ammonium.  The  fixrd  alkalii  and  their  eai-Jona^s 
prodnce  ■  white  predpitate  of  hydrate  or  carbonate  of  mognesiuni,  insoluble  in  exc«s 
of  the  reagent,  but  solohle  in  ammoniacol  salts;  espedally  of  chloride  of  ammoninm. 
If  the  solution  conlaina  smmoniacal  salts,  no  precipifal"  is  formed.  AmtKonia  added 
to  a  neutral  solution  of  magnmia,  not  containing  any  ommoniacal  salt,  throws  down  a 
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wbite  p«dpitaf«,  iosJable  in  vnxm  of  unmonia ;  but  if  the  solntion  preriotulf  cod- 
tMD«du  raoMS  of  acid,  do  pncipitate  is  formed,  Uie  magDeidnia  being  k«pt  inioluliDn 
by  the  ■innlf"""*^  salt  produced,  and  area  when  the  onginal  solntjon  ia  nentr^  oolj 
A  put  of  th«  maoneBia  ia  precipitated,  the  reat  bong  held  in  aolotion  in  the  taOM 
manner.  Uagnemnm-ulta  are  not  precipitated  by  earbonait  of  onmoRiwm,  ftrro- 
eyamit  (f  pnfgaii'lri,  <x  cUotiiM  tv^hattt.  Batyia  or  liimt-iBaltr  added  to  thn 
solntiaa  M  a  magnaiium-aalt  fbnm  a  precipitate  of  hydnte  of  nugneoinia.  Ittia 
iiailiiin  aflbtda  an  eaiy  method  of  aapairang  magneqa  f^m  the  alkalia. 

OrMtary  pia^iatt  qf  todium  added  to  a  nenbal  aotntioa  of  &  m  wiesiDm-«alt  pro- 

■ 1.J :_!.„».  j_i. — k...- f : '-bleinnitnoorhydroiilorie 

d  Bolation,  a  preeipitnte  of 
'"  ned,  Wch  ia  floecal> 

—  n — - .-, ,  -r „  -n  a^tation.     The  u 

pTM^itate  ia  likewiaa  prodoeed  en  addii^  a  aolnble  pboophate  to  t^  aidotion  of  a  mag- 
tuoDta-Balt  alreadf  ocaiUuiuiig  ammonia.  It  ia  an  extremely  delicate  test  of  t£e 
prcaenna  of  ii^gn— 1»  If  the  aolntion  ia  to;  dilate,  the  precipitate  attaches  itielf  in 
eryataHine  gnuDB  to  the  ride*  of  the  veeeeL  According  to  Hartiag  (J.  pr.  Chem. 
xiii.  SO),  a  KJntioD  containing  only  '^  of  magnesia,  girea  a  prrapitata,  after  M 
bnan  vith  phosphate  of  ammoniom  mixed  irith  free  ammonia,  proiidfd  the  latter  so- 
latioo  ia  hi^7  cooceoCratad  and  added  in  eqnal  qnandtj.  Ox^ie  aeid  or  add  OMtlatt 
^potaniam  pncipitatea  naubal  magnennniriolstiona,  pzorided  no  tmmoniaical  falta 


•olnlion  not  ooataimng  any  other  fixed  mbstanee,  its  qnanti^  may  be  determined  by 
erapoTBtina  to  dijuuM^  igniting  the  residue,  then  moistamng  it  vith  anlpbnria  acid 
•lightly  dihtad  with  water,  and  endling  the  excess  of  that  add  at  a  low  red  heat : 
mi^iui»  of  magneuom  thm  remains,  containing  33-7  per  cent,  of  magtKeia,  <x  ISiiS 

If  the  Mdntion  omtainB  other  fixed  snbstaiioM,  the  mjgiujia  mnat  be  pneeqdtated 
by  the  addition  of  amawmia  in  exeeaa  and  pia^iltati  /jftodium.  The  preciintated 
MnnHNdo-magneaan  [dioaphate  does  not  aettle  down  at  ODoa,  but  its  deposition  may  be 
aeceleiated  In  leaTing  the  vesad  in  a  warm  place.  Care  mnat  be  tt^en,  ttoweier,  not 
to  hUov  the  uqnid  to  get  lor  hot,  as  in  that  case,  I^diate  of  magnenam  will  be  [a«- 
cipitated,  and  will  be  vny  difllcnlt  to  rediaaotre.  Tba  precipitate  after  Msnding  fbr 
about  two  hoinra,  ia  collected  on  a  filter  and  washed  withwatM  oontai"~~  — — 


pnre  water  deeompoaea  it.    It  ia  then  dried  and  wiited,  whanby  it  is  aonvwted  ii 
pyrophosphate  of  magncsiam,  2MgK).FW  Or  a^gW^  contaming  3fl-|3  per  vs 


„         „  IS  miamUtk 

Stirn  of  nagnMiB,  lot  iriiiSt  ptnpose  the  ammoniacal  liqud  a£o«ld 
filterinft  tiUtho  esMM  of  ammonia  iaaipelledi  anymagnrna  thai  may  have  been  pre- 
dpitatad  will  then  be  t«dinolmd  (E.  Boae,  Fogg.  Ann.  ex.  411).    Fte  the  aeparation 
•f  magudsmfiom  manganeaa,  aee  Hurouraaa. 
Fnmi  alnmininmimagMeinmmafbe  aepAntod  W  pMdptating  the  finmer  witli 

rram  barinu  and  atFontinm,  nagnmiiDiia  Mparatad  bj  mihiMrie  aeU ;  ftran 
ealeinm  by  oMJafao/asCTPn^iiii^  with  addition irfdiloride of  ammonmm,  to  pwrrent  tba 


preeipitati<m  irfthe  ma^Bsiik    'Wlwn,  howent,  theqnanti^af  caldnmpnssntiaTery 

■mall  in proportio- ■- "■ -—  "-' '■    '         '  '■  ■'      '  '    ' 

ditto  I ^ . „ , 

»  tnl^ntes ;  dissolve  the  sulphates  in  watet ;  csrefolly  add  alcohol 


in  proportioo  to  the  magDedmn,  this  node  of  predpitalioa  does  not  rive  ei 


■mall  in  proportioo  tv  the  magDesnm . 

leinlta;  ud  it  i«  bdter,  seonding  to  Soheeier  (Ann.  Cta*.  iPharm.  ox.  36), 
the  two  mettle  jatotnl^ntes;  dissolve  the  sulphates  in  «  '              -  k-  . 
'  f  is  prodnOBd  ;  learo  I 
ealainm  will  be  come ,  ^ ,. ,    -^     -  — 

Eredpitate  on  a  SltAr  with 
re  t  in  water,  add  hydro- 
diloiie  aoid  in  oxcws,  aai  precipitate  the  lima  with  oxalic  add  and  anunoma. 

From  the  •lhali-matala,inagnedmniiu^  be  acpaiated  by  eonvBiting  the  bases  into 
aulnhatea,  and  adding  SofjiAMMtir.  ^e  mafpesiB  ia  then  precipitated  in  the  form  of 
hydnte,  together wiUi sulphate  otitrinm.  Tne  prec^tate,  after  waehioK,  is  digeated 
with  dilate  snl[diuria  add,  which  extnuta  the  iDagDeaia  in  the  form  of  snlphata  ;  and 
the  filtrate,  containing  the  alkalia  together  with  the  Biiiess  of  baryta,  is  also  treated  with 
sulphuric  add,  which  pndpitates  the  barytai'  and  eonverte  tba  alkalis  Into  aulphatee. 

Menicsiniii  tuayaJsobesepwated  from  the  slktili-matata  by  meaw  of  ffiovwnwuf^ 
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As  lohrtioi^  from  wUdi  all  metals  accept  tliow  of  tlie  tiktiia  and  migDCRnm  hsv* 
bacB  nmoTsd,  and  wtueh  mrut  contain  no  fixed  acid,  ii  digsrttid  with  ezeeaa  of  finely 
diTid*d  mncntio  oxide  ;  the  iriMile  orapomted  to  dijnew,  and  the  naidoe  heated  to 
driTB  eff  the  momny.  The  nuigtieBiiun  then  temaiua  aa  magnesia,  and  the  alkalia  ^m 
be  washed  out  witli  water. 

Chancel  (Oompt.  tend.  194),  leeommends  the  fbllowiog  method.    The  magnesia  is 
eMeintMadfiom  theioliitionooDtainiDgaal-ammonJaeaDd*--    "  •-  t-  ■--- 


if  silrer  and  a  sU^t  ezeeM  of  carbonate  of  ailnr.     After  filtering  ctf  the 
ptuofdiate  of  aflver  (and  dilorida,  if  the  lAalii  existed  In  the  solation  as  ehlondes),  the 
■  of  dim  ia  temored  from  the  flhrate  bj  hjdrodilarie  Mid,  and  the  dknlia  an 
'   *  H  ^iloridea. 


[uphoric  I 
HgtSO*,  whMice  the  atomie  «e 
•ccoriiog  to  Inter  experiments. 

Scheerer  (Fogg.  Ann,  Ixix.  139),  by  determiniog  the  qnantitj'  of  sulphate  of 
barium  [mdaeed  boms  giren  quantitj  of  sulphate  of  magnemnm,  ibDndfiw  magiminm 
the  nnmbtt  ISl.  The  reaulti  of  STaBberg  and  Nordenfaldt  (J.  pr.  Chsm.  xlr. 
47IX  obtained  bj  the  deoorapoailion  of  oxalate  of  ma^nesiam  (llg%*O<.2H*0),  mads 
it  li'St ;  those  obtiiined  hj  converting  a  known  weight  of  magnmia  into  snlphats 
Eave  it  as  1387;  wbilat  those  of  Uarchand  and  Seheerei  (Ann.Ch.Fharm.&XTi. 
3I9X  obt^ned  by  igniting  the  DAtire  carbonate  (maKoeaite)  gare  the  nnmber  12-<ii. 
Dnms*  (Ana.  Ch.  Fb^  [3]  It.  129)  attempted  to  detenmne  the  atomic  weight  of 
magneaiiuii  bj  preapitating  the  chloride  with  nitrate  of  silver,  but  he  fbund  the 
greatest  difflcoltj  in  obtaining  the  diloride  ftse  from  magnesiB.  The  mean  of  alsno 
irinents  gave  Hg  —  12'3. 


n  not  previonslf  detected.  He  thei«fi>ra  eoosideia 
that  the  nnmber  1Z'02  Ibnnd  in  those  experiments  was  rattier  above  than  below  the 
tmth.    On  the  irtiolc^  then,  the  atomic  weight  of  magnesinm  maj  be  regarded  aa  12 

or.    Obtained  as  a  white  taiteleaa  powder  hj 
ie  acid,  or  mixing  the  mlphate  with  flnoriidB  <rf 
arlj  insolublB  in  acids. 
V.    See  BoBon.uoniia8  (L  814). 
or.     See  SnJOOncOBiiiM. 

-. .      .        _    _  Obtained  by  evsporation  of  its  Bolntiaa,  (■  a 

diBrnltJy  eiyatalliiable  hydmle,  wMch  deligunoes  m  the  air,  and  when  heated  gin* 
off  hjidnodic  acid  and  leaves  pure  magneaia. 

tKAMMWmKUM,  WZTKISH  OW.  Mg^  or  Mn^'K'.— Deville  and  Caron 
(OtmtfL.  nod.  xliv.  SH),  bj  distilling  impure  magnedmn,  obtained  a  black  reddo^  aid 
•  distiillate  of  magnennm  corored  with  email  transparent  nsedles,  which  eaalj  deeom- 
poasd,  -witk  finnatiaa  of  magnnia  and  ammonia,  ajid  ttucefine  contused  a  nltrido  of 
' —     '"-ie^leb  ud  OsDther  (Ann.  Ch.  Fharm.  oxxiii  228)  have  obtained 


winmbagia^i  the  kttcrmetJiodgiTiiw  the  purest  prodoct.  NTtndacf  msgneainm 
An  prepued  is  a  gnemsh-jellow  amOTphois  msas,  becoming  bownish-vdlow  when 
nL    Hsalad  in  drjr  oxraen  gas,  it  oxidis«  to  manwsiti,  with  vrrid  ineandwnenaa 


bj  igniting  met^lIcnutTiei 
■        ■    ■    Mtiii 

,        _    .  }  manwsiti,  with  vrrid  inra 

bj  air  and  watte,  the  reaction  in  the  latUr  ease  being  violent  ei  „ 
to  Bska  the  water  boIL  Acida  both  dilnteudeoneenlntad,  with  the  oxaeptioa  of  stamg 
Sdlphxrle add,  form  ammonimn- and  inagnesiimMMll^  ano  ia  the  cold;  stiaig  nl- 
flMtie  Mid,  only  whm  heOed,  and  with  evehtjon  <f  salphaitiDs  anhydride.  Tbe 
nitride  heated  in  hydrochloric  aod  gaa,  jialda  nh^iMj  of  ammoiiimB  aiM  ehloiids  of 
iiianBiwiaiii ;  in  snl^^dric  said,  tbs  correyding  salphidea.    CtibMiit)  aahydride  and 

' ' — ' ^-  deeonpone  it,  at  tbe  heat  of  a  stoong  aii-JtamaM^  with  awaiation 

latioD (K eyanogoi.    When  v^xrarof  panta-chlorideof  pboaphiaQsis 


«vn  nitride  of  magnsBam  heated  in  a  streem  of  Ditragen,  the  1 . 

into  a  griTiah-wfaile  sabstane^  probably  PW,  aoMnding  to  the  eqnatioB : 

SPQ'  +    UJIgTl     -     IflB^  +  P^* 
nitride  of  magnesinm  is  hfated  to  16tf~lSI)<>  in  a  sealcil  tobe  with  oivehlorida 
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of  pliosphania,  uiil  the  exn»  of  ozychloiide  is  distilled  o8|  then  ramuna  &  leeidna 
vhich  melta  at  220°,  BDd  dissolree  complet«lT  in  wat«i,  with  Breat  eTolation  <rf  heat, 
forming  s  aDtatioii  which  girea,  with  acettte  of  buinni,  a  pnnipiitatfl  of  met^jlioBidiata 
of  barimiL    Aheolute  alcohol  and  iodide  of  ethjl  do  not  aot  on  nitrida  of  magneainii^ 

ereu  at  160°. 
MAOMMIUM,  OXXBB  Or.    Uagiwtia.    HgV  or  MragO.— This  eaitli,  which 

Is  the  t«1j  known  oxide  of  Tnagnniun,  is  produced  in  the  fonn  of  a  white  unorphoDS 
powder,  when  magneaum  bnms  in  the  air  or  in  oijgen-gss,  and  remains  in  the  same 
state  whan  the  earbanae«,  nilmts,  or  any  Mhsr  aalt  i^  nugnenom  containing  a  volatile 
■eid,  is  ignited  in  the  air.     It  may  be  obtained  OTTstallised  in  cubes  and  ranlar  oeta- 

"i*d°; 

magnesia  separated  hj  tie  heat  mav  dystaUise  from  the  fOsed  alkaline  iDlphate. 
BUitun  of  magneaia  and  tenic  oxide,  stnngl;  ignited  in  hjdioi^loria  add  jna,  yields 

a  mixtore  of  sbinii^  black  octahednms  of  magno^bnit«,  MmgO.Ffe*0*  or    .^i,      [  O', 

■nd  ilightlT  eobaied  regolar  odtakedroM  of  nagtMsU  eontaining  a  small  qoanlity  of 
frsB,  «xa«t(y  leaembliBK  panetasat  a  ■ummI  eonarting  of  magnesia  with  1  part  in  28 
of  Ite'oat  oada,  vtuah  oeeon  disseminated  throogh  ^set«d  maBset  of  white  lime- 
•tona,  and  in  spots  <rf  dnaterrd  raystals,  on  Umite  Somma. 

OnUnan  ctlaned  magnesia  is  jaeparad  by  gentle  hot  pnlonged  ignition  of  the  car- 
tinnatn  II  ia  a  flna,  mite,  ^mj  bnlkj  powder,  of  apeeiflc  gravity  3-07  to  8-200, 
inereiwed  by  ignition  ia  a  potteiy-Aimace  to  3-01  (H.  Itose)i  It  melta  only  at  the 
reiy  highest  terapaialares,  as  in  the  oiyhydiogen  blowpipe  flame,  to  whidi  it  imfsita 
a  pale  red  eolonr,  and  is  ^en  eonverted  into  a  sort  of  enamel,  iriiich  ■eratches  glass 
like  a  diaotoad  (Clarke).  It  is  tastaljas  and  inodoraos  ;  ehangpa  sama  of  the  more 
delicate  Tegetablfl  oolonis,  as  tliat  of  maist«ned  red  litmni  paper,  like  the  alkalis ;  it 
: >  __^j.     ix  jg  partially  decompoaad  by  potasshim  at  a  white  heaL    It  ir 


,_.„_..         .J      E         -  "  addii^  potash,  sods,  or 

baiyta'WMer  in  sxeest  to  tlie  action  of  a  magnesiBin-salt. 

A  sn^hids  of  magneaiain  is  obtained,  mixed, 
howerer,  with  msgnesis,  by  heating  a  mixture  (rf  chsrcoal  and  snlph&tc  of  magneainm. 
A  pnrsr  product  is  obtained  by  adding  to  the  foeceding  mixtare,  as  alkaline  penn^hide, 
or  a  mixtars  of  oarbonate  c^  eodium  with  excess  ^  sulphur.  According  to  "Erimj, 
mlphide  at  magnaaium  is  easily  pradoced  by  pMsing  the  rapour  of  nilphide  of  carbon 
overrad-bat  magnwia 

ScJntiaiw  of  magnesia  are  not  pradpitstad  bf  alkaline  snipbides,  bat  on  mixing  snl- 
phsts  of  magneaiam  with  Bclpbide  of  barinm,  Bolphiite  of  barium  is  preeipit«tccC  and 
■olphide  of  nugaeaium  nmains  in  solation.  Sulphide  of  niagneeium  is  likewi^ 
obtained  by  passing  sulphydric  add  gas  in  nccas  into  w&ter  containing  magnesia  in 
■nepension.  A  solution  of  sulphide  of  hydiweo  and  mngneainnt  is  then  formed,  which 
[a  deconipaHd  by  boiling,  into  anlphydnc  acid,  and  a  whit«  gelstinoui  mass  of  nUphide 
<4magneaiam. 

Sulphide  of  magnesium  fbrms  doable  salts  with  sulphide  of  carbon,  and  with  Qui 
snli^udesof  arsenic 

Snlplude  of  magnesium  is  decompoaed,  by  the  oontitined  action  of  water,  into  mag- 
nesia and  snlphyuic  add.  The  presence  of  that  odd  in  mineral  waters  may,  periiuM, 
be  aoeotmtad  for  by  the  existence  of  sulphide  of  ma^ennm  in  the  strata  througli  wh^ 
thoas  waters  percolate    (Pelonie  and  Frimy,  Traiti,  iL  286.) 

Mg(?H»  or  Mmg  (CTO*)'.— When  iodide  of  ethyl 
_  contained  in  a  Strang  narrow  glass  tube,  an  action  im- 

mediatdy  takes  places  atteocFed  with  rise  of  tempentors,  and  erolution  itf  a  eonddersble 
quutity  of  gss  containing  ethylene^  and  apparently  alao  ethyl  and  hydride  of  ethyL 
Ifthe  tabe,  after  being  cooled  with  cold  water,  be  sealed  and  heated  fbr  soum  haursto 
I30°— 130^,  the  ocmtents  solidi^  to  a  wbiU  maa^  whiefa,  when  sabseqnently  distilled, 
yields  aieddne  of  iodide  ofma^ednm,  and  a  distillate  containing  undocomposed  iodide 
of  ethyl,  and  magnesium-ethyl,  which  maybe  separated  by  fractional  rectiflcatiou. 

Ma^Manm-ottgrliss  wdomiese  liquid,  hanng  a  strong  alliaceous  odour,  and  boiling 
at  a  higher  tempuatore  than  iodide  of  rthH  It  takes  firs  in  the  air,  and  deoompoaes 
wstw  vitb noknetk    (Cahonri,  Ann.  Ch.  Pharm,  ctiv.  227,  394;  Jahtarti.  lUS, 


n-oLngs  ( 
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>bnHallwacbBaiid6chafarik,AiiD.Cti.  FhamLetx.  216;   Jahnih. 
I 

id  donble  nit  with  iodida  of  n 


HaoMMim-etbjI  tanm  ■  flnely-ciTalallued  d< 


■V)  possMwi,  SI  earaun  pomu  ot  lU  mrtscc, 
saII  piecM  of  iron.  The  Qreeki  gitt  to  ilus 
)i),  from  the  village  of  Maniena  in  LTdia, 
qnautity:  heuce  the  osme  Uagnatiiin,  ^r- 


is  prodnMd  by  tha  action  of  otanmiatB  on  iodida 
of  methyl  in  a  manner  ainulai  to  tha  abora.  It  ia  likewiaa  a  mobile  stronff-smeUing 
li^ud,  vbidi  inalantk  takaa  flee  in  the  air,  and  qnickl]'  decompooc*  water,  with  aiola- 
tton  irf  manh  gaa  and  aapaiation  of  magneaia.    (Oahonra.) 

NatiTe  femao-feme  oxide  (iii.  887,  397^ 
Fenoao-fterie  tnlptude  (iii  401). 

. It  bai  been  known  from  vaij  early  time*,  tbat  the  native  black 

opda  of  1(00,  or  tenao-falTie  oxide  (Fe'O')  poeseaiea,  at  oettain  points  of 
oUed  polei^  the  powei  of  attnetjog  ■mAll  '  *  ~     ~      ■ 

■liiMna  the  naioa  of  wtagneta  {jiAyinrnii^  i 

naaririileh it w«B  fiHind in conndsrable  qnantity:  ^ ,  _^ 

plied  to  the  bnmdi  of  aeienee  which  tiMta  of  Lbi»  pecaliar  kind  of  altzaetioD,  asd  ot 
Xb6  nrioiw  phenoMOA  lalatad  to  it. 

Htm  Mned-n  power  of  the  natural  munet  may  b«  eonimniiieated  to  iion  and  ateel 
by  Mtttact,  the  attraetiTa  pmnr  UniB  dercIoMd  eontioiiuiK  in  aoft  inm,  Mily  ao  loi^  aa 
tM  OMilaet  laata,  whmeaa,  in  hard  iron,  ana  mom  e<^«ei)Uly  in  atad,  it  ooBttutea  after 
Mpaiation  from  tha  aahiral  m^net.  A  bar  tl  fteal  nUied  louthwiae,  and  in  one 
eMUta&t  diraeticm,  with  the  pole  itf  a  natanl  magnet,  becomaa  itacU  a  mane^  e^id>le 
of  attratHlng  iro^  and  imparting  ila  power  in  like  naimer  to  othei  baia  3  ileeL 

Another  mode  of  imparting  magnetism  to  inti  or  eCeal  ia  by  tha  action  of  an  ebctiic 
oarreDt  or  diiefaarge,  aa  already  dncribed  in  the  article  ELBtrrmarT  (IL  14S).  A  eteel 
bar,  pLioed  within  a  helix  of  wire  thnw^  which  en  electric  eoirent  ■■  paaaed,  beoomea 
a  pennanauC  magnet.  lAitly,  aa  we  aluUl  preeenlly  explain  more  particiilariy,  a  bar 
al  iron  or  ataeL  may  be  rcudeied  magnetic  by  placing  it  in  a  oartain  poaition  ndatiToIy 
to  the  earth. 

The  propettiat  at  magnela  are  tha  aame  in  whatever  manner  their  power  may  be 
devdoped, 

Thar*  an  only  two  other  tnetala,vixnidel  and  oobalt,  in  ii4iieh  the  magnetic  power 
(•a  be  taoMpevn^j  developed  bv  tha  meana  above  maationed :  in  niekd.  it  ia  son- 
iidanlile,  b«t  w»A  laaa  powoftil  than  in  iron ;  and  in  cobalt,  atill  leaa.  All  othee 
bodiea  are.  Indeed,  mote  or  leaa  cnaceptible  of  maj^tie  influence^  bnt  they  cohibit  ita 
eflbet*  only  irfwa  aatgeetad  to  very  powerfal  eUctric  or  magnetic  fcocea ;  and,  in  many 
•aae*,  the  mode  ti  manifoetation  ia  veiy  di&i«nt  (Mm  thU  which  ia  exhibited  bj  iron. 
See  Diuuainna>  (p.  710). 

DMrilmtitmofMagnetie  Ammt.— Inamunetiaedetpel  bar,ai  inthe  natmalmi^at, 
tha  attoactiv*  power  ia  not  nnifixmlv  diatnbnted,  bat  ia  more  or  lesi  eoncaolnt^  in 
octtain  pointa  called  polea^  dtnaled  at  or  near  the  enda  of  the  bar,  whence  it  dimi- 
niahea  with  gr«at<r  or  )«•■  rapidity  and  regnlarity 
vlincvcalled  the  median  line,  generally  in  tl 


power,  aad  are  dtvatad  at  equal  diitsnoea  from  the  end^  and  tha  povrer  dimiDiehea 
bom  eaeh  trf  theA  at  the  aame  nte  towwda  the  middle,  the  bar  ia  aaid  to  be  ngulaHf 
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iiiagn«tind.    This,  howeTW,  i*  not  ilwtjn  the  euaa.    Somedmw  a  magnet  ^Aibits 
moir  thao  two  poles,  u  *hown  in^.  717- 

Birtction  of  afitelg-tuipatded  MaatuHe  Bar. — Whra  B  ragnlBriy  mflgnetisad  ifnl 
bar  ia  loipaided  b;  ila  eentre  of  gnntj  &om  a  thrmd  without  tomaii,  or  lappoR*!!  by 
an  agate  eu>  «D  a  iteel  foiat,  u  in  fig.  718,  so  that  it  Ms  more  frvelv  in  a  boiiiout^ 
plane,  it  takea  np  a  paiticnlai  pontion  witk  itepnA  to  the  polaa  ot  the  earth,  one  end 
p^trngmoreorleaaaxadly  toward*  the  north,  the  other  to  thaaonth,  Abar-magi»t 
thiu  niapeDdad  ia called  a  magnetic  oeedlp,  thoo^  tba  a»4aUed  n— ^i- ' -- 


kaenge^haMd  ban  of  sled,  like  that  npRMntsdia;^.  718. 

The  paiticokr  aii^e  wfaieh  Ibe  bar  in  ita  poaitioii  of  eqmHbrinn  makM  with  the 
geomaimioal  nmidian  ia  diSbimt  on  diflonnt  paita  of  the  oartb'a  wtatKn,  and  *uire 
at  the  mrne  pUoa  at  different  time*.  Ia  some  puta,  the  mupended  magnet  point* 
•XBCl^  north  and  south;  in  Iiondoii,*t  thejovaeDt  (ime  (IBM),  the  direction  ii  noith- 
ireat  and  soath-eaat,  the  position  of  equilibiiom  inatirg  an  a^e  of  20°  4S'  with  the 
geogwhical  meridian. 

'nie  vertieal  plane  paaatnc  thiovh  the  two  pdea  of  the  needle  is  called  the  mag- 
netic meridian  of  the  imtt,  and  tbaanf^  wfaieh  it  makes  with  the  geographiol 
meridian  ia  called  the  declination. 

One  particolaf  end  of  the  snspended  bar  alwns  pointa  toward*  the  nortli,  the  other 
toward*  the  sonth.  If  the  bar  be  placed  exactly  in  Uie  opponta  poaitioD,  it  maj  mnain 
for  a  while  in  a  condldon  of  nnitable  eqnilibrium  ;  bnt  the  ili^toM  diitntbanaa  will 
eanae  it  to  swing  back  to  it*  former  position,  in  which,  after  a  eaitain  nnmber  af  oseil- 
tationa,  it  will  come  to  rest.  The  two  ends  of  the  bat  ate  aonitdiiigl;  designated  aa 
the  Dorth  and  eoath  polfl*  reepeotiTelj.*  Zvvrj  mgoliiriy  magnetised  pieee  of  iroa 
M'  itrel  ha*  two  mcb  polea,  and  two  only,  which  are  not  intatdiangeable. 

If  the  magnetic  needle,  instead  of  having  iu  mornnente  leslricted  to  a  hnriiontal 
plane,  be  soepended  by  its  centre  of  gran^,  in  sneh  a  manner  that  it  can  sure  betlj 
Ui  all  direction*,  it  placea  it*el(  not  onlj  in  the  tnumetie  meridian,  bnt  likewise  at  a 
paitienlar  indinatiim  to  tlie  horixoo,  which  alao  diners  aecording  to  the  locality,  and 
Tariea  in  tha  aams  pkee  at  difibrsnt  tioMA  In  London,  at  the  preasnt  time,  a  tnelj 
napmded  magnetic  iMMDe  place*  itaelf  at  an  Wj^«  of  SS°  Ifi'  to  tha  horiaon,  with  its 


nixth  pole  donwaida.    A  mapwt^  msptiKUd  so  as  to  exhilnt  this  iadinatioa,  ia  called 
ft  dipping  needle,  and  the  aude  of  ladinatioQ  ia  aaUad  the  dip. 

The  noitiip^of  UiensedlaamthnNi^taat  tbagrsaterpartof  tlMBsrlhan  hemi- 
iphcn,  and  &  sonth  nda  IhioagpOBt  the  p«atw  put  itf  the  Mposite  hemisplMreh  and 
between  these  two  portiraia  thai*l*  a  line  not  dniidingjBeallT  ftW  the  eartV*  eqaator, 
on  ^ueh  the  nesdls  hat  no  &f,  tni  stand*  harisoata^.  In  dkort,  as  will  be  aeen 
Amu  what  follows,  the  nio*anudita  of  a  frssljrHnupeBdid  nsedle  ia  diAnnt  parta  of 


KAOtrwim  ATmumov  m  Bjvuunnr. 

A  piece  of  nnmagnetiaed  iion  ia  attracted  indiffiirentl;  bj  either  pole  of  a  magnet, 
and,  it  need  scaic^  be  obserred,  that  the  attraction  i*  mntoal,  ao  uat,  whichever  of 
the  two  i*  morable,  will  more  toward*  the  other ;  and  if  both  are  morable,  thej  will 
Wptoadl  one  another  with  Tclocities  which  are  inTersel;  a*  their  maseea.  Henoe,  if  a 
pieca  of  nnmaoietiBed  iron  or  steel  be  prawnled  to  either  pole  of  a  magnatii!  n««dle, 
the  needle  will  more  towards  it.  Bat,  when  a  magnetised  bar  i*  presented  to  the 
needle,  it  ia  finod  that  the  north  pole  of  the  one  attraeta  the  sonth  pole  of  the  other, 
bnt  repel*  the  north,  irtiile  a  soath  pole  attracts  a  north  pale,  bnt  repds  a  south.  Tha 
genraal  lav  of  magnetio  attraction  and  repulsion  is  then  ezaetl;  similar  to  that  of 
deetrio  attraetion  and  repolsion  (ii.  37S),  vis.  Similar  tnofftulie  fola  rtftl,  dunmSar 
foUt  tUtra^  eiu  enatkir.  Hence,  to  determioe  whether  anj  piece  of  iron  or  steel  ia 
magnetiBsd  or  not,  it  ia  sulSilient  to  present  the  aevatal  paita  of  ila  aarfaoe  to  a  deli- 
eatelj-aospendod  magnede  needle :  if  every  part  attracts  the  needle,  the  pieee  of  iron 
is  destitnta  of  magnetic  polarity;  i^  on  the  other  hand,  some  parts  attract,  whil*  others 
lepel,  the  pdes  of  the  needle^  the  iron  is  shown  to  be  magnetic,  and  the  nnmbai  and 
positionB  <rf  its  poloa  maj  be  dstemunad. 

Magnetic  attraction  and  lepnlsion  are  not  ^evented  by  the  inteipoaition  of  any  sab- 
stance  not  itadf  sosceptible  of  magnetism.  If  a  tnagnetio  needle  be  dtdeeted  bom  ita 
natnml  position,  l^  placing  a  pieoe  of  iron,  or  another  magne^  near  i^  and  allowed  la 

■•  railed  Iha  iDuth  poll  Ijitit  OHtron,  nod  tbu  w^b  poInU  KiiChmrdt  the  mrth  pole  ^ftU  Mortal) 
of  tlwmuaM-  IB  Dtdn'  (o  atoM  tblt  taulMlon,  Faradiv  ipoti  ■(  Um  po)*  whtcb  polau  Bonliinrda 
M  Uh  "  laarkeil.polg.'' 
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settle  itself  in  ita  pontlon  of  equilibriiiin,  that  podtioD  will  not  be  dorturbed  hj  tht 
interpoBition  of  a  acneo  of  papw  wood,  glua,  copper,  &c. ;  bat,  if  ft  pLue  of  iron  be 
inlerpoiMi.  the  needle  will  immediately  tue  np  a  new  poaition,  the  diotribution  of  tiu 
magoelic  hictt  being  altered  b;  the  interpoflitioi]  of  the  iroD. 

Tie  foret  of  moffnelie  attraction  and  rmuUion  variu  invertels  ai  tin  iquart  c/ 
l/ie  dittavet  UttoKit  f  A«  poUa  or  oentrtt  of  iKfton. — Bj  the  term  'pde  we  most  bei« 
andentuid  the  point  of  application  of  all  the  fona  exerted  bj  one  half  of  a  nugnet 
on  anj  point  of  the  other.  It  ii  erideot,  then,  that  the  polee  must  Taij  in  pgntiira 
•ccordiDg  to  the  distaace  between  the  magnets ;  bnt  unleea  the  mogaets  ore  veij  dowi 
tc^pther,  the  diitonce  betweeo  their  poles  will  not  differ  BBonblj  from  tbat  which 
FiiBtH  when  the  nugneta  an  placed  ao  £ir  apart  that  all  tbe  acting  far«g  inaj  be 
r>'|;*rded  OS  paislH.  The  pidea,  imdentood  in  this  mue,  do  sot  of  eonne  ooindde  with 
the  poinlf  at  Btrongest  attractiM,  iriueh  ore  ganamllj  at  the  end*  of  the  nugnct,  but 
they  are  nearer  to  thoHfl  pointi  in  pnmitioD  u  the  DUgoetie  power  deereMea  nuos 
ramdly  &om  the  endi  toinuda  the  niddk. 

Thie  law  of  msgDetic  actkn DUtj be  demoDMiated  in  three wajta:  \.  ^Ott  TWtion- 
Baiance. — Th«  conatnwtlMl  ^  the  Uagnatic  toirfoB-b«Uaaee  ia  aimilar  to  that  already 
described  (ii  180)  fbr  the  mMmnuent  of  the  electaric  foren,  the  ahellac  needle  being 
replaced  by  a  magnetic  needle,  and  the  shellac  etvni  by  a  bu-magnet.  The  mode  ^ 
experimenting  to  determine  the  law  of  raagnetia  adJon  with  regard  to  «li«taiic»^  is 
exactly  similar  to  that  deeeribed  at  page  381,  loL  ii.,  fbr  meaaaring  the  fan»  <d 
•leetnc  attzadion  aid  r^olnon. 

2.  By  ti»  Ifetlud  of  Otm&Uioru. — SnppoM  a  magnetic  needle  to  be  placed  near  • 
bar-magnet,  with  ita  eenlie  on  the  prolonntton  of  theaxia  <tf  that  magnet;  it  will  then 
place  itself  in  the  direction  of  (hat  axis,  and  if  disturbed  fiom  that  position  will 
oedllate  backward*  and  fiicwarda,  and  ultimately  settle  in  ita  original  poaitioD  ofeqnili- 
brinm.  How  theoaeillatiMiairflheneedle  Ihna  TibratingondertlHinflDenaeofmasnetia 
attraction,  are  renlated  by  the  aame  laws  aa  thoss  of  a  pandalom  osdllating  nn&r  the 
inflneDcaof  gtan^,  that  is  to  say,  tit  mum  Iff  ti»  Una  rfoteOlaHonartimmdji  as 
tie  attra^tng  fona.  Sn^fxising  then  the  powir  of  the  magnet  and  needle  to  remain 
constant  dnring  the  ^[perimen^  the  diminution  of  the  altraeCiTe  force  at  diffiseot 
distanora  mw  bemeaanredby  eonntiiig  thennmber  trfosdllations  lAich  the  needle  pe^ 


1^1  aimptify  the  ealeolationa  aa  modi  w  possible,  ths  experiment  may  be  perfbnned 
with  an  attaHa  mtdie,  that  ia  to  Sst,  a  syetem  composed  of  two  awgaetie  aeedlaa  of 
e^oal  power,  joioed  together  parallal  to  one  anotha',  bol  with  their  potea  in  eontraiy 
direetioni^  I7  a  small  piece  t£  straw  or  comer  wire  paaaiiig  thron^h  tlieir  centres  of 
granty  (ii.  4M) ;  aneh  a  combinatiMi  will  eridenti^  place  itself  mdiffbrenth  is  all 
poaitiooB  relatiTcJy  to  tbs  magnetic  meridian,  beeanee  the  magnetic  farce  of  wo  eaitk 
acta  on  the  twonoBdlGBcomposinait  withsqa«lfore«biitia  eppoaite  direotions.  How 
let  one  of  the  poles  of  sueh  a  neeue  bs  brought  neat  the  eootnily  pole  of  a  bar-magnet, 
of  aoch  a  length  that  the  Motion  of  its  brtterpol*  may  b«  left  out  of  accoont  Tfaa 
distinoe  between  the  polea  of  the  magnet  and  needle  ia  then  to  be  measored,  the 
needle  made  to  ribiate,  and  the  munber  of  its  oecitlationa  pnrfonned  in  a  given  time, 
counted.  The  needle  is  then  removed  to  a  greater  diatonoe  and  the  experiment  it 
repeated.  If  then  m  and  m'  are  the  magnetic  forcea  at  the  di>tances  d,  if,  and  n,  <•'  Ule 
nHreaponding  nnmbere  of  osdUations  in  the  aome  bme  ;  ve  have  n'  :  n'*  ~  m:  «•'. 
Now  experiment  showa  that  the  quantities  n,  n  d,^  tie  related  by  the  eqnotioa 
n  :  n'^a:d,liM  ia  to  say,  the  nniaberaf  osdllations  in  a  giTcn  tiiae  are  invenely 
as  the  diatancee;  consequently 

■«:)»'   —   iT" ;  i". 

The  aama  resoh  m^  be  attained  W  the  use  of  a  needle  not  rendered  astolia.  Let 
N  be  the  nmnber  of  oscillations  which  it  makes  in  a  giTcn  time  tmder  tlie  inllafaes  ot 
the  earth's  magnetism  alone  ;  n  the  number  perfbnued  in  the  salne  time  onder  the jtnnt 
inBuenee  of  the  teimtrial  fbrce  and  that  of  a  msgtiet  placed  at  a  certain  distance  from 
the  needle  in  the  magnetic  meridian ;  and  n'  the  number  perfbnned  in  like  manner 
when  the  magnet  ia  remored  to  a  grest«r  diatance.  If  then  the  magnetic  (brces  of  the 
earth,  and  of  the  magnet  at  the  two  distanees  mentioned,  be  denotod  by  f  ,  m,  mf 
reepectiTely,  we  shall  have 

andiP:«-«    -   F:m'  +  F 
thorefbre  n*  —  y-.tP   .   m  :  F 

and  »'  -  JP  :  A*   .   W  :  P 
and  finally  m  :  «'   =   «'  ~1/  •:»''  —  J^. 
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S.  By  tit  Form  of  tie  ifoffnetie  Cartet.—'PlaM  mbat-migatt  vaiertttxtttBtadtt 
pjip«r,  aod  Biciiikle  some  fine  iron  Uin^  on  tba  p>t>M  thtoagh  >  game  lievs.  Thea* 
lUiiigi  nil  arrange  themsdTn  roand  the  nugnet  in  paotliaioimwO^.  719),Tt'"'~' — 


Alma  Di 
whieti  [d 


poles.   Now  thew  enrreB  are  cIbhtIj  the  graphie  ai 
'  'ad  and  repuUion  with  regard  1o  dlsbuioe  :  for 
f  the  nuffnet  becomes  it^  »  mnaU  magnet,  tl      , 
potition  detenuined  b;  the  remJUut  of  the  force*  eieited 


if  migneUc  attraction  and  repulsion  with  regard  to  dleUoee  :  for  eaeh  of 
dar  tbB  infloence  of  the  magnet  becomes  itself  »  mnaU  magnet,  f ' 
■elves  in  a  potition  determined  b;  the  reimJUiit  of  the  fc 
1  two  poles  of  the  magnet ;  tmd  this  position  of  eqoili' 
lietacce  of  the  filing  firom  llie  two  polsi  res^ectiTelj.  In 
placed  OD  au}'  part  of  the  paper,  inll  settle  itself  in  the  d 
nrre  paaaLng  throngh  that  point.  If  pUeed  on  anr  ] 
M  axil  of  the  magnet,  it  will  take  np  Si  position  paralfal 
uiged  coQsecntiTely  with  those  of  the  bar-msgDet ;  at  any 
line  drawn  thtongh  the  centre  of  the  magfcet  at  ligbt  audes  to  its  azii — ettrj  paint 
of  which  Hne  it  egtudiatant  tlom  the  two  poles — the  aeedle  will  place  itself  pAinUel  (o 
the  bar-magnet,  with  ita  polea  in  the  eontmy  direction ;  and  in  any  intmncdiate  position, 
the  D«edle  will  place  itself  obliqael;  to  the  magnet,  its  inctinabcn  iaraeasing  witji  tiis 
diflbrtnee  of  its  distances  bom  the  two  polM. 

If  then  the  mode  of  generatkni  of  the  mignetii- ei.  ...        

tUng,  their  gsnenl  sqnation — eon  be  determined,  the  law  of  fives  with  r 
distance  m^  be  dsdoced  ftmn  it  Tba  cnrres  n»T  be  obtainsd  in  a  state  cq 
fbt  measnremsDt  bj  fi>nning  them  orer  a  plate  of  glass  in  the  manner  above  described, 
and  lading  upon  it  a  sheet  of  pq>er  coreied  with  gnm  or  stardi  paste.  In  this  Dunner 
the  fllinga  wlQ  be  fixed  on  the  paper,  and  the  corree  may  be  meesored. 

Bj  careAi!  mensnrementfl  of  the  enrres  fbrmed  by  the  joint  aetien  of  two  magnetif 
poles,  ^thrr  contnry  or  similar,  on  iron  filings  or  inHsitely  small  magnets.  Boget  haa 
detennined  the  following  law:  lie  differeiu)!  of  the  eettnetoftlu  angle!  formedwithOtt 
maffnefie  axil  {tie  line  joiniiig  tht  Men  fcUi)  hg  fnus  iramtfrom  Uiete  Impole*  loamg 
pomt  of  a  moffmtie  curve,  it  aeonttani  quanHig,  iii  Ago  attgltt  being  UJtea  en  tttetame 
*ide  of  the  axit. 

Bf^et  has  described  an  instrament  tar  tnuing  the  cnrres  bj  emtiiilied  motion, 
fbmided  on  this  propertj,  and  hM  al«o  given  tile  fbUowing  method  far  dnoilxng  tiiam 


t  of  dirision  perpendicularly  on  the  ti 
,   ,         „Bd  be  then  drawn  thnmnh  the  eentee  oi 
each  dnmmfhreiiee  and  the  pointe  thns  detennined  npon  it,  these  radii  will  intersect 
one  another  in  prrints  belongiiw  to  the  cnrres. 

If  the  two  acting  poles  are  <rf  eontrary  nune,  the  cnrres  an  said  to  be  eowwwytoy 
0^.719),  and  are  the  cnrrilinear  diagcmali  in  Qie  direction  of  the  magnetic  asit  Of  the 
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qnadriUtanU  hnrned  ty  tha  Intanectlon  of  the  n;*-  ^  o"  t^  otbv  hand  Hu  tmi 
polea  are  of  the  mat  sune,  the  cnma  its  uid  to  be  dtnmynif;  their  diiaetiaD  beinf 
Out  of  the  enrrilinMr  diaspn*!*  peipeiidiciilBr  t«  the  (brmer. 

Nov  let  A,  B  ^.  TSioyM  the  two  magnetie  polM,  H  ft  point  of  the  earn  wboe* 
co-ordinate  rehired  to  two  reotangiilar  axes,  are  «  f^Jf-  tjot  AS  be  the  uia 
of^  and  its  middle  pcdnt,0,tlieorigiii.  Alsolet  OA  -  OB -■  i;  AM  -  rj  BH- 
r';  ai^  HAS -V;  HBA- i.  Then  AF-*-jr-r  ooa  i;  tbenKm  oMi- 
'_  ■  ."t*.    Tbtxetxt,  teeoidiiig  to  Bogefa  law, 


•eootding  aa  tl 

Ftom  thia  equatiMk,  hj  the  prooaaoM  of  fiie 
difbrential  aatealaa,  the  eiprraaion  rf  the  in- 
clioatioD  of  tlte  tAi^ent  to  the  cnrre  at  Bin 
point  nuQ  be  toaai ;  and  as  this  tangent  u 
the  direcbon  awnmed  l^  a  magnetk  medls 
hsTinf^  ite  MDtM  plaeed  ow  the  point  of  am- 
tsct  with  the  mrre,  which  direefaon  is  deter- 
mined by  the  resultant  of  the  attnctire  and 
renlsiTe  arCtiODS  ezeit«d  npon  it  b;  Ihe  two 
Hdes  A,  B,  it  fbllows  that  the  Talne  cf  this 
inclination,  properlj  expressed  in  terms  of 
the  dist&DO?  of  the  point  of  contact  ftam  the 
two  pol^  ""^i  si*s  the  law  of  Tariation  of 
the  iutenaitj  according  to  the  distance.  When  these  calcnlatjons  are  mads^  it 
is  Ibnnd,  in  aeeordimce  with  the  resolts  of  the  other  modes  of  measnremsnt  abore 
deseribed,  that  the  inlensitT  of  the  forae  of  magnetic  atbaction  and  rapnlmon  variM 
inverseljas  the  square  of  ths  distance.  (See  De  La  Bits,  ZVoM  di  f  JBartrwitJ^  tons  L 
uot«  D,  p.  S93.) 


OmparUon  of  lk»  Jhiatr  of  d^tttiU  MofftulM, 
nieold  method  of  oonqiaring  the  power  of  masnet^oc  ofdifireQtjpaila  i 
nugnst,  consisted  in  asoartaining  the  wwghts  which  th^  ware  eapaWe  of  i 
rru41  M^kAii  k^n  ■■  '  


BUiribuiion  ef  UagneHim. 

tfthstame 
■tj^ortin^ 


Thia  method,  howersr,  can  give  onlj  a 

the  WBigfatlriiichs  magnet  can  siwlrtdi^  ^  .... 

which  Uis  wei^t  it  smied,  and  on  the  rate  at  which  it  is  inoeaaed.    When  the  wei^it 

with  which  a  mamet  is  loaded  IiTay  gradually  inmoMsd,  it  ia  fbtind  to  be  e^aUe  of 

sopporting  a  taiuh  laigei  wd^  than  eonld  be  mppottMl  br  it  if  upUed  lU  at  ixaet. 

Uoch  men  exact  neoUs  an  obtained  with  the  lonionbalaiioe  and  In  the  method  rf 
oaeiUBtiims,  both  of  which  methods  have  been  anili«d  to  thia  pnipoae  (7  Coulombt 

To  OMnnaie  the  force  of  two  or  more  magnstabylhe  tonion  baOaua^  these  nonets 
are  inttodnced  snccosaiTely  throngh  the  hole  m  (ig.  3T3 ;  ii.  SSO)  and  the  needle^  of 

thebalaaaeiskeptataoc--'— * '—->•- ^- ._ ^-^- 

cmt  an^sa,  whisa  are  to    _    . . 

of  osoillaliims  is  employed,  the  magnets  are  placed  sc... 
from  the  needle,  this  dutUM  b«uig  so  great  that  thej  ci 
its  magnetia  power. 

Xt^tutic  iloiMKti. — Another  mode  of  C(    . 
eaehoftbainfaaceaaiTely  in  a  small  stiimp  mspended  fr 
■   ■  -.•...«- '- In  the  magnetic  m 


Esof  magneli 
le  thread  of 
la  magnetje  meridian  when  the  Ihnad  is  uD- 


The  angUa 
mentsoftha 

eerciBl  ban.    It  is  evident  that  the  magnetic  moment  defends  both  on  the  magnetic 
intensit;  of  the  bar,  and  on  thedistancn  of  its  poles  from  Uie  axis  of  sospensian. 

Dutr^mtion  of  MagnttUm. — To  measoie  the  relatiTe  attraetiva  or  repnlsife  fbrcca 
exerted  b;  the  different  parts  of  a  bsr-msgnet,  Coulomb  introdniwd  a  rertieal  wooden 
role  into  the  glass  cose  of  the  torsion-balsnee,  in  snch  a  position  llut  it  lunehed  the 
needle  of  the  oalonce  which  rested  in  the  nugnetio  tnendian  when  the  thread  was 
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anhriited.  At  the  back  of  tbii  rule  mi  a  vertical  graore  in  wUd)  the  maoiwt  to  be 
tested  was  made  to  slide  up  and  dom,  >a  an  to  bring  the  MT«nJ  paMR  of  iti  length 
oppoaite  to  the  pole  of  the  aeedla  of  the  Mine  oamie  u  the  half  of  the  bai  irhieh  waa 
preuiited  to  it.  The  oeedle  vae  thefel^  tepelled ;  and  to  bring  it  back  to  it«  origiaBl 
ponlion,  the  thread  had  to  be  twisted  thnin^h  a  oeitain  angje^  which  meanna  the 
tepolaice  f<s«e  exeRad.  The  bar  was  then  ahifled  in  the  grooTe,  so  as  to  bring  aootfacr 
Niiof  it  opposite  to  the  pole  of  the  needlo,  and  a  simitar  e]^>erimpnt  wi*  made. 
The  raagnetio  bar  being  veij  close  to  the  needle,  it  is  onl;  the  pointa  yeij  nearij  on  % 
level  widi  the  needle  that  can  exert  any  Sensihle  ioflnence  orsz  il^  those  which  tM 
even  a  few  millimetra  above  or  below^  acting  too  ohliijiisly. 

In  ^ipljing  the  method  of  Oecillations  to  thn  same  pmpoe^  •  small  needle,  magne- 
tiaed  to  satnration,  so  that  ita  magnetie  atate  may  Dot  be  altend  bj  the  action  of  the 
bur,  ia  made  to  osinllBte  near  diSareut  peita  of  the  bar.  Denoting  bj  m,  m'  the  magnetie 
intensities  at  two  diKrent  points,  and  by  N,  n,  n'  the  onmber  of  oKillntionB  nuide  in 
a  given  time,  imdar  the  infloeuce  of  the  earth  alone,  and  onder  tbia  influence  added  to 
that  of  the  two  pointa  of  the  bai  ander  consideratiou,  we  find,  ■■  on  pege  7Si, 
MIX'     -     n*  -  y-.t^*  -  IP. 

Eitlur  of  these  methods  gives  directl;  therehitive  magnetic  intensity  of  any  put  of 
k  bar,  excepting  at  the  eztifmiUea,  for  which  the  intensities  found  by  direct  expe»> 
nent  most  be  donbled,  in  oider  to  give  tha  due  force  at  these  points,  as  eompored  with 
the  rast ;  tot  tha  power  obesfved  ^  these  extreme  points  wonld  evidently  be  double 
of  what  it  aetaally  w>aar8  to  bst  if  the  munet  were  prolonged,  so  as  to  present,  beyond 
tnmitieB,  pointa  of  eqnal  magnetic  ioroe  wiui  those  which  an  within  them,  aa 


whose  leiuithi  are  pnr^ioilMusl  to  theintensitieeobs^vedMthaepoinU. 

*■• ' — '"  •ym  a  cnrre  like  that  leraManted  inj^.  721. 

It  if  lemaAable  that  tor  all  wetaneiJar  or  (^lindncal  bars  whose 


thnse  ofdinatea  torn  a  onrre  like  that  leraManted  iajE^.  721. 

It  if  lemaAable  that  tor  all  wetaneiJar  or    , 
F^,  72L    Imgth  exceed*  80  centimetres  (or  S  ineties)  ths  form  of  Ihia  curve,  that 


distribntion  of  the  mignetiam,  is  the  same,  excepting  that 
the  E^Bce  in  the  middle^  wbrae  the  magnetic  power  is  little  or  nothu^ 
oconpua  a  greater  or  amallsrtpace  saiiording  to  the  length  of  the  bar. 

The  poles,  that  ia  to  s^,  the  points  of  ^iplleation  of  the  resultants  of 
all  the  force*  exerted  on  each  half  of  the  magnet  by  an  infinitely  small 
needle  or  magnetic  element  [daeed  at  sneh  a  distance  that  all  the  line* 
of  timieniay  be  renrded  as  parallel,  corie^ond  with  the  centre*  of 
graritT  of  the  lu&ces  enckaed  by  the  oarTea  of  intensity.  Esnce 
'  r  all  magnets  of  eqnal  lince  and  longer  than  30  cendmetrea,  the 


ntoated  at  the  same  distance  from  i 

ccording  to  Conlomb'a  calculation,  ia  about  i  centimetres 

inches).     In  shorter  ban  th^  are  situated  at  about  two 

le  distance  bom  the  ceatre  to  the  ends. 
preceding  reanlta  uiply  only  to  magnets  whose  length  ia  very 
-  ptopoitias  to  their  txansvene  dimendons,  and  in  which  the 


re  much  brther  bom  the  extremitiea. 
Kiemno  Imvonov. 

It  has  alnady  been  mentioned  that  a  piece  of  iron  or  steel  placed  in  eontsot  with  a 
pole  of  a  magnet,  either  natural  er  artiflciBi,  becomoi  itaelf  a  magnet.  Tiat  action 
likewiae  take*  vtaat,  though  witli  dindniahed  intaun^  at  a  distance,  and  is  not  pn- 
Tmtedb^  (he  mterpoaition  of  non-magnetic  bodUa.  This  effect  is  called  magnetic 
induction,  and  the  lawaeeoidii^  to  whidiittakea^aceispredaeJyaiulogoiiatothat 
cf  etecteic  induction  QL  SM),  ria.  that  TTutxirtmUg  qftia  tnm  er  lUel  nearett  to  tki 
indnehtg  magMtiopolt,  bteomn  a  polt  of  contrarg  nam*,  ami  th*  fartlur  txitmiitg  a 
peU  of  tin  *amt  n«me  <u  Ms  induemgpott.  Thos,  ani^oee  a  bar  of  aoA  iron  to  be 
placed  in  contact  with  the  north  pide  of  a  magnet ;  on  pesmting  a  magnetic  needle  to 
Its  Awttwt  extnmi^,  the  needle  wOl  turn  it*  eootli  pole  to  tl»1i*r,  sliowiiig  thu  that 
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Nid  haa  b«ei>mc  a  north  mla.  If  th«  bsr  be  dBtwhcd  and  the  {ndociBg  magatt  ro- 
morad,  the  pidari^  of  t£c  bar  in  inunediatelv  deatroTsd,  and  the  iMwdle  retarBs  to  ita 
normal  podtion ;  and  if  the  lODth  pole  trf  the  Biagnet  be  now  [riaaed  contaet  witli 
or  DMr  Is  tlw  end  of  the  bu,  the  nwdle  will  turn  round  and  pr»«it  iU  norUi  p^  to 
the  tether  cotremit;.  The  polarifj  of  the  end  of  the  bar  which  ia  in  eontaet  witji 
the  indooBg  nuonet,  cannot  earalj  be  tested  in  a  dniilai  manner,  dd  acnmot  c^  the 
Qontnij  action  Mf  the  indndng  pole ;  bat  if  a  abort  steel  bar  be  nibatitated  fcr  the 
atrft  iron,  and  left  in  contact  with  the  muset  tar  a  few  aaconda,  it  will,  on  baiDg  eepar 
ntad,  ^liHt  two  poles,  that  which  haa  bean  in  ontaot  with  the  pole  of  the  iiidnang 
nuKpet  being  a  pole  of  contnry  name. 

Moreover,  the  iron  or  steel  tboarendend  magnetic  bjindnction  wiHact  fnapndaely 
fimilar  manner  on  any  other  piece  of  iron  or  ateel  in  ita  neighbonrhood,  derdoping 
polarity  in  it,  if  [nwTJonalj  nnmagnetiBed,  and  altering  the  diatribotion  and  inteneiij 
of  ita  polarity  if  jmvioaaly  magnotised.  Cooseqn*ntTy,  jnrt  aa  the  eketrie  ptdariry 
of  a  charged  bodj  ia  intensrfled  by  developing  eleetrici^  in  a  neighbonring  WDdndor 
(iL  3Sfi^  BO  likewiae  ma;  the  poUrtty  of  a  nugnetie  bar  be  ttrengUtened  by  indocing 
mognetiam  in  a  neighbouring  piece  of  iron.  Thna,  lappoae  a  bar  ^  soft  iron,  B,  to  be 
plaoed  in  contact  with  the  noith  pole  of  a  ateel  msgnet,  A.  in  the  manner  repmented 
ib;Sj^7S2,B  wiU  then  becnne  a  magnet  with  iti  pole*  dsipoaed  nniiltriy  to  Uioae  of 


A,  andwfllaetnpon  A,  jiutaaifB  were  tlw  original  magnet,  and  A  Ae  mma^inetiaed 

iron.  The  oiigioal  polarity  of  A  will  tteietbre  be  KrengChened  (  and,  in  tnet,  it  la  found 
that  a  Htecl  njagnet  ia  rendered  more  powerfhl  and  capable  of  eoppoAing  a  greater 
weight,  bj  leaving  pieces  of  «oft  iron  in  contact  with  ita  polea. 

It  wilt  be  easily  nnderttood,  from  the  preceding  exp^anatioOA,  that  the  attractioa  of 
nnmagnetiaed  iron  by  the  magnet  ia  not  an  ieolated  phcnompnon,  bnt  mMoty  a  parti- 
cnlar  case  of  the  general  law  of  Uie  attnctian  between  aimilaT  megnetdc  polpa.  This 
ia  also  easily  shown  by  experiment.  Snspend  a  piece  of  iron,  a  key  for  example^  from 
the  north  pole  of  a  bar  magnet;  then  bring  tlie  north  pole  of  a  second  magnet  in  contact 
with  the  &vt ;  the  key  wiU  be  held  with  greater  fbrce  than  before,  becanae  the  two 
magnets  polariae  it  in  the  aame  way.  Vow  torn  the  second  magnet  roond,  and  bring 
ita  Bonth  pole  in  contact  with  Ibe  north  pole  of  the  first ;  the  key  wiH  immediate^ 
drop  ofE  became  the  aeeond  magnet  indnces  in  it  a  poUrity  contrai;  to  that  of  lb* 
Ors^  and  redocee  it  to  the  condition  of  immagaetiBad  iron. 

^le  caae  is,  however,  different  if  the  two  magneta  act  at  oppodte  ends  of  the  nn- 

magnetised  iron.    Thns,  let  two  magnetic  polea  P,  F,  (Jiff.  723)  be  brought  in  contact 

wiu  the  two  enda  of  a  bar  of  aoft  iron  B,  not  more  than  two  or  three  indies  long.    If 

the  polee  P,  P,  are  similar,  the  iron  wiU  not  be  held  np  by  thsm,  becftuse  they  tond  to 

Kf.  724. 
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polarise  it  in  o^Dsita  ways;  batiiF  the  polea  F,  Fan  disninilar.theH'polarisfaigBctiona 
will  conspire,  and  the  piece  of  iron  will  be  held  np  with  greater  toroe  than  it  would  be 
by  either  of  them  alone.  Hence  alao  a  magnet  bent  in  Uie  form  of  a  boiae-ahoe  (Jig, 
724)  will  hold  a  piece  of  iron  [daeed  acruae  its  poles,  with  gnrntta  ftme  than  a  bar 
~~  ~  ginet  of  the  same  sice  and  intrinsic  magnetic  force ;  and  by  uniting  a  number  (rf 

oe  msgimtfl  with  their  similar  polea  togethtr.  gnat  power  may  be  obtained. 

■t  tending  to  ihow  that  the  attracticoi  of  iron  by  a  magnet  moat  be  prr- 
ceded  bj  mignetisation  of  the  inm  is,  that  vatyhaidiiteeliiAichacqiuiNnoIari^  but 
■loiri;  ii  scHoely  altzBct«d  bj  the  uagnet 
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Ilisea!>r  to  see  tlist  tiia  polea  >,n,  ofa  piece  of  imludaoMsae  p^Mof  ftbone- 

•hoe  magnet  vill  streiigtIieD  its  poUrit;;  in  &ct  it  ii  the  ooDEtaDt  prtdaoe  to  keep 

hane-Bhoe  inagDet^  whxa  not  in  lue,  with  ■  piece  of  lofliioD— thence  called  akesper 

— MKNa  their  pol«*>    In  like  niHiQer  tbe  best  mj  of  pneerving  the  povai  <J  bar 

Fig.  US. 


llolteular  Cointitutton  of  Magnttt. 
All  Um  nwnalie  phenomenk  hitherto  eonndend  are  eoanitsnt  with  the  snp- 
poirition  that  XDf  norUi  polsritr  resides  in  one  half  of  the  mngnet,  and  the  sonth 
poluitj  in  the  oth«r,  each  kind  of  polarity  gradnallj  incrsnsiug  in  intensi^  fiom 
the  median  lint  to  the  eads.  But  there  are  certain  effects  vhicb  shoir  that  mag- 
netic^  like  electtic  povsr,  rendes  in  molecales,  not  in  dubspi.  Take  a  ateel  wire 
ngnlailj  nagnMiaed,  and  bleak  it  in  the  middle.  Jt  will  be  found  that  each  half 
IB  s  iMmidete  m^net,  having  a  north  and  a  aonth  pole,  with  a  msdias  line  between 
them ;  and  if  each  half  be  again  dirid^  in  the  middle,  four  compMc  magneta 
will  be  obtained,  eadi  luTing  a  ninth  and  a  sonth  pole,  asd  so  on,  to  whatersr 
extent  the  dirision  ma;  be  carried.  Tbis  reeolt  U  eosilj  inteUlgibla,  if  we  snppoae  tba 
original  nugnet  to  be  a  ooUection  al  malecsles,  each  having  a  north  and  a  eolith  pole, 
and  all  the  similar  poles  pointing  the  same  wa^.  It  ia  eaar  to  see  that,  in  such  a  raw  of 
paitictei^  «•  in  ^,  720,  the  opponte  poUrities  towards  Uie  middle  of  t^  ssiiM  will 
Fig.  726. 

nentralise  one  another,  and  only  those  of  tlie  two  eitramitiee  will  be  percep^le ;  but 
that,  if  the  lerieB  be  dirided  at  anj  point,  Mch  half  will  exhibit  polarity  similoT  to 
that  of  die  whole.  That  sneh  a  series  of  polarised  particles  reallj  acta  hks  an  oidi- 
nai7  magnet,  ma;  be  ahown  In  pertl;  fining  a  glass  tabe  with  Btcel  filings,  and  passing 
the  pole  of  a  strong  magnrt  five  or  six  times  along  tbe  ontidde  of  it  in  one  constant 
direction,  taking  care  not  to  shake  the  tube.  The  indiiidnal  filings  will  thus  be  mag- 
netised, aiid  the  wlude  colnmn,  if  presented  lo  a  magnetic  nenlle,  will  attract  and  repel 
its  poles,  jost  like  an  ordinaij  bar  magnet,  exhibiting  a  nerlh  pole  at  one  end,  a  sonth 
pole  at  tiie  other,  and  no  polarity  in  the  middle ;  but  on  shaking  the  tnbe,  or  tnming 
oat  the  filings  and  putting  them  in  again,  so  as  to  destro;  the  regolaritj  of  the  arrange- 
ment, erer;  trace  of  polarity  will  di^ppear. 

It  is  naceesary,  howerer,  to  obsenre  that,  in  a  single  row  of  particles,  snch  as  that  in 
fig.  726,  each  poaseming  equal  magnetic  polaritr,  the  resultant  polarity  would  be  exhi- 
bited only  at  the  very  eztremiCiee.  Now,  this  is  not  what  is  actually  obacrred  in 
magnets ;  and  the  dj&rence  mnst  be  attribDt«d  to  the  lateral  actions  of  the  particles 
in  Uie  savenl  rows  oompomng  the  magnet^  one  on  the  other. 

Procti»»t  of  Magnitiiation. 
From  what  has  been  said  of  the  moleinlar  con«titntion  of  magnets,  it  is  lims  that 
the  pnMisfli  of  nugnetJeatioa  moat  consist  in  poiarisiiig  each  separate  nu4e«nle  of  which 
tha  bar  ia  composed.  Now,  when  a  bar  of  aoft  iron  u  placed  in  contact  with  a  ma^ 
uetic  pole,  the  nearest  particles  beoome  ptdanted  by  tbe  direei  inSaenee  of  that  pole, 
thees  polarise  the  next,  and  thus  the  polansation  b  lUHdl;  deieloped  all  along  the  bar. 
But  hard  iron  and  steel  oflTer  a  certain  resistsnee,  called  the  coercive  force,  to  the 
polarisation  of  their  molecules,  so  that  tbe  development  of  magnetinn  in  thsm,  espe- 
cially in  steel,  is  slower  in  prop<vtion  to  the  haidnesi  of  the  temper.  Thus,  when  a 
bar  of  hard  eteel  is  placed  in  contact  with  the  north  pole  of  a  magnet;  the  nearer 
extzamity  immediate^  beoonMS  a  smith  pd«,  but  the  brthn  end  shows  no  polarity  at 
flist.  A  north  p<da  is,  however,  finned  at  a  short  distance  &om  the  aonth,  and  nmr 
this  another  weak  south  pole,  joat  as  if  the  bar  were  divided  at  that  point,  and  the 
poftionof  it fintpokiiKdactaalikeai^anteiBagDet ODi'  '    "" 
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polM  grtdxuHj  aAvtaee  Uodk  the  b*r,  •  ftcble  wntli  ptde  ^>p«uiiig  aiUr  a  wkile  at 
the  bilbei  end,  nuoeeded,  ^ler  a  while— if  (he  bar  U  Dot  too  long— bj  »  north  pola, 
the  bar  then  a^eving  regnluij  magnetiaed.  II,  howerer,  the  bar  is  vatf  lanK  aikd 
made  of  tdtj  hard  itMl,  it  nerer  atCaina  this  regular  ma^etiaatioit,  bnt  azhiUta  a 
Eeriea  of  alternate  or  aniteatiivi  poUi,  which  never  raaeh  ita  fkrtlier  BXtnmi^.  The 
ooecdTe  Sirca  may,  howerer,  be  moie  or  lean  orerDome,  and  regular  OMgiieliBatiaD 
&dJitated,  iy  atriking  the  bu  withs  piece  of  metal,  ■□  as  to  make  it  ling  and  throw 
its  paiticlee  into  vibntiaB. 

It  is  obTtons  that  the  polariaation  of  the  whole  aariea  of  partidea  eompoains  the  bar 
will  bo  ae<(ilerat«d  bj  lajing  it  between  two  bar  magneta,  with  their  oppoaite  pole* 
beiDg  one  anoUier,  or  aeroaa  tiie  polea  of  a  horse-ehoe-magnet,  the  magnetiaalion  then 
tokiag  place  in  two  direetiona  at  once,  and  both  tending  to  the  aanu  reaolt. 

Anodier  prOMM  mot*  generallj  adopted,  conaiaU  in  paaaing  the  pole  of  ■  m^et 
from  one  and  to  tbe  other  of  the  piece  of  ateel  to  be  nugnetiaed,  repeatiiig  tiie  fii^ioo 
■ereral  timea  and  alwi^  in  the  aama  direction.  Eaiji  particle  of  the  steel  ia  then 
Immg^t  aooceniTely  nndei  the  influenoe  of  the  magnet,  and  it  ia  bond  that  Uie 
magnetao  poww  of  the  bar  jntfeaaea  with  the  comber  of  iAxAm  ap  to  a  oertaia  poillt, 
after  wldii  no  ftutherinereaaetakea^JaiM.  The  .poUrit;  imparted  to  each  particla  aa 
the  magnetie  pole  approachea  it,  ia  reversed  when  tiut  pole  paaaea  over  i^  ao  that  tha 
polari^  finally  imparted  to  the  bar  i»  that  which  eorreapooda  to  the  laatpoaitiim  of  Uie 
ittdDdng  magiietie  pole.  IC  for  example^  the  iteel  bar  b«  rubbed  with  the  north  pole  of 
a  magnet,  the  end  flrat  touched  will  be  a  BOtth,  and  the  othCTmd,  by  which  thanufiMt 
leavee  the  bar,  will  be  a  aouth  pole.  II  ia  not  Ten  ea^  to  ondentand  what  i*  gamfd 
by  ivpaating  the  friction,  inaamoch  aa  the  polari^  imputod  by  each  atroke  ia  rewwj 
at  (he  commaueament  of  the  next  Poadny  the  eoerdva  fteea  of  the  ataal  ia  onr- 
come  by  the  diatnibanoe  cooaequent  on  (ha  oontinaed  reranal  of  the  polari^,  modi  in 
the  aame  mannv  aa  it  n  by  Tibration. 

Qccater  powvmaybe  obtained  by  a  eoBlnnation  of  the  two  method*  abon  daaoibed 


BO,  takins  two  other  bar  magneta,  one  in  each  tai 
bringdown  their  oppoaite  polea  on  the  middle  of  the  bar  to  b«  maenettaed,  and  keeping 
them  at  an  inclination  of  26°  or  30",  draw  them  ontwaida,  wiu  a  regnlar  motion, 
towatda  the  ezbemilin  of  the  bar.  Ten  or  twelve  atrokes  given  in  thii  mannar,  and 
^wayiin  theaame  direction,  will  give  to  the  bar,  if  notveiy  large,  u  mnch  magnetic 
power  aa  it  ii  capable  of  retaining;  It  ia  ^  come  seceaaary  that  the  pole  of  each 
movable  ma^et  which  (ooehea  (be  bar,  ehonld  be  of  the  eame  name  aa  that  of  thr 
llzad  magnetic  pole  lowaida  iriiich  il  ia  made  to  move.  IbiM  method,  invented  hy 
Dnhamel,  and  called  the  HKtAed  o/ »itiffU  toitek,  is  the  beat  for  magneliaiiw  compaa* 
nesdlea,  and  bara  of  no  great  length  and  thickneaa.  in  which  rwolar  diatnbntim  ol 
magnstiam  ia  deured  r^her  than  great  atttactive  power;  bat  £r  magnetiniw  long, 
thitf  bara,  especially  when  it  ia  denied  to  give  them  thur  fdUpower,  the  Growing 
methodof  £pinn^  called  the  liniMfAnwt,  la  to  benrafbmd.  The  bar  ia  laid  between 
tvopowerflil  magneta  as  in  the  preceding  method,  and  likowiae  rabbed  with  the(fipo«it« 
polee  of  two  magneta ;  bnt  instead  of  drawing  these  poles  from  the  middle  t 
opposite  ends  of  the  bar,  Ihey  are  tied  together,  with  a  piece  of  coA  or  woi 
them  to  keep  them  at  a  certain  distance  apart,  and  made  to  travel  togBther 


polee  of  two  magneta ;  bnt  instead  of  drawing  these  n 

''"'""  ......  ..         .         .      ■    ^  „|,ood  (,j(,,^„n 

^Bther  along  the 
bur,  first  one  way  and  then  the  other,  beginnin^and  leaving  off  in  the  middle.  Ahone- 
shoe-tnagnet  may  be  conveniently  osed  inatead  of  two  bar-magneta  tied  together.  Bj 
this  method  it  is  likewise  easy  to  magnetise  two  steel  bars  together,  namely,  by  placing 
them  parallel  to  one  another,  with  soft  iron  keepers  aerosa  their  extremities,  asinji^.  73d, 
and  paaaing  the  two  magnetic  polea  several  timea  round  the  rectangle  (hna  formed, 
beginning  in  the  middle  ofaae  of  the  bor^  and  leaving  off  at  tbe  aame  plain.  In  Ihia, 
aa  indeed  in  all  methods  of  mag*.  Btiaing,  the  bora,  afl^  having  been  mbbed  a  certain 
nnmber  of  timpa  on  one  aide,  sBoold  be  tnmed  ronnd  and  nibbed  in  the  same  manner 
on  the  other. 


Li  both  theee methods,  when  twenovable  magnets  an  em^ysd,  the  polaritjiriudi 

'--'- -Tee  while  onlaids  the  munetic  poles,  is  revened  minn  by  their 

it  between  them.    Now  Ue  advantage  of  the  double  touch  method 


only  a  small  distance,  so  that  the 

MET.    '       -'"       '" *-^ 
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panieular  part  of  the  bar,  ereatea  a  tendency  to  the  formation  of  eonaeentive  poli 

the  ateel  it  ve]7  hard.    Hence,  aa  already  ooaerved,  the  auigla  tmuh  metlMM  ia  nanallj 

adopted  where  rwolaritycf  magnetiaatioa  ia  the  main  olgeut  in  view. 

Mmnetualioiti)/  tieEleetne  CurrtKt. — Ten  great  magnetie  power  tnaybe  developed 
ia  aoR  in»  hj  plaiong  it  within  a  long  coil  of  win  thiaiig)i  mioh  aa  uecbae  enawt 


great,  and  the  difference  of  their  acticoia  on  an  ontaide  particle  aa  ssall,  aa  po«nbie. 

iia  very  drenmatanee,  however,  by  developing  poweml  miqpietiam  at  once  in  a 

nienlar  part  of  the  bar,  ereatea  a  tendency  to  the  formation  of  conaeentive  polea  when 

tmuh  metlMM  ia  nanallj 

c  power  tnarbe  developed 
mioh  aa  •lectrie  enimt 

ini.tizcct.Cooglc 
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{■piurinB(iL  MS).  Steel bui ma*  be nngiietiBed  iatha  nnw my, Vat tlie m&gnatiani 
thus  developed  in  them  ii  bnl;  fwbli^  Apnnmtlf  becaosa  tlum  u  k  wuit  of  Tibntory 
movenMit  to  omoomi  the  eoermB  Ibree.  Tha  niagnetuttion  nay  indeed  be 
bdlitaled,  u  in  otlier  oaw^  bj  striking  the  bu  so  u  to  nuiks  it  txbk  vhile  it  is 
■ndor  Um  inflnsnee  of  the  eninnt ;  bnt  the  beat  mode  of  magnetising  st«d  ban  by  the 
eiMlric  entmt,  ti  to  pass  ihe  bar  thnjngb  a  short  moTBbie  coi]  of  vira,  then  fix  it 
between  t«o  soft  inm  elwtro-mKgnets,  the  coiU  of  which  are  connected  with  the 
moiable  eoil,  so  as  to  form  one  contionoos  drcnit,  and,  haTing  made  the  oonnectioo 
vith  the  battel^,  pua  the  morabl*  coil  backwards  and  fbrwuds  along  the  whole 
length  of  the  bv,  rubbing  it  at  the  same  time  against  its  sorihoe,  so  as  to  eidte  • 
TibiBtoi7  motion  in  the  particle*.     la  thie  way  Tery  poweiftilaDd  regular  D 


ma;  be  obtained  (Dagoin,  TVoiU  de  Pigiiqiu,  iii.  SOS).     It  is  ea^  la  se^  howersr, 
......         ^01  nugnetiHitioii  reqaires  rather  complex  apparatos,  tspecdally  as,  to 

1  BugnetUm  in  soft  iron  requires  a  trj  long  eoil  of  wire  pasdng 


itioQ  reqaires  rather  complei 
n  in  soft  iron  requires  a  Tcr 
.  and  conseqnently  a  powerfol 
of  the  ciccaiL    In  most  cases,  therefore,  tlie  simpler  methods  of 


when  placed  horinatsll;,  be  held  in  the  line  of  the  magnetic  dip,  or  in  the  Tertical 
podtion,  irtiich  in  these  latitadra  does  not  dif!^  greatly  from  it,  its  lower  extremity 
will  be  fonnd  to  haTe  acquired  north,  and  ths  apper,  soath  polarity.  On  rerening  the 
bar,  the  pdari^  will  be  also  rerersad,  ths  low«t  extremity  being  still  a  north  pole. 
Thia  dfeet  is  dne  to  tha  indoctiTe  action  of  the  earth,  the  northern  hemisphere  of 
which  aet^  aa  already  obrsd,  like  the  sonUi  pole  of  an  ordinary  magnet. 

A  bsr  of  hard  iron  or  steel  held  in  a  similar  position,  does  not  immediately  exhibit 
magnetic  pcdarity,  but  on  striking  it  sereral  limee  with  a  key  or  a  hammer,  it  be- 
eomea  permanently  mafpetisad  with  its  north  pole  downwards.  In  this  way,  perma- 
nent  magnets  mn  be  obtained  withont  the  nae  of  other  magncA^  or  of  the  eleetris 
eiment.  The  tlmst  on  steel  may  be  greatly  angmented  by  resting  it  on  a  bar  of  iron 
heldtenieallj.and strikingboth.  SooreibjobtunedpowerftalmagnetBbjthelblLnring 
method:  A  large  bar  of  iron  was  plaeed  verticaUy  and  itrnck,  and  having  thnsacqnired 
a  certain  anonnt  of  magoetie  power,  it  was  placed  sncceenrel;'  on  eadi  of  two  sImI 
bars,  80  inches  lonft  arS  one  ineh  wide,  these  ban  being  alM  placed  vertically  and 
■tnick  at  tbeaame  time.  Six  nutllBr  ban  of  steels  inches  long  and  half  an  inch  wide 
nner,  by  resting  thom  TerticaUy  on  one  of  the 


laiger  steel  bai^  and  Striking  tbeni,  by  which  treatment  they  acoaii 
considerable  soipoiding  power.    Laiitl;,  the  six  small  bus  were 
by  thrir  Mpoaite  pedes, 
>'-- -  "e  £mUe 


gMwer. 


lUe  tondi  method.     By  this  treatment  they  wcve  fband  t 
magnetiBed  to  satantiiHi. 

la  consequence  of  tha  magnetic  action  of  the  euth,  all  bars  of  iron,  sneh  se  railings, 
li^tning  condncfaaB,  Ac,  standing  for  a  length  of  time  in  a  Tarlical  position,  become 
permanently  monetised,  thor  lower  ends  in  ths  northern  hflmiiphers  acquiring 
north  polari^.  The  magnetism  of  ths  native  black  oxide  of  iron  has  donhtlesa 
been  nodnsed  by  the  sams  eaosw,  the  very  diSbient  manielie  powor  whibited 
by  diflbient  ^leamens  being  partly  attzibutaUe  to  the  diOennt  posilioll*  of  tha 

o  tbfine  i^the  m^ietio  dip,  that  is  to  tsy,  the  line  of  the 

L  magnetic  fonxo. 

Cireimtlanet*  tokiek  tn/Zasne*  th*  PoK4r  of  Xagnttt. 

WhatsTST  maybe  the  procMS  of  magnetisation  adopted,  there  exists,  for  each  bar  or 

needle^  a  limit  of  magnetic  force  which  ouiuot  be  permanently  exceeded ; .  this  hmit, 

irtiich  is  called  the  point  of  satnration,  dtpeno*  easeDtially  on  the  Merctre  power 

of  the  iron  or  steel  MwUdi  the  bar  is  made. 

'm  magnetissd  bnond  their  point  of  satoistloii,  and  do  not 
>  time  ocaqaed  in  returning  to  it  depending  upon  various 
i,  such  as  ehangea  of  tempoature,  tha  neighboarfaood  of  other  magnete, 
pootion  with  regard  to  the  earth,  fte:  ToasMTtBinwh^berabai  has  been  magnetised 
to  satnratioii,  it  is  enflkeiemt  to  remagustiBe  i^  in  the  fame  direction,  with  magnets  ' 
■tiDi^et  thaathoHwhieh  wsnasedinmagaetisiugitori^nally;  If  it  thereby  acqoirea 
tnt  httleinoreaae  ot  pvftr,  and  thia  power  dia^ptMS  after  a  while,  we  m^  cotulade 
that  the  pinnt  of  satimtion  had  previooaly  been  attuned. 

in^wnai  a/8iMt  and  S(<ipa.— With  r(««rd  to  size,  Coolomb  foand:  1.  That  the 
magnetic  moments  of  saturated  magneta  la  the  same  sabstance  and  of  mmilar  form  are 
nearly  proportional  to  the  cubes  ot  theiz  like  dimenmona.  2.  That,  in  cylindrical 
■eedlea  <4  the  aame  length,  ttie  mignetic  poww  ia  sensibtf  pn^portknal  to  the 
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in  iMtb  m  anci  n  an  oonstuibl,  dipeudiiig  on  tlu  lutiin  and  hardiwH  o(  the  atmL 

With  Mgaid  to  tbnu,  Conlonib  (bond  that  tlun  loxenn-Bluped  ban  hara  a  greater 
HreaUotfffrmibtB  Tsctangolw  aeedlH  of  the  iBme  Tei^t,  ttuaknes^  aod  hardiMaa. 

Injintnee  e/ Bardming  and  TVjnpmna.— Coulomb,  having  magnetiMd  a  steel  bar 
to  aatnntian,  after  haidminit  it  to  diSeient  deonea,  and  (Mting  ita  power  b;  the 
method  of  osdllationa,  obtained  the  folloTing  rnunben : — 

Tflmpentanofbudeniug  S7S0        gTfi"        107S°        lIltT° 

Time  of  10  oacOUtioiia  91*  TS"  U'  AS" 

Steel  doss  not  nndeigo  buj  aenaible  modiflcation  of  etmctnre  when  hardened  at 
tempeiKturee  below  070''.  and  occordinglj  the  magnetic  results  are  the  same  at  all 
degreee  of  hardening  below  Uiij  limit;  but  when  hardened  at  about  111)0°,  the  iteel  is 
capable  of  aaqniring  double  the  macnetic  fbree  which  il  retains  when  hardened  at  loim 
lompentatea:  fiome  time oecnpied  by  the  ten  osciUatiana being  G3'  instead  of  93", the 
masnede  fimea  are  invetaelj  a«  the  aqnaree  of  Iljcse  nomben,  that  is  ai  3969  to  8649. 

ZmmI bar  haidaoed at  n obarrj'-red  heat,  and  then  magnetised  aftei  hanng been 
tempered  at  diflarent  depeeg^  gare  the  following  reeulta : 

Tempering  heat        .  .        .IS"        267°        <S12°        1133° 

Time  of  10  codllatums     .       .       .63'       64-S'        70"  OS*. 

Hance  it  ai^eaia  that  the  magnMic  foioe  ialeaain  propottiooM  tlMftMlIamora  t«a»- 
pned,  the  oaerdva  fbree  in  fact  diminiahing  with  the  hardDeea. 

Teij  diAreot  Mvnlta  were  obtained  with  thin  and  rerr  eUmgated  laminn  or  needle*. 
By  nugnatiainK  thai  at  diffivent  degreca  of  hardneea,  Conlomb  fenad  that  when  hw- 
doied  at  a  ibia  heat,  the?  did  not  retain  a  higher  degree  of  magnetio  power  than 
after  having  been  eonq>le(«rr  t«Dp«ted,  In  proportion  aa  the  bardneaa  was  dimini^ed 
1^  laaqwrinft  the  magnetlMtioll  beCMne  stRHig«,  down  to  the  tempering  prodnoed  by 
•  doll  nd  heaL  On  tempering  them  still  more,  the  directive  force  irtiich  they  were 
eapaUe  «f  r*oeiTing  eontiPBallj  diminiehed.  Biot  explains  this  aoomaly  by  the  ibrma- 
tioii  of  two  conaecnliTe  polea  in  TGiy  elongated  and  stronglj  hardened  needles,  each  half 
of  the  needle  thns  posseanns  two  poles  wT  contraij  name,  wheiebj  the  direotiTe  forae  is 
greatlj  leaamed.  Bnt  aa  the  hardness  is  diminished,  the  polea  neaieat  to  the  oentre 
•wroaeh  oontinnatl;  nearer  to  it,  and  finaUy  disappear  altogether. 

Compaaa  needles  arS  nsoaUj  tempered  at  the  blue,  liiBt  is  to  say,  at  abost  SOO"  C- 
In  thia  state,  the  coerciTe  toree^  tbongfa  not  at  its  maximnm,  ia  still  rsiy  great,  and  tbe 
rteel  is  leM  fragile  than  wbeonorebudened,  and  lues  Ir'nble  to  anjnire  DODsecntire  polr*. 

HobiU(BibL  Unir.  ItL  B2)  has  endeaTonred  to  explain  the  t^vence  of  haidening 
onaimiiatiMtionbythei&eqD^tyitf  density  of  the  diflarant  pacta  of  the  hardened  bar. 
tbttamsA  lluit  wlum  a  bundle  cf  thin  steri  wirea  (abont  60)  wm  Tn7atn>n^j  magoe- 
tised,  and  the  wirea  aapanted  a  short  time  aftermrds,  each  of  them  ^^leiuedstnm^ 
■Bsgnetised  in  the  same  directiim ;  bnt  when  the  bandit  was  made  np  again,  and  nnbad 
a  few  hours  afterwards,  eereral  <Jthe  yr ' — '  '-  ' "-'-'     -  ' 


ConlomL  It^ipean  then  that,  inasyston  of  p«r*lldrowsc>flnBglietisedpartieIea,tlK»a 
which  an  most  abongly  polansed  destroy  or  rererae  the  polari^  of  the  weakw  aoiea, 
and  determine  the  polarity  of  the  whole,  and  if  the  origiDal  polsnty  of  all  the  rows  ware 
equal,  the  magnetio  power  of  the  entire  eyetem  would  probably  aeoa  be  extinct.  Kow 
a  mwaetised  bar  may  be  regarded  as  made  npof  concentric  layen  of  polarised  particle^ 
and  Uthe  external  shell  is  rendered  ^eneerthan  the  interior  1^  hajdeoing,  so  Chat  a 
laiger  nnmber  of  magnetic  elements  are  there  included  within  a  given  space,  this  ex- 
terasl  shell  will  receive  a  higher  degree  of  polarity  than  the  external  portions,  and 
aooindingly  will  neotnlise  their  action  and  determine  the  polarity  of  the  whole  system. 
Fbr  t2ie  same  reason  soft  iron  which  hss  been  hsmmered  or  wire-drawn,  acquires  the 
power  of  retaining  a  certaia  portion  of  magnetism.  According  to  this  Tiew,  the  coer- 
mve  or  retaining  power  doea  not  depend  upon  any  pecniiarily  in  the  physical  or  che- 
mical constitution  of  steel,  bnt  is  entirely  dne  to  the  diflerent  densities  of  the  super- 
ficial portions  of  its  mass.  This  is  in  accordance  with  (he  Isct  that  small  ban  are 
capabis  of  retaining  a  proportionally  greater  power  than  large  ones,  their  smrface  beii^ 
girater  in  jiopornon  to  their  Tolame.  It  is  alao  snyioHed  by  the  foDowing  eipan- 
ment  made  by  NobilL  Two  cylinden  were  constructed  of  the  aame  kind  of  steel,  and 
eqnal  length  and  diameter,  bnt  one  solid,  weighing  SB  g  '         


of  eqnal  Isl  „.__..,  .=,0         = 

weighing  IS  grms.  They  were  then  hardened  to  the  same  drgree,  and  both  were  nug- 
netised  to  satoration,  when  [daced  at  eqniil  distances  from  a  oompaas-needle,  the 
solid  cylinder  deflected  it  9}°.  the  hollow  cjlinder  19°.    The  great  diArenoe  of  pown 
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thai  diovnlnfhTODiaf  the  hoQinr  ejliiicler,  tbe  mata  of  whidi  wu  not  nmdi  i 
than  half  that  of  the  other,  *pp«arB  to  be  due  to  the  drcninetaiice  that  ii,  was  haicU  . .  _ 
both  within  and  irithviit,  and  was  thnvfore  coTered  on  both  surfkcea  with  the  dense 
nut  which,  aeeotding  to  the  preceding  view,  pnearrei  the  magnetic  power,  wherew 
the  aotid  cylinder  wbb  thne  hardened  ont7  at  its  outer  lorfbce.  On  the  other  hand, 
howner,  it  mniit  be  admitted  that  this  mode  of  ezplainiBg  the  cstainiog  power  ot  steel 
dote  not  aceoont  for  the  known  tact,  that  inni  containing  a  small  quautitj  of  snb^ur 
is  c^«ble  of  reUining  magnetism,  although  peifeotly  homogeneoiu,  and  that  Tei;  bard 
■tad  is  scarcelj  if  at  all  atlntcted  bj  the  ntagnet. 

Iiffliiaiee  of  Heal. — The  power  in  magnets  is  diminiahed  br  rijM  of  tempsTatnre, 
teniporarilj  or  permancntl}'  accordine  to  the  degree  of  heat  applied.  The  eShct  of  beat 
is  to  dimJDiBh  the  coemve  force  ;  and  at  a  red  beat,  as  fint  obeorred  bj  Silbert,  a  steel 
maniet  loeee  the  whole  of  its  power.  When,  on  the  other  bond,  a  uugnet  is  only 
sli^itlj  heated,  its  power  Buffers  only  a  temporary  dimination,  the  origiul  intensitj 
being  Twained  on  cooling.  This  drcumstanee  maat  be  attended  to  in  estimating  the 
lelatire  inteDsitirs  of  tbe  earth's  magnetism  at  diffiirent  localiti*^  hj  obserratian  of 
the  osdllatioas  of  a  magnetic  needle,  as.  if  the  tenpenture  is  higher  at  one  place  than 
at  tbe  other,  allowance  must  be  made  br  the  diminntioD  of  ntagneUe  intensity  in  the 
needle  thereby  produced. 

On  tlie  othrrtkand,  magnetism  is  more  easily  imnarted  to  steel  at  hlg^  tfunpentnrea; 
■o  that  >  bar  may  bs  Ttrj  powetfoUy  magnetised  by  placing  it  while  red  hot  between 
the  oppomta  pous  of  two  strong  magnets  and  oooliBg  it  qaicklr  in  that  poaitioD. 
A  stael  barhrated  to  redness  ana  then  hardened  by  sadden  cooling  in  the  Traiicalpoai- 
tioD  retains  tlie  magnetism  imparted  to  it  by  the  inductiTe  lu^ion  of  the  earth. 

Coulomb  has  measured  the  aMreasa  of  the  msj^etio  fone  of  a  bar  as  ita  tmperatnre 

is  nised.    He  first  tempered  the  bar  so  Aat  its  coercive  (hrce  aboold  not  vary  during 

the  heating,  then  baring  magnetiaed  it  and  heated  it  to  rarioos  temperatone,  be  ob> 

tained  the  following  reanlta : 

Ten^KntnTsa    .        .        .     1S°      60°      100°      iW      425°      637°      8£0° 

Time  of  10  owdllations       .    63"     »7-S'     101'      147"      SIS'      280'  very  great 

According  to  Kupffer,  tbe  effect  ef  heat  upon  a  magnet  is  not  instantuieima,  but 

requites  a  considerable  time  to  produce  the  utmost  dimination  of  power  of  which  it  is 

capable.    For  example,  on  plnnging  a  magnet  several  timet  into  boiling  water,  end 

leaving  it  each  lame  fbr  ten  minutce,  a  dimiaulion  of  the  magnetic  forae  took  ^ce  at 

"        "  '  -■  ■     .     -   -^--.     ■^opi^ 


each  immersion  np  to  the  sixth,  aAcr  which  thi 

hiu  also  abown  that  when  one  half  of  a  magnet  is  heated,  that  half  becomes  weakened, 
■nd  the  median  line  q>prDacbes  nearer  to  the  opposite  end.  According  to  Christie, 
the  giMter  part  of  the  diminntion  of  the  force  of  a  magnet  bv  heat  takes  place  instan- 
taneously, a  reault  wUch  is  in  accordsnce  with  the  acenmnlation  of  magnetie  poww 
nc*r  the  snr&ce  (p.  7BT)- 

bffiuenee  of  Me^mieal  Jelioat  on  a»  Magnetie  PoKtr  of  Irtni. 

We  bare  alrndy  had  ooeasion  to  notice  the  influence  of  fHction,  pereoisioD,  and  other 
eawM  which  ^itata  tbe  partides  of  bodies,  in  diminishing  the  ooeidva  power  of  iron 
fi»ut  atesl,  tiMEe)^  weakMiing  the  powcc  of  permanent  maoieta,  and  bcQitsting  the 
derdopnusit  of  tsagnetiam  by  indacticoi.  VarioDS  other  mecbanieal  actions  which  pro- 
doM  a  temporary  alteratioD  in  the  molecular  condition  of  a  mass  of  iron,  likewise 
produce  a  temporary  altecalion  in  tbe  magnetic  powec  which  may  be  induced  in  it  by 
any  caow^  the  iron  regaining  its  original  magnetie  power  as  soon  as  the  disturbing 
face  oeoeee  to  act. 

ZbrnoR.— The  eeaest  wi^  of  eialniniag  the  effect  prodaeed  by  tonion  on  the  mag- 
netic state  itf  iron  is  that  devised  by  £.  Beoqaerel,  which  consists  in  making  use  of 
tbe  ennenia  exited  in  a  helix  envalopiog  the  magnet,  by  evair  increaBo  or  diminution 
of  its  magnetie  power  (ii.  161).  For  this  purpose,  a  wire  of  well  annealed  iron,  stretched 
t^  a  w^gh^  is  passed  through  a  Tertical  ^us  tube,  round  which  is  coiled  a  helix  in 
eonnestion  with  a  delicata  galvanometer.  The  wire  in  this  poaition  becomes  magnetised 
ty  the  indudi^  action  of  the  earth,  and  it  is  finmd  that,  on  tvistinK  it  either  way,  the 
galvaaomatw  needle  is  dafiret^  in  a  diieetion  which  ahows  that  toe  msenetic  power 
of  Dm  win  is  ■«— i™'^*!^  ij  the  toitjon ;  and  irtisn  the  wire  is  notwist^d^  the  needle 
more*  in  tlw  oimtn^  diieedoi^  indioelii^  that  tbe  magnetic  pdarity  of  the  wire  is 
rstnming  towBrds  ita  frisutive  slat«.  On  oUnwing  tbe  wire  to  osdllats  freely  l^ 
traaioD,  and  inteaponiK  in  the  electric  circuit  a  conunntator  which  changes  the  di- 
rection of  the  current  ttmiugb  tbe  galvanometer  every  time  it  is  reversed  in  the  helix, 
that  ia  to  say,  at  the  moment  wbffli  tbe  wire  pasaea  throi^b  the  position  of  equilibrium 
and  o(  mfi'tim^i'^  twaion,  a  ooi^JDuoua  CDBenC  may  be  obtained. 
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7(n  MAGNETISM. 

Wertheim  lua  made  numeroiu  ezperimenta  on  the  relatimu  betireen  magnptism 
kod  toidoii,  bf  a  method  similar  to  ^at  of  Becqaerel,  naiag  howavsr  a  horizontiJ  bar 
of  UDO  mreli^ied  t^  tiro  helices,  one  fbimed  of  thick  wire  to  noBiTe  the  eurrenl  whirli 
"  M  the  bar,  the  othei  of  a  long  thin  wire  to  receive  the  induced  cutienlii  and 


...  ,  them  to  a  galTazkometer.  The  helices  ue  placed  Deal  the  endi  of  the  bar,  uid 
<ioeap7  hot  a  mnall  portion  of  its  length.  Having  flnt  ihown  that  the  Boft«M  iron 
•Iwm  poanMM  a  osctun  amonnt  of  coercive  power,  and  therefocs  alwaj*  ntaiiu  a 
ontaui  amount  of  the  magnetic  polarity  f"!*  induced  in  it,  Wertheim  obtained  the 
following  nmlta : — 1.  Torsion  and  detondon  do  not  by  themselvn  develops  an;  mag- 
netiam  in  iron :  for  on  placing  the  bar  at  ri^t  angles  to  tbe  magnetic  meridian,  and 
twisting  it,  no  induced  current  is  deTeloped.~-2.  If  the  bar  i*  placed  in  the  mignetie 
maridiu,  oi  mbjected  to  the  action  of  a  magnet  placed  an  the  continuation  of  iti  axil 
or  tc  tbo  action  of  the  electric  current,  the  mognetiaing  action  of  either  of  theae  canan 
is  aeeeteratad  both  b;  tonioD  tad  bv  detonion ;  but  when  once  the  magnede 
cqnilibrinm  is  established,  toision  weajtene  (he  tot«l  mogneticalion,  and  detonion 
reetorea  it  to  its  former  amount :  hence  the  maximum  of  magnetisation  takes  plaoe  in 
tha  mtta  of  mtettnieai  tqaiiSrrium. — 3.  If  the  bar  le  withdrawn  from  tbe  action  of  the 
nugnetiaing  aganL  npmtod  tjjrsiou  and  detonnon  quickly  deetroyi  the  excess  of  ton- 


glwa  eonditjco  of  magnetic  equilibrium,  al  _     _ 

Uie  •nglea  of  torsion ;  but  the  magnitnde  of  thcoe  elects  tpptaa  to  d^)eiid  much  mora 

r)  ua  permanent  magnetiulion,  than  on  tlie  tempoiBiy  magnetisatioD  produced  bj 
extamal  cause. — 6.  The  form  of  the  sedjon  t^  the  bar  does  not  appeer  to  exert 
anj  inflqcnee,  but  the  deflections  incresrc  with  ila  in*  and  with  the  intensi^  of  the 
-6.  The  order  of  the  efibota  produced  is  tile  same  tor  all  kinds  c^  iron, 
'   "      "    -'      '     '  ■    ■  -      -seof  those  eflects.    The  hardert  inm 


tbe  onljrdiSbrenea  being  in  the  absolute  intenaitiee  of  those  eSecta. 
requires  tbe  greatest  number  of  torsions  and  detorsions,  to  bring  it 
masnetie  equiUbrium,  indicated  bv  the  equality  of  the  t^ipooite  induced  corrento.  — 
7.  Steel  also,  the  more  it  is  hardened,  requires  a  greater  number  of  torsions  and 
detoruons  to  bring  it  to  a  atatA  of  megnetjc  eqnilibrinm ;  but  «rtien  once  this 
eqnililsinm  is  established,  it  eanuot,  according  to  Werthom,  be  modified  by  bnaiou 
and  detorsion  alone,  as  is  the  case  with  iron.  HatCeuoci,  on  the  other  hand,  always 
obtained  ftteble  currents  in  this  case,  these  currents  bang  weaker  as  ths  steal  wis  mora 
hardened.  Hard  iron  exhibits  an  anomaly  which  has  not  been  a^lained,  the  modifica- 
tion ptodnesd  in  it  by  torsion  being  greater  immediately  after  llie  interniptiou  of  tbe 
B^netimng  current  than  daring  its  paasBga.  In  tliis  caae,  tbe  diminntion  does  not 
takepUe*  bll  aftar  some  time. 

When  the  bar  is  in  a  stats  of  temporary  or  permaaent  tonnon  befbre  magnetisn- 
tioo,  aiinilar  resolta  en  obtained ;  that  is  to  say,  the  magnetia  maximum  cornapond^ 
not  with  tbe  initial  state  of  tomioo,  bnt  with  that  which  exists  in  the  state  of 
msehaoieal  equilibrium  ;  so  tliat  the  magnetism  increases  when  ths  bar  is  twiat«d  in 
the  direction  which  diminishes  the  primitive  torsion,  and  diminiahea  when  the  original 
tonrion  it  re-established.  Bnt  if  the  initial  permanent  torsion  is  prodnecd  while  the 
bar  is  under  tbe  action  of  the  magnetising  enrcent,  a  rotatiim  of  t3t»  OHurmwn  is 
observed  \  that  is  to  say,  the  "'»""'"'"  is  dis[daeed,  u>d  in  the  direction  dl  the  tormon, 
the  an^e  of  rotation  being  greater  as  the  iron  is  harder,  and  the  permanent  torsioFa 
great«r.  This  angle  is  always  less  than  half  ths  tonpoiaiy  kosion  whidi  Beeassarily 
takes  place  daring  the  production  of  a  permanent  tonion. 

For  farther  detaila  on  this  sulgect,  and  on  tiie  reciprooal  intlnenea  of  m 


••  Wiedemann  fChtftiinnniHstnuIJIwftvMiu^^iutusuH,  iL  130-149). 
>n  awf /IwMm. — According  -    "    -  ■  -    •■ 


i,  a  sudden  elongatiDn  ^produced 

to  tbe  uugnetiBing  actioQ  of  an 

iroduocs  an  iianam  in  the  magnetic  force,  and  a  sudden  shortening 


»  steel,  while  sulgecled  to  tbe  uugneti^tg  ai 
it,  produocs  an  iianam  in  the  magnetic  force,  and  a  sudden 
diminishes  it.    These  resnltn  have  been  oonfirmed  by  Wertheim,  who  has  also  shown 


thatjltction  and  d^fltciion  act  in  the  same  manner  as  torsion  and  detonion.  All  these 
affiscta  are  due  to  the  displacements  of  the  molecules  produced  'bj  theae  varioos  forces 
whereby  they  are  enabled  to  arrange  themselves,  either  in  the  position  most  favourable 
tti  magnetiBation,  or  the  oontraiy. 

WwuiNm  flnds,  in  the  inosase  of  the  magnetia  capacity  of  iron  by  traction,  an  ex- 
planatioo  ol  the  well-knawu  bet,  that  a  magnet  i^le  loaded  becomes  continually 
■tKmga',  bnt  returns  to  its  primitive  state  as  soon  as  the  weight  is  removed.  He  also 
Bttribntes  the  great  irregularities  of  the  compass  in  large  iron  ships  to  the  inevitable 
flections  of  the  iron  wMeh  take  place  during  the  voyage,  these  flections  pmdncing 
chanaea  in  the  magnetisation  of  the  iron,  St  which  the  armpintaiort  (p.  780)  an 
noable  to  take  account.  These  phenomena  an  the  oonrerse  of  those  t^aarved  I7 
J  0  u  1  e  (FhiL  Uag.  XXX.  70  and  326),  who  found  that  on  iiua  bar  inerewee  in  length  wh» 
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mrtgDctisnd  under  ordiaorjciRniiutBiiGca,  bnt  conCncts  if  dnsdj  poweifull;  stretched 
by  a  mechanical  attain  previous  to  DU|;neti«ttion. 

liagnetitn  oonpartd  toitA  Elietrieity. 

The  phenomena  of  magnetis  indactjon,  above  described,  ore  analogOBi  id  almost 
ever;  purticulor  to  those  of  static  elactris  induction ;  bat  there  is  one  eaaantial  dif- 
ference betTePo  the  two :  there  u  no  tuck  Msg  at  mafftuiia  diaiharge.  In  the 
ense  of  electrified  bodiee,  ve  know  that^  when  the  opposite  polaritieB  of  the  neigh- 
bouring  snrfiicee  attain  a  certain  d^ree  of  isCensity,  discharge  takes  place  between 
them  in  the  form  of  a  spark;  and  the  distribution  of  t^e  electric  ibrces,  after  this 
discharge,  is  no  looger  the  some  sb  belbret  the  one  body  appearing  to  have  lost  a 
Cerloin  amount  of  power,  and  the  other  to  have  gained  it  (iL  3H[>).  Bat  in  mignetie 
induction,  nothing  of  the  kind  is  observed.  Vniatever  may  be  the  pover  of  a  magnet, 
and  hairevBr  intmael]'  a  piece  of  soft  iron  may  be  polarised  bj  contact  with  it,  the  iron 
can  take  nothing  from  the  magnet ;  but  as  soon  aa  the  contact  is  broken,  the  soft  iron 
loses  its  polsrit;,  and  the  steel  magnet  is  found  to  hure  lost  nothing,  but  rather  to  ^va 
had  its  polarity  intensified.  Keither  does  hard  iron  or  steel,  though  it  remains  mag- 
netised after  separation,  take  aaj  power  from  the  original  magnet,  its  retention  of 
polarity  being  in  fad  analogoaa,  not  to  the  condition  of  a  bodj  which  haa  bej n  electri- 
fied b;  discharge,  bnt  to  a  non-conducting  bodj  like  sealing-wux,  which  has  bi^n  elec- 
trified merely  by  induction,  andlhenremovedfromthe  neighbourhood  of  the  inducing  body. 

The  phenomena  of  magnptisin  are  not  then  precisely  analogoua  to  those  of  static 
electricity,  netwithstandiiig  the  exact  porolleligm  which  exists  between  the  two  np  to  a 
certain  point.  Bnt,  as  already  explained  under  Elkctricitt  (iL  447),  the  lawa  of 
magnetic  attraction  and  repnlauin  are  exactly  similar  to  those  of  the  matual  action  of 
electric  currents.  Two  helices  of  copper  wire,  ttmugh  which  electric  currents  are 
passing,  attract  and  repel  one  another  exactly  like  maf^neta.  and,  accordingly,  all  tha 
phenomena  of  magnetic  attraction  and  repulsion  may  be  accounted  for,  if  we  assume 
that  a  magnet  consists  of  an  aggregate  of  particles  having  electric  cnrrenls  constantly 
circolatinB  rannd  them  in  one  direction.  Thia  theory  b^  been  sufficiently  developed 
in  the  article  referred  to,  and  we  need  not  dweU  npou  it  farther. 

But,  OS  a  bar  of  iron  or  steel  is  rendered  magnetic  by  the  action  tst  an  electric  current 
passing  near  it  at  right  angles  to  its  length,  we  must  suppose,  if  this  theory  be  tme, 
that  an  electric  current  has  the  power  of  inducing  in  magnetic  bodies  u  lystem  of  electric 
enrreute  in  the  same  direction  as  itself;  moreover,  that  these  currents,  once  cBtablished, 
will  continue,  in  soft  iron,  as  long  as  the  original  curreat  continues  to  act,  and,  in  the 
ease  of  steel,  even  after  it  has  ceased.  Now,  this  is  not  what  is  observed  to  take  place 
in  tlie  action  of  electric  currents  on  conducting  bodies  in  general.  We  know  that  when 
B  conducting  wire  forming  a  closed  drcuit  is  pluced  near  another  wire  conveying  an 
electric  current,  the  latter,  at  the  instant  when  it  begins  to  flow,  induces,  in  Jhe  firat 
wire,  a  current  opposite  in  direction  to  itself  this  current,  however,  being  merely  in- 
stantaneooa,  and  no  indnced  current  being  perceptible  bo  long  as  the  inducing  current 
continues  to  flow  with  uniform  strength ;  and,  finally,  that  when  tha  originu  current 
ceases  (or  the  battei7  circuit  is  broken),  another  momentary  corrent  posses  thiongh  the 
second  wire  in  the  same  direction  as  the  inducing  current.  These  effects  of  electro- 
dynamic  indnctiou  are  evidently  totally  difllerent  from  those  which  must  be  supposed 
to  take  place  in  magnets,  according  to  Amp^'s  theory ;  and  we  must,  therefore,  sup- 
pose that  toagnetic  bodies  have  a  peculiar  moleenlar  constitntion,  which  enables  an 
electric  current  passing  near  them  to  excite  continuous  cnrrente  round  their  particles  in 
the  some  direction  as  lis  own  ;  or  rather,  perhaps,  that  these  currenta  pre-exist  in  all 
magnetic  bodies,  even  before  tiio  development  of  magnetic  polarity,  but  are  ditposed 
without  r^ularity,  eo  that  they  neutralise  one  another;  and  that  magnetisation, 
either  by  an  electric  cunent,  or  by  another  magnet,  lb  the  process  by  which  these  mole- 
cular currents  are  made  to  move  in  one  direction  (ii.  448), 

The  hypothesLE  that  the  molecules  of  magnetic  bodies,  such  as  iron  and  steel,  are  en- 
circled by  continuous  closed  currents  of  electricity,  which,  before  the  development  of 
magnetic  polarity,  circulate  indiscriminately  in  all  planes,  but,  in  a  magnetised  bar, 
circulate  Id  such  a  manner  that,  on  the  whole,  the  prevailing  direction  of  rotation  is  in 
the  some  direction  aa  diafrof  the  hands  of  a  watch  conceived  as  situated  at  the  centre 
of  the  bar,  with  its  &ce  towards  the  sonth  pole  and  its  back  towards  thb  north  pole, 
and  in  a  plane  perpendicular  to  the  line  joining  the  fvo  poles:  this  hypothesis  occoonta 
far  all  the  most  important  Acts  connected  with  nagnetioation,  and  receives  &om  some 
of  them  a  striking  confirmation.  According  to  this  view,  magnetisation  consists  in 
giving  to  the  particles  of  a  piece  of  iron  such  an  arrangement  that  the  prevailing  direc- 
tion of  Its  molecular  currents  shall  be  that  indicated  above.  Coerdve  force  is,  on  the 
same  view,  a  resistance  to  the  motion  of  the  particles,  which  r  equires  to  be  overcome 
eqnally  to  produce  magnetisation  or  demagnetisation;  and  the  aatuiated  state  of  a 
Vol,  m.  3D 
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tnegnM  U  wh«n  tba  gTwtest  paaobU  nambeF  of  molecolsr  enmnti  drinilftte  is  tlw 
suns  dinctioD,  willi  Uelr  tuces  pftnllel  to  that  of  the  nugnet. 

That  magnetiwtiOQ  is  really  attended  by  moltcukr  motion  is  proTod  by  the  emiasioii 
of  nuiaical  soonds  by  t  piece  of  Boft  iiOQ  which  ii  suddenly  nmgnetiBed  or  demagnn- 
tised,  vhsn  it  is  ki  supported  that  tJie  Ereatei  part  of  its  mass  is  free  to  Tibrate.  The 
miBDetii:  effects  dereloped  by  larBion  likewise  ihov  tJie  iatimate  oonnectioD  between 
m^eculor  motioa  and  magnetiHatioii.  This  view  aJso  enables  as  to  bm  why  the  coarciTe 
force  of  steel  is  incressed  by  birdening ;  for  the  hardnaes  of  steel  is  nothing  raoie  than 
the  remilt  of  the  great  resistanw  which  its  molecol™  oppoea  to  matual  motion.  Tho 
difference  between  the  molecnloa  of  sofl  iron  and  thoea  of  at«el  with  respect  to  mag- 
netisstion,  may  be  regEuded  as  aiulogons  to  that  preaented  hj  a  very  finely  hnng 
magnetic  needle  and  one  that  is  coars^y  hang,  when  a  magnet  is  brooght  neat  them. 
The  finely  hung  needle  is  immediately  and  completely  tamed  &om  ila  normal  position 
on  the  apptoai£  of  the  magnet,  and  at  once  returns  to  itwbea  the  magnet  is  removed: 
the  coan^y  suspended  needle,  howerer,  is  at  first  much  less  affected  by  the  magost^ 
and  does  not  torn  to  the  full  extent  until  the  friction  of  its  point  of  snppint  ia  orenioma 
bjBgentlet^orehaks,  and,  nmilarly,iriienthadistiLrbing  magnet  is  taken  away,  itdoea 
not  retnni  completely  to  its  firat  position  withont  die  same  aid.  This  comparisOD  maj 
serve  to  explain  the  inflnence  of  a  blow  or  vibration  in  facilitating  the  magnetisation  <a 
an  uninagnetiaed  steal  bar,  and  in  wedtetiing  ttis  foroe  of  a  satoiatad  steel  magnet. 

VnlTerMilltT  **  MftcsMla  Aettm  — SbinuwnMlun. 

Hajpetism  was  fora  bng  lime  regarded  as  pecoliarto  annalliinmbOTof  bodies,  namdr, 
iron,  Mckel,  cobalt,  and  certain  of  their  compounds;  batlatBTr««eardies  have  shown  that  ^ 
bodies  are  more  ot  less  susceptible  of  magnetic  influence,  lliail^  tbt7  are  not  aU  affbcted 
IS  way.  The  question  cftlionniveisalitj  of  magnetism  was  raised  as  eatlj  as 
ling  ofthe  eighteenth  century.  Maschenbroek  and  Hollet  found  that  a 
loip  number  of  bodies  in  Uie  state  of  powder,  the  ashes  of  plants  and  small  fragmenla 
of  organio  sabstances,  wve  attracted  by  the  magnet;  but  (hey  sttribUed  the  remilt  to 
the  presence  of  small  quantities  of  iron  in  the  substances  examined.  The  snlgect  was 
also  investigated  by  Lehmann  and  Cavalloi  and  Brngmanns,  in  177S,  abaerved 
that  bismuth  is  repeUni  by  the  poles  of  powerful  magnet^ — a  remarkable  discovery, 
which  did  not  receive  at  the  time  the  attention  it  deserved.  Coulomb,  in  1804, 
fbund  that  flue  needles  of  gold,  silver,  and  other  metala,  also  of  glass,  and  of  various  va|^ 
table  and  animal  anbetancee.  suspended  by  atbreed  of  nnspnn  silkbetwesn  the  oppoait« 
poles  of  two  powerful  magnets,  oscillated  till  they  came  to  rest  in  a  line  between  the 
poles  ;  but  he  also  showed  that  a  very  minute  quanti^  of  iron,  not  exceeding  ^^B, 
intimately  mixed  with  a  needle  of  wax,  was  sufScient  to  produce  this  effect :  benee  he 
conaidernlit  oneertain  whether  the  eflf^ts  observed  were  due  to  the  action  of  the  ma^ 
nets  OQ  the  various  aubstanees  themselves,  or  on  minate  quantities  of  iron  contained  m 
them.  After  the  diaoovery  of  electro-magnetism.  Becquerel  observed  that  rods  of 
shellsc,  wood,  and  other  sabstances,  anspsnded  by  threads  of  unspun  silk  within  the 
coil  of  a  galvanometer,  placed  themaelvea  with  their  axes  parailet  to  the  plane  of  the 
coil,  inat^d  of  at  right  angles  to  it,  as  an  iron  needle  would  :  this  eflfect  was  exhibited 
is  a  remarkable  manner  by  a  paper  tabs  filled  with  ferric  oxide.  Lehailli(  in 
1R28,  fonnd  that  a  delicately  suspended  magnetic  needle  waa  repelled  by  bismuth  and 
antimony,  thne  confirming  the  important  obeervation  previously  made  by  BrngmannB. 
The  same  kind  of  repulsive  action  mu  sabsequenlly  observed  by  Saigey  in  several 
otliar  substances. 

Bat  these  facts,  however  important  they  may  now  appear,  aidted  but  little  attention 
at  the  time  of  their  discoverv,  inasmuch  aa  they  conld  not  be  referred  to  any  general 
law;  and  the  question  of  the  universality  of  magnetiem  remained  undecided  until 
Faraday,  in  lS4fi,  dieoovered  that  most  transparent  anbatancea,  when  Bnbjeded  to  the 
influence  of  powerM  magnets,  acquire  the  power  of  circular  polarisation  (p.  S7S)  ;  and 
regarding  thia  effect  aa  reaulLiaE  from  the  action  of  the  magnet  on  the  molecules  of 
the  transparent  body,  he  was  led  to  undertake  a  series  of  researches  which  reanlted  in 
the  grand  discovery,  that  all  bodies  whatever  are  subject  lo  magnetic  inflaemK^  bot 
are  not  all  affected  by  it  in  the  same  way,  being  divided,  with  respect  to  their  magnetio 
BUBceptibilitiea,  into  two  great  classes — the  Siagrtttic  and  the  Diamagrutic.  Tha 
former  class  includea  those  bodies  which  exhibit  the  well-known  phenomena  of  ordi- 
nary magnetic  attraction  and  repulsion — being  altraeUd,  when  in  their  natural  slat^ 
by  eithor  pole  of  a  magnet,  and,  when  shaped  into  bars  or  rods,  and  suspended  joiaicg 
two  opposite  magnetic  poles,  pointing  axiaUy — that  is  to  say,  in  a  straight  line  between 
them.  Tho  bodies  belonging  to  this  dass  are  mostly  metallic  (including  oxides  end  salts), 
vis,  iron,  nickel,  cobalt,  manganese,  chromium,  cerium,  titanium,  palladium,  platinum, 
oaminm.    The  magnetic  properties  of  iron,  nickel,  and  cobalt  have  long  been  known. 
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Id  tlie  other  metala  of  die  Beriei,  nugnntie  BiucqitibiU^  can  onl^  be  detected  b;  tho 
<ue  of  iDBgnets  of  gnat  powpr.  Munguew,  diromiain,  ceriniii,tittuiiDm,  and  oaminm 
are  placed  bj  Faraday  in  the  magn^ccIasHibecaasa  certain  ofdieiiGompoands  exhibit 
the  ordiQiuj  mignelic  rdationi. 

The  second  or  Oiamoffnftie  data  inclndes  all  Uqaida  and  solida,  both  organio  and 
inoE^iuiic,  which  do  not  helooff  to  the  vtagnetio  dan-  The  law  "which  govetDa  the 
BcCion  of  magDets  OQ  theao  bodiea  is  aa  follows ; — A  particle  of  a  diantiyntiK  body 
pUiced  in  tke  neigibourimod  of  eiilur  pole  of  a  magnet  in  repelled  In/  lAat  pole. 
Hence,  4  bar  of  any  diajoagnetic  flubfltance  aivipeiidea  ty  its  centre  midway  between 
two  magnetic  polaa  will  point  tquaioriallg,  tbat  u  to  say,  at  right  angles  to  the  straight 
line  joining  Che  two  polea — that  being  the  position  in  which  erery  part  of  it  is  at  the 
greatest  poe^ble  distance  firam  each  of  the  poles  ^  and  if  ila  ceatre  M  placed  OD  either 
side  of  toe  axial  line,  the  whole  bar  wUl  recede  from  that  Una,  placing  itaelf  at  the 
earns  time  eqiialoriaJly.  A  globe  or  cube  does  not  point,  bnt  sihtbits  the  simple  phe- 
nomenoD  of  repolsion.  If  two  bhibII  balls  of  any  diamagnetic  eabstance  be  siupended 
between  the  two  magnetic  polas,  they  will  be  driven  towards  one  another,  aa  if  they 
were  actiut«d  by  mutual  atlractiou.  The  posilioa  which  a  bar  of  any  aabstanee  Cakei 
up  when  snspendBd  horizontally  between  two  ma^etic  poles  famishes  the  beat  meana 
of  determining  whether  it  belongs  to  the  magnetic  or  the  diamagnetia  claaa :  if  it  be 
magnetic,  it  will  daoe  itself  aiially ;  if  diamagnetic,  equatorially. 

The  duimagnetic  force  caonot  be  peraptib^  developed  without  the  uae  of  exceed- 
ingly powerftu  magnets :  electro-magnets  answer  the  purpose  best,  bnt  laiga  perma- 
nent magnets  may  also  be  used.  The  gioat  power  required  to  derelopa  this  mode  of 
action  accoonti  for  its  having  been  previously  overlooked  W  most  obBerrero. 

Bismuth  appears  to  be  the  moat  powermlly  diamagnetic  of  all  anbstances ;  then 
follows  phosphoniB,  then  antimony,  then  heavy  glass  (aSioo-borataof  lead).  Among  the 
metals,  the  order  of  diamsgoetia  energy  appears  to  be  as  follows :  bismuth,  antimony, 
aiue,  tin,  cadmium,  sodium,  mereury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rho- 
dium, iridium,  tangsten.  (Faraday,  EiperiTMHtiU  Racarches  ia  ^eclrialy,  evriM 
20  and  21 ;  PhU.  Trans,  18*8,  21,) 

Thallium  ia  strongly  dianugnetiei  beias  nearly  eanal  in  that  reepaet  to  bismoth. 
(Crooltes,) 

Air  and  other  gases  exhibit  deddad  magnetic  and  diamagnetic  relations.  In  his 
first  experiments  on  this  subject,  Faradi^  was  led  to  the  couclosion  that  gaseoua 
bodiea  were  indifferent  to  magnetic  action,  forming  the  zero,  or  middle  point,  between 
the  two  elaassa  of  magnetic  and  diamagnetic  bodies.  Ban'calari  has,  however,  since 
discovered  that  flame  possesses  diamagnetic  pniperlieai  and  Zantsdeschi  haa  shown 
that  ur  and  other  gaMS  likewise  exhibit  diamagnetic  relations.  The  researches  of 
these  ItaUau  philonphen  have  been  confirmed  ud  extended  by  Faraday :  the  jbllow- 
ing  are  the  prindpsl  reanlts, 

Aa  amLDgemenC  was  made  by  v4iich  a  stream  of  any  gas  eoutd  be  delivered  in  a 
vertical  direction,  either  upwards  or  downwards,  near  the  middle  point  of  the  axial 
line,  between  two  powerful  magnetic  poles  of  opposite  names,  but  at  a  short  distance 
on  one  side  of  that  line.  By  this  arrangement  it  was  found  that  the  fbllowing  gasea 
were  driven  away  hma  the  magnetic  axis  and  passed  off  in  the  equatorial  direction  ; 
that  ia  to  say,  they  exhibited  diamagnetic  relations  with  regard  to  atmospheric  air — 
nitrogen,  hydrogen,  carbonic  anhydride,  carbonic  oxide,  coal-gas.  olefiant  gas,  sulphur- 
ons  anhydride,  hydrDchtoric  acid,  hydriodic  add,  fluoride  of  silietnm,  ammonia,  chlo- 
rin>^  nitrons  oxide,  and  Out  vapours  of  bromine  and  iodine.  Nitric  oxide  and  pflmitrifl 
oxide  were  also  slightly  diamagnetic  in  air.  Oxygen  was  strongly  magnetic — that  is 
to  say,  it  was  drawn  towards  t£e  aiie,  and  then  along  it  in  opposite  directions  towards 
the  two  poles,  lound  which  it  accamidated. 

The  firnl-mentioned  gases  evidently  differed  from  each  other  in  diamagnetic  energy ; 
bnt  it  was  fbnnd  impossible  by  the  means  above  described  to  form  anything  like  a  pre- 
cise eetimate  of  their  relative  powers.  To  determins  this  point,  the  muguetio  poles 
were  annoiuided  with  an  atmosphere  of  one  gas,  while  tho  other  gas  was  directed  in  a 
vertical  stream,  either  upwards  or  downwards,  near  the  axial  line  as  before.  By  this 
method  It  was  found  that  (1)  in  carbonic  anhvdridf,  air  and  oxygen  passed  aiially; 
nitrogen,  hydrc^on,  coJ-gM,  oleflant  gas,  hydrochkiric  acid,  and  ammonia,  equatorially  : 
Bolikewiaedid  carbonic  oiiiie  and  nitrous  oxide,  bnt  theactiou  was  feeble.  (2)  In  coai- 
j/ai,  air  appeared  magnetic,  though  bnt  slightly ;  oxygen  was  strongly  magnetia  : 
nitrogen  was  strongly  diamagnetic  j  oleflantgas,  carbonic  oxide,  and  carbonic  anhydride, 
feebly  so,  (3)  Ai  h/drogett  gai,  air,  wben  £n«  fram  smoke,  passed  axially;  but 
when  mixed  with  smoke,  it  was  edthes  indifibi«nt  or  passed  equatorially.  Hydrogen 
ras  and  atmoapheric  ur  seem  to  be  not  &r  removad  from  one  another  in  the  scale. 
Oxygen  was  strongly  magnetic ;  nitrie  t^ide  ^so  ma^ietic,  bnt  in  a  leas  degree.  Ni- 
trogen was  strongly  diamagnetic)  nitrous  oxide,  caftwnic  oxide,  carbonie  anhydrida^ 
8d  2 
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and  oteflut  gu  ware  also  diamagoatio ;  hydiochlorie  acid  and  chlonoa  alightl/  aa 
Oitc™  a{q)«aT8  to'  be  the  moat  magoetie  of  all  gaKa. 

WliaD  a  spiral  of  platinum  Tire  vaa  placed  j  nit  bcloir  the  middle  point  of  Uis  axial 
line  and  ignited  by  a  Toltaio  cnrrent^  t£e  stream  of  hot  air  vhich  rose  np  against  tbs 
axial  line  vai  danacl«d  at  right  aoglea  to  the  oiia,  and  parsed  off  in  the  equatorial 
direction.  The  BHme  effect  waa  obtwned  in  oxygen,  carbonic  anhydride,  and  coal-gaa. 
Hence  it  appears  that  &  beated  gaa  is  diamucetic  to  the  game  when  ct^d.  A  atream 
of  cold  air  directed  doimwardi  near  the  oii^  line,  was  drawn  towarda  that  line. 

The  Game  of  a  wax  taper  or  of  boming  other  also  takes  an  eqiiatorial  direction  when 
placed  in  or  near  ths  middle  of  Ui8  axial  line.  When  placed  a  little  on  one  side  Of 
the  axis,  it  is  directed  away  hoja  that  line,  jnat  aa  if  a  geotle  wind  were  blowing  vpoa 
it  in  that  directii>n.  When  made  to  rise  exactly  in  the  axial  line,  it  diridea  ita^  into 
two  long  tongues,  directed  at  right  angles  to  the  axis.  Thia  affect  is  paiticnlarij  atrik- 
ing  with  the  large  flume  produced  b;  setting  fire  to  a  ball  of  cation  soaked  in  ether. 
These  effects  are  eTidently  analogous  Ui  those  just  deacribed  with  hot  air;  bnt  tbej 
are  donbUees  partly  dne  to  the  solid  carbanaceoni  particles  in  the  flame,  which  are 
diamagnetic  In  corroboration  of  this  sapposilioD,  it  is  found  that  the  brightest 
flames  are  ths  most  strongly  diamagaetic  (f  araday,  FhiL  Mag.  [3]  xzzL  401 :  ase 
also  Zantedesohi,  zizi.  431,) 

■pMilAo  Macnetlam.  This  term  was  introduced  by  E.  Becqueiel,  to  denota 
the  action  exei1«d  by  a  magnet  on  the  nnit  of  volume  of  a  body  placed  at  the  unit  of 
diatauce,  aa  compared  with  (hat  which  is  exerted  on  a  certain  sobstance  taken  aa  the 
standard  of  comparison.  Another  mode  of  estimation  is  to  oompure  the  effects  pR»- 
ducod  on  a  small  magnetic  needle,  by  a  cube,  equal  to  the  unit  of  Tolnme,  placed  at  tha 
unit  of  distance  from  the  needle.  The  measurements  are  made  either  l^  the  torrion 
balance,  or  by  determining  the  weight  required  to  keep  the  body  in  a  oartain  poaition 
of  equilibrium  while  under  the  influence  of  the  magneL 

By  these  methods,  Ptiieker,  representing  the  apeclflo  magcetimn  of  soft  iron  by 
100,000,  baa  found  for  native  magnetic  oxide  the  numbar  40,227,  for  specular  iron  ors 
633,  for  brown  hsematite  71,  which  is  the  loweat  number  foond  for  any  of  the  oom- 
pounds  of  iron,  solid  or  liqoid. 

ThefoUowingarathe  rMulta  ohtained  by  Plucker  fbr  cer^n  ftun^nsMc  snbatoneea 
at  ordinaiy  temperatures,  and  for  eqoal  weights  refsmd  to  water  a«  unit. 
Bpteifie IHamagnttie  FoKtrt,     (Flecker.) 
FloweiB  of  sulphur 


Water 
Phosphoma 
Snlpnide  of  esibon 
Hydrodiloria  add 

Ether 


.  100( ,         Common  salt  '     .        .        .        '.  T0(1 

Nitric  acid 4S  J 

Nitrate  of  bismntb       ,        .        ■  St  t , 

Snlphnrioadd      .  .        .  84(* 

MercDiy ^  \ 

powen  of  different  groups  of  anbetaacas  may 
lie  numbers  j  but  it  is  doubtfol  whether  this  Kmlt 


Oil  of  tnrpentini 

This  labia  shows  that  the  di 
be  approximately  eipressBd  by  simpl 
is  accidental,  or  expreasea  an  actual  1 

The  ibllowing  fable  contains  some  of  the  reanltx  obtained  by  K  Becqnerel,  t^ 
magnetic  power  of  Water  being  taken  as  unity,  and  the  results  referred  to  equal  volumes 
Diamagnotic  anbstsoces  are  denoted  by  the  minut  aign. 


i^wife  Jirajf«(« 

FotMTt.    (E.BecqoereL) 

&>Udi. 

BtMiflC 

Uquld., 

SK 

■»- 

Water    . 

-1-00 

Water    .... 

Zinc       . 

-0-26 

Alcohol .        . 

0-80M 

-0-fl7 

White  wax     . 

-0-67 

0-8069 

-1-02 

Melted  anlphnr      . 

-114 

OwunoDsalt. 

l-a08* 

-I-IS 

Copper  (electrotype)       . 

-1-41 
-1-68 

Chloride  of  magnea: 
Snlphide  of  c«boD 

nm  . 

1-8197 
1-3197 

-1-21 
-1-8ST 

-1-M 

Sulphate  of  »p^ 

1-1 28S 

1-OB27 

+  0-81 
+  2-16 

-l-M 

Femms  auliJiate 

1-1728 

+  18011 

-232 

1'1»13 

1  21-12 

Qold(nngget)         .      ■. 

-2-41 

I-0S96 

-f   0-lB 

-B-47 

1-27B7 

-21-70 

-2287 

t^Ued)     '.V        . 

1-4334 

+  0S-O1 

C.coglc 
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ID  with  water,  <ad  thraaa  with  oQim  bodiei, — 
which  U  somewhat  djfficnlt,  on  acconnt  of  ths  tdt;  gmi  duproportioii  existing 
between  the  two, — Becqueral  made  lue  of  the  oooeentratfd  eolation  of  fenons  chloride, 
u  an  intermediate  term  of  comparisan.  This  eolation,  which  has  a  ipeGiflc  magnetis 
power  of  +658*13,  that  of  water  being  — 10,  was  introdnced  into  a  tuba  of  thin  g\aaa, 
i  eeDtimetree  long,  siupeaded  between  the  oontrarj  poles  of  two  bar  magnets,  and  its 
oacillatioDB  were  compared  with  that  of  a  bar  of  wax  of  the  same  length  mixed  with 
a  known  weight  of  soft  iron  filings.  The  nambers  of  osdUatJons  made  by  sneh  hon 
in  a  given  time  are  independent  of  their  bulk,  and  proportional  to  tie  qnontity  of 
fllinge  contained  in  them.  In  this  manner  it  was  fonnd  that  ferrous  ehlcxide  aipe- 
rieocea,  for  equal  Tolomes,  the  same  amonnt  of  action  as  an  inert  mbatonca  containing 
0-2  milligr.  of  iron  per  cubic  centimetre.  Kow,  the  magnetic  power  of  water,  com- 
pared irith  ferropg  chloride,  being -—^"-  —  —O-Olfia,  win  alio  be eqnal  to  that  (Jm 
inert  mbetance  containing  O'OISS  x  03  —  0003  milligr.  of  iron  per  cubic  centimetre, 
but  of  contmy  sign.  Hence,  as  a  cnbic  centimetre  of  iron  weighs  T'TGB  grma.,  the 
magnetic  powen  of  iron,  fetrons  chloride,  and  water  are,  for  tquat  volumes,  as  the  niun- 
bers  +  1,000,000  :  +267: -0'4;   and  tor  tfual  KtighU,  a  +  1,000,000  : -t  140  :  ~S. 

Faradaj  has  also  compared  the  munetic  powers  of  a  considerable  number  of  nib- 
etancce  fay  the  method  of  torsion.  The  next  table  contains  Bome  of  hie  resajta  for 
eqnal  voltunes  tn  vaeue,  and  referred  to  water  as  unity.  They  were  all  obtained  at 
the  temperature  of  lS-fi°  C  (60°  F.},  and  for  (pees  under  the  preasnre  of  0-TS  metre. 


I^ee^  MagnOie  PoKtrt.    (Far 

day.) 

Mi(HUe 

M>ff>fUc 

9..-UO-. 

Mif»ttc 

pom™. 

+  1-308 

^^..  . 

_  0-009 

Ammonia  (iiqmd 

-1-010 

nret  of  copper  t 

-0-188 

Sulphide  of  car- 

-t'031 

+,1-240 

Zinc,  pnre 

-0-772 

bon        . 

of  copper         i 

Ether        .        . 

-8-797 

Nitrate  of  potu- 

-1-0S8 

Oi^en       . 

+  0'181 

Alcohol  (abfc)   . 

-0-SlS 

■inm  (oat) 

Air     .        .        . 

+  0'036 

OU  of  lemons     . 

-0-828 

Stdphoric  aad 

-1-081 

Olefiantgaa        . 

+  0006 

Camphor  . 

-0  866 

Solphor 
ChToride   of  ai-r 

-1-221 

Nitrogen     .        . 

*  0-003 

Camphine. 

-0-869 

-1-260 

Carbonic    anhy-f 

0-000 

Linseedoil 

-0-886 

dride      .        .\ 

OliTeon   . 

-0-888 

Borate   of'  bad) 

-1-413 

Hydrogen   . 

-0-001 

Wax. 

-0887 

(melted)            { 

-0-OOS 

Nitric  acid 

-0-911 

BiBDUth        .            . 

-30-369 

A  companion  of  the  specific  magnetic  powers  of  different  elementary  bodice  shows 
that,  in  many  inatane«8,  the  most  magnetic  are  those  which  hare  the  smolleet  atomic 
volume  (L  442),  or  those  whose  atoms  are  the  closest  together ;  and  Chat  diamignetio 
bodies,  on  the  other  hand,  am  those  whose  atoms  have  the  Urgpst  spaces  between  them. 
Thus  bismuth,  the  most  diamagnetic  of  all  bodies,  has  also  a  hi^  atomic  Tolome  (21-2); 
whereae  iron,  nickel,  and  cobalt  have  Tcry  low  atomic  volames,  ris.  about  3-6.  Bot 
on  the  other  hand,  copper  and  line,  which  have  also  small  atomic  Tolnmcs,  tie.  3-6 
and  4-6  reepectiiely,  sre  slightly  diamagnetie ;  and  sodium  and  potoesinm,  whose  atomic 
Tolumes  are  larger  than  those  of  any  other  metals  (sodium  33-7,  po^ssiam  46-6), 
arev  according  to  Lamy,  slightly  nugnetic.  The  relative  distances  betweeii  the  atoms 
is,  therefore,  not  the  only,  and  perhaps  not  the  principal,  Caose  which  determines  the 
difi!brence  between  magnetic  and  diamagnptic  bodies. 

No  definite  relation  has  ret  bean  discorerad  between  tlie  nugnetic  or  diamagnetio 

powers  of  compounds  snd  those  of  their  elemMit"     "■' '   ' "■     -         '"   '  '' 

camponnds  of  iron  ore  for  the  most  port  magnetie; 

these,  the  ferrocyanide  and  ferricyamde  of  potassium,  lor  example,  l>eing  diamagnetic. 
The  magnetic  relations  ot  atoms  are,  therefore,  dependent  to  a  ceiiaia  extent  on  their 
state  of  combination. 

The  magnetic  and  diamagnetie  powers  of  mixtures  orc^  aeiMi'ding  to  Hattened, 
sensibly  equal  to  the  snm  [?  the  mean]  of  those  of  their  components. 

^teifia  liagiietiKn  of  (^evgett  atid  Air. — Mattencci  has  compared  the  magnetic 
power  of  oxygen  with  that  i»  iron  by  the  following  method,  which  sarres  ahn  to  show,  in 
a  striking  manner,  that  ongen  is  magnetic; — A  laree  bobble  of  oxygen  is  introduced 
into  a  tube  filled  with  alcohol,  and  the  tube  is  plaoS  traneveisely  between  the  hemi- 
s[dierical  polar  extremities  of  a  very  Strang  electro-magnet.  If  the  bubble  is  placed 
tangentially  to  the  polar  line,  iteton^tea  towards  this  line;  aad  if  its  centra  is  orertho 
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line,  it  ihortau.  If  the  alcohol  ia  aUDnted  with  protochloride  of  iroD,  tha 
e  in  the  latter  poaitioii  uplits  into  two,  which  more  away  from  one  Knother.  B; 
aseertunins  bj  trial  the  proportion  of  femua  chloride,  for  which  the  bubble  mperieDoee 
no  peicoptible  duuige  of  fbrm,  &  eolation  will  be  obtained,  having  the  iime  loagutio 
power  as  oiygra  gia.  "Bj  this  metliod  Matteacd  faond  that  oxygen  has  tha  awne 
magnetic  pawn  u  an  alcoholic  aolntitm  of  femma  chloride  containing  thrae  millj- 
grammea  of  iron  in  a  cabic  centimetre. 

K  Becqnerel  haa  mode  nnmeroiia  azperimenta  for  theporpcee  of  meainring  tha 
magnetic  power  of  oxf  gen  aa  compared  with  water,  and  thenoe  with  inn.  A  amall 
tube  of  gUsa  filled  with  wax  waa  aaipended  from  ■  toraion  apparatua,  and  the  effects 
praduoed  apou  it  b;  an  electro-magnet  in  a  vacanm,  in  oxygen  and  water,  ware  eom- 
parod.  These  actiona,  at  the  temperature  of  12°,  were,  in  oxj/gen  nnder  a  pnamre  of 
073  met.Vg  —  -0-3676;  in  a  Tacnnm,  V,  -  -01146;  and  in  water,  Vk  - 
4-07033.  Hence  Vg  -  V,  -  -i-O'lfiSO:  Vv  -  V,  -  -O'BITS ;  and  tha 
magnetisin  otoxugen,  compared  with  water  in  vacuo,  ia  0-1930  :  0*8178  —  0'1871. 
Hence,  for  equal  volomea,  the  magnetic  power  of  oijgen  ia  neatly  \  of  that  of  water, 
but  of  contruy  sign-  For  air  the  aame  method  givn  tbe  nomber  0-03771 :  beooe,  ■■ 
the  magnetic  power  of  oxygen  multiplied  by  D-21  isO'SSS,  it  follows  that  the  msgnetic 
power  of  the  air  is  due  to  the  oxygen  contained  in  it.  These  reaalta  are  near^  the 
aame  aa  those  obtsined  by  Faraday  Q).  773)  and  Matteuad;  and  Becqnerel  has  further 
confirmed  them  by  PliiclLer's  methocL  Lastly,  he  has  shown  that  the  magnetic  power 
of  Diygec  is  proportional  to  its  preaeore — a  reanlt  probably  true  also  for  other  gaaea. 

Taking  the  magnetic  power  of  iron  aa  the  standard,  and  oalling  it  1,000,000,  wb 
find  that,  for  rguid  toeighU,  the  magnetic  power  of  oiygen  ia  377,  and  that  of  air  BS. 
"  gen,  Ktight  for  tceight,  haa  three  timea  the  migiiptic  power  of  ferrous  chloride, 
ia  the  most  magnetic  of  all  liquids.  Hence  a  cubic  metre  of  oxygen  gas  would 
■CI.  au  a  nugnetic  oeedle  with  the  force  of  61  centigrammes  of  iion,  aod  a  cabie  metre 
of  air  with  vie  force  of  1 1  centigrammee  of  iron.  The  whole  atjnOBphen  is  conseqaenUj 
equal  in  magnetic  power  to  a  shell  of  iron  coveriug  the  whole  eaith  to  the  thickiiree  ot 
O'l  miUimetre.  It  ia  eaaj  to  conceive  that  auch  a  magnetia  envelope,  in  a  state  of 
eonatant  agitation,  ia  capable  of  (listurbiDg  the  magnebc  needle  ;  and  aa  ite  msgnetic 
power  Tonea  with  ite  temperature  (sea  bdow),  tbc  heatiiig  which  it  ondergora  at 
diffiireot  bonra  of  the  day  may  contribate  to  prodoca  tbe  dior^  rariationB  (p.  782). 

bifititnee  of  TimptTatitrt  on  liagiutitTn  and  Diatnagmtitm The  efilM  of  heat  on 

the  magnetic  power  of  iron  and  steel  haa  already  bemi  mentioned  (p.  767).  Ic  was 
formerly  anppoeed  that  iron  at  a  white  heat  becomes  totally  uDBuscepfible  of  magnetic 
inBoence.  Faraday  haa,  however,  shown  that,  though  the  snscxptibilitj  of  maguatic 
bodiea  properly  oo  called  ia  rapidly  diminished  by  heat,  it  is  never  completely 
deatroyed,  but  is  still  percnptible  at  the  highest  temporatoree,  provided  that  ^ectro^ 
magnets  of  great  power  are  employed  to  develope  it  These  results  have  been  con- 
firmed  by  Plucker,  who  haa  shown  that  tha  specific  dianagnetiim  and  magnetism  of 
Bolida  and  liquids  diminisli,  for  ths  most  part,  aa  their  temperolore  is  tsised,  bat  that 
there  are  some  exceptions  to  the  role.  Herenry,  for  example,  exhibits  no  change  of 
diamagnetic  power  at  S00° ;  neither  do  aolphnr  ood  stearin,  even  when  heated  abova 
their  melting  points.  Brunuer  haa  shown  that  water  in  the  state  of  ice  and  of  vapour 
bos  the  aame  specific  magnetisni  as  in  the  liquid  state. 

According  to  Matteneci  (Bibl.  Univ.  de  Q^jive  [Arch,  det  Sc  iiiii.J,  24),  the 
magnetism  of  icon  increases  up  to  a  certun  temperature  t^en  dacreases  rapidly.  Tbe 
diamagnetic  power  of  bismuth  diminiahai  between  0°  and  212°  0.— nearly  in  proportion 
to  the  increiise  of  temperature,  and  vanishea  altogether  at  the  melting  pouit  Non- 
metallic  bodies,  on  tbe  contrary,  such  oa  salphnr  and  pbospborua,  scamdy  snfiiir  any 
diminution  of  diamagnetic  power  in  consequence  of  change  irf  state. 

A  globule  of  iron  melted  in  a  lime-apoon  by  the  oxy-hydrogen  blowpipe  was  still 
attracted  by  the  magnet ;  bat  to  exhibit  the  attraction,  a  Tery  large  eleetio-mitgnet  was 
'.  chaii    '      ■■   —  "        •       "       " 


equircd,  chaif^  with  30  Gcove'a  calls.    Matteneci  eetimatt 
^-   '  ■   in  at  only  OOOOOIfi  of  it 


surprising  that  iron  at  a  white  heat  BDould  have  been  found  insensible  t( 
power  of  oidinHry  magnets.  Copper,  standard  gold,  sine,  porcelain,  and  certain  kinds 
of  charooal,  which  according  to  Matteneci  are  magnetic  at  common  temperatanB,  become 
diamagnetic  when  heated.  Platinum  remaina  magnetic  in  the  state  of  fusion,  its  power 
appearing  scarcely  to  have  suffered  any  diminntion. 

Heat  appears  ^so  to  diminish  the  magnetic  power  of  gases ;  thus  Faraday  found  that 
heuted  airisrepeiledbythemognetwheQaniroundedbycold  air(p.  771).  £.Becqaei«l, 
however,  concludes  fiom  hia  eiperimenta  on  o^gen,  uat  heat  dtm  not  act  directly  in 
dimLnisbiug  the  magnetic  power  of  gases,  the  diminntion  obeerred  being  solely  dne  to 
Bhange  of  density. 
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ti/hiateeo/  Oompnuion  mid  Oryttatlint  SfriKhire  im  Magrielirn  and  Di^^ 
— f^nds^  obMrTsd  that  the  poaitioD  Msnmed  bf  >  bar  irf  biimath  nndm  the  iJaflDBnce 
of  magDMJc  forced  ig  oflectad  m  &  ranuutabls  mumei  I7  its  oTBtallitia  ctrnetiiTe ;  Bod 
that  whsB  K  cubic  crjatal  of  tJie  metal  u  noponded  batman  tha  doIm  oT  an  electio- 
mumet,  a  certain  luii^  pcrpeadicnlar  to  tha  jnineipal  cleaTsge-puuie  of  the  eiTita] 
(oUed  by  Fnnday  the  nuuftia-erjfttMe  Mcii),  tKtdM  to  place  itself  uiaUf  betireen  the 
polea,  and  in  other  parte  of  the  field,  taDgenliall;  to  the  magnatia  eimepaasiiig  throng 
the  point  wtiare  the  ciTBtal  i*  aitnated.  Ilncker  also  remarked  that  a  plat«  of  tour- 
maline cat  parallel  to  fta  azfa,  and  inapendad  between  tha  polea  of  an  alectro-magnat 
with  that  azia  horiiontal,  placea  itself  with  the  axil  in  tJie  eqastoiial  pontion,  although 
the  cnatal  ia  nugnelic,  in  eODseqntoce  of  the  iron  which  it  oontains,  and  if  luapended 
with  uie  azia  Tertical,  ii  attracted  bj  either  pole  of  the  magnet.  Hence  he  concloded 
that  the  axia  is  repelled  by  the  magnetio  poleB,  and  that  the  repulsion  thoa  exerted  ii 
more  pawerf^il  thiui  the  attraction  dna  to  the  magnetia  properties  of  the  masi.  Cale- 
apar,  OD  the  oontraij,  which  is  diamagnetic,  places  itself  with  its  principal  cryatal- 
lopaphic  axis  in  the  line  between  the  magnetic  pole* :  aimilat  nsnlta  are  obtained 
With  ncBT7  epar  and  dioptaa*^  which  are  magnetic. 

Theae  phenomena  have  been  rednced  to  a  general  law br  the TMearchea of  Tjndall 
andEnob]anch(Aim,  Ck  Pb;*.  [3]  inr.  37»;  xxxriL  ?«), _*!">  i^^o  shown  that 
when  the  paitidee  of  a  body  are  more  closely  packed  in  one  direction  than  in  othen, 
this  direction — other  drcanulAncea  being  the  same — is  the  one  on  which  the  forces 
acting  upon  tha  body  are  exerted  with  the  greatest  energy,  and  consequently  this 
line  of  direction  places  itself  aziall^  or  eqnatorially  between  the  polea  of  a  magnet 
according  as  the  body  is  magnetic  or  diomagoetic  Thoa  a  cylinder  of  carbonate  of  iron 
made  into  a  paete  with  gum.  placea  itself  axially,  if  of  imiform  denaity  in  all  direetiona  ; 
but  if  the  piute  be  atronglj  preesed  between  boaida  into  a  thin  cakc^  a  tsr  or  needle 
farmed  oat  of  it  will  place  itself  eqnatonally  between  the  polea,  eren  if  its  length  be 
ten  times  as  great  as  its  breadth.  Convenely,  a  bar  formed  of  a  paste  of  biBmnth 
filings  and  gnm,  which  plaeea  itself  eqnatoriaily  if  of  nnifDrm  dnuity,  will  aeaame 
the  azialpositioD  if  the  paste  be  oompreaeed  tranireieely  to  the  length  of  the  bar. 

The  efibcts  obserred  in  ci7*tals  of  bismuth  and  othei  mbetaneea  are  of  the  same 
nature.  That  the  moleeolar  siriieliire  of  OTSlsla  is  not  the  same  in  all  direetiona,  is 
eridant  from  theii  optical  relations,  their  ntea  of  expansion,  and  their  heat-oondocting 
powera;  and  the  diieclioa  in  which  th<7plBcethemsalTeaiindertheinflaenceofamagnet 
u  determined  by  their  relatiTe  densities  in  different  diiections,  in  the  same  manner  as 
in  the  aiti&cial  ■tmctnrea  above  mentioned. 

It  ia  not,  bowerer,  the  directioD  of  the  axis  of  a  ajstal  that  nltimatsly  determines 
the  position  which  it  aammea  under  the  infloencs  of  a  magnet,  so  mnch  as  that  of  the 
planee  of  cleSTage,  these  planes  taking  the  axial  direction  when  thedystal  is  magnetite 
snd  the  eqDatonal  if  it  ia  diaroaignetir. 

Thos,  if  two  cnbes  be  fanned  of  tha  lame  dimenaionB,  one  front  a  cryital  Of  berrl, 
the  other  &am  aeapolita,  both  of  which  are  magnetie,  the  former  wilt  pLice  itself  with 
ita  principal  axis  eqnatorially  between  the  magnetic  poles,  the  latter  axially,  bacansa 
in  baiyl  4he  cleavaf^plancs  are  perpendicular  to  the  aiia,  whereas  in  eeafolita  they 
are  parallel  to  it.  Coarersely,  a  cabe  of  nitre,  which  is  diams^etic,  places  itselfwith 
the  principal  axis  equatorial,  whereas  a  cube  of  topas,  also  diamagnetic,  takes  np  the 
contrary  position  ;  because  the  cleavage-planes  of  nitre  are  parallel,  and  those  of  topM 
are  perpendicular,  to  the  principal  axis  of  the  crratal.  In  all  cases,  the  desTage-pluiea 
place  themaelTea  axiall;  or  eqaatorially,  aeeoiding  ai  tha  ciyatal  is  magnetic  or  dia- 
magnetic  The  manner  in  which  this  reenlt  ia  [^odnced  wiu  be  easily  understood  if 
we  remember  that  a  ayital  may  be  rwarded  as  an  aggregate  of  very  thin  plates  laid 
parallel  to  each  other,  bnt  not  in  absohite  contact.  It  is  easy,  indeed,  to  imitate  the 
arrangement  sxtiflciallj.  Thus,  if  a  nomber  of  strips  of  emery-paper,  an  inch  long  and 
a  quarter  of  an  inch  wide,  be  summed  together  one  npon  the  other,  so  aa  to  fOTm  a 
rectangular  bar,  thia  bar  will  pLice  itself  aiiallj  betweeo  the  poles  of  a  magnet  (the 
emery  being  magnetic) ;  in  bet,  it  represents  a  magnetic  crystal  having  its  cleavage 
planes  parallel  to  the  axis.  Bat  if  another  bar  be  ninned,  also  an  inch  long,  of  square 
piecn  (rf'  emery-paper,  a  quarter  of  an  inch  broad,  having  their  surfaces  traDSVSTBe  to 
ila  laLgUi,  it  inll  place  itself  eqnatoriallj,  because,  in  that  position,  the  Isyen  of 
magnetic  substance  will  take  up  the  axial  position.  If  the  paper  ba  covned  with  a 
mate  of  bismuth  powder  instead  of  emery,  the  efibcts  will  be  aiactly  opposite. — 
Ti-aiti  SFS/KtridU,  par  A.  Da  la  Rive  (L  618—620). 

mamafnetlo  Volorltj.  Soon  after  the  discovery  of  diamagnetism,  the  qoestion 
was  raised,  whether  diamagnctic  bodies  poseeas  oppooite  polea  analogona  to  Uiose  of 
magnetic  bodies,  Faraday,  from  bis  earlier  experimenta,  concluded  that  such  was  not 
the  case,  bat  that  every  i«rt  of  a  diamagnetic  body  was  equally  repelled  by  either 
pole  of  a  magnet.     On  die  other  hand,  Beich  (Ann.  Ch.Phjs.  [3]  xzxvi  127)  fijund 
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th«t  s  very  delimtslj  BuspeDdefl  ball  of  biBmnth,  Uioiigh  repelW  by  either  pole  i 
horse  shoe  aagaal,  when  preMnwd  to  them  »aparal*ly,  ivmaiDed  At  rest  when 
pended  at  equi  diitBDcea  from  the  two  :  hence  he  oondaded  that  the  reanltiuit  effect 


of  the  two  migDntic  poles  ia  dne,  not  to  the  sum.  but  (o  Ilia  diffre- 
ence  of  thoir  action,  just  ■■  would  be  the  caae  with  the  altmclive 
adioDe  cieited  t^  the  two  polee  on  a  ball  of  iron,  and  that  the 
flnt  effect  of  the  magnet  on  the  biemuth  ia  to  develop?  in  it  a  per- 
tain polaritj,  whence  reanlta  the  repulsion.  The  queslion  wae  like- 
wiw  eiamined  by  Web^r  and  Poggendorff,  Flicker,  U.  C.  Ofratcd. 
and  Matleucci,  but  wilhoat  decisive  resoltB,  and  the  quealion  aa  to 
the  eiial*npB  of  diamngnptic  polarilj  remained  donbtfal  till  it  was 
taken  up  by  Tyndsll  (iTiil.  Trani.,  ISaS  and  1856), who,  by  meaos 
of  an  spparaCuB  suggested  hy  Weber,  has  eompktoly  eetabliahed  the 
eiiWcdce  of  polarity  in  diamagnelio  bodies. 

Thin  appontDB,  represented  inj!^.  727,  consists  of  two  equal  verti- 
csl  helices,  i  A,  h'k',  having  an  intirnal  diameter  of  two  ceatimclres, 
aud  coiled  round  copper  tubes,  which  project  above  them  st  t,  f; 
these  two  helices  convey  Ihe  samn  eli-ctric  current,  but  in  conlnuj 
dinwtioDS.      They  are  fixed  to  a  Btuut  board  anspended  against  a 
wall,  and  within  them  are  sospended  two  small  diamsgnetic  bars,  /.T, 
attached  to  an  endless  cord  passing  round  the  pnlleya  P,P'.     An 
astatic  needle,  sn.  represented  in  projection  at  NS,  N'S',  is  sus- 
pended on  a  level  with  the  middle  of  Ihe  helices  A,  A,  by  silk  cords 
HttHched  to  the  ceaire  of  a  torsion-circle,  r.      This  dide  is  capable 
of  turning  independently  of  the  screw  f,  the  nut  of  which  is  em- 
bedded in  a  copper  cross-piece  filed  to  the  extremltipci  of  the  copper 
tubes  (,  f.  The  magnets  N  S,  N'S'  are  enclosed  in  a  copper  box,  a.  to 
diminish  the  amplitude  uf  the  oscillations;  lioy  are  joined  by  a  brass 
rod,  on  which  tbey  can  be  made  to  approach  one  tmotber  more  or  less. 
The  deBections  of  the  astatic  needle  are  observed  by  refiection  in  m 
mirror  ni,  M,  and  measured  by  the  reflection  of  a  horizontal  scale 
placed  at  a  distance,  as  in  Gauss's  ma^nictometers.     On  transmitting 
a  volt^kic  current  from  one  or  two  Grove's  cells  through  the  two 
coils  in  opposite  directions,  the  bismuth  bsrs  within  them  become 
diamagnetispd  ;  and  by  carefully  nisiog  or  lowering  the  astatic  ban 
/    NS.S'N',  a  position  maybe  foond  in  which  the  maitncts  become  in- 
\  difi^rent  to  the  action  of  the  current.    If;  whilst  the  apparatus  is 
^  thns  arrai^ed,  tils  wheel  P  be  turned  to  the  right,  the  bismuth  ban 
will  be  brought  into  the  position  tepresedted  ia  the  figure,  and  ths 
■static  needle  will  be  deflec(«l.     This  effect  is  clearly  due  to  the  de- 
velopment of  polarity  in  the  bismuth  ban ;  for,  in  consequence  of 
the  opposite  direction  of  the  cnrreDts  on  the  two  helices,  tiie  tower 
end  of  one  bismuth  bar  will,  if  polar,  be  in  the  same  condition  as  the  upper  end  of  tho 
other,  and  each  wiU  therefore  attntct  one  particalar  end,  say  the  north.  Ol  each  msgnet 
composing  the  astatic  cvmbiaalion,  and  repel  tlie  south  end :    both  bars  therefore  tend 
to  deflect  both  magnets  in  the  esme  direction  ;  on  turning  the  wheel  to  the  left,  eo 
as  to  bring  the  bismuth  bars  into  the  opposite  poailion,  the  needles  will    be   equally 
deflected  in  theconttuiy  direction. 

These  effects  are  most  marked  with  bodies  like  bismnth  and  antimany,  which  have 
the  greatest  diamagnetic  energy ;  but  they  are  also  distinctly  sfaowo,  even  in  non-con- 
ducting bodies — such  as  heavy  glass,  phoephoni5,  sulphur,  sulphide  of  carbon,  &c. 

If  the  deviation  produced  by  solid  bismnth  be  represented  by  73  divisions  of  the 
scale  employed,  the  following  Cable  will  represent  the  action,  found  by  Tyndall,  of  the 
other  bodies  enumerated  in  it : 


Bismnth,  solid 

„        powdered 
Antimony 
Sulphide  of  carbon 
White  marble 
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Heavy  glass  . 
Phosphorus   . 
Distilled  water 
Calcapoi 
NiDe    . 


When  magnetic  substances,  such  as  iron  in  ban  or  in  filings,  sulphate,  caibonale,  or 
chloride  of  iron,  alat«,  solotians  of  salts  of  iron,  nickel,  or  cobalt,  are  substituted  fi>t  (he 
dismagnetic  bars,  the  astatic  needles  are  deflected  in  the  contrary  direction  to  that  ia 
which,  under  llie  same  ciccumslances,  they  would  be  defiecled  by  dismagnetic  bodies. 

TlMorj'  of  StamaKiietlsm.  The  phenomena  of  diamnenetism  natuiully  suggest 
lhr>  inquiry,  whether  the  repulsion  eicrlid  by  a  magnetic  pole  on  diamugnecic  bodies 
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b  a  force  distinct  from  that  of  magnatiimi,  as  exerted  npoc  iron  aod  other  bodies  of  ths 
tnogDetie  clasa  ;  or  7bether,  on  the  othpr  hondj  the  magnetic  and  diunagnetic  condi- 
tions of  matUr  are  merrlj  relative,  so  that  all  bodies  aro  magnetic  in  different  degrees, 
and  the  apparent  repulsion  of  a  diamagiietic  bodj.snrh  as  bismuth,  is  merely  the  result 
of  its  being  attracted  bj  the  magnet  leea  than  the  partietes  of  the  anROunding  medinm, 
inat  as  a  baltoan  recedes  &om  the  earth,  beranse  its  vei^t  ia  leae  than  that  of  an  equal 
bulk  of  tbe  sajTOuuding  air.  It  IB  easy  to  shov  that  the  same  body  may  appear  mag- 
netic or  diamagnetic,  according  to  the  medium  in  which  it  ia  placed.  Protoenlphate 
of  iron  is  a  magnetic  substance,  and  water  ia  diamagnetic :  nence  it  is  possible,  by 
vuTing  the  strength  of  an  aqneone  solution  of  this  baII,  to  malte  it  either  magnetii:, 
inddferent,  or  diamagnetic,  when  suspended  in  air.  Again,  a  tnbe  containing  a  solution 
of  protosnlphate  of  iron  suapended  horizontally  within  a  jar,  also  flJled  with  a  solution 
of  the  eame  salt,  and  placed  between  tbe  poles  of  two  powerftil  electro-ma^^  will 
place  itself  axiaUy  or  eqnatorially,  acoording  as  the  solution  eootained  in  it  is  stronger 
OF  weaker  than  that  in  thenar.  In  the  saiDe  manner,  then,  wa  may  conceive  that 
bismuth  places  itself  eqnalonally  between  two  magnetic  poles,  because  it  is  teee  mag- 
netic than  the  sorroaniung  air.  But  the  diamagnetiam  of  bismuth  and  other  bodies 
of  the  same  class  shows  itself  in  a  Tacuom  as  veil  as  in  air:  hence,  if  diamagnetism 
is  not  to  be  regarded  as  a  distinct  force,  we  must  suppose  that  the  clher  is  also 
luetic,  and  occupies  in  the  magnetic  scale  the  place  int«rmediats  between  magnetic 
_    I  diamBgnetic  bodies. 

That  a  bod;  suspended  in  a  medium  of  greater  magnstia  soseeptibililT  than  itself, 
will  recede  from  a  magnetic  pole  in  its  aeighbourhood,  in  consequence  of  the  greater 
force  with  which  the  particles  of  the  medium  are  impelled  towards  the  magnet,  is  so 
obrioils  a  eoose^oence  of  mechanical  laws,  that  we  can  scarcely  avoid  attributing  the 
movements  of  diamagnetic  bodies  to  the  cause  just  mentioned,  at  least,  when  the  body 
is  suspended  in  air  or  other  magnetic  gas.  There  is,  however,  aoiue  difficulty  in 
reconciling  the  phenomena  exhibited  by  compressed  and  cr^rstalliaed  Indies  (p.  77i) 
with  this  view.  Tyndall  some  time  ago  (PMl.  Mag.  [4]  ix.  2Dfi)  objected 
to  it,  that  the  intensity  of  diamagnetiam  as  well  as  that  of  magnetism  is  in- 
creased by  compression  ;  whereas,  if  the  repulsion  of  a  diamagnetic  body  were  merely 
the  result  of  the  greater  attraction  exerted  upon  the  particles  of  the  surrormdinfl 
medinm,  it  ought  to  be  weakest  in  that  direction  in  which  the  bod;  is  most  compressed, 
inasmuch  as  the  compreBsion  most  increase  the  total  amount  of  attraction  exerted  on 
the  particles  of  the  body  in  that  direction,  but  cannot  in  any  way  affect  that  which  is 
cxeit«d  on  the  snrronnding  medium.  _  Williamson  (Proc.  Hoy.  Soc  vii.  306)  has, 
howevsr,  pointed  ont  that,  in  eonsidaring  this  qnestion,  it  is  necessary  also  to  take 
account  of  the  attraction  exerted  on  the  magnetic  medinm  (or  el/ier)  inteiposed  between 
the  particles  of  tbe  magnetic  or  diamagnetic  body.  When  a  cnbe  of  cortwnate  of  iron 
is  compressed,  tbe  ponderable  particles  being  more  magnetic  than  the  medium  which 
th^  displace,  the  force  with  which  the  body  is  attracted  is  increased  proportiooall; 
to  Uiia  excess.  If  it  becomes  more  magnetic  by  compression,  we  must  conclude  that 
tbe  loss  of  inagnetia  medium  from  its  intecstices  is  more  than  supplied  by  the  mag- 
netic matter  which  takes  its  place.  Carbonate  of  calcium,  on  the  other  baud,  is  less 
magnetic  than  tbe  quantity  of  medium  which  its  particles  displace  ;  and  when  these 
particles  are  brought  closer  together  by  preesuro,  the  mass  becomes  more  diamagnetic, 
because  a  certain  quantity  of  the  magnetic  medinm  is  tbns  replaced  by  the  less  mug- 
netie  matter.  In  both  bodies,  so  long  as  they  retain  their  original  crystalline  forms, 
the  optic  axis  is  the  direction  in  which  the  function  of  tbe  ponderable  particles  predo- 
minates most  strongly  over  that  of  the  medium ;  so  that  in  the  Iron-salt  it  is  the 
strongest,  and  in  the  calcium-salt  the  feeblest  magnetic  direction  of  tbe  ciystaL  On 
the  other  hand.  Hirst  (Proc.  Roy.  Soc.  lii.  448)  suggests  that,  in  estimating  the 
resultant  action  of  a  magnet  on  tbe  particles  of  a  bod;  and  the  magnetic  medinm 
enclosed  between  them,  accouat  must  be  taken  of  the  relative  intensities  of  the  action 
exerted  on  the  medium  in  different  directions:  and  hs  endeavours  to  show,  by  a  process 
of  reasoning  fi>r  which  we  must  refer  to  the  paper  above  quoted,  that,  in  two  out  of 
three  possible  cases,  viz.  (1),  when  the  attraction  of  the  magnet  on  the  interposed 
medium  ia  equal  in  all  directions  with  regard  to  tbe  tine  of  compression,  and  (2)  when 
it  ia  greatest  in  that  direction,  the  repulsion  produced  on  a  body  whose  specific 
magnetic  susceptibility  is  less  than  that  of  the  medium,  will  be  a  minimum  in  tliat 
dir«rtion ;  and,  therefore,  that  in  these  two  cases,  the  objection  raised  by  Tjiidiill 
■gainst  the  theory  of  diamagnetism  under  consideration  is  valid:  but  that,  tnirdlj, 
in  the  somewhat  improbable  case  in  which  the  sction  of  the  magnet  on  the 
interposed  medium  is  greatest  in  the  direction  at  right  angles  to  that  of  strongest 
attiuetion  of  the  ponderable  particles,  the  latter  may  be  so  far  diminished,  that 
the  body  may  be  most  strongly  repelled  bv  a  magnetic  pole  in  the  direction  of 
greatest  compression.     It,  therefore,  this  thini  case  be  also  taken  into  account,  l^n- 
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dalt'a  direction  U>  tlis  theoi?  of  a  nugnetic  medium  camiot  be  reguded  w  perfeetlj 
deeieiTe. 

On  Uio  vholF,  then,  the  phenomena  sibibited  by  comprened  and  OTBtaUieed  bodiM 
do  not  quite  decide  the  questioD  whether  diamagnetie  repulaioD  ia  merely  a  differential 
phenomenon,  or  whether  it  is  due  to  the  action  of  a  ipeciflc  farce.  That  it  ia  panlj 
differential,  aiLa,  ai  alreadj  obieired,  ecareeir  be  doahlAd ;  bat,  on  the  other  hand,  the 
eziBteDce  of  diamagnetic  polahtj  showa  decidedl;  that  the  effect  ia  not  wholly  due  to 
this  caase :  for  if  it  were,  ereiy  part  of  a  diamagnetic  bodf  wonM  be  repeUed  bj 
either  pole  of  a  magnet. 

It  becomea  neeeaaar]',  therefore,  to  aeek  aomB  farther  ezplaoation  of  the  phenomena  of 
diamagnetiam ;  and  thefollowiDg  theor;  has  been  proposedbj  Weber  andDe  I-aBi  vbl 
We  muat  rappoae,  in  the  flist  place,  that  each  molecule  of  a  body  poaaeasea  a  natural 
polantj,  by  virtae  of  which,  amative  elet±ricity  tends  to  aocuiaulat^  at  a  (Mrtain  poiDt, 
0,  of  itfl  aurfflce  (fo.  728),  and  poailJTe  electricity  at  the  oppodta  pointy  4.  Uthia 
molecule  ia  isolaled  and  a  good  condact«r,  the  two  alectricitaee  will  reoombiiie  along 
iti  mtfMe^  tbnning  currente  coatntry  to  those  which  are  contiuuall;  being  prodoced  in  its 

Fig.  729. 

interior  to  re-ettabliah  the  polar  tsnaion ;  and  the  actiona  ^ich  these  cuirenta  would  tend 
to  produce  on  any  exterau  point,  deatioy  oae  another.  If  now  the  molecule  be  mp- 
poaed  to  make  one  of  a  group,  all  the  atoms  of  this  group  will  act  upon  each  other  ao 
aa  to  briog  their  contrary  poles  towarda  one  another,  as  in  Jig.  720,  and  the  opposite 
alnctricitiofl,  instead  of  recombining  on  the  sur&ce  of  each  molecule,  will  form  inter- 
molecular  discharges,  and,  conaequantly,  a  enrrent  in  the  direction  of  the  eitemal  arrows. 
These  currents,  existing  in  all  the  molecular  groups,  are  in  iact  (hose  which  ars 
aaanmed  to  exist  in  Ampere's  theoi^  (p.  769) :  in  nnmagnetised  iron,  theyjua  in  all 
directions,  and  the  effect  of  magnebaation  is  to  reduce  them  to  paralleUam.  Vow, 
these  currents  cannot  pass  between  the  molecules  comporang  the  group  unless  these 
molecnles  are  sufficiently  close  together;  and,  accordingly,  it  is  found  that  magnetic 
bodies  are,  generally  epeaking,  those  whose  atoms  are  most  closely  packed ;  in  other 
words,  those  which  naTe  the  smallest  atomic  Tolumes  (p.  773).  Moreover,  heat,  which 
increases  the  distance  between  the  atoms,  diminishes  the  magnetic  power  of  a  body,  and 
may  even  destroy  it  altt^ether.  Diamagnetic  bodies,  on  the  contrary,  having,  geneiallj 
speaking,  a  large  atomic  volume, — ^that  is  to  say.  their  atoma  bsing  vc^  wide  ^lart, — 
these  atoms  conoot  discharge  their  opposito  electiicilaes  on*  to  aimther,  but  are  in  the 
state  of  the  isolated  atom  (^.  728).  I^  howerer,  theas  independently  polarised  atoms 
are  brought  near  an  electric  currenl^  or  the  system  of  ennenta  constituting  a  magnet,  the 
atoms  are  brought,  bj  the  polarised  molecnles  of  the  current^  into  such  a  poaitJon  that  the 
contrary  poles  of  the  two  ayatema  are  brought  bee  to  &ce,  as  ia  the  formation  of  induced 
currents  (fig.  447,  vol  ii.  p.  iSi).  Consequently,  these  atoms  will  place  themaelves,  in 
their  own  group,  in  the  same  manner  as  those  in  fig.  729 ;  and  if  the  action  is  suffi- 
ciently powerful,  the  polarity  of  the  atoms  of  tJie  molecular  ffronp  will  be  increased  by 
their  mutual  influence,  to  such  an  extent,  that  discbarges  will  take  place  between  them, 
producing  a  current  in  the  opposite  direction  to  that  of  the  magnet,  in  eonsequeuce  of 
which  the  body  will  be  repelled  from  the  mngnet.  According  to  this  theoiy,  then,  the 
chief  difference  between  ma^etic  and  diamagnetic  bodies  consists  in  this— that  in  the 
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sxuteiiee  onlj  onilar  tbe  inflaenea  of  poweiftil  cnimits,  edible  of  tnuigiiig  the  atom* 
into  the  DMMBSrf  airaogeinent. 

There  are,  hoveTel,  coiuideiBble  diffimilties  in  the  reeeptioD  of  thu  theory.  In  the 
fiiat  place,  the  diamagDetic  powera  of  bodiea  are  by  no  meaoi  pntportionsl  to  their 
atonuo  Tolnmes.  Polaasium  and  oodinm,  vhich  have  much  sreatcT  atomic  Tolmneii 
than  bismuth,  an  ilishtly  magnetic ;  whenaa  line  and  copper,  Those  atomic  Tolnme*  are 
Terr  small,  ire  alightlj  luamagnetic  With  ragaid  to  theae  two  latter  metala,  De  In  Bire 
obaerres  that  thej  are  Tei;  good  coDdndora,  and,  therefore,  that  the  lecompcoition  of 
the  oppoute  eleetricitiea  may  take  place  along  the  sni&ce  of  each,  in  apite  of  dieir 
eloee  proxinuty :  and  in  onpportof  this  explanatioD  he  remarks,  that  on  combmiiu  copper 
iriU)  chlorine  and  azjgen,  which  dimini^  its  condnctivitj,  it  becomea  du^etic  But 
thia  mods  of  eiplanatiDn  will  not  accoont  for  the  magsetiBm  of  potassiDm  and  sodinm, 
which  are  intermediate  IB  coiidiictiritj  between  iron  and  copper,  Moreorer,  it  is 
difGcnlt  to  see  how,  according  to  this  taaory,  the  diamognetism  of  a  bodjr  ahoidd  be 
increased  by  compression.  On  the  whole,  it  most  be  admitted  that  wo  are  still  very  far 
fhjm  a  aaldiCactoiy  theoi;  o!  diamagnetiam. 

^oken  cd'  in  a  general  way  in  the  preceding  article :  we  shall  here  examine  it  more 
partiGalarly.  A  magnetic  needle  snspended  by  its  eenlie  of  gravity  in  anch  a  manner 
that  it  e«D  more  freely  in  all  directions,  and  placed  beyond  the  influence  of  other 
nugneta  and  masses  at  iron,  places  itsdf :  1.  At  a  particolar  angle  with  the  geo- 
gTHphicBl  meridian  of  Che  place :  this  is  called  the  declination. — 2.  At  a  partioolar 
angle  to  the  horizon,  called  the  inolination  or  dip  of  the  needle. 

1.  Dtelinatien—BiMO  called  the  Vanation  of  tin  Coapaia. — The  angle  which  the 
magnetje  needle  makes  with  the  north  and  south  line,  or  wilti  thn  geographical  meridian. 


t  conreniently  obserred  with  a  needle  whose  moremente  are  restricted  to  a, 
horizontal  plane ;  as  by  stqiportiug  it  on  a  steel  point  by  an  aoate  rap  (jig.  716),  or  ( 
stirrup  of  paper  or  copper  snspended  by  a  thread  of  nnspnn  Bilk.     When  a  needle  t 


d  is  canned  to  different  parts  of  tbe  earth's  surface,  its  direction  is  continually 
changing.  In  certain  parts  of  the  world,itpoiiite  eioclly  north  and  south;  in  all  othrn, 
its  position  of  equilibrium  is  more  or  le«  inclined  to  the  geogrsphical  meridian  of  the 
place,  A  vertical  ^lane  passing  through  its  poaition  of  eqailibriam  is  called  the 
majinetic  meridian  of  the  place. 

The  declination  Taries  in  direction  and  in  Mnouat  both  with  place  and  with  time. 
It  is  always  spoken  of  with  reference  to  tbe  position  of  the  nortn  pole  of  the  needle, 
TbaB,  when  we  say  that  the  declinstion  at  Loudon  is  at  present  to  the  west,  we  mean 
tiiat  the  north  pole  of  the  needle  points  west  of  tbe  geographical  north. 

■The  points  of  the  eorth^B  fiorface  at  which  the  needle  points  dae  north  and  south  are 
sitnafed  on  certain  lines,  called  Hnei  of  no  declination.  One  of  these  lines,  whose 
direction  does  not  deviate  much  ftom  that  of  a  mat  circle  of  tbe  globe,  may  be  traced 
&om  a  certain  point  north-west  of  Hudson's  Bay,  across  Canada,  into  the  Atlantic 
Ocean,  cutting  the  extreme  east  point  of  South  AmcHcs,  near  Cape  St.  Soche,  whence  - 
it  passes  across  the  South  Atlantic  Ocean,  and  meets  tbe  mendian  of  London  near  the 
60th  degree  of  sonth  latitude.  Another  line  of  no  declination  passes  across  the 
Southern  Ocean  at  abont  120°  east  longitude,  traverses  the  west  of  Anstraiia  in  a 
nearly  northerly  direction,  then  paaeea  weetwaids,  fiirming  a  large  loop  encloaiug  the 
islands  of  the  uidian  Archipelago  and  tbe  two  peninsulas  of  Lidia,  whence  it  passes 
northwards  along  the  west  of  Japan,  and  enters  Sibena,  where  it  has  not  beeu  furtber 
traced.  Another  branch,  which  is  perhaps  a  continuation  of  that  wbicb  traverses  tbe 
Indian  Ocean,  passes  northwards  across  the  White  Sea.  There  are,  therefore,  two 
systems  of  lines  of  no  declination,  which  probably  join  one  another  in  the  polar 
remans,  so  as  to  fimn  a  single  curve  passing  roaud  tbe  globe. 

Between  the  American  line  on  the  west  and  tbe  Asiatic  lines  on  tbe  east — that  is  to 
Bay,  over  nearly  the  whole  of  the  Atlantic  Ocean  and  the  Old  World — the  declination 
is  to  the  west;  over  the  reat  of  the  earth's  nu&ce  it  is  to  the  east;  and  it  diminishea 
on  bod  aides  as  we  approach  these  linea.  In  London,  at  the  present  time  (ISOl),  the 
declination  is  20°  iB'W, 

Inelinalion  or  Dip. — Suppose  a  bar  of  unmagnetised  steel  to  be  suroended  at  its 
centre  of  gravity  by  a  thread  of  nnspnn  silk  ;  it  will  come  to  rest  in  the  borisontal 
position.  Bat  if  it  be  magnetiBed,  it  will  not  only  place  itself  in  the  msgnetic  meridian, 
but  will  take  up  an  inclined  position,  tbe  north  pole  in  these  latitudes  pointing  down- 
wards. The  amount  of  the  ioclinotioD  or  dip  of  the  needle  is  best  observed  by  means 
of  a  long  needle  supported  by  its  centre  of  gravity  on  a  horizontal  ails  (Jig.  730),  so 
that  its  movements  are  confined  to  a  vertical  plane.  A  dipping-nadU  thus  mounted 
is  represented  m  Jiff.  730.  The  borisontal  circle  serves  to  place  Oie  plane  of  the 
nesdfe's  motioD  in  the  magnetic  meridian,  and  the  vertical  cime  to  measure  the  di{» 
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As  the  needle  almTB  teads  to  plaes  itself  in  the  magnetic  meridian,  it  it  clear  tbat 
if  the  Tertical  plane  to  which  its  moiementa  are  confined  ia  placed  at  right  angles  to 
lie  magnetic  meridian,  the  needle  will  Btaud  verticallj', 
Ftg.  730.  tJijg  being  the  oaly  position  in  which  it  can  place  itself 

in  tho  magnetic  meridian.  If  (hie  position  be  determined 
and  marked  on  the  horizontal  circle,  the  vertical  circle 
maj  be  placed  in  the  magnetic  meridian  by  moving  it 
round  90°  there&om.  The  angle  of  inclination  may 
then  be  directlj  observed. 

The  dip,  like  the  declination,  ia  of  different  amount  in 
difTerent  loealities.  There  ore  two  points,  one  in  each 
hemisphere,  at  which  the  dipping-needle  stands  exaclly 
vortii^  i  these  are  called  the  magnetic  poles  of  the 
earth  ;  and  abont  midwa;  between  them  is  a  line  called 
the  magnetic  equator,  or  line  of  no  dip,  at  which 
it  atands  horizontally.  The  magnetic  equator  ia  a  some- 
what sinuom  line,  not  differing  much  from  a  great 
drcle  inclined  to  the  geographical  equator  at  an  angle 
of  12°,  and  colting  it  in  two  pointa  near  the  longitudes 
'  10"  E.  and  170°  W;,  reckoned  from  the  meridian  of  Paris. 
'  At  all  points  between  this  line  and  the  north  magnetia 
pole,  the  north  pole  of  the  needle  ia  directed  downwards, 
the  contrary  tx'ing  the  case  in  the  other  magnetic  hemt- 
Bphere.  The  dip  goes  on  increasing  from  the  magnetia 
Q  London  at  the  present  time  it  is  6S°  Id',  reckoning 

On  companng  tbe  poeilioni  assumed  by  the  needle  at  difTercnt  parts  of  the  earth's 
surfucn.  itia  easily  seen  that  they  may  be  acwunted  for  by  regarding  the  earth  aa  a  great 
magnet,  having  its  poles  at  the  points  where  the  dipping  needle  atands  vertically,  and 
its  median  line  coinciding  with  the  magnetic  equator.  The  northern  terrestrial 
magnetic  pole,  which  corrtspouds  with  the  south  pole  of  an  ordinary  magnet,  is  sitoatcd 
on  the  continent  of  North  America,  to  the  north-west  of  Hudson's  Bay,  and,  according 
to  the  observations  of  Capt.  J.  C.  Ruia,  made  in  1830,  in  ktiCude  70=  6'  17"  N,  and 
longitude  S6°43'W.  from  Greenwich  {Aragg't  Meteorological  iitnyj,  IranstatLd  by 
Sahine,  p.  366).  The  position  of  the  sonthem  raagnetic  pole  has  been  approximately 
fixed  by  the  observations  of  the  same  navigator,  inlalitudc  73°  S.  and  longitude  130  £. 
The  line  of  no  declination  pasacs  through  these  two  pointa,aud  the  lines  of  equal  decli- 
nation converge  towards  them.  From  obaervalions  made  at  different  pointa  in  England 
and  the  south  of  Scotland,  between  March  ISSS,  and  October  1860,  Sabine  deduces 
68°  S9''2  as  the  dip  at  the  mean  epoch,  Ist  January,  1860,  at  a  point  whose  latitude 
and  longitude  »ere  the  means  of  ttiosa  of  the  stations  included  in  the  survey,  namely 
latitude  52=  20',  longitude  1°  4I'W.  from  Greenwich.  The  minimum  dip  wsa  obseried 
at  St.  Leonard's  (latitude  60°  61',  longitude  0°  33'  E),  where  it  was  67°  4*'-5 ;  and 
the  maximum  71°  29' -6,  at  Jordan  Hill,  near  Glasgow  (latitude  66°  53',  longit«de 
4°  19'  W.),  the  direction  of  the  isoclinal  liva,  or  lines  of  equal  dip,  being  &om 
N.  71°  22'  E.  to  S.  71°  22'  W,  (Rep.  Brit.  Assoc,  1861,  p.  260), 

That  the  earth  really  acts  like  a  magnet,  is  further  shown  by  the  magnetisation  ot 
masses  of  iron  pkced  in  or  near  the  hue  of  the  dip.  In  our  latitude,  t^ere  the  line 
of  dip  does  not  differ  greatly  from  the  vertical,  bars  of  iron  standing  constantly  in  Ihe 
Terticat  directions,  such  as  ralHuga,  lightning-conductors,  &c.,  become  magnetised 
with  their  north  poles  downwards.  Just  as  they  would  be  if  placed  above  the  south 
pole  of  a  steel  mn^net. 

The  magnetisahon  of  the  masses  of  iron  in  a  ship  by  the  earth's  action,  cauaea  a 
considerable  deviation  of  the  compass-needle  from  ita  normal  position ;  and  as  the 
direction  of  the  magnetiaarion  thus  induced  is  constantly  changing  as  the  ship  changes 


it  is  evident  that  serioos  irregularities  in  the  indications  of  the  i 
■eault :  in  short,  there  are  several  instances  of  shipwreck  on  rei 
have  been  clearly  traced  to  this  canae.    This  source  of  irreeufarity  may,  h 


corrected  by  fixing  a  disc  of  iron,  callt-d  a  comptnaator,  in  sucli  a  position  wilhregaidto 
the  compasB,  that  its  action  shall  be  equal  and  opposite  to  that  of  tho  whole  mass  of 
iron  in  the  ship ;  the  needle  will  then  be  itse  to  take  ap  its  normal  position  under  the 
influence  of  the  earth's  magnetism.  It  is,  however,  found  better  in  practice  to  place 
the  compensator  in  such  a  position  that  it  ahall  produce  an  action  equal  to  that  ot 
the  iron  in  the  ship,  and  in  the  lame  direction,  so  that,  when  placed  in  position,  it  will 
double  tbe  deviation  produced  by  the  iron  in  the  sUp :  the  amount  of  this  deviation 
will  thus  be  ascertained,  and  may  be  allowed  for.  This  great  service  to  navlitatiuD  is 
the  in«inUon  of  Mr.  Barlow,  of  Woolwich. 
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Ths  raagnetui  poww  of  the  nstive  black  oxide  of  iron  in,  donbtleoa,  also  due  to  the 
iDdoctive  nclion  of  the  earth,  and  the  very  differant  powpn  exhibited  bj  dlfiereat 
epecjinena  of  the  ore  ma;,  in  part  at  leaat,  be  attributed  Ut  the  differaut  pocitioD  of 
the  TeiDB  with  regard  to  the  line  of  the  magnetic  dip. 

3.  Intetitily  of  tie  Earlh't  3fagnetie  foree.—  ThBTaa^etis  force  of  the 
earth,  like  that  of  tm  oidinar;  magnet,  ia  of  diffarmt  iotenai^  in  different  parte.  Tbr 
relatiTC  inteiuitia  at  different  placefl  are  meaanred  b;  conntiii^  the  auinber  of  oeeilla- 
tione  made  in  a  giren  time  bj  a  magnetic  needle :  for  these  Tibratiooa  are  vnbject  to 
the  same  lairs  as  th'  >e  of  a  pendnlnm,  being  isochronoiu  irhen  small,  and  the  squares 
of  tbe  DQmbeni  of  oacillatioDS  in  a  given  time  being  propoitioDal  to  the  fores  which 
tends  to  bring  the  needle  back  to  ita  position  c^  eqnilibritun. 

The  obeemtionB  maj  be  made  either  with  the  dipping  or  the  horiiODtal  needle. 
Wheo  a  dipping-needle  ia  disturbed  from  ita  normal  position  of  equilibrium,  it  ii 
nrjced  back  to  ttuit  poaition  b;  the  whole  fbrce  of  tbe  earth's  magnetism ;  so  that,  if  the 
intensitiea  of  the  terrestrial  magnetic  forces  at  any  two  places  are  devoted  by  F,  Ji*,  and 
the  eorreBpondiog  namber  of  oscillatiomi  made  in  a  given  time  bj  «,  n',  wa  have,  for  ths 
relation  between  the  two  forces, 

F  :  r     =     m'  :  n''. 

The  horizontal  needle,  on  the  other  band,  is  urged  back  to  its  nontial  position  bj  only 
a  portioD  of  the  terrestrial  force,  which  becomes  less  as  the  maenetic  latitude  is  greater. 
For  I^e  total  force  F  acting  on  the  needle  in  the  liae  of  the  dip,  maj  be  resolved 
into  two  odiera,  one  Tertical,  which  ia  destroyed  by  the  anspension,  tbe  other,  /,  horiioD- 
tal,  which  is  that  which  is  effective  in  moving  the  needle  ;  and  if  i  be  the  dip  at  the 
place  of  observation,  this  horiiontal  force  /  is  equal  to  *"  cos  t.  Hence,  for  any  two 
places  at  which  the  total  inteneities  are  F,  F,'  the  aoglce  of  dip  i,  i,  and  the  nnmbers 
of  oscillationc  n,  n',  we  have  tbe  relation, 

^        J.  ^"-"^ 

„i     -  y     -    y  coa ,-_ 

Thercfbre,  F^  » '  cos  ■" 

F-     ~    B-'cosi". 

At  l^e  magnetic  equator,  i  o  o,  coa  i  —  1,  and  tberefore/  —  ^ ;  at  the  magnetiu. 
poles,  i  ••  St)°,  and  therefore  /—O:  in  hot,  at  tbeee  points,  tiin  horizontal  needle 
takes  op  all  poaitiona  indifibrently ;  and  near  the  polr«,  tbe  force  which  directs  it  isveir 
small,  so  tbat  its  indications  cannot  be  depended  upon.  Bat,  excnpting  in  these  bigh 
magnetic  latitudes,  the  Teaalla  obtained  with  the  horiiont^  needle  are  more  trust- 
wortby  than  those  obtained  with  the  dipping-needle,  on  account  of  errors  affecting  the 
latter,  from  wsnt  of  perfect  horizontality  in  the  axis,  tbo  fi^ctioo  on  the  supporta. 
&c. ;  whereas  tbe  horiaontal  needle  is  easily  aaipended  by  a  thread  of  onspun  silk, 
which  gives  it  almost  perfect  freedom  of  motion.  [For  ftdl  details  on  tbe  construc- 
tion of  inatruments  for  observations  on  terrestrial  magnetism,  see  Becquerel, 
Traili  de  rSlMlncili  et  dui!agnitunu,FKn>^  18*0,  tome  vii.  The  atlas  to  that  work 
contains  large  diagrams  of  these  iostruments,  and  maps  representing  the  directions 
of  the  magnetic  meridians  and  parallels  on  t^e  surface  of  the  globe.  See  also  Daguin, 
Traiti  dt  PAi/aiquf,  tome  iii.  pp.  27,  S5.] 

The  magnetic  intensity  incieaaes  with  the  latitade.  Humboldt  found  a  point  of 
minimum  intensity  on  the  magnetic  equator  ia  Horthem  Peru.  This  value  is  gene- 
rally taken  as  the  unit  to  which  tbe  magnetic  intejisitiee  at  Other  parts  of  the  globe  are 
referred,  as  in  the  following  table. 


I«.lltT. 

Deu. 

IjMlllld.. 

M^nfllc 

LooUitT. 

D.». 

UtHude. 

•sss. 

St.  Anthony    . 

1802 

CO' 

1-087 

1829 

60=621* 

1-374 

ISOl 

10  2SK 

l-29i 

BerUn      . 

1829 

62  51 

IS6B 

New  YoA       . 

im 

40  43 

1-803? 

1820 

69   56 

1-419 

Naples    . 

1805 

40  50 

1'274 

1828 

69   66 

1-410 

180S, 

45  46 

1-333 

BafBtfeBay    . 

1818 

62  43 

1-590 

1800 

48  52 

1-848 

Spitzbergpn     . 

1823 

7a  40 

1-667 

Beferred  to  Hie  aameunit^  the  magnetic  intensity  was  1-372  in  London  in  1827  (Sabine) 
According  to  Sabine,  the  intensity  at  tbe  north  magnetic  pole  is  1-624:  at  the  south 

magnetic  pole,  according  to  Sir  James  Boss,  it  is  2-062.    The  smallest  intensitj,  0-706, 

observed  by  A.  Erman,  ts  at  19°  59'  S.  and  10-2'  E.  <from  Paris). 
In  later  observations  made  bv  British  observers,  an  absolute  nniC  of  intensity  baa 

been  adopted,  correepondiDg  with  a  second  of  time,  a  foot  of  space,  tmd  a  grain  of  maaa. 
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The  magnetic  mtensity  on  tliia  Kala  at  London  in  at  pniatit  10-29 ;  that  is  b>  Baj,  it 
in  ft  force  capable  of  geaemting  in  one  seoond,  in  ■  man  of  one  gnaa,  s  Telocity  of  lfl'29 
teet  per  second.  The  total  force,  expressed  in  alwolnte  nniU,  haa  been  obaerred  Co  Tarj 
at  different  puts  sf  the  eaith's  surface  from  sbont  6'1  to  IS'S.  (Sabine,  Admirailjf 
Manaal  of  Scientifie  Inquiry  :  ed.  1B69^.  SO.) 

The  mean  amuimt  of  the  total  force  in  EngUnd,  dednced  b;  Sabine  from  Ilia  magnetic 
sarrey  alrendy  referred  to  (p.  7B0),  for  Ist  Jannaij  ISflO,  ia  10-333,  the  minimnm, 
10-225,  having  been  obifervedat  9L  Leonard^  and  the  mazimam,  10'526,  at  Fern  Tower 
(lat.  68°  22;  loog^  3°  fiO'  W.),  The  direotioQ  of  the  uodffTianuc  Una,  or  linM  of 
eqoal  intensity,  in  England,  at  the  abOTe  date,  iraaftomN.  67°  36'-7E.(o  3.87°  86'-TW. 

The  iaodynamic  lines  differ  considerably  from  the  iaodinol  lines,  or  lines  of  rqnal 
di[^  bat  bear  considerable  resemblance  to  the  isothermal  lines ;  wheDoi  it  appears 
probable  that  the  magnetic  intensity  of  the  earth  (like  that  of  an  otdinazy  magmtt) 
u  afito«d  by  beat  (For  a  chart  of  Uieae  liaes,  see  Beoquere!,  loc.  cit.)  According  to 
Gauaa,  there  are  in  each  hemiiphere  two  points  of  muimnm  magnetic  intensity  e»D- 
ciding  with  tlip  points  of  greatest  cohl,  but  not  wiUi  the  magaetic  pcjea  detcniiued  by 
tin  dip  and  decimation  of  the  needle. 

Vanatitin*  of  tht  Magmtie  EUmetOt. 

Th?  declination,  dip,  and  intanaity  at  any  point  of  the  earth's  snrface  are  snbieet  to 
continual  Tariationa,  both  regnlai  and  iicegnlai;  and  the  regular  vai' 
two  kinds:   lecnlar  variations,  of  considwabla  amonnt,  and  extendi 
periods  <tf  time;  and  periodic  Tariationa,  of  small  amonnt,  and  running  t£ 
phasrs  at  short  intenils. 

Variationt  of  ike  Defiinatitm.—\.  Stctilar.  The  earliest  exact  obsemtions  of  the 
magnetic  declination  were  made  at  London  in  lfi7S,  and  at  Paris  in  I5B0.  At  London, 
in  lS7e,  it  was  11°  Ifi*  to  the  east;  from  that  time  it  diminiahed  till  1657-1682,  when 
it  was  nothing,  the  needle  then  pointing  due  north  and  south;  it  then  became  westerly, 
attuning  its  maximum  of  24°  36'  in  18(ia  In  1831  it  bad  diminished  to  24°  0',  and 
itiBnow(in  1861)  20°  IS' W.  At  Paris  it  was  1 1°  SlVK  in  IfiBO,  0  in  1663,  attained  its 
maximnm  of  22°  34'  W.  in  1814,  and  had  diminished  to  20°  2G'  W.  in  1851.  At  the 
Cape  of  Qood  Hope,  the  declination  in  160fi  was  0°  3D'  K,  became  nothing  between 
160S  and  1609,  then  wraterly,  attaining  its  maximum  of  25°  40'  W.  about  1791.  In 
all  cases  tlie  declination  given  for  each  year  is  the  mean  of  those  obtained  for  each  day 
and  fbr  each  month,  so  as  to  eliminate  the  diurnal  and  annual  Tariations. 

2.  Anruml.—The  decHnation  of  the  needle  is  subject  to  small  annual  TariafioD^ 
which  were  discoTcred  by  Cssaini  in  1780.  At  Paris  and  London,  it  is  greatest  about 
ihe  vernal  equinox,  diromisbpa  from  that  time  to  the  summer  solstice,  and  Incmise* 
Again  during  the  nine  following  months.  The  annual  variation  does  not  exceed  from 
IS'  t«  18'.  It  is  also  difierent  in  amonnt  at  different  epochs.  At  London,  &om  1318 
to  182(1,  it  was  reduced  almost  to  nothing ;  at  which  time,  also,  the  secular  variation 
was  extremely  slow,  being  near  its  maximum. 

3.  Diurnal. — The  dim-nal  variatjons  of  the  declination  were  discovered  bj  Oraham 
in  1722.  In  Europe,  the  north  pole  of  the  needle  begins  to  move  westward  at  sunrise^ 
and  continues  moving  in  the  same  direction  till  an  hour  or  two  afler  noon ;  after  whidl 
it  returns  and  regains  its  original  position  at  about  10  p.m.,  at  which  it  lemaina  all 
night     It  appears,  then,  that  the  westerly  declination  is  greatest  during  the  w 


Cof  the  day.     The  amplitude  of  tbesa  movements  is  vr^  small,  and  diffbis  at  dif- 
at  times  of  the  year,  being  sometimal  from  20'  to  25',  at  other  times  not  exceeding 
It  also  bei»mes  less  as  we  approadi  the  tnagnetio  eqnaCoc :  thus,  in  the  island 


of  Rawak  it  never  exceeds  3'  o 

The  periodic  variations  of  the  dedination  are  the  result  of  the  superpodtion 
of  two  distinct  variations, — one  depending  on  the  horary  position  of  the  sun,  the  othte 
OD  his  distance  from  the  equator,  the  latter  constituting  the  annual  variation. 

Variaivnit  of  tlu  Din.—The  Beeular  variations  of  the  magnetic  dip  are  of  smaller 
amonnt  than  those  of  the  declination.  At  Paris,  in  16T1|  when  the  dip  was  flnt 
obserrsd,  it  was  73°  0',  and  haa  sines  been  continually  diTninlshing ;  in  1851  it  was 
66°  35'.  In  London  alao  the  dip  ha*  continually  diminished  sines  1720  hy  aboat  2'-S 
per  annom.  In  Augnst,  IS21,  it  was  70°  781 ;  in  Hay,  1SS8,  it  WM  69"  irsO;  in 
August  and  September,  ISM,  it  was  68°  31'-13;  it  is  now  08°  IG'. 

Thediplikewiseexhibits  annual  and  diurnal  variations,  being,  according  to  HanstMi^ 
about  16*  greater  in  summer  than  in  winter,  and  4'  or  6'  greater  before  noon  than  after. 

VaTialiiyns  of  tie  IntentUg. — It  is  not  jet  distinctly  ascertained  whether  the 
magnetic  inlensilj  of  the  earth  exhibits  secular  Tariations;  indeed,  Ihe  --"' *  -' 
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cooiM  of  the  obMrTBtiMU — ft  eondition  «carcel;  poaaible  to  fiilfil  for  any  mat  length 
of  time.  QsosB  h»  found,  indeed,  by  a  pecnliar  method  of  obasrvation  which  is  irida- 
pendent  of  the  force  of  Uie  needlea  used,  that  tha  magnetie  intenaitj  ai  Qottisgen  has 
not  TBriad  sensibly  daring  iSTeral  jears ;  but  the  time  otbt  which  these  observationH 
hATB  extended  is  as  yet  too  short  to  warrant  any  general  conclnaion  on  the  anl^eet.  It  is, 
however,  scarcely  possible  that  the  dedinatjon  and  dip  ahoald  change  at  any  place 
withont  some  correapondiDg  Tariation  in  the  intenaly.  Bj  absolate  meainireiDents 
made  monthly  at  Kew  sioce  April,  ISST,  it  appears  that  the  total  force  had  incieued 
at  that  place,  np  to  March  1862,  at  the  sTenge  rate  of  0  00136  anDnally. 

Periodic  Tsriationa  of  intensity  ore  more  easily  observed.  In  stndying  these,  it  is 
nsnal  to  observe  separately  the  variations  of  the  horizontal  and  vertical  componeDta  of 
the  magnetic  force.  The  horizontal  component  exhibits  an  hourly  variation,  which  is 
the  resultant  of  two  elementary  vsna,tioni — one  dinmal,  the  other  aemi-diumal.  Ths 
amplitude  of  the  semi-diurnal  variation  increases  with  the  latitude,  and  is  Bathing  at 
the  equator.  The  phases  through  which  it  passes  depend  on  the  angolar  distance  of 
the  sun  trom  the  magnetic  meridian.  In  mean  latitiidea,  the  curve  which  lepreseats 
the  variatioD  of  the  horiiontal  component  is  similar  to  that  of  the  diomal  variation  of 
the  declination,  hat  six  hours  behind  it.  The  ■emi-dinmal  period  ia  scarcely  perceptible 
at  St.  Helena,  but  inczeaies  in  diatiDCtsess  at  higher  latitudes. 

The  variationBof  the  vertical  component  of  the  intensi^  (OIlow  the  same  periods  as 
thofle  of  the  horizontal  components. 

Irregviar  l^ariatioai  or  Ptrturiationt  of  Ihi  WaffTirtie  ISemoilt. — Tlie  magDetic 
needle,  especially  the  declination-needle,  freqnently  eiperiencea  accidental  deviatioDS^ 
which  deflect  it  more  or  lees  from  its  normal  position  for  various  intervals  of  time, 
sometimea  for  several  hours.  Some  of  these  disturbances  may  be  tzaced  to  known 
causes, — namely,  the  aurora  borealis,  earthquakes,  and  volcanic  eruptions.  But  few 
observations  have  been  made  on  the  perturbations  arising  from  the  two  latter  causes; 
which,  moreover,  produce  sensible  effects  at  small  dietanceii  only.  The  deviations 
arising  from  these  inwular  disturbances  rarely  exceed  a  fraction  of  a  degree,  and  the 
needle  returns  to  its  primitive  position  as  soon  as  the  disturbing  cause  has  eaased  to  act. 

The  eoineidenoe  ot  the  aorora  borealis  with  certain  pertnrbationB  of  the  mognetia 
needle  was  discovered  in  1710  by  Cetains  and  Hiorter.  During  the  occurrence  of 
an  aororH,  the  dedination-Deedle  is  seen  to  deviate  Irom  its  normal  position,  even  in 
laealitieBwherethemeteoritMlf  is  not  visible  1  so  that  the  inspection  of  the  needle  ofteo 
serves  to  annonnce  ths  prssrace  of  an  aurora,  no  tnce  of  which  can  be  directly  seen. 
In  our  latitude,  ths  deviation  does  not  exceed  20'i  but  it  is  greater  in  the  Arctic  r^iom^ 
wher^  indeed,  the  phenomenon  has  been  principally  studied.  The  culminating  point  of 
the  auroral  arch  is  always  situated  in  the  magnetic  meridian  of  the  place,  and  the 
centre  of  the  crown  to  which  the  streams  of  light  converge  is  situated  on  the  pro- 
longation of  the  line  of  the  dip.  So  long  as  the  auroral  arch  is  stationary,  the  needla 
remains  nearly  at  rest ;  bat  as  soon  as  the  arch  begins  to  throw  ont  streamers,  the  needle 
oscillates,  sometimes  through  several  dwrees,  "Sib  effects  are  more  dedded  in  [avpor- 
tion  to  the  brightness  of  the  aurora.  The  d^  and  the  intensi^  ore  likewise  Bf[^d«d 
by  the  aurora  as  well  as  the  declination. 

The  establishment  of  magnetic  observBtories,  in  which  the  modons  of  the  needle  are 
observed  continnooely,  has  Ted  to  the  discovery  of  perturbations  which  cannot  be  attri- 
bute to  any  of  the  preceding  causes.  One  of  the  most  remarkable  f^cls  brou(^  to 
li^t,  by  observing  the  movements  of  the  poweiAil  magnets  with  which  these  establish- 
ments are  furnished,  is  that  the  mjumetism  of  the  earth  is  in  a  state  of  constant  fluc- 
tuation, like  the  waves  of  the  sea.  Hence,  in  sto^ng  the  diurnal,  annual,  and  Kecular 
variations  of  the  declination,  Ac,  it  is  neeessar;  to  take  the  mean  of  a  Isrge  number 
of  obaervationB,  in  order  to  eUnuoate  the  irreguar  ABtnrbanees  and  bring  out  the 
general  laws. 


Another  very  ranaibble  phenomenon  ii  the  simultaneous  oeenrrenoe  of  masnetio 
perturbations  in  very  distAnt  countries.  Thus,  Solnne  mentions  a  magnetic  disturaance 
which  was  felt  simidtaaeoasl^  at  Toronto,  the  Cape,  Prague,  and  Van  Diemen's  Land. 


This  eoinddence  of  magnetic  perturbations  is  so  exact,  that  it  has  been  proposed  II 
make  use  of  them  in  determining  the  longitude  of  the  place  of  otservation.  Humboldt 
and  Oltmann,  in  ISOfl,  observed  B(Hne  remaikaUe  perturbaUons  recnrring  at  the  same 
hours  for  several  snceeasive  nights.  These  simultaneous  pertncbances  have  received 
the  name  of  ntagrutie  ttoma. 

There  are  also  local  perturbations  extending  to  small  distances  only.  Humboldt 
mentions  one  which  was  observed  in  the  Saxon  mines,  but  was  imperceptible  at  Berlin. 
Magnetic  storms  observed  nmoltaneoosly  from  Sicily  to  Upsals,  were  imperceptibla 
between  Upsala  and  Altona. 

aKAOXTBTO-IUBCTKXCZTTa  The  deTelopmeut  of  electricity  by  magnetia 
action.     (See  ELEcmicrTT,  ii.  451.) 
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Tf  Aglf  TftWI'M  Thu  nuns  i«  specullj  applied  to  eartun  iflitntmillU 
densed  by  Gauss  for  meuimiig  the  intensity  of  ths  earth's  magaetif  fbroe.  (Sea 
Brcquerel,  TraiU  dt  t  BXtetridU  et  du  iii^netuma,  tt>me  Tii.,  ud  Dag  tin.  Trait* 
dtPhyique,  iiL  7S.) 

KASVXuas,    Dstt's  name  for  Magceuiua :  it  is  also  adopted  bj  CJmelin  in  his 

WUMMarmmMrrm.     A  eompooQd  of  feme  oxida  and  msgnemii,  2UgK).3Pe'0* 

or  SMgfO.lFe'O*,  occniTin$[  in  cKtohednl  crjstAU  among  the  prodncte  of  the  ernptioD 
orVesuvJas  in  ISSS,  Specific  gr&vitj  about  I'S.  (Bammalsberg,  Fogg.  Aaa.  crii. 
467  ;  Jahreeber.  1806,  p.  TTS.) 

See  Ur^t  Diclionaty  o/ArU,  ^.  iii,  IB. 

Zra  jtfou.— Tbe  composition  of  the  p»in  of  this  plant  and  of  its  ash  is 

in  the  article  Chbuls  (i.  S2S,S27).    See  also  Zmn.    Onthegcrmiuatioa  of  maize, 
Planta  (Jahmber.  1860,  p.  613).     On  the  grovtii  of  maize  in  aqueous  solo- 
>f  its  DooBtituents,  seoSCohmann  (Hid.  1861,  p.  73*). 
kf  OK&VA.     See  MuiOMK. 
kXlVAB  MUTl'Sa.     Sjn.  with  QiUK  BctTEK  (iL  7S8). 

Native  carbonate  of  copper.     (See  CmDnsk'rmi,  i.  783.) 
'■,  also  called   8Mite,  Fyrgom,  Fa»»aitt.—K  variely  of  angjtfs 
consisting  of  silicate  of  calcdom  and  magneaium,  vith  more  or  less  iron  (ferroBunk),  a 
Email  portion  of  the  bases  being  froqueutlj  ^su  replaced  by  vater. 

lUL&AOOWa.  A  miDeial  having  the  form  of  zircon,  and  nearly  related  to  it  in 
composition.  Hardness  —  SB.  Specific  graritj  —  S'S  to  4-06,  Brown  and  vilRons 
to  submsinooa;  powiiT  reddish  bcoirn  or  nncoloured. 

^Wj^ses.— 0.  FromHitteroe,Nonraj,b7S<:heerer(Pogg.AnQ.liii.436}.— i.  From 
the  Ilmangebirg,  by  Hermann  (J.  pr.  Chem.  liii.  323).— c.  From  Chantelonbe,  HaatA 
VienDS,  by  Damonr  {RammtUbtrg'i  Stina-alchcmie,  p.  891): 

ao<  EtO>       Fi<0>     Mn>0>     1*0       Clio      H|*0       H<o 

a.  Sl-31      63-40      0-41      .    .      0'S4      0'.3e      O'll       303  -     9S-«S 

b.  31-87      fiS'SS      3-11      1-20 4-00  -     DSfiO 

e.     Sl-Ofi      SI'44      820      0-14      .    .       0-OS       .    .      3-09  •-     9909 

These  analyses  lead  to  the  formula  3(ZrO*.SiO^H*0  or  3&8iO<.H*0,  vhieb 
nqaitea  32-60  per  cent.  SiO',  64-22  ZiO>,  and  318  water. 

See  ALujc  icm,  Aianas  of. 
Syn.  with  AICTT.-IUIJC  aom,     (See  Mu.ic  btsbbs.) 
Syn.  with  PHiirTL-iuiJiiini. 
■lAaay^HO  AOnt.     Syn.  with  PmDnn.-MAUHic  acm. 
M  »a  (f^LHtmi    Syn.  with  PHBKii>iui.ajuni. 

auxato  AOXn.    CH'O'- '^gl'^'jo'.     PynmiUia  aad.     I^/ntorbk  aeid. 

gjassaignc,  Ann.  Ch.  Pbya.  [2]  il  S3.— Pelonie,  ibid.  Ivi.  72.— LUbig,  Ann.  Ch. 
harm.  zi.  276.— Biichner,  ib,d.  ilix.  ST.— Eekul&  Ann.  Ch.  Phaim.  SuppL  i.  129; 
ii.SS;  Jahrenber.  1861,  p.  3S1;  1862.  pp  308,  319.— Om.  viil  IGl.) — An  acid  isomerio 
with  fumarie  acid,  and  differing  itom  malic  acid  (CH'O)  l>^  1  at.,  water.  It  is  pro- 
dncod,  t<^ther  with  fomaric  acid,  by  the  di^  diatulatton  of  malic  add.  It  has  not  yM 
beenfaand  ready  formed  in  any  plant.  Eqntsetic  add,  obtained  from  Eqtd»tt»r»  jiltvia' 
tilr,  was  for  some  time  regarded,  on  the  authority  of  Bsgnault,  as  identical  witb  maleio 
acid ;  but  Baup  has  shown  that  it  is  really  identical  wiui  acamtjc  acid  (CH'O*). 

To  prepare  maleic  acid,  malic  acid  is  heated  in  a  capadous  retort,  of  which  it  fills 
about  a  fourth,  the  distLUation  being  pushed  on  rapidly.  Water  then  paaSM  orer  BiM ; 
afterwards,  white  Taponrs  of  maleic  acid,  which  condense  in  the  waler.  As  soon  as 
the  reddne  in  the  retort  thickeos,  the  fire  must  be  withdrawn  ;  the  dislillalion  then 
goes  on  of  itself  for  some  time,  till  a  solid  residue  is  left  in  the  retort,  consiiting  of 
ramaiic  acid.  An  additional  qnantity  of  maleic  add  may  be  obtained  by  diitiUing 
this  leddue  at  a  higher  temperature ;  but  the  product  is  then  coloured  and  difficult  to 
purify.  By  evqiorating  tlie  dislillsite  at  a  gentle  heat,  the  maleic  add  is  obtained  in 
crystals. 

Maleic  acid  crystaUises  in  oblique,  rhombo'idsl  prisnis,  genenlly  having  their  luminite 
modified  with  octahedral  &ces.  It  is  colouriess  and  inodorous  ;  its  taste,  sour  at  firat, 
soon  excites  a  Tery  UDpleasnnl  seusnt  ion  of  nausea.  It  is  very  soluble  in  wuler  and  in 
oleohol;  disaolvfts  also  in  ether.    The  aqueous  solution  reddens  litmus  stronifly  ;  when 
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left  to  itself  in  an  opeo  TMsel,  it  ereepa  up  the  laAet  mi  efHonsKa  is  tnnaa  lik* 
c*Dlifiov«'  haado. 

The  ci7*tala  melt  &t  about  lSO°,uidthe  liquid  add  begina  to  boil  at  about  1S0°,  being 
then  resolTed  into  watm  and  m&leio  anhydride,  C^HH}>.     If  the  BCid,  instead  of 


being  rapidly  heated  to  IS0°,  ba  boiled  in  a  rtrj  Ions  and  narrow  tobe,  so  that  the 
water  which  escapee  is  obliged  to  &I1  back  upon  it,  the  moleic  acid  is  converted  into 
the  isomeric  bot^  fumario  acid.  The  aame  tranafonoatioa  totea  place  on  hsoting 
the  acid  in  a  tabe  sealed  at  botb  ends. 

MaleieaddlBBlsaoonreTtedintDhniarieaddbjheatiiieitwitliooncentxatedAyiinadiii 
or  Imdrobroniie  acid,  or  bj  boiliog  for  some  time  wiui  dilata  nitric  aoid.  Whea 
hydnodic  acid  is  need,  the  famar"  "^i*  J"  ■    " 

Mklaie  add  in  oontaot  with  w 
oonvcstedititoflnccinio  acid: 

CH-O"     +     H*        -        CH»0* 
lUlela  Saednlo 

The  same  tnJufonnation  takee  place  when  nuleaCe  of  oalciom  ti  fermented  in  coit' 
tact  with  cheese.    (DesBaignes.) 

In  contact  with watet  and Sr0ntMU,maIeic  acid  is  coavetted  into  dibromoanceinle 
acid,  C*H*Br*0<,  and  another  mora  soluble  acid  of  the  aame  oompoaition,  called  iso- 
dibromoBuccinie  acid.    (Kekali.) 

MkLsaTBB. — Maleicaddiadibaaic,  tbnDing  acid  ((iU(,C'H*HO<,  and  «i#u(ra/MUs, 
CH'M'O'.  The  maleates  bear  considerable  resemblance  to  the  Aunanttea,  with  which 
they  are  isomeric ;  but  they  may  be  distingnished  by  the  dilSferenee  of  solabiUty  between 
fumaric  and  moleic  acid :  solutions  of  the  moleates  are  not  prei^pitated  by  other  acids, 
whereas  on  adding  a  mineral  acid  to  the  solution  of  a  fomarate  (ntffldenlJy  concen- 
trated and  not  warm)  a  precipitate  of  fumario  add  is  formed. 

Sfaleatet  0/  Animonium. — a,  The  nnrimi  soii  is  obtainedaaa  Crystalline  jelly  by 
saturating  the  aqueous  solution  of  the  add  with  ammonia,  and  CTaporating  orer  lime 
in  naaie.  Absolnt«  alcohol  added  to  the  concentrated  aqneous  solution  tluows  down 
the  salt  in  tlie  form  of  a  white  crystaUine  powder,  whicn  may  be  dried  by  repeated 
washing  with  alcohol,  and  preeaing  between  paper,  bat,  when  exposed  to  the  air, 
quickly  beronieB  glutinous  and  deli()ne6ceut  (Biicbuer).  This  salt  does  not  predpl* 
tato  a  solution  of  sesquichloride  of  uon,  a  chBiBcl«r  which  distingniahes  it  from  uie 
corresponding  salt  of  aeonitic  add. 

0.  The  acui  h/<  is  obtained  by  ezaeOy  neatralisina  a  known  qtuwti^  of  the  aqoeona 
add  with  ammonia,  then  adding  an  equal  qnanti^  of  the  add,  and  CTaporating  to  th« 
cJTStalliaing  point  at  a  gentle  heatL  It  fbrtna  crystalline  Iw-Tnipw*,  which  are  permanent 
in  the  air,  redden  litmus,  and  give  off  nothing  at  100°  :  their  solution  CTolTea  ammonia 
when  boiled ;  it  is  Tery  easily  soluble  in  water,  but  not  in  alcohol 

lialeattt  0/ Barium,  a.  tIeiUral  lOll.  CH'Ba'OraH'O.— l.  Maleic  add  forms 
with  baryta-water  a  pulverulent  precipitate,  which  disappears  on  the  addition  of  a  small 
quanti^  of  ctJd  water,  but  reappears  after  a  while  in  shining  scales  (LasBaigue). 
According  to  Felonzs,  the  precipitate  is  converted  into  the  crystalline  sc^es,  even  with- 
out addition  of  water.  On  ad£ng  a  BatmBted  solution  of  b^Tta-water  to  the  concen- 
trated aqneous  add,  the  precipitate  redissolres  at  fiiat  in  the  eice«  of  odd;  eren  when 
soffident  lAryta-wster  has  been  added  to  neatralise  the  add,  the  ptedpilatc  is  but 
nnoU :  Int,  after  a  few  minutes,  the  whole  eolidifles  to  a  tremulous  gelatinous  mass, 
resembling  hydrate  of  aluminium,  which,  afler  being  pressed,  dries  np  to  small  cryetol- 
line  lamina.  These  crystals  are  obtained  still  more  distJnct  on  evaporating  the 
aqueous  salntioD{ftegnanltJ.^2.  The  salt  is  alao  obtained  by  adding  carbonate  of 
barium  to  the  hot  aqueous  Odd,  as  long  aa  effervtecence  continues,  then  filtering  hot, 
and  leaving  the  solution  to  crystallise  (Bnchner), — 3.  The  concentfated  add  added 
to  acetate  of  barium  throws  down  a  white  crysUUo-grannlar,  neutral  salt.  Part  of  the 
aalt,  however,  remains  dissolved  in  the  acetic  add  which  is  set  free,  and  may  he  preH- 
pHated  by  ammonia :  this  portion  is  also  crystallo-grBUular,  and  has  the  same  compo- 
aition  (Biichuer).  The  salt  crystallises  firom  its  squeona  solution  on  cooling,  in  small 
■hining  needles  united  in  stellate  groups;  and  the  solution,  when  evaporated  at  a  tem- 
perators  below  its  boiling  point,  becomes  covered  with  a  cryetalline  crust  {Bitchnor). 
The  OTstals,  after  drying  m  the  air,  lose  e-S2  per  cent.  (1  at.)  water  at  100°  (Biich- 
ner),  and  7-3  per  cent,  at  1S0°  (Begnault).  They  dinolve  sparingly  in  odd  water 
(in  0  pts.  water  at  20°,  according  to  Ri^nanlt),  with  tolerable  facilitj  in  boiling  water, 
easily  in  aqneous  maleic  or  acetic  acid,  easily  also  in  excess  of  batyta-water. 

p.  Add  tail,  CH'Ba0'.|H'O.— Obtuned  by  satoraKug  the  aqueous  add  with  tha 
neutiel  salt ;  or  by  aaturating  a  known  quantity  of  the  boiling  aqu^ua  add  nith  car* 
bonate  of  bariam,  and  adding  another  equal  quantity  of  add  to  the  hot  flltnttft  Tha 
resulting  aolutJoD  yields,  otter  rather  strong  concenti^tiou,  indistinct  crystals,  which 
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reddni  litmni,  giTeefftheirtioleof  that  ynterot  oTBtalluatiMi  (IB'dTpar  eant)  at 

100°,  uul  diaaoWe  in  Titer,  but  not  in  BloohoL    (Bnctmer.) 

Afaleatet  o/  Cttleiu7n.—<L  "Hie  nnlral  tait,  C*HK;«*0'.HK),  u  obtained,  roocnd- 
ing  to  BSchner,  in  small  needles  Terr  Bolable  ia  intBr,  bnt  innlnble  in  alcohol,  Irf 
ntiuBtLiig  the  boiling  aqueoiu  add  mth  carbonate  of  calciom  and  eoncontrating  the 
iUtTste  at  a  gentle  heat  According  to  Felooze^  a  eolntion  of  maleate  of  potasnam 
mixed  with  coocentrated  aqoeoua  chloride  of  calcium  remaina  cleai'.  bnt  bAst  a  few 
da^B  dcipoaita  needlea  vhidi  are  bnt  Bpariogl;  soluble  in  water.  By  latarating  ths 
boiling  acid  with  carbonate  of  caldam  and  eraponting  the  filtrate  at  ■  gentle  iieat, 
■mall  nesdlea  are  obtiiined  nnitod  in  saline  cmata  ;  thej  do  not  give  cSanj  water  at 
100°;  dinolve  readily  in  water,  bnt  not  in  alcohol  (Baehnar}.  This  salt,  when  fer- 
mented witli  casein,  u  eonTerled  into  smteinate  of  caldiun.     (DessaigDes.) 

0.  The  acid  #aU.  SC'H'CaO'.SHK),  ia  formed  b;  dinsolving  tlie  neutral  salt  in  a 
qiumtity  of  the  aqueoiu  acid  eqosl  to  that  which  it  alreadj  eontuns,  and  concentrating 
the  eolation  somewhat  strongly.  It  forms  long  rhombic  prisms,  which  ars  permanent 
in  the  ur,  redden  litmus,  give  off  24'1  per  cent  It  at)  of  water  at  100",  and  diaaolva 
readilj  in  water,  but  not  in  alcohoL  Oxalic  add  added  to  the  eolation,  throws  down 
the  lime.    (Bnchner.) 

lifaleaie  o/  Copper,  CEKaHi*. — 1.  On  boiling  carbonate  of  copper  in  the  aqneoua 
arid,  the  filtrate  ia  ftnind  to  eontun  in  solutioa  but  a  small  qoantitj  of  (ult,  which 
crysEalliaes  oat  on  araporation ;  if  the  reaidue  on  the  filter  be  &eed  fnim  the  carbonate 
of  FOpper  still  adhering  to  il^  br  mratiB  of  dilate  acetic  acid,  which  dissotTiie  bnt  a 
small  qnantitj  of  the  ideate,  the  latter  remains  In  the  fbrm  of  ciyatals,  which  may  be 
washed  with  cold  water.—  2.  When  ■  concentrated  solatlan  of  acetats  of  rapper  is 
mixed  with  an  equivalent  qoautity  of  maleic  acid,  and  evaporated  at  a  gentle  boat, 
acedc  acid  goes  i^  and  mueata  of  copper  crystallisea  out ;  the  crystals  must  be  washed 
with  cold  water.  The  light  blue  crystaJa  are  bat  sparingly  soluble  in  wateTj  eyan  at  ft 
boiling  beat  bat  dissolve  readilj  in  aqneoos  ammonia.     (BEchner.) 

Maltale  of  Cupr ammonium. — The  dark  blue  ealation  of  maleate  of  eoE^Mr  in 
ammonia  may  be  evaporated,  even  near  its  boiling  point,  without  loss  of  ammonia,  aod 
alcohol  added  to  the  ooacsntrat«d  solutioa  precipitates  tjie  compound  in  the  form  of  a 
neutral,  asure-blue,  ciystalline  povrder,  which  gives  off  ammonia  when  heated  with 
potaah,  and  diasolvefl  readilj  in  water,  bat  not  in  aloohoL    (Bachner.) 

Maleate  of  Iron  [ferricum). — Neither  maleic  acid  nor  malaate  of  potaasiiim  preci- 
pilatea  fertio  acet«te ;  neither  is  fenic  chloride  precipitated  1^  mideata  of  ammonituo. 
A  boiling  eolation  of  maleic  acid  dissolve*  a  imall  quantity  of  ferric  hjilrate,  fimning 
a  brownish  solution  which  yields  a  red-brown  sjrmp  on  evaporation. 

iialeatt  of  Lead,  C*HTPb'0'.3HK).— 1.  Free  maJeic  add  forme  a  piwrfpitate 
with  neutral  acetate  of  lead  (Lassaigne),  hut  not  with  the  nitrate  (Braconnot)  ;  if 
the  solution  ia  dilate,  the  white  precipitate  changes  in  a  fbw  minutes  into  shining 
— '-    -  -s  laminfe ;   but  if  the  somlion  is  cocoentrated,  and  the  acetate  of  lead  i- 


Ifl'5  per  cent  (3  at)  water  (PetouEe).— 2.  Maleate  of  potassium  added  t 
lead,  throws  down  white  fiaxes  ;  these  soon  change  to  a  translncant  paaty  mass,  and 
then,  when  washed  upon  a  filter,  diminish  oonsidraahly  in  volume,  and  are  converted 
into  small  pearly  needlea  (Lasaaigne).  The  salt  dissolves  in  nitlii:^  bnt  not  in 
■cetic  add.     (BracannoL) 

Maltatttof  Maanetiyim.  a.  Neutnd latl,  CH'Ug'O' (at  100°).— Ths  aquMtu 
add  saturated  at  the  boiling  heat  with  carbonate  of  magnesiam.  yields  a  liquor  wbidl 
leaves  on  evaporation  a  tumefied  nraosy  mast  paifecUy  soluble  in  vtXa.  The  oon- 
eentrated  solution  of  the  s^  yields  with  alcohol  a  bul^  precipitate,  iriiidi  is  not 
hjgrometric,  but  gives  off  27'36  percent  water  at  100":  it  la  very  soluble  in  water  and 
in  dilnts  alcohoL 

0.  Jcidtall.  CTH'MgO'.BHK).— Bycooliagaaolationof  1  at  of  the  nential  salt,  and 
1  at  maleic  add  in  hot  water,  smajl  transparent  and  coloorleas  rhombic  eryatals  are 
obtEuned,  which  redden  litmus  strongly,  grate  between  the  teeth,  taste  like  Epsom 
Salts,  and  dissolve  readily  in  water,  but  are  insolutde  in  alcohoL  At  100°,  tbey  give 
«ff  31'S5  per  cent  water. 

Maleate  of  Siaiel,  C'E^i'OVH'O.— By  boiling  the  aoqueons  add  with  car- 
bonate of  nit^el,  and  evaporating  the  dark  green,  slightly  scid  filtrate,  a  gommiy 
liquid  is  obtained,  and  ultimately  apple-green  ciyitols  and  cryttaUioe  croata,  insolabla 
in  alcohol,  but  readily  soluble  in  water.    (Bfichner.) 

Maleatis  of  P'olataium  a.  Tha  neutral  tall,  C'RiE'D*  (&t  100°),  it  obtained 
by  satnrating  the  add  with  carbonate  of  potaatiiu)],  and  evapoiMuig,  in  isdiata  a;staU 
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which  AN  foft  Hka  irsx,  vary  Bolable  in  vatai,  bnt  inaoInUe  in  kleohol.  On  oddiog 
Hleohol  to  the  eoneetitnUi  ■qofoua  aolntion,  tiiia  gtlt  ia  pndpitatad  U  ft  gnoolo- 
CryBtalline  powder.  

$.  Acid  lalt,  2CH^0*.H'0.— On  MtnratJiig  tie  add  with  carhonate  ofpotMBittm, 
adding  an  ranni  qaantitj  of  msleia  mcid,  uid  aooUag  the  Bolution,  after  mBdant  eon- 
eentratiDa,  this  Bait  ia  obtaiaed  in  sm^  dyatals  Ter;  eolnble  in  water ;  the  aolntion 
reddpna  litmnn.  The  salt  ia  inaolnble  in  alcohol.  It  doea  not  ^va  off  anf  "wtMt 
at  100°. 

On  adding  malrie  acid  to  a  eoneentratfd  aolution  of  the  nantral  potaaaie  eal^  no 
predpitata  u  formed  Immediatalj,  bat  tha  acid  aalt  ia  depoaited  aft<r  acma  Iudo. 
(Bncbner.) 

ilaUatl$  of  Silver,  a.  A^iitifra^  C'H'Ag<0<.—Tbe  acid  girw  so  precipitate  with 
bitxata  of  silTer,  bnt  maleate  of  polasaium  or  anunonium  throwa  down  a  white  preci- 
pitate (Lasaaigne,  Braconnot).  The  wtiiCe  pcefipitate  obtaiaed  with  an  alialine 
maleate  changes  in  a  few  hoore  to  tolerabl;  Urge,  trtuuporent  and  colonHesa  cfjratall, 
harine  an  adamantine  lustre ;  after  dicing,  it  detonalea  slightlj  on  tha  appUcatdon  of 
ftgenUaheat.    (Liebio-) 

fi.  Acid  ta!t,  VB^AeP'  (at  100°).— Obtained  in  fine  colonriesa  needles  }>j  mixing  • 
(Kitntian  of  maleie  actdwith  nitrate  of  ailrfli.  and  evaporating  at  a  gentle  heat. 

Maltatta  of  Sodium,  a.  Jf'uffW,  CH^aK)*.— The  aqueoiui  add  utnrated  with 
carbonate  of  aodinai  and  araporated,  jields  a  magma  of  needles  on  cooling.  The  salt  U 
predpitated  trota  iU  aqaeona  eolation  hj  alcohol,  aa  a  aTstalline  powdw.  It  ia  not 
deUqoeaceot. 

&  The  add  taU,  C*H<}IaO'.3H'0,  obtained  like  the  add  potaadnm-aslt,  forms 
ibombotdsl  priame,  Bperinglj  solnble  in  cold,  more  solnbla  in  boiling  water,  insoluble 
in  alcohol  The  aolntion  has  on  add  reaction.  The  ci^atala  contain  2S*3  per  eenk 
cryBtollisation- water,  which  they  give  off  at  100°. 

Sodio-poliuiic  mnleaU,  CH'KNaO'S'O.^On  neatraliaing  an  aqueons  solntion  of 
maleate  of  sodiom  with  carbonate  of  polaaaiiBn,  then  eraporating  and  nioling  the  STrap, 
a  few  email  CFfstals  are  obtained,  floating  in  a  gehitinona  mother-liquid.  On  predpi- 
tating  the  concentrated  aqueous  solution  with  absolnte  alcohol,  and  setting  the  cijatal' 
line  manoa  aside  in  contact  with  absolute  alcohol,  there  is  Qnall;  obtained  a  white, 
eaailj  d^iquescent,  crystalline  powder,  which  givca  off  S'13  per  cenL  (2  at.)  water  it. 
lOOO,  and  oonlains  2S'5fi  per  c«nt.  potasb,  and  1704  per  cent.  soda.     (Baohner.) 

KeiUier  the  ammonio-potaaaic  nor  the  aiainonio.eodic  salt  hae  yet  baea  obtained. 

Maltatei  of  Strontium.— a.  Tha  matraltaU,  CH'Sr'O'.fiH'O,  fbnna  siikj 
needles.— 0._  Tha  aaid  lali,  CH^rO^.+ffO,  obtained  like  the  coireqronding  barinio- 
aalt,  crrstAlliBeB  in  rectangular  prisma,  whidi  are  limpid,  and  acid  to  litmus-paper. 
Tha  salt  ia  soluble  in  water,  bi^  meoluble  in  aloohoL  It  girea  off  the  whc^  of  ita 
water  (31-4  per  cent.)  at  100°.    (Ehchner.) 

Maltatt  of  Zinc,  C*H'^*0<.aH*0.— On  boiling  the  aqneons  aeid  with  caAonat* 
of  zinc,  and  eraporating  l^e  filtrate  at  a  gentle  heat,  gelatinous  fiocks  aie  depoaited, 
which  become  eompletelf  ojataHine  on  standing.  The  solution  when  heated,  depodta 
the  aalt  in  e^ratallne  erosta.  The  arjFStaU  do  not  lose  anything  at  100° ;  thj^  art 
Teiy  aolnble  in  watar,  bnt  insoluble  in  aleohoL    (Bnchner.) 

BuUUtutiaK-derivativei  of  Haletc  Acid, 

Ualde  add  doea  not  yield  sabslitntion'faoducts  by  the  diMct  aetioa  of  chlorine  or 
bromine ;  but  ctmiponnda  have  been  obtained  by  indireet  proceesea,  having  the  compo- 
aition  of  these  aubatitntioQ-producta,  and  analogoaa  to  aiueic  add  in  their  propeitiea. 

*■ BBliilM  BAlda.    Iliese  eampo«ndB  om  pfodued  by  the  deoMoponticai  of 

the  Immiinated  derivativee  of  sncdnin  add. 

Monobromomaitie  acid,  CHiBrO*. — Of  this  add  thma  are  fool  modiAMti«i& 
Oaet^  tbam,  oauaUy  called  bromomaleio  acid,  ia  obtained,  aa  an  add  buiom-nl^ 
by  boiling  an  aqueoua  aolntion  of  dibromoaBccinata  of  barium : 


reeol<^at  abont  lfiV°,  into  water  and  bromomaleic  anhydride,  an  oiIt  liquid, 
which,  aA«r  repeated  rectiflcation,  boils  at  about  213°,  and  in  contact  with  water  IS  alowly 
reconverted  into  the  acid. 

BromomaJdc  add  ia  converted  by  sodium-amalgam  into  Eocdnic  add.     It  doaa  not^ 
lik*  biomomalic  add,  yiehl  tartan:  add  when  boiled  with  Hma.    When  heated  to  100° 


788  MALEIC  ACID  — MALEIC  ANEYCBIDE. 

•with  nbn  and  brtnmii,  it  ^elda  a  ajitalluable,  deliquescent  kcid,  which  app«*n  to 
badibTomotsrtaTie  »cid: 

CmBrO*  +   ZBi"  +   2HK)     -     OH'Br'O*  +   3HBr. 

Bromomaleie  acid  is  dibadci  Its  salts  beoiJI;  ibrm  nodulea  of  iiidi<tiaet  crjitiii. 
The  tiiver-iall,  CHBrA^'C,  leparatea,  on  mixiiig  broniQinaleBte  of  unmoDinm  with 
DitTBte  of  silver,  ts  a  vhile  amorphouB  pi«dpitaU^  which  ma;  bs  o^atKlliwd  withoat 
decomposition  from  baili^  water.    (Kekulft.) 

ItobromomaUie  aeid.  This  acid,  isomeric  with  die  pni<eding,  ia  produeed  bv  boating 
isodihromosnecinia  add  to  180°,  or  1^  boiling  and  eraponting  its  oqneons  solation : 

O'H'BrK)*     -     CHfflrO'  +   HBt; 
also  by  boiling  isodibiomosncdnic  sahydrida  with  water. 

Isobromomueie  add,  is  verj  mnch  like  bromomaleie  add,  hnt  melts  at  a  higher 
tempFiatnre,  vii.  160°.    Its  tilver-talt  is  easilj  decomposed  bj  boiling  with  water. 

Ito6roniomalae  anM/dride,  CHBrO'.O,  is  obtained,  with  erolntion  of  hydrobromio 
add,  on  heating  isoditovmoencdnic  anhydride  to  180°.    It  ia  etjetaUiuible. 

Two  other  adds  having  the  oompodtion  of  bramomalale  add,  viz.  nu^n-  and  para- 
bronomaieie  aeid,  are  fbnnd,  together  with  dibromoancdnio  add,  in  the  most  s^nble 
portion  of  the  secondary  piodncts  mmltiiigfrom  the  action  of  bromine  on  tncdnic  add. 
Botii  are  crystalliaable  and  my  soluble  in  WHtar.  The  former  melts  at  128°— 1S7° ; 
the  latter  at  172°.  Their  silver^alts  are  more  stAble  thao  that  of  isobromomalde  ad± 

Dibratnosialtie  aeid,  ^g,|o*. — This  add  is  prodaeed,  in  small  quantity, 
togeUiw  with  dibromonednio  add,  and  the  two  last-msntioDed  modifications  of  mono- 
bromomsltdc  add,  by  the  action  of  bromine  on  succinic  add.  It  ia  fonnd  in  the  last 
mother-liqiiora,  and  ma;  be  obtained  therefrom  by  distillation  and  slow  eraporation  (^ 
tbe  distilkte.  It  is  probably  a  prodnet  of  the  decomposition  c^  pteriously  fiirmed 
tribromosnceinic  add. 

Dibionioiaaleic  add  a^staUises  in  nodular  groiM  of  large  needles.  It  is  ntremdy 
solnbl^ud  TotatiliaeB  with  the  aqueous  Taponn.  Melts  at  1 1  S°.  lu  Uad- toi.  lilvtr- 
taltt  are  ciystalline  precipitatee,  which  detonate  when  haated ;  the  nlrer-salt,  alao,  by 
percasdon.    (Esknli,  LeJtriucA  d.  org.  OhanU,  iL  3Ifi.— Ann.  Ch.  Fhaim.  ctot.  I.) 

OMoramalelo  boU.  ^,  |  O'.— Obtained  by  the  action  of  pentadiloride  of 

photphoms  on  tartaric  add.  When  1  pt.  of  tartaric  acid  is  heated  with  S  or  6  p(«.  of 
Ulfl  pentachlaride,  large  qnantitiea  of  hydrochloric  add  are  eTolved,  together  with  oxy- 
chlorids  of  pho^homB,  whidi  mnst  be  removed  by  prolonged  haatmft  to  120"  in  a 
CDTreDt  of  air.  Tix  rcddne  eonttsta  of  oily  cUorida  of  dUoromaltyl,  C'HCIO'.CI',  which 
u  resolTed  by  water  into  hydcDChlorie  and  chloromaldc  adds. 

The  reactaoa  may  be  explained  aa  follows : — The  flist  prodiut  of  the  action  of  penta- 
chbride  M  phosphonu  on  tartadc  add  is  the  tebachloride  of  the  radicle  of  that  add ; 

^''^If^'to'  +   4PCI'     -     CH'O'.Cl'  +   iPOCl'  +  4HC1, 
Tuuils  aetd,  Titnehlarlda 

nid  this  tebachloride,  which  ii  identieal  with  dichloride  of  diehloroanednyl,  is  resolTod 
by  heat  (in  a  manner  analogous  to  the  decompodtion  of  isodibromoeacdnic  acid,  already 
meotioiied)  into  bydiochlocic  add  and  dichloride  of  monocUoromaleyl : 

CH'Ci'O'.ci'   ~   c^Hcio'.a'  +  Hca. 

Dkbkirlde  orOlcbloio-  Dlctiloildt  sT 

Htednrl*  chlonsnalert- 

Chloromalde  add  fbms  white  microscopio  needles,  soluble  in  watar  and  ftisibia  by 
heat  It  is  dibasic.  The  lead-  and  tUvtr-ialt*  are  cryiiaUine  prvdpitatM.  (Perkin 
and  Dnppa,  Ann.  Ch.  Pharm.  cxt.  IDS.) 

Iionaliie  aoid,  CHK}>. 

iKtmalic  aeid  (p.  794),  treated  with  pentachloride  of  pbosphoma,  yields  a  chloride, 

whidi,  when  in  contact  with  water,  is  conrerted  into  this  add,  isomeric  with  malaia 

Isomaldo  aoid  is  cfyatalliaable,  less  lolable  in  water  than  maleic  add,  more  solobia 
than  ftamarie  add.  The  naiiral  potaitium-tali  forms  deliqaescent  ciystala.  The 
Uad-vdt  is  an  amorphotu  precipitate.  The  later-talt  is  Tciy  aolnble  in  water,  and  its 
HolutioD,  irtien  boiled,  depwits  metallie  silrer.    (Eimmerer,  J.  pr.  Chem.  IxsxTiii. 

r.  1868,  p.  378.) 

craw  -  PHK)*.©.  (Peloute,  Ann.  C!h.  Phiwu 
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si.  3S3.— Eslinli,  ibid.  SnppL  ii.  ST.)— ThiB  oosipotuid  U  obUined  ^  nptcDr  dutil- 
ling  nutleio  acid,  uid  lecti^ng  the  [nodnct  Mreral  tmiee,  the  flnt  portion  oi  tbs  distil- 
Uta  being  each  time  r^ect«d.  It  ia  a  white  crrataUine  nuaa,  which  melts  M  £7°,  and 
boils  it  196°.    Iq  oaQtact  with  water  it  w  conrertad  into  nuileic  acid. 

Maleic  anhydride  miitee  directlj  with  bromin^prodocin^  a  gnEwtsnoe  which  hai  ths 
composition  of  dibromoenccinio  snl^dridB,  CH'Br'0',0,  is  converted  bj  water  into 
isodibromoBacdnic  acid,  and  is  nsolTed  at  180"  into  bydrobromia  add  and  isabiomo- 
maleic  anhydride,    (Keknl^) 

aKOlXO  ACXlh  CHK)*  -  tf''^'''J0'.  (Gm.  x.  306^~G»th.  L  787.)— This 
acid  wu  diacorend  by  Scheele  in  17SS,  bnt  its  compoaitjon  was  flist  oomctlT  deter- 
mined by  Liebig  (Ann.  Cii.  Phatm.  zivi.  ISfl).  It  ia  Teiy  widely  diffiised  in  the 
TegetaUe  kingdom,  and  iM  contained  in  plants,  sametJmeB  in  the  free  stat^,  sometimes 
in  the  tona  S  a  pataasJDm-,  calcitLm-,  or  nugnesium-salt.  It  is  fbond  in  abundance, 
together  with  citnc  acid,  in  nnripe  a^es,  in  the  frmts  of  the  barben;,  sloe,  elder, 
aiuL  monntain-ssb,  and  in  gooaeberriea,  cllerriee,  bilberries,  strawbetriea,  raapberriea, 
and  manj  other  acid  fruits.  It  is  likewise  found  in  the  roota  of  manb -mallow, 
angelica,  aristoloclua,  bryony,  liquorice,  primrose,  and  madder;  inearrot^andpotatoes; 


in  ths  leaves  and  stciut  of  aeomte,  belladonna,  hemn  celandine,  holy  thuCl^  lettuce, 
tobacco,  ptnpy,  me,  sage,  bonae-led:,  tansy,  thym^  valerian  and  melilot ;  in  the  flowers 
of  chamoBule,  elder,  and  moUsin ;  in  pine-applee  and  grapes ;  in  the  eeeda  of  carraway, 


cumin,  parsley,  aniie,  flax,  and  pepper ;  in  asaiietida,  opopanaz,  myrrh.  See. 

Halic  acid,  as  it  eaaU  in  plants,  exerta  a  rotatory  action  on  poUriaed  Ught.  An 
add  having  exactlj  the  lame  composition  and  propertiea,  indnding  the  rotaloir  power, 
is  produced,  according  to  Piria  (Ann.  Ch.  Phm  [3]  ixiL  IBO},  by  tie  action  of  nitrons 
aad  on  asparagin  or  on  active  aapartic  acid ;  but,  by  acting  witb  nitrons  acid  upon 
inactive  sspartic  add  (prtidnced  by  the  metamorphoeia  of  (nmarimide),  Fasteur  baa 
obtained  a  modiAcation  of  malic  acid  dettitote  at  tolatoiy  power  (Ann.  Ch.  Phya.  [3] 

Ifalie  add  ia  fiiund,  according  to  Berzelins,  among  the  residuee  of  the  preparation 
of  nitrous  ether.  Debua  (Ann.  Ch.  Pharm.  c  1]  could  not  delect  malic  acid  in  these 
residues,  bnt  ftiund  instead,  gLyoiyllc  add. 

Prtparatum From  t)ie  berria  of  lit  Xountain-ath.     These  likewise  oontAtn  amall 

quantities  of  tartaric  and  dtric  acii^  eapedall;  while  very  unripe.    (Liebig.) 

The  juIcs  of  mountain-ash  bemes,  not  quite  ripe,  after  being  pressed,  boUsd  Up  and 
filtered,  ia  portly  neutralised  with  carbonate  of  potassium,  leaving,  however,  a  sufficient 
excess  of  add  to  redden  litmus  pretty  strongly ;  then  prcdpitated  by  nitrate  of  lead 
(or  with  nendal  acetate  of  lead,  if  carbonate  of  potaaainm  ia  not  naxl) ;  set  aside  fbr 
a  few  days,  till  the  curdy  predpitate  ia  completely  converted  into  small  needles ;  these 
crystals  freed  from  the  admixed  mncoua  or  flocculent  compound  of  lead-oxide  and 
colouring  matter  (which  ia  particularly  abundant  when  acetate  of  lead  is  used)  by 
careftil  dutrialion  with  cold  water;  and,  laatly,  well  washed  with  water. — a.  The  needles 
are  boiled  with  a  quantity  of  dilute  sulphuric  add  not  gnfficlent  to  decompose  the 
whole  of  them,  as  long  aa  any  granular  deposit  continues  to  subside;  the  uniform  pulpy 
mass  mixed  with  aqueous  si^pDide  of  bannm,  till  a  filtered  sample  is  ibund  to  contiiin 
baryta  ;  the  liquid  filtered  (the  anlphide  of  lead  then  acting  aa  a  decolorising  agent) ; 
the  cotonrleSB  filtrate  boiled  with  eicesa  of  carbonate  of  barium ;  the  liquid  again 
filtered  (tartrate  and  dtrate  of  barium  remaining  on  the  flltsr) ;  the  baryta  predpitated 
from  the  filtrate  bj^  caretHii  addition  of  dilute  aulphuric  add ;  and  the  filtrate,  which 
should  show  no  turbidity,  either  with  sulpbnric  add  or  with  chloride  of  barium,  evapo- 
rated to  the  ciyatalliaing  point.  If  the  filtrate  should  become  turbid  on  addition  of 
snlphucic  add,  it  must  be  evaporated  down,  the  nsidne  exhanited  with  alcohol ;  the 
liquid  filtered  from  the  remaining  malate  of  barium ;  and  again  evaporated. — b.  Or 
the  needlea  of  Impure  malate  of  lead  are  boiled  with  a  alight  excess  of  dilate  snlphurie 
acid;  the  filtrate  diiided  into  two  equal  portions;  one  poiticn  exactly  nentraliaed  with 
ammonia;  the  other  portion  then  added;  and  the  reddiiui  liquid  evaporated  and  cooled; 
it  then  yields  nearij  eolonrleaa  myal^  of  arid  malate  of  ammonia,  which  may  be 
rendered  quite  colourless  by  reciy alalliBBtion.  These  cijalals  are  then  predptated  by 
acetate  of  lead,  and  the  predpitate,  after  thorough  washing  ia  decomposed  by  suf 
phydrioor  sulphuric  add.    (Liebig.) 

By  similar  processes,  malic  add  may  be  obtiuned  from  bouee-Ieek,  from  cherries  m 
barberries,  from  the  berries  of  Biv»  ooriaria,  from  the  stems  of  rhubarb,  from  apples, 
and  from  tobacco. 

Propertiet,  —  The  aqueous  solntioD  of  malie  add  concentrated  to  a  ^rup,  and  then 
left  to  evaporate  in  a  warm  place,  yields  groups  of  colourleea  Bhining  needles  or  laiama 
of  1  or  6  faces.    They  mrit  at  63°  C.  (FelouEe),  at  100°  (Faiteni),  and  do  not 
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■nfltar  tnj  loaa  of  vsi^t  U  120°.  They  ue  odonriaii  have  ■  loiir  tute,  md  deli- 
quaaca  in  the  air.    Hiilii;  &cid  is  lolubls  in  alcohoL 

The  eqaeoiie  solution  of  Mtire  nulic  add  rotates  the  plane  of  polaiisation  of  ■  Inminooa 
Ttj  to  the  left :  [a]  —  —  fi°.  Some  of  ite  ealts  possm  deitio-rotatoi;,  others  Isto- 
rotatoi;  power.  The  premnce  of  acids,  whether  minenl  or  oignnic,  increaaea  the 
tendency  to  hero-rotation.    (Faetani.) 

DeeompotiturTtt. — 1.  The  acid  heated  for  lomehoun  to  between  17S°  and  180°  io  » 
totort  placed  in  the  oil-batli,  is  lesolTed,  willlout  any  erotntion  of  gas  or  carbonisation, 
into  water,  maleio  acid,  which  pasatH  over  in  the  liquid  fbnn  with  the  water,  and 
cryatallisee  soon  aftflrwaide,  and  about  an  equal  quantity  of  fnmuic  acid  (ii.  741), 

Eut  of  which  distils  orer,  while  the  rat  rentaim  in  the  retoitin  the  fbnn  of  acijstiil- 
ne  maaa.  If  (he  malic  acid  be  enddanlj  heated  to  200°,  and  kept  for  some  time  at 
that  temperature,  a  comparatiTely  laive  qiunti^  of  maleic  add  ie  obtained ;  but  at 
IM",  the  malic  acid  is  teiy  slowly,  Gnt  alnMst  completely,  noolTed  into  water  aikd 
fdmanc  areid.  The  firtt  {oodnct  of  Hie  deWHnpoirition  ^eriiapa  cooaista  entirely  of 
maleie  acid,  whid^  howercr,  if  the  heat  be  not  quickly  maed  to  the  point  of  ndatiliT 
satioa,  is  converted  into  famaric  acid.    (Pnlonae.) 

If  a  atrong  Are  be  mode  to  act  immediately  on  the  malic  acid,  it  ewtfla  up,  tuns 
brown,  and  yields,  together  with  maleic  and  Aimaric  adds,  laign  quantities  of  car- 
bonic oiide  and  carbonic  anhydride,  empyrenmatic  oil,  and  chonnal,  which  maat  ba 
regarded  aa  decompoaition-prodacts  of  the  maleic  and  fnmaric,  not  of  the  malic  acid. 
(Lassaigne). — 2.  In  the  open  fire,  the  acid  bums  with  the  odoor  of  bamt  aogar.-^ 
8.  The  acid  in  combination  with  potaah  is  decomposed  by  broniiTie,  with  ibmation  of 
hromofoim  (Cahoars,  Ann,  Chim.  Pfays.  [3]  xiz.  607). — 4.  JUtrie  aeid  eaai^  oon- 
Terta  it  into  oxalic  add,  irilh  Hrolution  of  carbonic  anhydride. 

B.  By  the  action  of  rnfucjw  <^mb  it  is  amyetted  into  HDceinie  aeid.  Tharednc- 
tim  takes  place  readily  on  heating  it  with  concenliated  Ay^naJiD  oci^  to  130°  (8  ch  mitt, 
Ann.  Ch.  Fhann.  czir.  lOS) ;  abo  when  malote  of  caicinm  ia  fermented  in  contact 


withyeaat    (Piria,  ifiW.  In.  102;  Liebig,  lAW.  104,  and  383,) 

S.  By  alow  oxidatioD  in  the  cold  with  aeidehromaU  o/pott 
inalonI«Mid(Dessaigne^  Ann.  Oh.  Pharm.  criL  261): 


S.  Byalow  oxidation  in  the  coldwith  oi^eAri'mafe  i</)wfiti*iia(,itiJM*iTeitadmta 
.,._,.  ..r,  ,„       4igne^AnD.  Oh.  Pharm.  c»iL  261): 

CH-O-  +  0»  -  C"H*0*  +  H^  +  CO". 


B  eufxnilc  anhydride  (Dobereiner).  Boiled  in  dilate  aqneoaa  solntion  with 
mracidv d/ffion^aiuaa,  it  jielda  a  distiUaU  oentainiBg  alddiyde  (Liabift  Ann.  Cb. 
Phann.  exiii.  14). 

T.  Halio  add  gently  heated  with  exceea  of  potaiiie  igdraie,  ia  reatdved  int«  oialia 
■ndaeadeaeidB: 

CH'K'O*  +  KHO  -  CTH^O"  +  CKK)'  +  H". 

Whoi  malate  of  calcium  (1  pt.)  is  heated  with  pentaehloridi  of  phcnAonu  (4  pte.), 
chloride  of  fumaryl  paases  orer  (Perkin  and  Dnppa  (lAiif.  !•«'  24).  When 
malic  add  (1  at.)  ie  heated  with  the  pentochloride  (2  at.)  till  it  begiuB  to  turn  brown, 
and  the  product  is  decomposed  with  water,  fnmaric  a  c  i  d  is  obtain^  (Li6a-Bodar^ 
at<f.e.327.) 

MaLXTna. — Malic  add,  though  most  probably  tiutamic,  oe  shown  by  (he  consli- 
tntion  of  it*  amides  (pL  796),  contains  only  2  at.  hydrogen  replaceable  by  metals.    It 

may  thanfbre  beeonreniently  rapreannted  by  the  fbnnnla(C*HV)~VO*(aimilartothat 

of  ^yeollie  acid,  which  is  diatomic  hut  monobaeic),  and  the  neutral  and  add  nalatei 


The  active  and  inactive  modiflcations  of  moUc  acid  vield  r««pectiTe1y  active  and 
inactive  salts.  The  former  eomatimea  exhibit  hemihedial  modifications;  the  latter  are 
klwajn  holohedraL 

The  malatea  heated  to  200°  give  off  water,  and  are  converted  into  fiimaratee : 
C'H'M'O*        -         CH'JPO'     +     HK). 

Nearly  all  malates  are  soluble  in  water.  A  solution  of  the  scid  or  of  a  malale  »  not 
predpitatad  by  linu-mater  or  cKoridt  qf  calcium,  either  in  the  cold  or  on  healing ;  bnt 
on  the  addition  of  alcohol,  a  white  predpitato  of  calcic  mslute  separatee.  Neutral 
nalats  of  oaldum  i«  also  pred[atii(ed  by  long  boiUngof  a  solution  of  malic  add,  nmrljr 
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B«atnliiedipilli  milkof  Uhml    ^Hbtuetattoflead,  malie  wddlbrBia  ■  irhite  pred^i- 
tate  lolabla  in  axceei  of  Dulie  add  uidin  ammonia:  this  precipitate  vben  beatra  in  ita 


Malatf  af  Aluminium 'Ris  nninU  talt  is  a  tnuupeient  gum,  wUch  reddena 

litmiu  Hlightly,  ia  permaaest  in  the  air,  and  diaaolTea  leadilV  in  mlsi,  fbrming  a  saln- 
tion  -rtiida.  ii  not  pr«dpitated  b;  poUah  or  amnotua.  Tbeie  ia  also  a  batk  tall 
■pariogly  Mloble  in  water. 

Malatet  of  AmMoniuvt. — a.  Tka  nentnl  ull  ia  vkj  (olobls  and  Diiei7«t»l]i- 

fi.  Tha  aeid  lalt,  C*H^HH*)0*,  ia  prnpued  b;  tnttting  malala  of  lead  with  dilat« 
Bulphnrio  add,  taking  care  to  STOid  an  escati  of  add,  flltuine  dividing  the  li<jnid  into 
two  parts,  aatoradng  one  with  ammoDia,  then  adding  the  other,  and  eTspoiabng  to  a 
ijmp.  Hie  salt  prepared  with  opticallj  active  mJu  acid  oTstalliaeB  in  flue  Iraoa- 
paRDt  prinua,  belonging  to  the  trimatric  aTstrai,  with  wall-defined  snd  atroof^;  reflect- 
u^  (keei,  Ordioaiy  combination,  odF  .  »P«  .  ^P<s,  Mmetiinei  with  bmiihedral 
&Mto  ~.  Inclination  (tf  the  &ceB,  cnP  :  aP  a  71°  36' ;  ^at :  }&« ,  in  the  plane  of 
thebrach7diagonaIandTerticalazil-13T°S6';  Poi :  ]f<e  in  the  aame  plana  «  103°  30'; 
deavage  eaay,  perpendicular  to  tha  fuxe  cdP.  The  lalt,  when  c^atulised  ftom  pore 
water,  or  frna  wat^  acidiilated  with  nitric  aeid,  \a  never  hemihedral ;  bnt  the  ciTatall 
aoqnira  that  "*■""<"  when  melted  till  the;  begin  to  decompoae,  and  then  rec^vtal- 
liiad.  It  would  appear,  dierefbre,  that  the  action  of  heat  giret  rise  to  the  formation 
of  mall  qnantidea  of  produets  whieli  indnea  the  developmeat  of  hemihedial  £ucs. 
Spndfle  gravis  of  the  ctTMals  •>  1 -dfi  (that  of  water  at  ISS"  —  1).  Tbe  nrjitais  di«- 
■iJveiii3-llpla.0f  walecat  15-7°.  'Eha  eolation  deflects  the  plane  of  polariiiatioQ  to 
die  left:  rotatory  power  for  100  millimetrea:  [a]  _  -6*=or  -7°.  If  tbo  e>lt  is  dia- 
•olved  in  nitric  add,  it  Imoobks  deitio-Totaton' :  [■]  —  -t- fi'6°.  Bv  dry  dialillatioii,it 
givea  off  water,  and  lesvea  an  inaolnble  residue  of  fumarimide  (iL  746).  Ammonia 
MM^ca,  however,  together  witli  the  water,  aud  the  reaidne  oontiuiia  ftimane  and  mainc 
•eidl^  togetliar  with  malic  acid  both  active  and  iDactive. 

The  aeid  ammoninm-aalt  of  inactive  malie  and  forme  two  kinds  of  aystals. — (a)  The 
■ohtun  when  evaporated  flitt  yielils  djitalg  havijig  the  same  compoation  aa  the  active 

"om-ealt,  and  the  same  form,  with  exception  of  the  bemibedral  faces,  vhi(^  are 

-(^)  The  mother- liquor  aeparatal  Irom  th«e  oTstals  deposits,  after  a  whilp, 
„-.  _ud,  tranaparent  (syst^  conlaininR  2  at  water  more  than  the  salt  a,  and  be- 
longing to  the  monoclinic  t^st^m.  Ordinary  combination,  »P  .  [asPn]  .  [F'=']- 
Indinatitnt  of  facea,  osP  :  asP  in  the  plane  of  the  clinodiagonal  and  principal  axis 
w.  124°19'iroPii]  :  bP  -  119°  33';  [Ps>]:  [P«  ]  in  the  plane  of  the  clinodiaeonal 
and  prindpal  axia  —127°  SO';  [Pb  ]  :  aoP  -  8fi°  22'  and  119°  22'.  Angle  of  the 
inclined  azea  •-  110°  SO*.  No  hnnihedral  iaces.  Inactive  aeid  malate  of  ammoninm 
ia  decompoaad  b;  heat  in  the  aame  manner  as  the  active  salt. 

Active  acid  malate  of  ammoniom  nnitea  in  atomic  proportion  with  aeid  deitro- 
tntrate  of  ammoninm ;  the  imwtrre  aalt  doee  not. 


ot-ft) 
E^haid, 


Malatet  of  Antimony. — The  oentnl  salt  has  not  been  obtained. 


Ualate  of  Antimony  and  Ammonium  is  obtained,  according  to  Pasteur,  by  bailing  a 
Bolntion  of  acid  malale  of  ammoniom  with  uitiinoaic  oxide.  The  liqnid  left  to  evapo- 
rate yields  the  double  salt  in  latga  eiyatala,  having  the  hemihedral  fiu:ee  very  folly 
devefaped.    The  aolution  is  dextro-rotatoiy ;  for  100  mitlimetree  :  [a]  =  +  11S'4T°. 

MiaaU  of  Antimony  and  Patattium  ia  obtained  in  the  crystalline  atate  by  aatoratiag 
add  maUte  of  potsasiam  with  antimonic  oxide.    Neither  of  these  donble  aalta  has  been 

Malaiit  of  Barium,  a.  Ifeutralit^,  C'H'Ba'0'.2H«0?— ItisdiflicnIttoBatnrat« 
malic  add  with  carbonate  of  barium,  so  completely  that  the  liqnid  ahall  no  longer 
redden  litmus-paper.  The  solntion  evaporated  in  a  vacuum  depoeita  tnnsparent 
p1at«a  nentnl  to  l«at  paper,  and  giving  off  10-6  per  cent,  water  at  220°.  The  Boliitioa 
when  boiled  deponte  white  crnsta  of  Uie  anhydmos  aalt,  having  no  appsannce  of  citb- 
tallisation ;  they  are  absolutely  insoluUe  In  water  whether  cold  or  hoifing,  bat  dissolve 
rapidly  on  adding  a  trace  of  nibrio  add ;  the  solution  thus  fanned  is  not  precipitated  bj 


0.  Aeid-taU, — TTncryitalliaabla  and  more  sotuble  than  the  piaeadiag, 

Matatitof  Cttleium.  a.  SeutnU  uUt.C'WCifW.—X.  Ualic  add  does  not  become 

tnibid  on  addition  of  excsas  of  Ume-water  (Braconnot,  Ano-Ch.  Ph^.  [2]  IL  331; 

LAisftigne);  iMt  cmn  in  aneeatnt«d  adDtioni  and  on  the  appUcsUon  of  beat^— « 
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character  by  which  malu  U  dutingnuhBd  bom  dtrio  Mid  (H.  Roit^  Fogg.  Ann, 
zzzLZlO;  Wiackler).  The  add  neatzalued  with  lime-mter  yields  OD  araporatioii 
ID  vacuo  (&ti  acid  motbei^Iiqaid  remaimng)  larger  thin,  ahiDuig  ^laiiuB,  which  diiaolre 
readily  in  water,  and  after  drying  in  Tacoo  at  ordinaiy  tcmperalurea,  g;ive  off  all  their 
water  =  17  per  cent.  (£  at.)  at  180°,  and  about  half  of  it  at  100°.  Their  aqueonB 
Bolntian,  when  left  to  evaporate  in  the  air.  again  yields  laming,  but  when  heated  to  the 
boiling  point,  deposite  s.  wlut<>,  gnuUlar.  neurly  insoluble  aolt  with  1  at.  water.  Hence 
the  lanuiis,  in  parting  with  half  their  water,  liliewiie  lose  their  aolubility.  (Richardson 
and  Henzdorf;  Atm.  Ch.  Phann.  xXvi.  13S.J 

3.  Dilute  malic  acid  agitated  in  the  cold  with  exceaa  of  carbonate  of  caldnm, 
remain!  strongly  acid ;  but  the  filtrate,  when  boiled,  coagulates  to  a  pulp  composed  cl 
gnmnlea  of  the  monohydrated  neutnl-aalt,  which  ia  nearly  insoluble  in  water  and  in 
nqueoDS  malic  acid  (Sichardson  and  Menidorf).  From  the  solution  diuB 
obtained,  the  neutral  salt  separates  in  fbni-sided  prisms,  which  grate  between  tho 
teeth,  diseolre  in  83  pts.  of  cold  and  a  somewhat  ■mallflr  quantity  of  hot  watar 
(Lassaigne);  or  as  a  gnnular  powder  of  anhydmns  boII,  which  is  nearly  inaolnbia 
both  in  tot  and  in  cold  water.     ^Hagen,  Aim.  Ch.  Fharm.  ixiviiL  !G7.) 

3.  The  same  granular  powder  is  thrown  down  &om  the  aqueous  solntioa  of  the  add 
salt  by  several  huum'  boiTing.     (Hagec.) 

4.  A  mixture  of  aqneona  chloride  of  calcium  vni  neutnit  malate  of  ao^nm  dfpOBils, 
after  a  while,  the  nentnJ  malate  of  calcium,  in  transparent  crystoUine  gmins.  Thitf 
■alt  scarcely  froths  up  in  the  fire ;  it  is  oompletely  derompoeed  by  the  edable  alkaline 
CBrbonates.  It  dissolTca  in  117  pto.  of  cold  water,  forming  t  solution  whidt  taatea 
somewhat  like  nitre,  and  in  at  most  flJS  pts.  of  boiling  water,  btaa  which  it  does  not 
separata  on  cooling.    (Braconnot.) 

6.  The  sohition  of  add  malate  of  caldum  neutralised  with  a  soluble  alkaline  carbo* 
naCe,  yields,  by  evapomtion  at  a  gentle  heat,  hard  shining  dystols  of  the  nentral  salt, 
whidi  contain  8  at.  water,  pve  off  1  at,  wat«r  at  100°,  assuming  the  appeannoe  of 
porcelain,  and  ais  oompletely  dahydrat«d  at  1S0°.    (Hagen.) 

0.  The  grannlor  salt,  left  to  itself  in  the  moist  state  for  two  ^ys,  takes  up  water,  andia 
converted,  under  circumstances  not  yet  dstarmiDed,  into  rough,  translucent,  globular 
(ryslals,  which,  after  drying  in  the  air,  whereby  they  are  rendered  iqiaqas.  give  off 
22'19  per  cent.  (3  aL)  water  at  200°.  (Dessaignes  and  Gathaucd,  J.  Phann.  [3] 
siii  343.) 

Nentnu  malate  of  caldom  is  easily  obtained  in  the  aystalline  state  by  dissolving 
the  add  malate  in  ammonia,  and  leaving  the  solution  to  evsponte.  If  the  solution  ia 
dibits,  an  abundant  crop  of  eiyiitsila  ia  obtained  in  2i  bonis  j  butif  tbe  salt  is  dissolved 
in  hydrochloric  odd,  ondainmonia  then  addedin  excess,  it  takes  a  constdarable  time  to 
aystsIUse. 

The  ciTBtalline  form  of  this  salt  is  hemihedral,  and  it  produces  dextrorotation, 
whether  dissolved  in  water  or  in  hydrochloric  add.    (Fasteur.) 

Neutral  malate  of  calcium,  kept  ha  tome  months  under  a  shallow  layer  of  water  in  > 
Tc— tl  oovared  with  paper,  is  convoted  int«  sncdnaU  (Dessaignes).  Daring  tha 
winter,  crystallised  hydratad  carbonate  of  ealciam  and  a  moconB  organisatioD  are  like- 
wise protjuced ;  bnt  in  the  eummer  months  the  sole  prodnct  eonsists  of  needles  of 
succinate  of  caldoro,  which  gradually  rise  above  the  diminishing  malate  of  caldam, 
while  a  small  qnnntity  of  gas  is  given  off.     (DeHsaignes,  Compt,  n     '  '"   "^ 

--     ■       -       ■  -^of  caldui    --    ■       -       ■ 


evolution  of  gas  is  terminated,  appears  under  the  microscope  to 

needles  nnibHl  in  stellate  groups,  and  composed  of  succinate  and  carbonate  of 
calcium.    The  supernatant  liquid  contains  acetate  of  calcium. 

If  too  macb  yeast  or  cbeeee  is  used,  or  if  the  mixture  l>ecomi>e  too  hot,  hydrogen  gaa 
,_.^ „ ,.._._  ..^.,.^,.   -----  ---•.ij  in  „ual  -  '  -         -'--  -^-' 


quantity  of  chloride  of  calcium  in  tbe  dry  state.  For  the  I 

and  acetic  acid  are  produoed,  oud  pnre  carbonic  onhydnde  is  evolved,  the  equa- 

aCm-O*     -     2C'H'0<  +  CrS'O'  +  200"  +   HK). 
For  the  fermentation,  when  hydrogen  is  evolved : 

^C'H^)'     -     CHW   +   400'  +H' 
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w,  If  the  evolntion  of  brdiogcn  i 

SCH-O' 

Put  of  Hi«  cubonio  mdd  raaaia*  with  the  Hme.    (Liebig  Ann,  Ch.  PhHrm.  Izz. 
104,  ind  3S3.) 

AeOOTding  W  E.  J.  Kohl  (Ann.  Ch.  FhajTii.IxxTiii.  212),  mnlate of  ealanm fermented 
with  potre^ng  eaSFiii  giTes  off  nottiing  bat  carbonic  uihjdride,  uid  jielda  prindpallj 
lactate  of  caldnm,  with  nosll  qnaotitia  of  mcdnAtP,  acetate,  and  caTboUHle.  W.  Baer 
(Arch.  Pbarm.  j^Z]  Ixix.  Ii7)  obtained  a  Eunilai:  resolt  wiLh  the  jnice  of  monnlain-aeh 
beniee,  neutralised  with  carbonate  of  ealcinm,  mixed  vilh  beer-jeut,  and  left  to  stuid 
U  ordinarf  lempatstores.  Winckler  (Jahrb.  pr.  Fhann.  iiii.  300)  fbnnd  ■  large 
qnaBtit;  of  lactie  acid  in  Ibe  acid  reeidne  of  ddei,  and  nippOBea  it  to  have  been  formed 
Dj  fermentation  of  the  malate  of  caleinm  contained  in  the  Juice  of  the  apples.  Reb- 
liD^  (Aidi.  PhaitD.  [2]  IxriL  300)  obeened  that,  in  the  fennentatioD  of  malate  of 
caleiqm,  Talerianic  aodie  formed  as  veil  aa  smxinic  and  butvrie  addi. 

Wben  a  wdntioEi  of  inactiiit  malie  acid  ia  nentrslised  with  Ume-water,  no  tnrbidi^  ia 
[oodiiced ;  but  on  addition  of  alcohol,  the  nentral  otlcinm-ult  ia  depooited  in  whit« 
amorphoiu  flakes.  On  boiling  the  neatralised  aqneoua  solution,  a  graaulo-ei^Elalline 
pncipilale  ia  formed,  haying  the  compoeition  C^H'Ca'O*,  and  but  Sparingly  eolnble  in 
witer,  either  hot  or  cold.  When  a  aoludon  of  ecid  malate  of  amnoniam,  containing 
the  inactive  acid  ie  mixed  with  a  aolubie  raldum-ealt  and  ezceai  of  ammonia,  no  pre> 
eipitale  ia  formed  at  first,  but  after  21  hoot^  tranapaient  crjetaU  nnited  in  nodulea 
an  formed,  cocCaiDinR  2Ca<Ca<0>.  A  <q.     (Faatenr.) 

A  Add  tall.  C<HK:aO'.4H>0.  — Xhia  uJt  uaj  be  prepared  &om  the  atema  of 
OanDuum  <on(i^(Braconnot).  AJeofrom  the  berries  of  Rhiaglabmn  or  oopalliiivm, 
hj  exhauBting  them  with  hot  water,  erapomtinK  the  infnaion,  decolorieing  it  with 
animal  cfaar«>al  preTioaalj  purified  with  hydiocnloric  add,  evaporating  the  filtrate 
ftartber,  setting  it  aaide  to  crystallise,  and  purifying  the  iwndling  crystAla,  if  neceesarr, 
bf  recTTstaUieation  (Sogers,  8iU.  Am.  J.  uriL  294).  Tobeeeo  also  contains  it  m 
large  qnanti^.  The  solution  of  the  neutral  salt  in  warm  dilute  nitric  add,  deposits 
the  acid  salt  in  etTStals  on  cooling.    (Hagen.) 

The  crystale  of  the  salt  prepared  withthe  ^ctive  acid  belong  to  the  trimntrie  eyetem. 
Ordinary  combination,  soP  .  « tn  .  a-Pin  .  Fm  .  mPce .  fiirJination  of  the  feces, 
vP:  a>P-93°3S';  aP  :  »Fn  -  162°  II';  odFib  :  ibFo133°  17';  o^«  :  fco  _ 
188°  38';  tio  :  mtao  -  1680  jq',  Caearage  eaay  paiallel  to  i»P«j .  When  cryatal. 
Used  &ompnr«water,itdOM  not  exhibit  bemihednlfacee;  but  when  cryatallieed  from 
niliic  add,  all  the  u^ital*  bare  four  &cee  -^,  and  for  a  certain  concentration  of  the 
add.  these  facets  become  so  much  deTel<^>ed  as  oearlj  to  obliterate  the  prindpal  faces 
of  the  crystal.  The  crystals  dissolve  in  60  pta.  of  cold  water,  and  in  a  much  smaller 
quantity  of  boiling  water :  they  are  insoluble  in  absolote  alcohoL  They  give  ofr22'S7 
per  cent  (neHcly  8  al)  water  at  100°,  and  are  completely  ddiydrated  at  ]B0°. 

The  inactive  Mlt  resembles  the  preceding  in  every  respect,  ezoeptjng  that  it  has  no 
hemihedial  bees. 

According  to  Braconnot,  add  nalata  of  eildnm  satnrat«d  with  alkaline  carbonates 
yields  double  salts,  vi^  atMnonie-,  polettia-,  and  todio-ealcK  naiattt ;  but  they  have 
not  been  anslyeed. 

MalaUMofCopper.—a.  The  tvutrui  so^  C*HiCn*0*.HK),  is  a  gummy  mass  of  a 
Sne  green  eolonr,  and  very  soluble  in  water. 

$.  The  aeid  tail,  CH'CuO'.H'O,  is  obtainad  in  fine  bine  cryrtals,  by  satnrKtdsg  tlw 
cold  aqueous  add  with  cupric  hydrate  and  evaporating  at  4(fl, 

1.  A  tone  sii£f,!C'H'Ca*0>.Cu<0.4HK),iB  obtained  ae  a  green  insolable  powder,  by 
boiling  malic  add  in  excess  with  cupric  carbonate,  lie  carbonste  treated  m  the  cold 
with  exceea  of  malic  add  dissolvee  in  conoiderable  guontifT,  and  the  solution,  wben 
boiled,  immediately  dcpoeite  the  salt  jnst  mentioned;  but  if  evaporated  in  a  vacuum 
between  40°  and  fiO°,  it  deposits  dark  green  cryitals  oontaining  the  same  proportion 
of  malate  and  oxide  of  copper  with  6  at.  water. 

A  mixture  of  cupric  snlphate  and  malate  of  ammoniom  deposits  by  spontaneous 
evaporation,  fliBt  crystals  of  cnpric  sulphate,  then  green  scicnlar  crystals  unalterable  in 
the  air.  of  a  douHt  lalt,  consisting  of  cnpric  malate  and  Bulpliate  of  ammooinm. 
(H.  Schnlie,  Arch.  Pharm.  ['.Jl  Ivii.  273.) 

Malatt  of  Iron  (ftrricttm). — Both  the  neutral  and  acid  salts  are  brown.  gnmmT, 
permanent  in  the  air,  very  solnhle  in  water  and  in  alcohol.  A  solution  of  a  feme 
salt  containing  malic  acid  is  not  predpitated  by  alkalis. 

MaUlet  tfLiad.—a.  The  nnilnilsiiif,  C<HTFb*0',3E>0,  is  obtained  I^pred- 
pitatii^  neutral  acetate  of  lead  with  a  solnUon  of  calcic  or  potsssie  nulste ;  it  is  a 
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whUecind^  precipitate, irtiicb,  wbanloR  fbrBome  houninBiohitioDof  HieanUte,  ii 
conrerUd  mto  foar-dided  needles  grouped  siooiid  a  oommos  centra.  This  Mlt  melts 
in  boiling  ntei  to  k  tiuuporent  pitcb;  nuw ;  it  ia  very  ili^htlj  Bolnble  in  cold,  more 
■olnble  in  bailing  water ;  &  Btiong  aqnsoTU  lalution  depositB  it  in  ihimng  noFdlfs.  It 
diwolTes  Tsi;  *uil;  in  nitric  acQ  ;  acetic  acid  aod  malic  acid  do  not  duuoWe  it  mora 
froely  than  pun  water.  Acetate  of  lead  also  diBsoWes  tile  malate,  and  deposits  it  bj 
■low  erspotBtJon  in  silkj  needles. 

Aoeomii^  to  B.  Utto  (Ann.  Ch.  Pharm.  cxxriii.  17SY  »  nentnl  malate  of  lead 
luTinft  after  drTing  at  100°,  the  composition  CH'Pb'O'.H'O,  is  obtained  b;  dropping 
a  partlj  iMntnluied  Bolatioa  of  mnlic  acid  into  an  excess  of  boiling  aqoeona  solution 
onsssic  acetate  of  lead,  boiling  for  asreial  honra  with  de-aSiated  water,  and  waahiog 
bj  decaotation. 

Both  the  active  and  inactive  malntes  of  lead  melt  with  eqoal  fheHitj  in  boiling 
water ;  the  onlj  difference  obBerred  beCweeD  the  two  modifieationa  ia  that  the  inactive 
salt  ta>kes  a  longer  time  than  the  active  nit  to  become  ayatalline,  the  latter,  which  ia 
amorphous  at  the  time  of  precipit&tioii,  being  convertsd  into  OMdle-Bhaped  arjf 
tala  m  a  few  horns,  whereas  the  inactive  salt  mav  remain  amorphous  for  several 
days.  l%is  chaiscler  may  serve  to  distinguish  between  the  two  salts,  when  only  small 
qnantitiea  i^  them  are  at  hand.  Both  suTls  melt  immediately  on  being  immersed  in 
boiling  water,  but  a  portion  diaaolvrs  and  is  precipitated  when  the  liquid  cools  and  is 
left  at  rest ;  the  active  aulata  ia  then  deposited  after  21  hoars  in  shining  prisms 
grouped  in  tnfte ;  the  inactive  sail,  on  the  contrary,  is  depont«d  in  the  amorphous 
state,  and  o 
phous  precip 
ID  tufts,  and  exactly  resembling;  those  of  the  active  malate.     (Par 

Ualate  of  lead  in  the  amomhons  state  easily  porta  with  the  whole  ot  its  comDiaea 
er(14  per  cent.~3  at)  when  diied  overealphuric  ueid.    If  the  saltiseiyslallised. 


the  water  is  retained  with  greater  force,  and  it  must  be  heated  to  about  IdW  to  dehy- 

Neutral  malate  of  lead,  which  melta  easily  when  thrown  into  boQing  water,  does  not 
melt  in  the  hot  air  chamber,  either  at  100°  or  at  a  higher  temperature.  It  even 
ntains  ita  eryetalline  aspect  np  to  170°,  in  spits  of  the  loss  of  its  watM'  of  crystRllisa- 
tion,  and  only  then  h^na  to  assume  a  dull  woilly  aapecL  When  heated  to  320°,  it 
gives  off  more  water,  and  is  craiveited  into  fumaiste  of  lead. 

p.  A  batte  tail,  PbK).SC<H<Pb''0'.  is  obtained  by  digesting  the  n^tral  salt  with 
ammonia,  or  by  pouring  acetate  of  lead  into  the  solntion  of  a  malate  mixed  with 
ammonia,  or,  according  to  0  tto  (loc.  eit.),  by  dropping  a  perfectly  neutralised  solution 
of  malic  acid  into  eice^  of  a  boiling  aolution  of  basic  acetate  of  lead.  It  never 
beoomea  CTyatalline,  and  does  not  melt  in  boiling  water,  but  if  acetic  acid  be  added,  it 
melts,  with  considerable  diminutioD  of  volume,  being  tAen  evideotl;  ooiiver1«d  into  the 
Bauttal  salt 

Basic  malate  of  lead  dissolves  in  acetate  of  lead,  like  the  Doutral  sail,  and  llie  solu- 
tion,  if  somewhat  concentrated,  is  precipitate  by  ammonia.  It  is  nearly  insoluble  in 
water,  either  cold  or  boiling ;  but  sufficiently  soluble  to  blue  red  litmos  paper,  when  a 
few  moist  fmgmenta  are  placed  upon  it. 

Maitttei  of  Lithium. — Both  the  neutral  and  add  salt  st«  nnoTstallisable. 

Xalatet  of  Magneiivia.—iL  Ntvtral  salt,  CH'MgMy.SH'O.  A  dilute  solntion 
of  malic  acid  boiled  with  magnesia  yields  a  liquid  which,  when  evaporated  to  a  pellicle^ 
deceits  after  some  time,  rhomboi'dal  prisms  of  this  salt,  containing  5  at  wBt«r,  four 
of  which  are  given  off  at  100°.  Alcohol  added  to  the  concentrated  solution  prodpitatea 
it  in  anhydrous  Socks,  which  become  pasty  by  heat. 

0.  The  aeid  tall,  C'H'MgO'.2H'0,  is  obtained  in  flattened  prisms,  by  half  saturating 
malic  acid  with  carbonate  of  magnedum,  and  evaporating  to  ctyataUieation.  It  givee 
off  half  ita  water  at  100°,  and  melta  at  a  higher  temperature. 

ilfiifatea  efltfanganete. — a.  lie  ntatrai  tatt,  whieh  is  uncrystalliBabte  and  yvrj 
Boluble,  ia  obtained  l^  satmsting  the  acid  with  carbonate  of  magnesium.  The  aad 
talt  is  preeijiitated  as  a  white  powder,  on  adding  malic  acid  to  a  solution  of  the  preced- 
ing salt  It  dissolves  in  41  pts.  of  cold  water,  and  is  deposited  bom  boiling  water  in 
tranaparent  rose-«oloiired  o^stais. 

Stalatet  of  MercitTj/. — These  salts  have  not  been  analysed.  When  malic  acid  is 
digested  with  mirevroiu  oxide,  a  ciprstalline  powder  is  formed.  The  same  siJt  ia 
obtained  on  mixing  malate  of  potaaaium  witll  a  dilate  solution  of  mercuroua  nioate. 
It  is  decomposed  %  boiling  with  water. 

WImd  mtreuric  oieidt  is  boiled  with  a  ttKWg  solution  of  malic  add,  the  filtored 
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liquid  cl«po«ita  nuell  oyitab  of  sn  add  salt  sotnble  in  mtet ;  with  taeeaa  of  mercnrio 
oade,  BQ  ictolubla  Tallow  bMSo  Bslt  is  fiomsd.      (Hfttf^  ArdLfhum.  [ajr.  281.) 

Halalt  0/ Folatiiuin.—K  IftutTal.  UncfTitallisable,  daliqimeeDt,  ituolableitt 
MioDgaltvfaoI  (Braconnot). —  B.  Juid.  CiTilals,  permutent  in  the  air,  solnlile  id 
water,  msolnble  in  aJcohoL     (DonoTan.) 

SlalateofSilvtr,  CH^A^^O*.— NitraU  of  nlTcr form^  willi  aadation  of  nentnl 


line,  pennaneut  in  the 

Malatit  of  StroHtium.  k.  Naiiral  tail,  CE'Sjr^'.H'O  (M  100°).~-li^e 
add  ia  not  rendered  turbid  bj  Btrontjo-water ;  but,  on  eTaporalisff  tha  mixtnnv  a  07s- 
talliiM  maaa  ia  obtaiscd.  Tar;  soluble  in  water.  When  malic  acid  ia  digested  with  ctr- 
bonste  of  atioiitJain,  a  wlntion  is  obtained  wUch  slisbtlj  reddena  tan&eric,  and  depoaita 
aftei  coneantration  munmellatcd  ^npa  of  crTstals  baTing  the  abore  compositioD. 

0.  An  add  salt  ia  precipitAted  in  tha  crrBlallina  state  on  adding  malic  udd  to  an 
aqtuooB  aolntion  of  tb«  nrattal  vlt ;  it  la  but  sl^tlj  solnble  iu  cold  water,  mom 
.Btdnble  in  boiling  water. 

Malat»  of  Thallium  OTstaUiHs  with  difflcol^;  it  ia  deliquescent,  and  tnelta 
below  100°.    (Kuhlmann.) 

Uranit  Va/(i<«.— Yellow;  apannglj  aolnble  in  water.    (Rjchtar.) 

Malate  cf  Yttrium. — 1.  Wben  an  aqueous  solution  of  malic  acid  ia  paiiNd  npon 
carbonate  of  vttiiom,  part  of  the  resnlting  salt  diasolrea,  and  it  obtained  "bj  erapora- 

I  in  ■mall  white  Dodnlee. — 2.  Mpntral  alkaline  malates  throw  down  &Dm  Tttrinm- 


&Dm  Tttrinm- 


■alts — wben  the  aolntiona  of  tlie  two  rnlta  are  («aeaattsted  and  mixed 
tion — a  wbite,  almoat  crrstalline  powder,  which  remaim  in  white  granules  when  it 
aqueous  solntioD  is  eTaporated.— The  air-dried  salt  is  C'H'Y'O'.H'O.  Il  does  not 
giTs  off  its  water  at  110°,  and  ia  but  alowl;  decomposed  at  higher  temperatnree.  It 
dissolTea  in  74  pta.  of  water;  ita  solution  in  aqueous  malic  acid  depo^ta  the  DBUtml 
•alt  unchanged.  It  diaiolTea  abnndanUr  in  aqoeons  malata  of  aotuum,  and  does  not 
crratallise  on  erapontion.    (Berlin.) 

Malatet  of  Zine.  m.  Iftutral  lalt,  C'H'Zn'C.SH^.— When  the  amieous  add  ia 
Mtniated  withcarbonateofrinc  at  a  temperature  below  30°,  the  filtrate  deposits,  after 
ftlriiile,  tmaJl  shining  crrstals  yrbiab  graduall;  but  completely  give  off  their  3  at.  wnter 
at  100°  (Hagen).  Wben.  on  the  other  hund,  the  add  is  aaturated  at  a  high  tempera. 
tnre,  and  the  solution  filtered  &om  a  basic  salt  which  separates  on  cooling,  and  farther 
erapiaated,  etratals  are  dc^iosited,  (containing  indeed  3  at.  water,  but  baTing  a  different 
fbrm,  and  obstinately  relaming  about  J  at.  water  at  11)0°  (Husen).  Th^  are  abort 
bard,  strong  Instrons,  fonr-tided  prisms  (square,  according  t^ La ssaigne),  peipendi- 
cularlT trnneated,  or  berelled  with  two  feces  ;tbej  redden  litmus  (Braconnot).  They 
become  opaque  at  100°,  giving  off  10  p.  c.  of  water,  and  at  120°  swell  up  and  crumble 
to  a  white  powder,  giTing  off  at  the  same  time  10  p.  a  more  water  (Liebig).  Thej 
dimolve  in  (6  pta,  {87  pts.  at  20°,  according  to  Lassaigne)  of  cold,  and  10  pta 
of  boiling  water,  from  which  the  salt  does  not  sepoiats  on  cooltDg.  (Braconnot.) 

B-  And  lall,  C'H>ZbO*.2H'K).— Obtained  by  supersaturating  the  salts  with  the  add, 
and  washing  tlie  resulting  cirstals  with  alcoboL  It  fbrms  elongated  sqnare-baaed 
octahedrons,  wbirh  swell  up  when  heated,  giving  off  8'33  per  cent,  water,  andarecon- 
Tertad  into  a  gum ;  they  diRMlve  in  23  pts.  of  cold  water.     (Braconnot.) 

y.  Batie  aUt,  ZD'0.2C'H'Zn"0'.4HH)  ?— This  salt  remains,  on  dissolving  the  nential 
tsJtin  wat«r,  as  a  cryBtsUine  residue  containing  IS'll  percent.  liuc-oiide  (Braconnot). 
The  solution  obtained  by  cootinnoua  bailing  of  the  aqueous  add  with  carbonate  of  zinc, 
Bolidifles  on  coaling  to  a  tremulous  jelly,  miich  by  prolonged  bdliog  with  watir  is  con- 
Tert«d  into  a  sandy  powder.  This  powder  is  not  decomposed  by  water  at  100°,  but 
at  200°  it  gives  off  water,  and  ia  partially  eonTeited  into  mmarate  of  dnc   (Hagen.) 

^roBUlBMlls  Matd.  CH'BrO*.—  No  substitntion-products  have  yet  been  obtained 
ftom  malic  odd;  but  when  an  aqueous  solution  of  dibromosucdnate  of  sodium  is 
boiled,  and  then  evaporated,  a  mass  of  crystals  is  obtained,  having  the  composition  of 
acid  bromomalate  of  sodium,  C*H.<BrNaO*.  From  this  salt,  other  bromomnlatos 
may  be  fanned  by  double  decomposition  ;  but  the  acid  itself  has  not  yet  been  obtained. 

Add  bromomalate  of  sodium  u  distinguished  from  the  bmnomaleate  (p.  787)  and 
its  isomers,  by  yidding  tartrate  of  cah^mm  when  boiled  with  lina-walM.  (Keknli, 
LtkrbtuiK  i.  18£.) 
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ItomttUc  acid,  CBW, 

An  Mid,  isameriii  with  nulie  aod,  uid  perh&pa  identical  vlth  difj^yeollic  acid 
(ii.  SI2),  Ihe  Bilvsr-s&lt  of  which  waa  depoailed  from  a  photoosphic  ulTer-bfttJi 
mnUining  nitnia  of  ulrei  and  milk-niEai,  which  had  been,  lued  tot  a  long  time  for 
dipping  papen  snaked  in  succinic  <»  citnc  acid.  The  &ea  add  aaparaled  bj  salphjdric 
acid  feim  the  ailTer-  salt,  forzzu  a  CTjBtalline  msM,  or  b;  alow  dyatalliBatioii,  trana- 
parent,  vell-deietoped  dyatnls  reaemblitig  those  of  angite.  The  acid  antmoniavi' 
lait,  C'H'[NH')0*  2HK),  renuioa,  on  erapomting  the  neutralised  acid  with  ammonia, 
as  a  radio-cr^taUine  mass.  The  ntulrel  polattiun'Malt,  C'H*K*0>,H'0,  cr^tallisea 
la  monoclinic  lamine.  The  lead-taii  it  a  white  precipitate,  perfectly  insolable 
in  water,  and  not  melting  or  baking  together  in  Ixjilit^  water.  The  tilver-xdt, 
C'H'AgH}',  which  is  flocculent  at  first,  is  converted,  when  wanned  with  water,  into 
micrDBCopIc  Etx-rided  tables,  irtiich  do  not  decompose  at  100°.  This  salt,  treated  with 
iodide  of  ethj-l,  jields  the  neutral  ttla/lie  tl/ttr,  C'H'(C^*)K>*,  a*  a  cobnrlesa  liqoid, 
gradually  decomposed  by  water. 

The  isomalates,  treated  with  peDtaehloride  of  phosphoroi,  jield  a  dil^nide  iKoneri* 
with  chloride  of  Aimaiyl,  acoonhng  to  the  equation : 

cmii-o*  +  3PC1*   -   ana  +  ma  +  spoci'  +  ch^'ci". 

This  chloride  is  a  liqiud,  which  is  partly  deeompoaed  by  distillation,  and,  in  aontad 
wilh  water,  is  resolved  into  bydrochToric  acid  and  isomaleia  acid,  C'5'0'  (p.  766). 
(Kammerer,  J.  pr.  Cbem.  bizxTiii.  821.) 

WAX.IO  AOI9,  AmSBB  Or.     Whan  ammoois  is  passed  intc  as  slooholis 

■olutJon  of  etbylic  mnlste,  small  cijstala  of  malamide  srs  grsdaally  deposited: 

C'HVCH'W)*   +  2NH'     -     CH'rrO'  +   2(7H'Oi 

Mtliuofoh^l.  Unlunlde.  AlcahDl. 

and  when  direthylicmalateiaaatoiated  will]  AmiDOli)B^aa,lJie  product  soon  solidiBes 

to  a  crystaUine  mass  of  ethylio  maUmate  or  malamethan^  CH"NO*  — 

(CH"0')"  l„  ,  tlie  decompoaition  being  rmreaented  by  the  equation  : 
CH'.H'  J  ^ 

C>S\C?S')'0'  +   MH*     -     CfH"NO'   +   CRHX 
Tbis  latti>r  compound,  diasolTed  in  sloAol  and  saturalsd  with  ammonia,  likewise  yields 

1  c^stala.    It  difilen  &om 

_.  .  .       o        .  ,    ■  ., le  form,  by  notoontaining 

_..^  .. .  V  of  crystalliaatioD,  and  by  ite  propeny  of  easily  taking  up  wat«r,  and  being 
thereby  conTerted  into  ammonia  and  malic  acid.  It  difiera  alas  la  optical  rotatory 
power:   [»]  -  -  *7-6.     (Damondeair,  Ann,  Ch.  Pharm.  Lm.  303.— Pasteur.) 

Malamicacid,C'H'NO',wbichianieUmeriawithaspaiticadd  (L  122),  has  not 
been  isolated. 

If  maUc  add  be  regaided  ■•  triatomic  and  dibasic,  and  represented  by  the  ibrmula 

"      ) 
C'H*0<VO'  (p.  790),  in  which  two  out  of  the  three  typie  hydrogso-atoma  are  latint, 

H>     j 
that  in.  easily  replaceable  by  metals,  and  the  third,  aleoholie,  that  is,  most  easily  rs- 
placeable  by  acid-radicles  (see  iL  Slfi),  the  diffiuvnce  between  midamic  acid  and  m  ' 
..  !i        ..  1      1  __a  .:_  ._.a  ._  1  .  .  .  _.  •       ^  the  other,  may  berqireeei 

le  (the  BO-called  glyeollamide, 


Ms. 


H-H*        Jo  k>H«        J" 

HiluBle  uld.  ICaluitda. 

Aapartic  acid  bears  the  Mma  relation  to  malic  add  that  glycociiia  beara  to  glycullie 
acid.  The  saline  or  basic  hrdrogen  of  malic  add  is  still  pnwnt  in  aspsrtic  acid,  but 
the  alcoholic  water-residue  HO  ot  the  msJic  add  is  replaced  in  aapartic  add  by  the 
ammoaia-reeidne  NH'.  Aapamrane  is  the  amide  of  aniartic  add.  Eenea  it  is  tliat 
aapartic  acid  is  not  decomposed  by  boiling  with  alkalis  (the  ammonia-residue  Dot  being 

,-   . .  1. ...  __i  ^i  .  ___  -.ggiiiB^  when  t '  "'    '"  -         —      . 

is  conTerted  ii 
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the  other  hand,  the  ammoiiu-nnldne  neeapiea  Che  mline  pUM;  and,  eonseqtieBUj, 
vhen  nialamide,  vhich  a  it«  tinlide,  is  bailed  with  alkalis,  tns  drcompontion  does  not 
■top  at  the  formiiioii  of  malamic  acid,  but  goes  on  to  the  formatian  irf  malio  add  and 
anunom,.  ^ 

The  nential  amide  (triamide)  of  malic  add,  (OHK)*)"  t  IT*,  ia  not  knoirn. 

H'.ir     J 

mide  maj  be  derived  from  the  acid  and  neutral  malatce  of 
if  1  and  S  BtL  water  reepectiret;,  and,  by  ftarther  abatractioD 
ida  in  the  following  table  ma;  be  txmceived  to  be  formed, 
[.  fluoarimide  (iL  146),  haa  ac^aall;  beoi  obtained : 


(c.H;or  H.        ^cS-oj,( 


{CHW)".N 


(PHK)*)-  [  0»  i^^y  \  N  (CffO»)- 1  '^ 

Ifalie  add  was  formerh  regarded  ae  diatomic  m  -well  m  dlbani^  being  repreaeatcHl 
by  the  fonoula  h'  ( ^''  ''"^  agrees  perfectly  irith  the  ocmstitulion  of  ite  ntlta. 
Mon^irer,  the  formuln  of  malamie  add  and  midamide  are  easily  derired  trwa  it;  bat 
then  the  ao-olled  fomarimide  cannot  be  mpposed  to  contain  the  eame  radicle^  but  mnii 
actually  be  regaided  aa  theimideaf  huBticadd;  thna: 


(CH'OO'fO' 


H*        '" 


,-N 


cc-H-o-  3 


(CH'O')  [ 


Uliinlcmcid  ind  FumartnlilK 

■apamclD.  Btpvtlc  uld. 

But  the  formation  of  this  compound  by  heating  acid  malate  of  ammonium  to  160°— 
200°,  and  ite  conTBrBion  into  inactive  aspartio  acid  by  boiling  with  strong  hydrochlorio 
acid,  eliov  that  it  ia  intimately  reluted  to  malic  acid,  and,  tbarefore,  that  the  triatomic 
fbrmnla  of  malic  add,  which  rendsv  it  pcnible  to  expreaa  ^marimide  by  a  fonnola 
containing  the  eame  radicle  as  the  airid,  mnit  be  rpgaided  ae  preferable  (Keknlj). 
MoreoTer  the  relation  of  malic  add  to  encdnic  and  tartaric  ocida  cannot  be  adequately 
d  by  a  diatomic  formula. 


have  been  obtained 


,.>-  p. 


IMfif-T'— -'■ — '  *  -    iKalaBUMa.  C'^'IT'O*- ]  (C'H^*)'  t^— Thiceom- 

ponad  ia  fbrmed,  together  with  phanjl-malimidc^  by  melting  malic  add  with  aniline ; 

aCHTI   +   C'H'C  -  SHK)     -     C"H"NKI'. 

AnlllBe.  MiUi  nplinnl- 

uM.  iBirual<l<. 

CfHTT   +   C'HW  -  2HK)     -     C'H'NO' 

The  product  treated  oereral  times  with  biriting  water,  ia  reeolred  into  a  nearly  eolonr- 
leaa  aolutjon  containing  phenyl-malimide,  and  a  strongly  coloured  residne  eoniristing 
chiefly  of  diphenyl-nulanude,  which  may  be  obtained  pure  and  colonrleea  by  crystif 
liaation  from  boiUng  alcohol,  with  the  aid  of  animal  charroal. 

It  forme  colonrlen  acalea  haring  a  &int  loatre ;  melta,  with  partial  deeompoeition, 
at  17S°,  and  at  a  higher  temperature  voladliaee  for  the  moat  part  unaltered.  When  aet 
cn  Are  it  bnme  with  a  bright  emoky  flame. 

It  is  nearly  insoluble  in  toobr,  and  in  dilute  ^draeUorie  add,  ammonia,  and  fOt<ak. 
It  dissolves  also  bat  sparingly  in  akoM  and  ither.  Strong  tut-phurie  acid  diBSoWee 
it  with  the  aid  of  heat.    Sitru;  aoid  disaolTea  it  in  the  cold,  forming  a  yellow  solntian. 
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Whu  boiled  wiUi  atcong  c&ustio  peltuk,  it  duNotrM  ud  U  fir  tlw  most  put  deeoa- 
pcmd,  ■  &ttr  BubaUiica  rinng  to  Che  snrfticB  of  the  liqnid.  On  addition  of  vsto; 
Um  ■emiflnid  poitioD  is  oonrerted  iato  a  white  intulnble  powder,  irtnch  10*7  b* 
Bompletelj  freed  faun  potash  bj  Traihing  with  water,  Thia  powder  dinobea  with 
some  diffioultj  in  alcohol,  and  cryalaUiBeB  therefrom  io  anuU  crystalline  gronpa  and 
needles.  It  may  ba  heated,  withoat  risible  altoration,  to  2^6";  nalta  ataU^er 
tempentnn  ;  and  if  CButiousI;  heated,  yields  ■  crystalline  Uminar  aDblimate,  and  leaves 
a  small  quantity  of  charcoal  This  saUtmice  givea  by  analyst*  U-17  per  CMb  carbon 
and  6-41  hydrogen :  hence  it  qipears  to  be  larlraiiilidt.  (Arpps.) 
C'fH"N'0'     -     20^11   +   C'H'O*  -   affO; 

cm'    1 

C»H'H0'-(C*B"O')"  [^—Formed,  together 

with  tlie  preceding  eompoond,  by  melting  a  mixtore  of  malic  acid  and  aniline,  Whes 
the  fused  mixture  is  kept  in  a  state  of  gentle  ebullition  for  about  two  hours,  a  bnnrn 
symp  is  oblsjoed,  whicti  solidifles  on  cooling,  and  when  boiled  with  water,  yields  a 
nenrly  ooloorleas  solution  of  phenyl-malimide,  and  a  ooloared  reaidae  containing 
diphenyl-mslamide.  The  solation  when  evaporated  yields  pheayl-malimide  in  the 
form  of  a  granuLir  Eoase,  btill.  howerer,  mixed  with  diphCDjl-malsmide,  from  which  it 
is  purifled  by  digestion  in  iiot  water,  and  filtration.  The  solution  is  then  ftirtfaer 
punned  by  brntineiit  with  animal  charcoal,  and  eTspoiated  to  the  crystallising  pDinl. 

From  a  hot  concentrated  aqoeoos  solution,  pheDyi-malimide  separatas  on  eooling  io 
delicsl«  needlei  grouped  together;  eiao  when  its  alcoholic  solation  is  CTaporated; 
Bometimo,  howerer.  it  forms  nacreons  Inmins,  and  from  a  very  dilnta  aqueoaa  eolation 
it  is  deposited  in  very  thin,  iridescent,  rtctaognlar  prisma.  It  melts  at  170°,  and  when 
healed  between  two  watch-glasses,  forms  a  slight  mealy  inbiiniat*.  It  dissolTee  Tfiiy 
abundantly  in  mater,  aleohel,  and  ither. 

Fhenyl-malimide,  boiled  with  aqneons  aatxunua,  is  CODveited  into  phenyl-maUm  fA 
of  ammonium. 

It  disBolTe*  easily  in  the  strongest  nitria  acid,  forming  a  deep  red  solution  from 
which  water  throws  down  a  nearly  colomleas,  indistinctly  arstalline  bodj,  probably 
nitro-phenyl-malimide,  accompaoied  by  a  resiaoDS  bodywhicEi  is  veiy  diflcnlt  to 
separate.  The  crystalline  body  disBoIvea  easily  in  boiling  water,  and  the  stdntian  on 
cooling  yields  Sne  needles,     (Arppe.) 

H  \0 

ptaenTWnateniie  mUL   HUMtlUs  mU.   C'*H"NO'~(CiH*0*r  t-N.— Hill 
CfK'S*     Io 

add  is  obtained  in  the  form  of  an  ai 


dpitate,  which,  when  mixed  with  a  small  quantity  of  water,  and  deoompcaed,  with  thv 
aid  of  heat,  by  an  eziictiy  eqniTelent  quantily  of  sulphuric  acid,  yields^oijl-malamia 
acid ;  and  ftom  the  solution,  filtered  while  yet  warm,  the  add  trystaUises  ou  eoolins 
and  may  be  purified  by  recryBtaUisatJon  from  alcohoL  The  slightast  exosss  of  nd- 
[diurie  acid  oeed  in  the  preparation  conTerla  the  phenyl-mslamic  acid  into  phenyl- 
malimide;  hence  it  is  best  to  use  ra^er  less  than  the  equivalent  qnantity. 

The  add  cryslalliBefl  in  white,  &inlJy  lustrona  grauiues,  composed  of  vaij  minuta 
needles,  and  scarcely  attaining  the  size  of  a  pin'e  head;  m^Ca  at  146°;  has  a  vsfj 
•our  taste,  reddens  litmus,  snd  decomposes  csrboDatea ;  dissolves  readily  in  wattr, 
•omewhat  less  in  alcohol,  and  sparingly  m  tther.  Its  salts  ace  also  distingoiahed  by 
their  solubility  in  walei, 

Tbe  BolntioD  of  the  ammomam-salt  remains  clear  when  mixed  with  Umt-nater,  but 
is  slightly  clouded  by  boiling  with  petaih  ;  with  acetait  of  Itad,  it  forms  a  white  pra- 
dpitate  solabte  in  watai ;  and  with  taguiMondt  of  iron,  a  precipitate  of  a  fine  yeUow 

The  idrtum-so/j  is  very  solubls  in  water,  and  crystallises  in  spherical  nodule*  of  a 
dazsling  whiteness ;  it  is  insolnble  in  hydrochlorate  of  ammonia. 

Pifnyl-Dui/iunaXs  of  mlvtr,  Cfl^iigNO',  fbrms  a  white  pradpitote,  iriiioh  soiai 
becomes  coloured  by  sxposnre  to  light ;  it  dissolves  in  water,  and  is  deposited  from  the 
solution  in  shining  enb^ 

■■AXiIO  JVTHUS-  These  compoands  have  not  been  much  studied.  Acconiing 
to  Demon desir  (Compt.  rend.  zxiiL  237),  His  malatos  of  ethyl  and  methyl  are  pro- 
duced by  pasnng  bydiochloric  add  gas  mto  a  solution  of  malic  add  in  aloobol  or 
wood-spirit.  The  nentnl  eUien  cannot  be  distilled;  they  we  obtained  by  neuiraiiaing 
the  erada  liquid  with  carbonate  of  sodium  azid  agitating  witih  eommoa  ether,  whii£ 
takas  up  tlie  ethylic  at  methylic  malate,  and  leaves  it  behind  on  evaporation.     Ih« 
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ccmpoDnd  ethei  tliiu  obtaioed  Btill  aonUiu  wwtac  »Bd  aloohol  or  vood-^piDl^  whieh 
msT  be  Tentoved  b;  erapontjon  JD  a  racaam. 

The  uentnl  maUtM  at  Mbvl  and  mxLb;!  am  liquids  irhlefi  m«  MilDbU  in  witar, 
almoat  completdj  decoalpo«ed  by  distiUatioD,  btiag  moTerted  into  the  ootrMpooding 
famaric  ethers,  tuid  are  oonTwtod  into  nulamide  by  bhusodUi  Th^  poaww  optic^ 
rotatory  power. 

Etfajl-  and  !Uethy1-inalio  acids  are  alwaji  fbnned  by  ths  abore  prooeaa  limul- 
taaeou^T  with  the  Dentral  ethera.    Theii  i:slciaiti-aalts  aie  soluble  in  sleohd. 

Am^l-malic  acid,  C'H\C*H>')0',  is  obtained  by  raolonged  heeling  of  malic 
add  with  amjl-akohol  to  120°.  It  fonna  a  sjrup  which  dTBtaUises  on  eooling. 
(Btennlin.) 

w>»»ji-r»-w    Sjii.  ^th  Oil  ot  Affus  (L  S33  ;  iL  036). 

MJLbOWXe  AOZB.  C-HO'  -  ^''"^""''fo'.  AnadddiaeoreredbyDea- 
saigDRs  (Ann.  Ch.  Fharm.  evii.  251),  who  obtained  it  by  slowly  oxidising  malic 
add  wich  a  cold  solution  of  chromate  of  potassinm : 

C'H'O'  +  O*  -  CO"  +H^  +   CH'O'. 

It  is  also  produced,  with  evolution  of  ammonia,  bj  the  action  of  alkalis  □: 
add,  or  betE«i  on  cyanacetic  ether : 

CH^CN)!)*  +  2HK)  -  NH'  +  (?H'0* 

CvuucMla  MmIobIe 

icld.  add. 

C^CN)(C'H')0»  +  8HK)  -  HH*  +  C^M  +  t?H'0* 


The  solution  obtained  by  boilins  cyanacetie  ether*  with  potash,  f<Kms  with  Salphate  of 
copper,  a  gnen  precipitate,  whicE  I^  dpcompoaition  with  snlphjdric  add,  and  eraporatioa 
of  the  filtrate,  yields  matouic  add.  (Hugo  Hiiiler,  Chem.  Soc  J.  xriL  109.) 

M&lonic  acid  forme  lanie  rhomboheii^al  ciyetals,  having  a  laminar  structure.  It 
disBalTeB  easilj  ia  waCtr  tna  alcohei,  melts  at  110°,  and  decomposes  at  ISO"  into  catbonie 
anhydride  and  acetic  acid. 

[His  malonates  have  beeo  bat  little  examined.  The  naiirid  potatiiiun-  and  ant- 
mmium-talta  um  deliquescent  and  crystkUiee  with  difficulty ;  the  actd  laltt  of  the  same 
basee  cryatallise  readily.  The  bariunt-  and  calcitan-talla  are  eryataUins  pnwipitates 
aparingly  Boluble  in  cold  water.  The  aSver-talt  ia  insoluble  and  oyalallina ;  ths  lead- 
udt  is  likewise  insoluble. 

An  acid  called  nicotic  acid,  obtained  by  Bairal  (Compt.  rend.  xzL  1374)  &om 
tobacco,  has  the  aompoeition  of  malooic  acid,  and  is  probably  identical  duirewith.  It 
ciystatliBes  in  small  scales,  forms  LDioIuble  lead-  and  ailTer-aalts,  and  is  teaolTed  by 
b^t  into  carbonic  anhydride  and  acetic  acid. 

IKAXT.  Grain,  chiefly  barley,  which  kaB  become  sweet  frOM  the  eonrenioD  of 
its  atorch  into  sugar,  by  an  indpient  growth  or  germination  artificially indneed,  called 
malting.    (See  Bxan,  L  627:  also  Crre**  i>ic<.  <?/ .^te,  &c.  iii  18} 

WAXiTSA.  The  mineral  tallow  of  Kirwan,  said  to  have  been  Rnind  on  the  CMst 
of  Finland.  It  reeemblea  wax.  Its  specific  gravity  is  0-77.  It  is  white,  brittle, 
stains  paper  like  oil,  melts  witi  a  modaiate  heat,  and  bums  with  a  bine  flame  and 
much  smoke.     It  dissolves  readily  in  oil,  and  imperfectly  in  hot  aloohoL 

WAXTKAOSTK     See  MoimiOBiLLOKrTa. 


17B),  to  the  eogar  produced   from    storah-paste  by  the  action  of  molt  or  d 

It  resemblM  daxtjo-glucoee  in  crystalline  fcrm  and  most  other  respects,  but  ita  dextro- 


rotatory powar  is,  according  to  Dubrunfiiut,  three  timee  as  great  as  that  of  dextto-glu- 
id  not  stronger  in  a  recently  prepared  solntion  than  after  the  lapse  of  seronil 
It  is  converted 


ently  prepared  solntion  than  after  the  laj 
nours  [u.  oo»;.     it  appears  aia    '    '     '  ■,........       ■•>. 

into  deztro-glncose  by  ooiling ' 

IK&VOnnTM.  A  brown  minenl  bora  JIoneiDo.  near  Leghorn,  erauiating.  oc- 
cordiw  to  Jacquot  (Ann,  Min.  {S]  lii.  7031  of  seaquisilicate  of  liuc,  2Zn'0.3SiO*. 
It  ia  plnmoae  and  shining,  with  two  unequal  cleavages  inclined  to  one  another  at  9%", 
"ama-baitoiiie  aeid,  C"H"0*.— This  add,  whidt  oon- 

V  OD  ofanlds  a>  pousdaa.  «T  of 
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800  MAMDELIC  ACID. 

Ml  ind  fbrmio  wdd,  CHiW  -  BCH^) 
related  to  beoioic  acid  (so  fiir  »t  Itiost  as  comHaition  is  eonoemed) 
II  aa  lactic  to  acetic  add,  iras  discovered  by  Winctler  (Ann.  Ch. 
Pharm.  xriii.  310),  vho  obtaiaed  it  by  heatiag  bitler  almond  vat«r  with  hjdrocliloric 
■cid,  the  hydrocyanic  acid  oontsined  m  the  liquid  bang  tiisn  leeolwd  into  sjnmonLa 
and  formic  add,  which,  at  the  moment  of  ita  formation,  onitea  with  ths  bitter  alniond 
oil  ^Liebis,  Ann.  Ch.  Phonn.  zriiL  SB).  It  ia  alao  prodaced  by  the  action  of 
ftamutg  Bolpharic  add  on  bitter  almond  oil  (Laurent^  Ann.  Ch.  Fhys.  [3},  Izv. 
303),  and  by  heating  amygdalin  with  family  hydioehloric  add.  (Wohler,  *»"  Ch. 
Fhaim.  kvi.  338.) 

JVcpdrotun.— Bittra  almoad  water — obtained  by  distjUing  SO  ox.  of  bitter  almond 

Ete  with  90  Iba.  of  water  till  160  oi.  hais  pused  over,  then  taking  80  oi.  of  this 
lid,  Bjid  shaking  np  Uie  distillate  with  tha  bitter  alnkond  oil— is  mixed  with  4  o&  of 
bydrochlorio  add  of  spedflc  ^ril^  112,  and  erapoisted  to  drynen  over  the  watep- 
bath,  till  all  the  hydrochloric  acid  is  expelled.  The  yeUowiih  eryitallioe  residae, 
smelling  slightly  of  hitter  almonds,  leaTea  pore  sal-ammooisc  when  &eat«d  with  cold 
ether ;  and  the  ethereal  solntioD  yields  by  spontuneoDa  evaporation  a  slightly  yeUow 
Qystalline  mass,  which,  when  treated  wkh  water,  leavM  a  resinons  flocculent  body 
having  the  odour  of  bitter  almonds.  The  aqueous  solution  is  transparent  and  oolour- 
less,  (uxl  contains  pnre  mandelic  acid,  which  erystallisM  ou  evaporation  (Winckler\ 
— 3.  When  bitter  almond  oil  is  treated  with  one-tJiird  of  ita  volume  at  famittg  sol- 
phnric  add,  heat  is  evolved,  the  liquid  becomes  brown  and  thick,  and  solidifies  in  a 
compact  mass  on  cooling.  The  mass,  when  treated  with  watrr,  yidds  on  apper  semi- 
Bolid  layer  containing  UQd«compoeed  bitter  almond  oil  and  stnlbylons  acid,  and  a  lower 
layer  eontainiag  mandelic  add  and  exceoa  of  sulphuric  add  ;  (he  mandelic  add  ciys- 
talliieH  &om  the  latter  on  coaling  (Laurent). — 3.  A  solution  of  amygdalin  in- 
hydrochloric  add  is  evaporated  otex  the  water-bath,  and  the  synpy  mass  treated  with 
ether,  which  dIesidTM  the  mandehc  add.  On  evaporating  the  solution,  the  man^ie 
add  crystallis«L  (Wohler,  Lie  big.) 
Pn/pertin. — Mandelic  add  forms  a  siialj  crystalline  mass  (Winckler).    It  rays- 

talliaea  somelimea  in  rhombic  needles,   s ' ■-   -' >•—-'-'  -i- ..—  i 1- 

having  their  acuta  angles  truncated  (Laai 

SBtem  (J.  Hflosger,  Fogg.  Ann,  xdv.  isi\  It'has  a  very  &mt  odour  oi 
aondo,  and  a  strong  add  taste,  with  a  somewhat  styptic  after-taste.  It  melts  easily, 
with  loss  of  water,  into  a  yellow  oil,  which,  on  cooling,  solidifies  to  a  tisnslucent  gum 
(Winckler).  When  a  soluCioa  of  mandelic  add  in  strong  hydrochloric  acid  is  eva- 
porated at  a  temperature  above  100°,  it  becomes  amorphous,  and  ailerwarda  forms  a 
solution  with  a  small  quanti^  of  water,  but  is  predpitated  by  a  larger  quontitj  in  the 
form  of  ahaaTy  yellowish  oil  (Wohler).  The  ada  ia  very  soluble  in  water,  ateoltol, 
and  tfAer. 

Deeampoiitiotu.  Tha  add,  iealal  above  ita  melting  point,  difRuea  an  agreeable 
odanr,  Tecalling  those  of  white-thorn  blossoms,  hyadnth,  and  gum  benz(^.  Heated 
in  a  distillatory  apparatus  to  a  temperature  short  of  carbonisation,  it  is  conTartcd  into 
a  dark  brown,  reBinons,  balsamic  mass,  which  disaolvee  sparingly  in  water,  bnt  KAdily 
in  ^  Ikalis  and  in  alcohol  A  large  quantity  of  bitter  almond  oil  passa  over  at  tha 
same  time.  The  odd  bums  with  a  red,  smoky  fiame,  leaving  a  bnlky,  easily  oombna- 
tible  chorcual  (Winckler).  When  it  is  boUed  with  nifrw  oct^  as  long  as  nitroua 
fomee  Continue  to  eacap«^  tjie  fonnic  add  is  decomposed,  and  the  bitter  idmond  oil 
is  converted  into  benzoia  acid,  which  crystallises  on  addition  of  water  (Liebig). 
When  chlorine  gat  is  passed  through  an  aqueous  solution  of  mandelic  acid,  an  <»1 
smelling  like  chloride  of  benzoyl  separates  at  first ;  and  if  potssh  t>e  then  added,  and 
the  passage  of  the  chlorine  cootinued  tjll  this  oil  has  completely  diaappcared,  the  solu- 
tion, when  sabsrqaently  treated  with  add,  gives  off  carbonic  anhydride  and  depasita 
benzoic  add  in  the  form  of  a  crystalline  magma  (LiebiE).  The  add  dissolves  in  oil 
il/nirial,  andthe  solution,  when  gently  heated,  gives  off  carbonic  oxide  (Liabig). 
The  aqneoas  solution,  boiled  with  petixide  of  manganae,  yields  carbonic  anhydnde 
nod  bitter  almond  oiL     (Liebig.) 

'   '   '      — Ths  acid  neutralises  bases  completely,  and  expels  carbonic  add 
.      ids.    (Winckler.) 

Jdaaddatt  of  Ammonivm. — This  salt  is  obtained  by  slightly  supersalnratins  the 
aqneous  add  with  ammonia,  and  leaving  the  solotion  to  evaporate.  It  ia  very  difficult 
to  cryitaUise,  and  generally  forms  a  yeUowish-iriiite  mass.  It  has  a  veij  mild  taste. 
™^~  heated,  it  decompose*  in  the  same  manner  as  the  &ee  add.     It  disaolvee  in  Uia 


lallest  qnontity  of  water,  and  readily  in  alcohoL     (Win 
MandOatt  af  Barium,  ti\  ■   ■      ■■      ' 


E  of  Borium,  ohtainsd  by  dooomposing  carbonate  of  bariam  with  ttudelio 
add,  crystallises  readily  in  small,  tolerably  haid  needles.  It  is  mndi  lean  Mlobla 
'a  water  tJian  the  potassium-salt.    (Winckler.) 
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MANGANESE. 

-  „   -       .  .  ntion  ol 

__, 1,  yi«Ui  a (InB  light-bln«  p 

quanta^  of  Intttr  almond  oil 

MaiMate  of  Lead  a  predpiUtsd  u  a  vhiU,  flnelr  dyHtalline  ^trder,  du  addiog 
mandalate  of  potaoaiain  to  nentcal  acetate  of  lead.  When  halted,  it  behavca  like  tha 
oopper^alt.    It  ia  Karoolr  Kilnble  in  ntar.    (Winckler.) 

Mand^tOe  ofilamttiam  c^tiUiB«  nadilj.     (Wincklar.) 

Menmrie  XoHdeialt  i>  obtained  b;  pndpit&ting  meicnric  nilrate  with  mandalst*  of 
pnfa—inTii      Its  reactioiia  cloael}'  mwinble  thoMi  of  the  oopper-nlt.     (WiDckler.) 

Ufandtlati  of  i\)taMiu'».— Obtained  by  nearly  neutraliimg  carbonate  of  potaasEnni 
with  the  aqaeooB  add,  empomtiDg  to  diynesB,  ezhausting  the  dij  masa  with  alcohol, 
and  learing  the  alcoholic  eolution  to  eraHinte.  It  is  a  white,  aofl^  eaiilj  frinblp, 
aoapf  BUM,  haring  a  tbi?  mild,  aeareelf  saline  taste,  taintlj  leMmhling  that  of  Bweet 
almonda  It  deeompoaci  like  the  ft'ee  acid  when  heated,  takea  be  ewly  and  boRia 
awM  com^etelv ,  laaTing  pnre  eaibonata  of  potaainm.  It  diaaolTea  raiy  raadllj  in 
wat«r  and  alcohol     (Winckler.) 

ISandtlalt  of  SUver,  obtained  bv  precipitating  iub«te  of  ailTer  with  neutral  mande- 
late  of  potaaiinm,  fomu  a  white,  hear;,  eryataUine  powdpr,  eaaj  to  waah.  From  ita 
■qneona  nlntion  eatmatedat  the  boiling  beat^  itaeparatee  in  rather  hard  crystala  haTiog 
■  ali^t  yellowiah  colour.  It  nielle  at  a  somevhat  high  temperature  into  a  dark  nuaa, 
wnd  jielda  the  aame  prodocta  of  deeompoaitioii  ai  the  add,  learing  metallia  ailrer, 
(Winckler.) 

aKAVOAV-AaiVKZBOK&     See  BbOdoiuti 

XKAJrOAVaSBi  SjnoDTniea.  Itayumiae,  Mangati,  Motgonivm.  Symbolaand 
Atomic  Wei^ts,  Mn  -27-9  ;  Hmn  et^ta  —  6S. 

ZFuforjr,— Black  oxide  of  inangineae,  a  anbetancs  long  nrcd  to  decoloriae  glaaa,  and 
eslied  muffnena  nigra,  from  its  rteembUnce  to  the  loadstone, wae  formerly  included  among 
the  oree  of  iron.  It  waa,  however,  proTed  by  the  r«eacch«  of  Pott  in  1740,  of  Kaini 
and  Winterl  in  1770,  and  of  Scheele  and  Bergmann  in  1774,  that  Iha  metal  contained 
in  this  mineral  ia  distinct  &om  iron,  and  poageBaes  characten  prcnliaj  to  itsfll£  Tha 
mctel  itaelf  waa  &nt  eliminated  W  Qahn.  Cherillot  and  Edwaids,  in  1818.  pointed 
ont  that  vunrral  chaiHtifon^  a  anbetanee  diaooTered  aome  oooaiderable  time  b«fbre — 
contained  a  peculiar  arid  of  majignnese.  Forchhammer,  in  1830,  dietinguiahed  two 
aada  of  manganeee  ;  and  Mitsche<4ich,  in  1832,  fblly  conflrmed  the  diatLnctJoik. 

Manganese  occim  chiefly  in  the  Ibrm  of  peroxide,  known  aa  black  oxide  of  maiunt- 
Dese ;  2to  aa  manganic  and  manganoac-manganic  oxide ;  aa  aidphidB,  carbonate,  ^- 
cste,  and  tilanate ;  in  small  quantitiei  alac^  as  colouring  matter  in  many  silieeoua  minemls 
and  in  very  minnte  qnantity  in  the  aafaea  of  plants  and  in  the  bonea  of  animals. 

Prrparaiin  of  tike  mttal. — 1.  Hydrrigen  and  charcoal  at  a  red  heat  reduce  the  mpe- 
'  nr  oiidn  of  manganeee  to  protoxide,  hut  do  not  eliminate  the  metal ;  but  at  a  white 


heat  charcoal  depriTC*  the  metal  of  the  whole  of  its  oxygen.  The  fblloviag  pcocesa, 
recommended  hy  John  {OrhlaCt  JoarMi  fir  Chrndt  u/nd  fftjiajl;  iii.  4fi2'|,  is  com- 
monly Dsad  fhr  the  reduction  of  manganese.  A  flnely-diTidsd  oxide  of  manganese, 
ohtuned  by  esleining  the  carbonate  in  a  well-doaed  vessel,  la  mixed  with  oil  and  ignited 
in  a  corered  omcibla,  so  as  to  conTCrt  the  oil  into  charcoal.  After  aereral  repetitions 
of  thia  tieitmaDt,  the  earbonaceoua  maaa  is  radnced  to  powder,  and  made  into  a  firm 

Erte  by  kneading  it  with  a  little  oiL  Finally  this  paste  is  introduced  into  a  cmcible 
ed  with  charcoal  (prtuttt  bnaqui,  p.  388),  the  nnoccnpied  portion  of  which  is  filled  up 
with  charcoal  powdor.  The  crucible  is  first  heated  merely  to  reduRSS  for  halfanhonr,  to 
dr^  the  mass  and  decompoae  the  oil,  after  which  its  corer  is  carefully  luted  down,  sod 
it  IB  exposed  tor  an  hour  and  a  half  to  the  most  Tiolent  heat  of  an  air-ftimace  that  the 
cmcible  itaelf  can  support  without  undergoing  fusion.  The  metal  is  obtained  in  the 
form  of  a  semi-^ohnlar  maes  or  button  in  the  lower  part  of  the  crucible^  but  not  quite 
pore,  aa  it  contains  traces  of  carbon  and  silicium  deriTed  fhim  the  aahea  of  the  chaicoaL 
By  ignitina;  the  metal  b  second  time  in  a  charcoal  cmcible,  with  a  portion  of  bonix, 
John  obtained  it  more  fusible  and  brilliant,  and  so  free  from  carbon  that  it  Idt  no 
black  powder  when  diseolved  in  an  acid. 

2.  C.Branner(Ann.  Ch.Phana.cii.330i  Jahrsab.  1857,  p.  301)  obtains  manga- 
nese bj  rednciiig  the  chloride  or  fluoride  with  aodium,  in  a  manner  similar  to  Derilhi'a 
process  fbr  the  redaction  of  aluminium:  a,  S  pts.  fluoride  of  manganese,  and  1  pt. 
sodium  are  arranged  in  alternate  thin  layers  in  a  hessian  emdble ;  the  mixture  is  well 

aed,  and  covered  witli  chloride  of  sadium ;  and  over  the  irtiole  ia  placed  a  layer  of 

r-apar  in  smsll  pieces  (to  present  apirting).  The  crucible,  with  the  corer  on,  ia 
ineD  heated  in  a  blast  ftimace.  Ant  gently,  then,  when  the  cotumencemant  of  the  action 
is  indicated  by  a  hissing  noise,  to  bright  redness  for  a  quarter  of  on  hour,  after  which, 
all  the  apertoree  of  the  furnace  are  dosed,  and  the  whole  ia  left  to  axd.    If  the  heat 

Vol.  fit  3  F 


pressed,  a: 
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$02  MiKGANESE,  ALLOTS  OF. 

bu  been  itnmg  anoagfa,  Uie  nwoguiew  ia  fonod  in  a  fiued  waaa  tt  thf  bottom  of  the 
cnieible ;  if  not,  it  mnit  be  hsated  itgaiii  nnder  ■  lajer  of  ahlotide  of  *odiuni  or  potao- 
Bium,  mixed  with  ^  of  nitrB  (borax  sttscki  i(  too  rtmniglj). 

3'  Instead  of  fluoride  of  manganovT  a  miztarfl  of  equu  parts  of  chloride  of  manga- 
neae  and  flnelj-pnlreriaed  fluor-ipai'  ma;  b«  tued,  and  lednoad  with  aodiuDi  in  the 
maoner  sbove  described. 

Uannneae  maybe  obt^ed  in  the  pnlTenilent  xtate  b;  heating  ita  amalgHm  (p.  802) 
inatnbo*DedirithT«iffliirofnick-oJ.     (Oilea.) 

Proptrtia. — Manganese,  obtained  by  redaction  of  either  of  its  oxidca  with  charcoal, 
ia  a  greyUh-while  metal  hariag  tlie  aspect  of  cast  iron,  vorj  Boft  and  brittle,  with  s 
flne-grained  atrueture,  and  ia  oaailj  ipliL  Specifle  giaTitj  B-018  (John).  Feebly 
ma({;nati&  H^lts  only  at  tbe  strongeet  heat  of  a  blaat  iiimace.  It  oiidisea  qoickly 
when  exposed  to  the  air,  and  miut,  therefore,  be  kept  under  rock-oil,  or  in  sealed  tnbea. 
It  decomposes  water  alowly  at  ordinary  lemperKtnrea,  and  diaaolves  easily,  with  erola- 
tdoD  of  hydiogen,  in  hydrochloHc  oi  dilate  anlphnrie  wad.     It  does  not  rednoe  any 


WBsnaed 
s  bard  emngti  to  scratch 
.       _       ,  .  )t  tarnish,  even  in  moist 

.  . ,  tt  ordinaij  temporatom  ;  when  he^ed  on  plalimua^fbil,  it  becomes  coloured  lika 
•teel,  and  coTered  with  a  brown  fllm  of  oxide.  Under  wal«r,  it  oxidises  slowly  at 
ordinary  temperatures,  more  qoickly  at  the  boiling  beat,  with  scarcely  perceptiUe 
eTolDtion  of  hjdiogen.  When  immersed  in  strong  snlpharic  acid,  it  eliminates  bnt  a 
small  qoanti^  of  hydrogen  at  ordina^  tempeiatures,  bnt  dissolves  when  heated,  with 


H.  SeTille  (Compt.  rsnd.  xUt.  673)  attrihntee  the  difftroncM  between  the  nuuga- 
nese  prepared  by  Bnumer's  method,  and  that  obtained  by  reducing  either  of  the  oxides 
with  chmooal,  to  the  jnessnce,  in  the  former,  of  imporitiea  derived  from  the  rock-oil 
adhering  to  the  aodinm,  and  to  silicinm  from  the  flaoi^apar.  Wohler  fbond,  indeed, 
that  Brminar'B  manganeee,  when  diisolTed  in  hydrocblono  acid,  left  a  not  inconsider- 
able rendoe  of  hydntcd  oxide  of  silicinm ;  and  Bumnsr  himself  aftsrwards  foond 
that  Qiia  residae,  nt>u  13  aamptea  obtained  in  difiennt  prepantions,  varied  from  l-fl 
to  O-S  per  cent.  By  filing  the  coarsely  •palTsrised  metal  with  twice  its  wei^it  of 
chloride  of  sodiun  cootuning  1  per  cent,  of  chlOTale  of  potassinm,  the  qnanU^  (^ 
silicinm  eonld  be  rsdnoed  to  0-1  per  cent. ;  bnt  Bmnner  did  not  find  that  thia  rednction 
in  the  propcvtitai  of  the  liliciam  made  any  diflerenos  in  the  oolonr,  f  ombility,  haidness, 
or  lustre  of  the  metaL    [See  Huioahbsb,  Snjcnn  or.) 

Manganese  enters  as  a  base  into  two  classes  of  comnninds,  namely,  the  manganona 
compounds,  in  which  it  is  mono-  or  di-atomic,  according  to  the  atomic  weight  adopted ; 
and  the  maa^anio  compoonda,  in  which  it  is  seaqni-  or  tri-alomic  ItHkewise  enten 
as  an  sdd-radicie  into  two  daases  of  salts,  the  manganates  and  permanganates. 
Examfdea  of  these  componnda  are  given  in  the  follawing  table : — 


MnCl- 

27-5  + 

36fi 

-     63 

MmnCl-c. 

56+2 

S6-fi 

-  126 

Mn*0°  2 

.  27-6  + 

16 

-    71 

MmnO- 

66     + 

IS 

-    71 

Manganieehlaride     . 

Mn'Cl"  -  % 

.  2T(  +   8 

366 

-  161-S 

MmaCl'  - 

66+8 

Sfi-5 

-  161-S 

HangMic  oxida .       . 

Mn'O*  -  4 

.  27-6  +    S 

18 

-  IfiS 

Mmn'O'  -  3 

.66+8 

16 

-  168 

MdKO>  - 

27-6  + 

38  2  +  2 

18 

-    987 

MmnlfO*  - 

65+2 

89'2  +  4 

16 

-  197-4 

MnJEO*  -  2 

.  27-6  + 

38-2  +  4 

16 

-  lfiS-2 

0 

MmnKO-  - 

66     + 

39'2  +  4 

16 

-  lGS-2 

Manganese  also  wmbinct  vilh  chlorous  elements  in  other  proportions,  t.g.  the 
peroxide  =  MmnO*. 

IKUrOAnSl^'  AXi&OTB  or.  The  componnds  of  manganme  with  other 
metals  are  not  of  much  importance.  It  unitca  vitli  cobalt,  nickel,  copper  (ii.  4S), 
iron  (ill  363),  and  gold,  forming  white,  brittle,  and  very  relractor;  alloys. 

An  alloy  of  manganese  and  afnmininm,  UnAl',  is  obtained  by  melting  together 
10  pts.  anhydrona  chloride  of  manganese,  30  pts.  of  a  mixture  of  the  duoridn  of 
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|)ot(i«Biiun  Mid  lodinm  in  ktomic  propoitiolii,  tnd  IS  pU.  ■luminiiim,  uid  tceHting  the 
r^tdtiiur  MtfuliM  whh  dilute  hjdrochlorio  Acid,  It  fbnoA  a  dtrk  giey  cryfltAlliue 
^vit;  S-403,  msciluble  in  cold,  bat  etaHy  kJuIiIb  in  hot  coaceD- 

,  —BH.  iu  ooneentntcd  hT^ochloric  add ;  it  ia  decomposed  b;  eaUBtio 

eoda-l^,  eren  when  dilott^  the  slnmiiiiiim  diiaolTiog  outi  (Wohlar,  Ann.  Cb.  Phaan. 
CIV.  102.) 

Anamalgamof  mai^&nen  is  obtained  b;  redadDg  a  (dntionof  tlMcU^devith 
■odium-amalgam.    (Oiles,  Phil  Hag.  [t]  ut*.  32S.) 

WAKtMVaaa.  ASSaansa  or.  Mn'AaorMmnAL— ThiaeonqunrndoceAn 
•■  a  Datnnl  miaeni,  Jrtmiicai  manganeet  oi  Kantilt,  in  bobToIdal  nunnna  ai  amoi~ 

Ca  with  bliatsd  oi  gmmlai' ftnictaTe.  Spedflc  giaviCy  fi'5G.  Hard.  Orsjiah-vhite. 
mrm  eorraiid  vitb  a  blackisb'^Tej  povder  irhen  exposed  to  the  air.  Helta  on 
pUtimun-foil,  and  mmbinea  with  the  pluinom.  Before  the  blovpipn,  it  bnma  with  a 
blue  flame,  gadic  odonr,  and  enuasion  of  Thite  ftimss  of  aiseniooa  anhydride.  It 
diasolTea  oompletal;  in  Ditromoriatie  add,  and  in  a  largo  qoantity  of  mtrio  acid.  Con- 
taina,  aecDiding  to  Kane'*  aualjaia  (Fogg.  Ana.  zix.  lib),  466  per  ceaL  manganese, 
Cl'B  areeoic,  and  a  tra«  of  manganese  (••  973),  Iha  formula  inquiring  4276  Hn  and 
67*25  Aa.    Tbe  apedmen  azamined  ms  lapposed  to  be  &om  Sajconj. 

■I  1  WIIIIB  — ■.  limHgTP^'>*-  MnBr  or  MmnBr'. — Tbe  anhydrona  bromide 
is  obtained  as  a  pale  red  tasei  maaa,  b;  heating  the  pnlreriaed  m^al  io  broinine- 
Taponr.  By  dissidTing  the  carbonate  in  hjdicbromie  acid  and  eTapoialing,  the 
fa^drated  bramide,  HnBr.2H^,  ia  obtained  in  amall,  red,  delicpeacent  needles,  ieomor- 

Kiod widi  tiie oidinaij fbrm  of  hydrated  manganoua  chloride  rMarignac^  seep. 804). 
e  dyatali,  when  earefdlly  heated  in  a  cloae  Teaaal,  give  off  theic  vator  of  cnstalliea- 
tioD,  and  leave  the  anhjdions  bromide ;  and  thia,  whan  ignited  in  contact  with  the  air, 
giree  off  bromine-Tapour,  and  leavee  monguioao-manganio  ciide.  It  ia  decomposed 
by  sulphuric  add,  the  bromine  going  off  putly  in  the  free  alate,  partly  as  hjdiobRmiis 
acid.    (L5wig.) 

WAWOAaraaa,  CMWWiia—  OV^-o.  Manffanoat  CHoridt,  Hna  or 
HmnCl'.  This  compound  is  farmed  by  direct  combination,  the  flneJy-dinded  metal 
ti^ng  Bra  wben  thrown  into  chlorine  gas.  It  is  also  produced  by  passing  dir  hydro- 
chloric acid  gas  orer  msnganons  carbonate  or  the  red  oxide,  heated  first  gently,  after- 
wards to  low  radnns,  the  process  being  continued  till  the  gas  ia  no  longer  abaorbed, 
and  the  product  fbrms  a  clear,  colourlcsa  liquid.  The  air  most  be  carefully  excluded 
during  Uie  whole  of  the  reaction ;  the  mass  must  be  letl  to  cool  in  the  current  of 
hydrochloric  add ;  and  the  excMa  of  tha  latter  finally  expelled  bj  a  stream  of  dr;  air. 

Haoranoua  dikaide  obtained  by  thia  process,  or  by  heating  the  hydrated  chloride, 
ia  a  pde  roas-coloured  mass,  iiaviDg  a  lamino-ctyatalline  structuie.  According  to 
H.  Boaat  it  may  be  obtained  in  yellow  crystala,  by  paasing  chlorine  gas  ov^  a  strongly 
ignited  miztnre  of  manganoua  oiide  and  charcoal ;  also,  by  exposing  a  mixture  of  the 
peroxide  witli  sal-amnumiac  ts  a  gradually  increasing  heat.  Uanganous  chloride  melta 
to  an  oily  liquid  at  a  dull  red  heat^  bat  does  not  volatilise  at  a  lemperatnre  above  the 
malting  point  of  {^aas.  It  ia  not  decomposed  by  heat  aloae,  if  air  be  aicladed,  but 
when  Ignited  in  moist  air,  it  gives  off  hydrochloric  add,  and  leavea  manganoeo-mao- 
ganic  <mde.  Ht/drogm  gat  does  not  act  upon  it  at  a  rt!d  heat,  but  vhotpkoritUd 
il/dragm  daamuKMSS  it,  fanning  phoaphide  of  manganese  and  hydrochlonc  ncid.  W^ 
heated  with  nipkitr,  it  is  partly  converted  into  s^pbide  of  manganese.  When  to 
ia  poorad  (qxHi  the  mhydroua  chloride,  it  becomes  hot,  and  dissolves  veiy  easily,  u  la 
ven  deliqMacont, 

ki/draird  CUcriih,  MnC1.2H'0  or  MmnCl'.4HS).— Tha  protoxide  and  carbonate  of 
manganeae  divolve  readily  in  cold  hydrochloric  add;  and  the  higher  oxides,  with 
evolution  of  ehlorins,  when  heitod  therewith,  the  product  being  in  all  cases  manganous 
chloride.  It  ia  contained,  together  with  ferric  chloride  and  other  subatancea,  in  the 
waats-li^nor  of  the  preparation  of  chlorine  by  heating  the  common  block  oiida  of 
man^neae  with  by<uochloric  acid ;  and  aa  this  liquid  accamnlates  very  quicUy  in 
chemical  laboraCoriea,  it  may,  after  proper  purification,  be  advantBgeanaly  used  aa  a 
aouice  of  the  pore  chloride,  and  thence  of  the  other  preparationa  of  mangaiiese.  The 
iron,  which  ia  tbe  chief  impurity,  may  be  removed  try  boiling  down  conaiderably,  to 
expel  the  eiceea  of  add,  afterwarda  minting  with  water,  and  boiling  again  with  car- 
bonate of  maoganese,  which  salt  predpitatea  the  whole  of  tbe  sesquioiida  of  iron, 
formiog  chloride  of  manganese  with  ita  acid.  If  about  one-fourth  of  the  impure  solu- 
tion of  chloride  of  manganese  be  reserved,  and  pnfipitated  by  carbonate  of  sodium,  a 
quantity  of  carbonate  of  manganese  will  be  obtained,  which  is  sufiident  to  precipitate 
tha  itm  bam  the  other  three-fbortha  of  the  liquid,  and  may  be  used  for  that  purpose 
after  it  has  been  washed.  The  iron  may  likewise  be  separated  by  en^ioiating  the  so- 
lution of  the  impQM  chloride  to  drynesa,  heating  the  reaidns  to  low  redness  in  a 
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oneiUa,  ■■  long  u  hjdmeiblDne  add  eonfinnaa  to  ttctpe ;  then  ImTing  it  to  eool,  ex- 
httuling  with  boilioff  watsr,  And  flltarmg.  Tlw  hjdr^ed  chloride  of  uon  ia  nsolTsd 
hj  Qia  hMt  into  hjdnxihlorie  acid  tuid  seaqnioxidc^  vbile  the  chloride  of  tnangiues* 
renuuna  mi&ltflred,  Ukd  ia  ettalj  diHsolTed  imt  hj  mtCT,  nil  the  iron  remsitiiiig  behind 
(BTeritt,  FhiL  Hag.  [S]vi.493).  ChlorideofnuuigBneBe,  Then  freHfrnni  iron,  iepra- 
dptated  white,  without  anj  ihade  of  bias,  b;  ferrocTanide  of  potaaaiiim,  and  of  a  pnia 
flodi-nd  CDloar,  tr^  mlphide  of  ammoninm :  the  latter  lest  ie  the  eeoat  ddiaMi  the 
elu^t«*t  tnM  of  mm  imurting  a  perseptible  bUckneai  to  tha  ^ecipilUed  anlpldda. 
Bfnneiiittatiiigtfae  whtOeof  t^eiMiitian  withml^iideaf  aminoaimn,  theaMngiMse 
dllrambariinn,«aleiDiii,  and  other  impoiitieaimaant.    If  oopp«ti>fmsra^ 


I  of   thdr   fbnn    by   diArent    obaarrea  do   i  ^ 

Sohabne  (BaeMrmbttrtg  dtr  KrvitaBgutaOen,  Ac),  thej  oi&btt  the  combiiution 
aaP  ,  [  ssFio  ]  .  [Feo  ].  Batio  of  elinodiigonal,  oiUtodiBgonal,  atid  prinEipal  tail 
.....      .      „„.-.      .__.._..■__,.-_.  I .:.«,-*■       ^      »t  in  the  dino 

jnac  (figricrvie 
,  ,     V  Qnakn,  18SS;   CompL 

rend.  lUi,  2S6),  the  elinod.,  otthod.,  and  prindpa]  axia,  are  to  oae  another  as 
llbiA  :  I  :  0  6445,  and  the  angle  of  the  indined  ana  is  80°  36'.  Angle  a>F  :  ceP 
in  the  dinodiigonal  prindpal  Motion  -  82=  iV;  [Poo]  :  [Pog  ]  -  lliP  6"; 
isPa  :  [Fes]  -  e7°  Ifi'.—UarigQBe  has  Biiiea&iuid(Cainpk  rend.  xh-.eSOjk  that 
CTStala  of  tlie  nme  oomposiljnn,  bnt  of  different  brm,  isomoiphoiia  with  those  of 
hjdtatad  fenona  diknide,  FeCLSHV,  are  niDetinm  obtained  when  a  aolotion  ctf 
mansaDona  diloride,  sapenatumted  by  evapontiaD  at  a  hi^  temperature,  i>  Idt  to 
standforsome  time  at  a  temperatUB  between  0  and  4- S°  in  a  Teasel  oorered  with  Inba* 
lone  psixr.  These  crrstala  are  also  monoclinic.  but  the  angle  of  their  inclined  axes  is 
89°  14  .  TheyrathibittheconibinationOP.  -tE. -P.  [iPai].  Ai^+F:+Pin 
the  olinodiaguDsl  principal  ■e(jtion  -  Se°0';  -F  :  —  P  in  the  aame  —  106°  Slf;  +F  : 
-P  in  the  principal  arthodiagoiiBl  aectjon  —  103°  W  :  oP :  +F  —  103o  30';  oP  : 
-P  '^  l£a°aO';  oP:  [lP<s  J  -  142°  30'.  fiydnted  mauganous  chloride  is  therefin 
dimorpfama.    It  moit  ne  obserred,  howerer,  that  the  oystals  last  described  aiB  of 


lo  the  determinatione  of  Uarignae  and  Bammelsberg.    As  the  c^stsls  meaaared  t^ 
3ehabiu  are  decided^  diSorent  from  both,  it  is  probdie  that  he  «iamiiied  »  diffenat 

Tha  sTBtals  (MninCI*.4HX})  plaiwd  orer  oil  of  vitriol,  either  in  vaeno  or  in  a 
rpceiver  containing  air,  Idbs  2  at.  wat«F  at  otdicaiy  teniperatnrca  (Qrahsm).  At  2S 
they  become  white  and  opaqna  (John)  ;  between  26°  and  87°  they  giTe  off  hrcro- 
Bcopic  water  with  decrepitation,  and  beoome  hard;  at  ST'fi^  they'became  ton^;  it 
G0°  semi-flnid ;  and  tt  S7'6  they  fbnn  a  molule  liquid,  which  bcnla  at  106°.  If  the 
masi  be  kept  for  Home  time  at  a  t«mperatiire  near  100°,  it  girea  i^  S8percent.(3  at.) 
of  water,  and  leare*  a  white  powder,  which  rotaine  1  at.  water.     (Brandei.) 

Both  the  auhjdrona  and  the  hydratsd  chloride  deliqneece  rapid^  in  (he  air,  one 

Cof  the  dyalala  abaorbing  1'2  paita  of  water.    One  part  of  Uie  oyitaUiaed  aalt 
tres  at  10°  in  O'Sfl  parts ;  at  Sl'26°  in  0-37 ;  and  at  62'fi,  87-6°  and  106°,  eqo^y. 
In  O'lA  parts  of  water  (Braodes).     Hie  aolotioa  has  a  li^t  rose  ooloor,  and  thin. 


irfMpyei 

Tm  salt  diasDlTea  readily  ii 
The  ^cohottc  iohttioB  of  the  hjdratiid  salt  ie  green,  and  yielda  on  cooling  eolonrins 


le  salt  diasalTee  readily  in  alcohol,  but  ie  insolnble  in  ether  and  oil  of  ti 


The  anhydrous  chloride,  dissolTed  to  saturation 

les  out  on  cooling,  and  the  remaining  eolation  ei 

pocatad  in  Taeao  yields  an  additional  quantity  of  aystals,  containing  0-4  of  thi 

weight  of  aleohd. 

A  eolation  of  m- 


d  (SobreroandSelmi,  A 
■iiix.'lBl).     According  to  Millon  (Jahrsab.  184S,  p.  2S4),    the  same 

B  produced  by  chlMine  water  which  baa  been  «spaead  to  eonJight,  and 

Iharefbn  eoutaina  hydrochleric  and  hypochlonma  adda. 

Hanganooa  dilonde  fiirms  two  oystalline  double  aalta  with  eKeridt  qfammmitm. 
Ooa  of  thtse^lbuiCl'.ZTTn'Cl,  fimnscnbical  e^stalB  containing!  at.  water  accoidingta 
Bammdsbeig,  and  2  at.  aceor^ng  to  t.  Hanac.    The  rayrtak  when  ig^«dlMmBMi' 
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mUe  I 


rait,  MmnCl'.NH<CL2H' 


•na  expoaiw*  to  ths  air,  a  [recipitate  of  hTdntad  mangaiKiao-mBDguia  ozida. 
(Otto.) 

A  compound  of  mangattotu  cUorid*  and  mmurie  ej/amda,  XinjxC['.Sh^^,  u 
obtaiDud,  b;  (pontatieoaB  evaprifiion  at  a  aotntiou  coutaming  the  two  nlta  in  at<mua 
pfopoTtioD,  in  eolourlan  fonr-Eided  tsblata,  vhich  eSomoa  qoisUj  in  tlis  air,  and  an 
TBTj  aolnblein  watCT.     (Poggialo.) 

p.  Mangattit  Chloride,  BiiiKP  or  HmuCI*  u  not  known  in  the  aoUd  atata.  bnt 
•ban  fluelj  dirided  mangaiioao-nuuigai  '    ~  -  •   '      <  • 


Older  to  aroid  rise  of  tanpentnn,  to  cold  concenlratad  aqoeoi 

acid,  ■  brown  aolntion  is  formed,  niaab  ilovl;  beooDwe  colovrieoa  at  oidinaiy  tenmem- 

tnrea,  and  mora  rapidljr  when  he»t«d  or  axpoaed  to  nuuhine — ehlcnne  being  srolTed  wtd 


oxide,  and  RiToi  rue  1 

When  duonne  ie  paaaed  into  a  eolation  of  I  pt.  rougaaoas  cluoiide  in  19  pta.  wiiUx 
cooled  to  +  6",  the  bqnid  gradoallj  lolidiflea  to  b  jdJov  ciTitalline  maaa  whieh,  how- 
vrer,  melta  for  ths  auKt  ptrt,  on  eli^t  riae  of  temperatnie  (John).  Tha  erjKttiM 
thus  obtained  deliqaesce  ferj  readilj  id  the  air,  and  are  decompoeed  b;  gentlo  beating, 
jnat  like  tbe  aolnlion  of  manganoDB  oxide  in  hydrochloric  acid. 

y.  Pirckioridia/Manganett.'lia'Cl'?  WbenaulpburicacidiiaddadtoagcMn 
aolntion  of  potaeaic  mangaoate  dll  tbe  liquid  tonu  red ;  the  aolntiou  than  n^matedto 
diyneaa;  the  reaidae,  condtting  of  aalpbjtta  and  permanganate  of  pMaaaJnm,  diaacJred 
in  atiDi^  nilpbiiric  acid  1  the  aorution  inboduced  into  a  tabolatad  retort  1  and  fiagmeDta 
«/ ftuBdehlonde  of  aodinin  added  aalMigBaeoloacedTapaniaara  trolved,— theeoj^Ma-" 
mIMtmI  or  green  yxprnza  vhiell  dialil  onr,  eondenaa  entiral;  in  a  tabe  attaobed  to  tlie 
retort  and  cooled  down  to  —  1S°  or  —  20°,  forming  a  grtmuah-brown  liquid.  Tba 
npooni  when  IfioDght  in  contact  with  moiit  air  in  a  wide  tnbc^  raoduea  a  danaa  naa- 
cofamred  cloud,  and  form  on  tbe  aidee  of  the  tab%  witb  erolntiOD  ot  hydioehlcario  acid,  a 
d^oait  ot  pu^e-red  permanganic  add  (Bamaa,  Ann.  Ch.  Phja.  [2]  xxxri.  SI). 
T  Boae  regazda  thia  GOmpoimd  aa  pinbablf  analogona  to  the  ohronate  of  boohlorida  w 

BM  OT.    Bea  CrunuM  (iL  2S8). 

rxiCA.TXOW  OP.— 1.  BtatiianM 

impoimde  of  manganeee,  heated  witb  borax  or  pbocphoras- 
flame,  form  an  amethyat-colonrcd  bead  eoctaming  man- 

ich  beeomea  colourleea  in  the  inner  flame  by  reduction  <J 
Slat  oompannd  to  manganona  oxide.  Thia  reaction,  when  not  disgnijad  bj  tbe  pr»- 
apnce  of  other  metala  fbiming  oolonred  beada,  ia  extremely  delicate,  and  aerrea  to 
diatingniah  manganeee  from  aU  atbar  metala.  Another  reaction,  eqnall;  chaiaeteiiatiat 
even  more  delicaU,  and  cot  likel;  to  be  intarfbred  with  hj  the  preeenee  of  othw 
metala,  ie  obttiined  bj  beatiag  the  Babataow  under  examinatioD  with  two  or  thraa 
timea  iU  weight  of  caAonate  of  Bodinm  and  a  little  nitrt^  on  pUtinnm-lbil  in  tha  oBter 
blow-pipe  lluie.     Tbe  Bmallest  ttace  of  manganese   w^  then  be  indicated  l^  Ih* 


dimt  the  bottaet  p«rt  of  tbe  ft 

boieath  dw  aiixtara.    In  teat    „  . 

iron,  it  it  beat  to  treat  them  with  nitric  add,  which  duaolTea  the  ipni  a«  feirio-ealt ; 
neariy  aatante  the  aolntion  with  carbonate  of  aodinm,  and  predpitate  the  iron  with 
acetata  of  aodinm ;  them  aatnrala  the  filtrate  with  ammonia  add  one  drop  of  nilphide 
of  ammoninm,  and  teat  the  predpitated  aajphida  bf  ftuion  with  nitce  tuid  eaib<mat* 
of  aodinm,  aa  abore. 

3.  Beitetion*  in  Salolion.— a.  0/  Ittmgaayut  Saltt. — 'Dieaa  nlta  bare  a  pale 
nae  lint,  which  ia  not  deaboyed  bj  aol^iiroiia  or  b/drochloRo  acid,  and  mnat  thera- 
fora  be  eraiaiderad  aa  duraetmalie.  when  the  aolntion  ia  oolonHeM.  aa  ia  aometimei 
the  eaac^  the  fact  ia  explained,  acctading  to  Ooisen,  by  the  preawea  of  a  aalt  of  iron, 
nidel,  or  toppvt,  the  green  or  bine  lint  of  tba  tatter  metala  prodndng  a  white  or 
acann^  patoeptible  n&t  tint,  iriuai  combined  witii  tha  t«M  ouod  <k  a  mangaaooa 
■alt 

JBulpigdHc  aeid  forma  no  predpitate  in  nentral  aolntiona  of  manganona  nita  CMi- 
taining  any  of  the  atimiger  aeida.  In  a  nentral  aolntion  of  the  acetate,  a  fletbi 
coloured  raadpitata  ia  Girmed  aftw  aome  time ;  bnt  not  if  the  aolntion  oontaiBa  Ina 
aoeUe  ado.    Sti^Mdt  <if  ammoniitm  toKM,  to  eentnJ  aolntiona  of  mu^tuanw  Httti  • 
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fleah-colound  pncipilmte  of  hjdisted  sDlphide  of  DiaDguiee<v  insolDble  in  ttixnt  of 
(ulphida  of  ammonian],  bat  resdilj  soliible  in  acidB.  Wlieii  cnpoaed  to  tlia  sir,  it 
tuniB  brown  on  the  mi&ra,  from  oxidction.  Tliii  mctioD  is  quite  efaa»ct«iatic,  do 
other  mptal  ginng  anjtliing  like  it ;  »  TS17  Bmkll  tnce  of  iioa  or  cobalt,  homrrer, 
colouTB  the  prpcipitat?  bLiek. 

Caiulie  al/aiiU,  added  to  ealntioni  of  mnngaiiona  sidts,  throw  down  tfae  protoijde 
of  mangHneK  in  the  form  of  a  white  hfdntp,  which  toon  abiorba  oijgen  from  the 
■ir,  ana  becomes  brown ;  when  collected  on  a  filter  and  washed,  it  nltimatelj  changee 
into  a  blackish-brown  powder,  whicli  ie  (he  hydrate  ot  the  eesqiuoxida.  A  aimilai 
change  ia  inatantaneonslj  produced  bj  the  action  of  chlorine- watfr  upon  the  white 
hydrate,  or  by  the  addition  of  chloride  of  lime  to  a  salt  of  the  protoxide  of  manga- 
neee ;  bnt  then  the  hydrated  peroxide  is  formed.  Ammonia  predpitatea  the  white 
hydrate  from  neutral  mungaiioiu  aolntiona  ;  in  aolatioiia  containing  free  acid  or  ammo- 
Diacol  nlta,  it  gives  no  precipitate  ;  but  if  mfflcient  ammonia  ia  added,  the  aolntion, 
OQ  expuwire  to  the  air,  gradnaUy  depoeita  all  tbe  numganeie  aa  brown  BBBquihydrate. 
The  aikaline  monocarbonatei  precipitate  white  cwbonale  of  manganeae,  which  does 
not  turn  brown  in  tbe  air,  and  diaaolTea  apuringly  in  a  cold  solution  of  wl-amntoDiae. 
Acid  carbonalf  i^f  ^otaiMum  precipilales  a  aliong  aulntioD  immediately,  and  render*  a 
dilate  lolatioD  slightly  tnibid ;  but  if  the  solution  contains  a  &ee  acid,  bo  that  an 
eiceaa  of  cailNnkic  acid  is  set  &ee,  no  predpitste  is  fbrmed.  The  eartkg  catbonaUe 
do  not  pred^tate  manganoua  aalta.  AUcaUtu  photplulei,  artmata,  and  otidatti  gire 
white  predpitatea. 

Ftrrotj/anidt  of  potaaiim  forms  in  nendnl  aalntioiw  of  maoganoaa  aslts.  a  white 
preripitate,  having  a  t^nge  of  red,  and  soluble  in  free  acids.  Urncffonidtiif  polanima 
forms  a  roddish  predpitate,  insoluble  in  adds. 

The  least  tiace  of  a  manganoua  salt  may  be  detected  by  heating  tha  solution  with  • 
little  dioxidf  of  lead  (or  red  lead),  and  niirie  aeid,  when  an  intense  pnTple-red  colour 
is  produced,  owing  to  Che  fbrmation  of  permanganic  add,  or,  sccording  to  H.  Rose,  of 
manganio  oxide.  The  colour  is  readily  perceptible  when  the  excess  of  lead-oxide  has 
subsided.     This  ia  the  moet  dehcate  teat  for  mangannie  in  the  wet  way.    (W.  C  r  u  m.) 

All  compounds  of  maugoneae,  altez  boiling  wiUi  hydrodiloric  add,  exlubit  the  m- 


6.  Of  Manganic  tallii. — Solutions  of  mansHnic  nita  are  red,  and  yield  with  jietiuh 
■  black  precipitate  of  manganic  hydrate,  niJest  chlonde  of  anunaniam  is  preecnt.  in 
which  case  no  prodpiCate  is  formed.  They  are  very  unstable,  being  reduced  to  maa- 
ganons  salU  merely  by  hotting,  also  by  hydncMoria,  talpkuroai,  or  nitnmt  add,  or 

aorganie  eomptnata,  the  liquid  then  becoming  colourless.  Sulphide  of  smrar^nium 
ices  them  to  manganoiu  salts,  and  thnn  prt^pitates  the  flcsh-cotoured  sulphide. 

•f.  Of  Manganalei. — The  mui[ianaCes  of  the  alkali. metsls  are  soluble  in  water, 
Ibnning  green  Bolntiona,  which,  however,  are  Tcty  unstable,  quickly  turning  red  on 
exnoanre  to  the  air,  from  formation  of  permanganic  acid,  and  depositing  the  brown 
hy^TAted  peroxide ;  this  change  is  retarded  by  the  presence  of  excfes  of  alkalL 
iktrii),  tufyiitrin,  or  kydroehlone  add,  effects  Uie  change  at  once ;  with  hydrodiloric 
«otd,  the  red  eolation  gradually  becomea  hrown,  and,  when  heated,  colonriees,  owing 
to  the  formadon  of  mansanous  chloride.  The  aolation  ii  also  decolorised  by  ni/pAu- 
rovi  and  tuiphj/dric  andi,  and  other  reducing  agents. 

I.  Of  Permanganates.  —  The  alkaline  permanganates  form  salntiona  of  a  deep 
pnrple-red  colour.  They  are  very  easily  reduced  by  organic  compoandi,  and  by  all 
redudng  agents  (e.  g.  hi/droiAloric,  tvlpkarout,  arKnioui,  niirout,  and  nUpiydrie  aeidi, 
femna  tatt,  ttannont  taitt,  &c),  the  solution  fliat  becoming  green  andnltimalely 
ColonrlesB. 

S.  Quantiiaiitt  Eatimation  and  Sep ar a  liBti.—'The  nsnal  method  of  pre- 
cipitating mangan^ee  from  the  solution  of  a  manganoua  salt,  is  to  add  earbonate  of 
ealinm  at  the  boiling  heat.  The  precipitated  carbonate  of  manganeee  is  th(?n  weQ 
washed  with  boiling  water,  and  calcined  at  a  strong  red  heat,  whereby  it  is  eonrcrted 
into  manganoso-monganic  oxide,  Hn'O',  containing  7211  per  cent,  of  manganoee.  If 
thesolntion  contains  a  coneiderahle  qnanti^  of  ommoniacal  salts,  it  must  be  evaporated, 
after  mixing  it  with  excess  of  carbonalfl  of  sodium,  and  the  soluble  salts  dinolved  out 
of  the  residue  by  water. 

From  the  metals  of  Group  I.  (i.  217),  manganese  is  separated  by  the  non-p«dpitA- 
Idou  of  its  sulphide  &om  an  add  solstion  by  sulphydrie  add.  Its  eepmnUon  from  the 
metals  of  OroopII.,  which,  like  manganese  it«elC  are  pcedpitated  by  sulpMde  of  ammo- 
nium and  not  by  si^phydric  add,  is  more  difficult. 

The  methods  of  separating  manganese  from  iron  have  been  already  given  aader 
Iboh  (p.  386).  The  beet  ia  to  precipitate  the  iron  (previously  bronght  into  the  ferric 
state  bjr  sucdnate  or  henzoate  of  amaoniiun)  from  a  solntion  carsfblly  neutralised  with 
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Fran  cobalt,  nickel,  Mai  lina,  nunauieae  may  be  Btmsratpd  b;  mixing  tbe  salu- 
tioD  with  aalaU  of  anjium,  uid  bttnnting  wit^  tidp\yATia  acid  gat,  vbiish  throws 
down  tbs  other  metals,  Icanng  the  muigaiieM  in  Mlntion.  In  the  caw  of  cobnlt  and 
nickel,  the  aolatiou  muit  not  oontain  mach  &«i  add.  The  lepunition  thiui  effected  is 
Dot  verj  complete  at  fiist,  bat  it  maf  be  nnidenid  almoat  absalata  b;  repeating  ths 
proceM  two  or  thiee  tunea.  Other  melhoda  of  ■epaiating  manganese  &om  cobalt  are 
giveD  nikder  Cobalt  (L  1046).  One  of  the  best  is  that  which  consists  in  cotiTertLng 
the  two  metals  into  chloridee,  and  igniting  them  in  a  itrciun  of  kj/droge*,  which  reduces 
the  oobalt,  and  learea  the  abloride  of  manganese  nndecompoaed.  The  same  methods 
nav  be  nicd  for  eepaiating  manganese  &0m  nickeL 

From  nraninm,  mannnese  is  sepanted  bj  precipitating  that  metal  as  arsnif  oxide 
by  means  of  carbonatt  tf  barium,  winch  lenTes  all  the  mangnnese  in  solution.  For  the 
sepaiBtion  &om  chromium,  see  i.  BIB. 

From  the  metals  which  are  prwipitaled  by  sulphide  of  ammoninm  from  their  neutral 
•dutioiis  as  hydratee.  til.  those  of  the  earths  proper,  also  cerium,  lanthanum,' 
and  didjmium,  manganese  may  be  sepaialed  l^  mixing  the  solntion  with  a  soffldent 
qnantitT  of  tartaric  acid  to  preTeot  the  precipitation  of  those  metals  by  an  alkali, 
then  adding  excees  of  ammnia,  and  preapitating  the  manganese  by  niipliidt  qf  om- 

From  jttrinTO,  thoiinm,  airconinm,  cerinm,  lanthanam,  and  didy- 
minm  it  may  alao  be  aepaiated  \fj  precipilstlng  those  metals  with  csaltttt  of 
amnoniiuH,  after  adding  sal-ammoniae  to  retain  the  manganese  in  solation;  from 
cerium  and  its  allied  metala,  also  by  sulphate  of  poAlMtum  (L  833). 

For  the  maUied*  of  aepaialion  from  titsninm,  tantalum,  sjid  niobinm,  see 
those  metals. 

From  alumininm  and  glacinum,  mangannse,  if  in  amall  or  moderate  qnantily 
only,  may  be  sepBTated  by  billing  the  solution  wiUi  fota»k  in  an  open  Tessd.  The 
manganese  is  then  precipitated  in  the  tana  of  scequioiide,  while  the  alumina  and 
glucinaare  dissolved  by  the  potash.  IS,  however,  the  proportion  of  manganese  be  con- 
sidenble,  this  method  cannot  be  used,  because  the  oxide  of  manganese  carries  down 
with  it  considerable  qnantities  of  alnmina  and  glucina.  In  this  case  the  liquid  must 
be  mixed  with  sal-ammoniac,  and  the  alumina  and  glucina  preeipilated  by  ammenia 
The  prediHtate,  howerer,  always  contains  small  quantities  of  mangacete,  irbicli  mast 
be  separated  by  subsequent  treatment  with  potash. 

From  barinm  and  strontium  manganese  is  easil;  separated  by  means  of  suIpAots 
efiodium  which  throwa  down  the  barium  and  itrontitun  as  sulphatea;  also  hjni^Udi 
ef  mmioniun.     From  ealeium  and  magnesium  it  is  separat<!d    by  oxalaU   of 


n  the  form  ol 
means  of  ozofafs  of  a, 
the  man^neaa  in  •oluttim. 

Hanguiese  is  sepaiMed  tmm  the  nlkali-netali  \rj  means  ottarbonaU  o^  lodium 
or  tulpUd*  of  «nBW»niim,  which  Isttn  piwdpitates  it  in  the  form  of  sulphide.  Ths 
sulphide  is  washed  with  wat«r  containing  a  small  quantity  of  Bnl{duda  of  ammoninm ; 
then  ndisaolved  in  acid ;  and  tha  manganese  piecipitatod  boa  the  solution  by  car- 
bonate of  sodium. 

4.  Valuation  of  Ortt  of  Mattganitt. — As  the  eommeidal  value  of  manganiM 
ores  dependa,  not  on  the  quantity  of  metal,  but  oo  that  of  the  anilable  o^gen  con> 
tained  m  them,  the  mode  of  assaying  them  does  not  properly  come  under  Uie  estimation 
of  mangsn<ae,bntwiU  be  best  considered  in  connection  with  the  oxides  of  maiuianeee. 
(See  p.  814.) 

5.  Atomie  Wtig\t  of  Siangantlt. — Theeailierdetenninationsof  this  number 
by  Berielins,  J.  Qaiy,  and  Forohhammer,  were  either  too  high  or  too  low. 
Arf  vedson  in  1818  (Schw.  J.  ilii.  202^,  by  precipitating  the  solation  of  msngan- 
oua  chloride  with  nitrate  of  silver,  fbnnd  the  atomic  weight  of  manganese  to  be  28, 
that  is  to  say,  the  same  as  that  of  iron.  Turner,  in  the  same  year  (Phil.  Mag.  [2] 
iv.  22),  by  a  similar  method,  obtained  the  number  27 '19,  and  by  detmnining  the 
quantity  of  manzanous  sulphate  pioducnd  by  treating  a  known  quantity  of  manganons 
oxide  with  sulplmria  acid,  he  found  Mn  —  S7'86.  Berielius  in  1830  (Pogg.  Ann, 
liv.  211)  also,  by  precipitating  manganous  chloride  with  nitrate  of  silver,  fbond  that 
4-20775  KnClgaveS'STaAgCT;  whence,  if  Ag-  108  and  CI  -  36'S,  calculation  gives 
Hn  -  27'fi.  Dumas,  in  1859  (Ann.  CL  Pharm.  cziiL),  fbnnd,  as  a  mean  of  five 
similar  experiments,  Hn  -  27*48. 

T.  Hauer  (Chem.  Centr.  I8ST,  p.  88)  determined  the  Btomia  weight  oi  manganesa 
by  conrerting  anhydrous  mannnous  siJphate  into  the  corresponding  sulphide.  The 
quantity  <rf  oxygen  in  the  sulphate  was  thus  found,  as  a  mean  of  nine  ezpoinieilt',  to 
be  43-390  par  «enl.  (ftom  42'3£1  to  42'42S) ;  whence  Hn  .  27-49. 
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Tha  moat  raaet  of  tbe  pneadiis  cxparimenti  sppMr  to  ilioir  that  tbe  atomifwaffA 
of  nuDgaiieae  ia  27'd  (s  fi6,  accoi^ng  aa  it  ii  raguded  •■  mono-  of  diatomiii. 

TL  Schneider  (Piig^  Ann.  (1859)  oriL  S56)  hs^  homTra,  obtunad  a  nnich  lover 


gaTB  u  a  mean,  Mn  —   3701 ;  the  Beomd  2702.     Schneidai  thinfon  Kgank  27 
aa  tha  true  atomic  veight  of  mangaueae. 

miAMUAXmrnm,   M&mTKT.      Thia  term  !■  applied  to  oxida  of  manpncoa 

oeeuiTing  in  smorphana,  looielf  coherrnt  maaaw  (we  p.  BIS). 

aUurOAWaaB,  VZiiromxaKS  or.  liattganout  JIuoridt,  KnF  or  UmnF',  ia 
obtained  b;  disBulviog  the  carboaste  in  eicees  of  h^dniSDaric  acid.  On  eraporatiiig 
the  excea*  of  acid,  tha  eslt  aepsntea  in  mtsll,  iudiatizict,  amethvat-colonred  erjelalm, 
irhich  arr  ineolabis  in  pore  water,  bnt  diaeolTe  in  waler  eontaining  five  hydroflaorie 
acid.  The  floonde  ii  not  dacompoeed  by  heat  alone,  but  vhen  heated  with  Bodiam,  it 
jielda  metallic  masgannw  (p.  801 ). 

Manganio  fitutridt,  Hn'E*  or  MmnF',  ia  ohtained  br  digrating  the  aeaqnioiide  of 
pen>zi&  with  esceea  of  hjdioflaoric  acid.  The  mniltuig  dark  brown  aolntiDii  jield% 
bj  apontaneona  evaporation,  ciyetala  of  manganic  flooride,  which  are  mby-colonmi  by 
tianamitted  ligbt,  and  yield  a  roae-ooloured  powder.  They  diaaolTe  withont  decompo- 
Blion  in  a  tcij  email  quantity  of  waterj  bat  tha  aolatiou  ia  decompoeed  by  dilation 
)  a  eolnble  acid  muiride  and   an   inaolable   baaic    componnd    or   ozyflnoride. 


yellow  TapooT  ia  formed,  which  ta  decompoaad  and  acqairee  a  purple  colour  by  coQtAct 
with  moist  air,  and  corrodea  ^aaa,  fimnins  fluoride  of  fdlicinm  and  permanganic  add. 
With  wat«r.  it  is  resolved  into  hydrofliionc  and  piirmanganic  acida,  forming  a  parple 
eolution,  vhich  remaiua  unohanged  in  atoppoed  bottlea,  bal,  when  evaporated,  evolves 
oxygen  gas  and  hjdiofinorie  add  vapoar,  and  leavea  a  blown  shining  reddne,  &om 
which  walw  diasolTea  manganona  flnoridr^  leaving  a  black  inaolable  basic  mlt  The 
solntion  alao  diBsoIva*  eop^wr,  mercury,  and  ailTer  (not  gold  or  pladunm),  forming 
flooridea,  and  at  the  aame  time  becoming  perfectly  colonrleaa.  (Wohlar,  Pogg.  Ann. 
ix.eie;  aee  also  Dnmaa,  Ann.  Cb.  Fhya.  [3]  xxzvi.  B2.) 

M  a  Wll  a  WM.  OBST.  A  t«rm  aomatimM  applied  to  manganite  and  17TO- 
lneite(pp.  810,  811). 

■CAKOAJTsm,  ZOSIMB  (W>  ■.  Mangiaietu  lodidt,  TiInT  or  Mmnl*.^ — A 
■olntion  of  manganone  carbonate  in  aqnsona  hydriodio  add  leavra  a  wMte  ci7al«llina 
muB,  having  a  somewhat  styptic  faste.  When  kept  from  contact  <d  air,  it  may  be  fused 
withont  decomposition  ;  but  on  the  admiasien  of  air,  itia  reeolved  into  vapour  of  iodiua 
and  maDgaDDDS  oxide.  It  deliquesces  in  tbe  air,  and  dissolves  readily  in  water,  forming 
a  colonrUas  mlaCion,  whicJi,  on  evaporstJon,  depoaita  white  needles.  The  solntioD, 
when  eipoaed  to  the  air,  ia  ilightly  decomposed,  depositing  brown  flakea.  Bromine 
and  cblorin^  aa  wdl  as  coneentn^ed  nitnc  or  sulpharie  add,  set  the  iodine  &ee. 
(La>aaigue.J 

fi.  Mattgame  Iodide. — Teiy  flnely-ponnded  peroxide  of  manganese,  agitated  with 
eold  aqueoiu  hjdriodie  add,  yields  a  daA  yellowish-red  aolntion,  which,  when  heatsd, 
evolves  iodine,  and  is  rajndjy  converted  into  mangauoDa  iodide. 

MAVOiAJraSH,  OXDSa  or.  Manganese  tonoM  Ibiir  oxid*«  of  dcSnita 
eompodtion,  vli.: — 

Protoiida  or  Han^nons  oxide  ....        HnK)   Or  HmnO 


Sesqnloxide  or  Manganic  oxide  . 
Dioxide  or  Peroxide  . 


Mn'O'  or  MmnW 
WnlTi  or  Mmn'O' 
Mn*0<  or  MmnO*. 

The  protoxide  is  a  strong  base,  forming  with  scida  a  claaa  of  vsty  stable  sails  :  the 
■esqoioiide  ia  a  weak  base.  Mangsnoaomanganic  add  also  dissolves  withont  d«- 
eomposition  in  esrtain  acids.  The  peroxide,  treated  with  adds,  ia  resolved  into  man- 
ganolM  or  maiieanic  oxide  and  free  oxygen. 

Tberc  are  auo  two  la  three  other  native  oxidea,  iclermediato  in  eompoeitJoD  between 
theaeaqni-  and  di-oxides,  via.  Varvadte,  SevikirltiU,  &c.,  bnt  th^  are  not  very  definite, 
and  are  probably  mere  mixtures.  Besides  these  it  is  nsoal  to  enumerate  two  higher 
oxides,  Mn'O*  and  Mn'O',  which  are  the  anhydrides  eonespoDding  to  manganic  and 
permanganic  add  respectively :  bnt  they  have  not  yet  been  oNuned,  and  miMt  therefore 
at  present  be  regarded  as  merely  hypothsticaL    (aw  VLtxovno  Aanc.) 
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■BBBaBoaa   mtSAa,  lfii*0,  or  HronO. — Thil  oxidB  maj  ba 

rigoitiDg  nunguioafi  hjdrata,  earboo&te,  or  oioliite,  at  ■  modento  hcHt 
t«h1,  or  better  in  &  itream  of  hydrogeo,  uid  aliowing  tlie  piodact  to 
cool  in  that  gaa.  The  bnt  mode  of  prapaiution  in,  however,  tJl*t  reeommeDded  bj 
Liebig  and  WohUr  (Pogg.  Ann.  xxi.  684},  ubieb  coniista  in  mixing  equal  parts  of 
fused  nuuinnOQS  chloride  and  carbonate  of  Bodinm  with  s  nnall  quantity  of  ssl- 
ammoniac,  liMtiag  the  mixture  till  it  fns^  and  sxhoostiiig  the  fiued  moos  with  watra 
when  cold. 

Hangonona  oxide  is  a  gnTJah-gieeD  powdsr,  which,  according  to  Daspreti,  melts  St 
the  hut  of  a  (brge-flre  to  a  fine  grecD-colonred  mass.    B7  beating  it  to  a  cheny-red 


(Compt  rend!  lii.  tZSl)  obtainsd  it  cr7>tdlised  in  tnuiipaitDt  regular  o 
of  an  emprald-green  colour,  and  adamantine  Insbe.  It  is  not  deoiidiBed  hj  bp; 
heat,  bowoTer  great  Heated  in  salphjdrie  add  gai,  it  Tields  water  and  manKatiovi 
■olphids.  When  it  is  fosed  with  tnVphnr,  snlphnion*  ant^drida  ia  evolTcd,  and 
manguKms  DX7Ba]j>hide  remains  behind 

Hydrattd  Hanganous  oxide,  or  Xatyarunu  hydratt,  is  obtained  1^  precipitating  a 
manganous  salt  with  canitic  potash,  as  a  white,  milky,  Boccnlent  prrcipitatr,  vfaich,  on 
aqnenre  to  the  air,  tains  brown  b;  oxidation,  and  ia  nltimatelj  convcrrcd  into  man- 
ganic hjdrate.  The  same  change  is  produced  immedistelj  bj  chlorinc-uater,  or  the 
■otntjon  <tf  a  hTpochlorite.  If  it  be  washed  in  an  apparatns  from  which  the  air  is 
eidaded  as  completely  as  possible,  then  dried  in  a  stream  of  hydrogen,  and  heated  ii 


that  gas  jnst  sufficiently  to  drive  off  the  water,  the  remaining  protoxide  is  sometimes 
Dfio^ioric,  and  when  a  rtd-hot  cool  is  laid  upon  it,  it  ^w>  from  the  point  of  contact 
thran^unt  its  whole  mm,  and  ia  converted  into  manganic  oxide.  According  to  H. 
Itavj,  the  hjdist*  contains  24  per  cent,  water. 

Both  the  oxide  and  hydrate  dissolve  readily  in  nitric,  snlphnrie,  and  hjdrochlorio 
add,  Ibrming  sohitions  <^  manganous  salts. 

■—IMlwlast  or  —I — —  oxUa,  MnKH,  oz  Mmn'O*.— This  odde  occot* 
Dstive,  as  Bronoite,  in  obtuse  quadratic  pyramids,  in  which  the  prindpsl  is  to  liie 
secondary  axea  as  D'SSS  :  1.  Angle  of  the  terminal  edges  ••  108°  £3' ;  ot  the  lateral 
edg(«-lSO°  3B'.  Cleavage  parftet^  parallel  to  P,  none  parallel  to  oP.  It  occurs  also 
masdva.  Hardness  —  fr— 6*5.  HpeinSe  raavi^  —  4'7fi — 4'SIB.  Lustre  submetallie. 
Streak  and  lolonr  daA  hrowniah-hlack.  Fracture  nneven.  Brittle.  Infusible  before 
the  blowpipe.  It  ocean  in  veins  traversing  poiphyrj  at  Oehrenatoek  near  Drnenaa; 
at  E^ersberg  in  Thnringia;  also  near  Ihlefcld  m  the  Harts  ;  at  St  Maicel  in  Pied- 
mont 1  in  thn  isle  of  Ellw ;  at  Viiianagram  in  India  j  and  in  the  state  of  Tarmont 

(O.  a). 
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oxide  of  manganese,  or  mai^anic  hydrate  to  low  redness,  the  hydiate  perhaps  yieldi  _ 
the  most  definite  product.  If  the  heat  is  too  strong  the  residue  consists  of  manganoso- 

According  to  R.  Sc  h  n  e  i  d  er  (Pogg.  Ann.  cviL  SOS)  all  the  lowM  oxides  of  nunganes* 
are  converted  into  seaqnioxide  by  strong  ignition  in  ongen  gas. 

From  the  experinients  of  Dittmar  (Chem.  Soc.  J.  xvii.  294)  it  appeara  that  the 
composition  of  the  jwodoct  obtained  by  heating  an  oxide  of  manganese  depends  npon 
the  tension  of  the  oxygen  in  the  soiroan  ding  atmosphere  as  well  as  on  the  Icmperatnre. 
By  heating  peroxide  of  manganeaeto  bright  rednesa  in  pnro  oxygon  of  variona  teoaions, 
also  in  varioDs  mixtures  of  oxygMi  and  nitrogen,  and  in  pure  nitrogen,  it 
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det«rmiDaB  tliB  stabOi^  of  OM  or  Ot»  olhec  oxide  appean  to  vary  with  tlie  teiu< 

Manganic  oxide  wheo  gtrooglf  ignited  in  a  dofla  Tesael,  or  in  the  ur,  gives  off 
oxygfitt,  and  l^Tea  mangaDoflo-manganic  oxidp.  By  beiliag  with  nitric  acid,  or  with 
duuta  ralphoric  acid,  it  u  r««olTed  into  protoxide,  which  diHolmi,  And  peroxide,  which 
retnnios  andiMolved.  Hot  strong  anlphnric  acid  reduces  it  to  mutganona  oxide,  and 
diiwotirea  it,  with  eTolution  of  oijgea  gua.  Hot  hydrochloric  acid  dinglvea  it,  with 
erolation  of  chlorine. 

Hydraitd  Afanganie  oxid*,  or  Itangame  Hydrtit,  Mn'O'.HK),  or  ^^'\  0'.  -  Thia 
compound  is  foand  native,  as  Manganitt  or  Ortg  Ifanganitt  ore,  in  veinB  traTersing 
porphjij,  at  Ihlefeld,  in  theHart^;  atllmenaii  and  Oehrenetock  inThoringia;  in  Aber- 
deenshire ;  atUndenaeein  Sweden;  and  at  Christiansand  inNorwaj.  Il  forma  1ximetri« 
dTstala,  OBUiillj  exhibiting  the  faw  oeP  with  a'^i  and  other  vertical  priinu,  together 
with  oP  and  tm ,  or  a  pyramid  PS.  ftc.  Ratio  of  axt*.  a:b:e~  0-8410  :  1  :  OfiM4  ; 
■»P  :  (bP  -  80°  20' ;  osPj  :  ™PJ  -  103°  iS* ;  ?»  :  Poo  —  86°  *!'.  Also  twins  with 
plane  of  combination  too  .  Cleavage  verj  perfect,  parallel  to  cnPoo ,  The  cryBtsla  an 
tongitadinsllv  striated  and  oflen  gronp»l  The  mineral  also  occurs  coloninar  and 
granular.  Hardness  —  ^.  Spedfic  gravity  ~  4'2 — 44.  Lnabv  sabmetallic  Ct^oni 
daii  eteel-crey  to  iron-black.  Streuk  reddisb-browa,  sometdmes  nearly  black.  Opaqne ; 
minole  splinters  sometimM  brown  by  tzaninnitted  light.    Fracture  oneveu.    Fuaible 
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Manganic  hydiate  is  prqAMd  MtiflciaUy  by  exposing  moiat  manganoDl  hydrat*  to 
the  air,  oi  by  passing  chlorine,  not  to  satniation,  into  water  in  which  numpuoii* 
carbonate  is  anspnided,  decanting  the  liquid,  and  digettiug  the  brown  icsidoe  still 
containiog  tDKnganoos  carbonate,  in  cold  veij  dilute  nitric  or  aoetio  arid  to  remove  the 
mangsoons  oxide ;  when  prepared  by  thia  latter  prooess  however,  it  is  often  mixed 
with  hydiBted  peroxide. 

Manganons  hydrate  artificially  prepared  in  a  li^ht  powder  having  *  dark  b 


colour  and  eaM,bte  of  soiluis  very  strongly.  It  giva  off  its  water  at  a  temperKlui 
above  100^.  Sj  boiling  with  moderately  concentrated  nitric  add.  it  is  resolved  inl 
proteiide,  which  dissolves,  and  a  rcaidne  of  hydrated  peroxidt 


manganons  oxide  ii 

tioa  IS  formed.    (Cariue.; 

A  man^oic  sulphBte  may  be  prepared  by  mixing  finely  divided  peroxide  of  man- 

Cese  with  monahydratad  sulphiiric  acid  to  the  cosBiBteiice  of  a  piup,  and  gradually 
ting  the  mixture  to  13fi°.  It  may  be  heated  to  160°  without  decomposition,  but  is 
decomposed  at  higher  temperatnies  into  oxygen  and  maoganons  sulphate.  It  is  also 
quicUy  reduced  by  organic  sabstances,  and  decomposed  by  water,  with  separation  of 
msnganoiiB  hydrate  (Curins,  Ann.  Ch.  Phanu.  icviii.  &3).  But  the  most  stable  of 
the  simple  manganic  salts  is  the  phosphate,  which  dissolves  in  water  without  decom- 
position. 

Oenerallj  speaking,  however,  maoganio  oxide  does  not  brm  stable  salts  with  acida, 
unless  anoUier  base  or  protoxide  ia  present :  with  sulphuric  add,  for  example  it  forma 
several  double  salts  having  the  constjtution  of  alums;  thus  there  is  a  mangauico' 
potassic  sulphate  found  native  on  the  shores  of  the  (Jreat  Salt  Lake  (see  Sdlfeatss). 

WhMiK««oso-in  ajiyalo  oxlda,  or  Ked  oxide  of  SCBOffsneoa.  Mn'O'  or 
Mmn'O'  —  MmnCMmn'O'. — Thia  oiida  occurs  native,  as  Hatumannile,  and  together 
with  other  manganese  ores,  with  porphyry,  near  Hmeoau  in Thoringia  and  neer  Ihlefeld 
in  the  Hartz.  The  crystals  are  acnte  quadratic  pyramids,  in  whii£  the  principal  is  Xo 
the  secoudary  axes  as  I'lTS  ;  1 .  Angle  P  :  P  in  the  terminal  edges  ^  10S°  25  ;  in  the 
lateral  edges  "  117°  fi4'.  Qeavage  basal,  nearly  perfect.  It  s^  forms  twin-crystals, 
the  face  of  combination  being  pardlel  to  Poo ,  the  same  kind  of  combination  sometimea 
occurring  between  four  indi-nduals.  Also  gnnolar,  s  .metimes  strongly  coherent. 
"-- '--is-S  t9Sfi.    ^BedSe  gravity  -  4722.    LuMie sabmetallic.    Colour brownish- 
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lilark,     Stiaak   chastznLt-broTn,    Opaque^    Faetan  aneTsn.    Jaftiaible  bdbm  tlie 
blowpipe, 

Anai^itt  of  HaurmamitUe. 

Bed  oxide  of  muguieaa              ,        .  B8'S03  9944 
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Thii  oxide  is  tbs  moat  eaailj  obtained  by  art^ciiil  meaiu  of  aU  the  oxidee  of  man- 
^■neiie,  b«ng  alwsjB  prodnced  whpD  man^iuioua  oxide,  nitrate,  or  carbonate,  ii  ■trongly 
Ignited  in  rontact  wiUi  the  air,  or  when  either  of  the  higher  oxidea  ie  subjected  to  very 
Btroog  ignition.  Metallic  manganese,  exposed  to  moist  air  at  ordinaiy  temperatnrea, 
evolvee  hjdiD^n  gaa  of  a  pecoliai  odonr,  and  ie  converted  intji  a  leddtih-brom  powder, 
which  la  a  mixture  of  manganese  containing  charcoal  and  aijiciam,  with  manganoeo- 
mangaaic  oxide,  einee  it  diasoWee  in  hjdrochlaric  acid,  with  erolntion  of  hjdrogen  gaa, 
and  fbima  a  brown  solution,  which,  when  heuted,  becomes  colonrlese  and  givsa  off 
chlorine.  The  oxidation  takn  place  more  rapidly,  in  proportion  ae  the  manganese  ia 
more  free  from  chucoal,  and  the  air  ii  warmer  and  contains  more  moisture.  If  the 
metal  ia  heated  in  the  air,  the  converaion  into  manganoeo-maaganic  oxide  takea  place 
more  r^jidly,  but  without  incandescence ;  in  oijeen  gas,  the  finelj-divided  metal 
becomes  ignited.  The  rod  oxide  is  also  produced,  with  erolulion  of  hydrogen,  bj 
heating  the  protcoide  in  a  stream  of  aijucuiiB  Tapouc.  It  is  a  reddish-brown  or  dnna- 
mon^colouied  powder,  which  turns  black  when  heated,  bat  reooraiB  its  original  colour 
on  cooling  When  heated  to  whiteness  with  charcoal,  it  is  rednced  to  metFillic  man- 
ganese. By  boiling  with  dilate  snlphuric  or  with  nitric  add,  it  is  resolied,  like  the 
aeaqnioxide,  into  pt«toxida  and  peroxide ;  hot  strong  snlphuric  ftcid  dissolves  it  as 
man^nous  aulphato,  with  liberation  of  oxygen ;  hot  hydrochloric  acid,  with  liberation  of 
«hlorme.  It  disaulTas  without  decomposition  in  a  hot,  veir  strong  solution  of  pbos- 
phoric  amd,  and  in  cold  ooocentrated  snlphnric,  hydrochloric,  oxalic,  or  tartaric  seid, 
but  only  in  aiziall  qoanti^,  and  without  nastialising  the  add.  The  solutions,  tteated 
with  ca!<istic  potash,  yidd  a  browu  precipitate,  perlups  conaiating  of  mangaiioaa-man- 
ganic  tndzste.  Heat,  and  the  adtUtion  of  water,  or  of  dobxidising  agenta,  CDDTCrta 
uiess  salts  (the  phosphate  excepted)  into  aalta  of  mangonous  oxide,  with  a  large  excess 

moxlae  or  PecMda*.  HnK)*  or  UmnO'.— This  oxide  occurs  in  nature  hi  Pyro- 
JunfforiUjiiMft^  in  trimetric  crystals  sihibiting  the  combination  ocfis  .ceP.  [sj'xi .  oF. 
!?•.  Katioofaxeso:  A:o -0-776:  1  :  1066.  Angle  »P  :  oeP  -  83°  40'.  Also 
columnar,  often  divetgent ;  also  granular,  massiTe,and&equentlyiDreniform  coats;  often 
soils.  HBidnees~2to2'd.  BpociflcgrBTity-4'819  (Turner);  4-97  when  pure.  Lustra 
metallic  Colonriron-blsck,  iiaikBteel-grey,Bometimes  bluish.  Streak  block.  Opaque. 
Eather  hriltle.  Inftisible  alone  before  the  blowpipe;  pivcs  off  oxygen  on  ebar- 
cooL  It  is  a  TBluable  ore  of  man^eee,  and  is  extensirrlji  worked  at  ^lereberg, 
Ilmenso,  and  other  plans  in  Thunngia ;  also  at  Vorderehrensdorf  near  Mahrisch- 
Trabaa  in  HoraTia,  which  place  afibrds  annnally  many  tone  of  the  or&  It  also  occurs 
in  Seronshiit^  and  with  piuomelane  in  many  parl#  of  the  United  States. 
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pMOxtds  of  nuragSDcae  da  prspored  1>j  Oie  tbllowmg  ^meHsa* : — 1.  Haiiguioa>- 
maogBnie  ot  msngsnic  oxide,  ii  boiled  vith  ■trong  aitne  aad. — 2.  Mnngaaoiu  nitrate 
ii  ^ednall^  heated  to  incipient  radn«ae,  and  the  cnidue  pounded  lud  freed  b; 
boiling  nitnc  aai  from  ai^  remaining  mingitDona  oxide;  the  iueolubln  reaidus  ia  then 
waahed  and  ymj  eareftall;  bested  to  loir  iedne«,  stirring  all  the  while  (Berthier). 
— S.  MangsDou  earbonate  ia  tieated  in  an  open  THiael'  to  2S0°,  and  aaj  portiaos  ot 
eubonalo  which  m^  Hien  remain  undecompoaad,  are  remo'Bd  b;  cold  and  Torf  dilate 
hjdiodiioric  acid;  whereupon,  acoording  to  Forclihaiiimer,  pnre  peroxide  temaina 
behind. — (.  Uan^oona  caibonate  is  caremllj  heat«d  with  fated  chlorate  of  potaniam, 
and  the  maai.  when  cold,  is  well  waahed  with  water  (Oobel).— 6.  A  solution  of  a  man- 
gauona  lal^  even  when  Terr  dilnte,  pcoTided  it  is  perfect!;  &ee  from  iron,  depomts 
peroxida  of  manganeae  on  the  poeitiTe  pole  of  a  Tottaic  batteij;  a  feeble  correot  is 
anfflcient  for  the  ptupoae  (Fischer,  Kastn.  Arch.  iri.  SIB),  Artificially  prepand  per- 
oxide of  mani^eBfl  u  bLui  with  nibmetallic  Instre.  hard  ajid  tough. 

Peroxide  of  muneanMe,  whether  Datnral  or  artificial,  i>  a  good  condnctiu  of  elec- 
ttidtj,  and  ii  ramarkahle  for  ite  tendency  to  become  itrongtj  elretro-cegatiTe  in  contact 
with  metato,  ao  that  powerful  voltaic  oombinatione  may  be  made  by  nsiiig  a  platinum 
plate  covert  with  it  as  the  negitiTe  element.  Discs  of  ^per  covered  with  the  per- 
oxide are  also  used  in  the  coDBtraction  of  dry  pilea.    (SeeOLwcnacm,  ii.  421,  423.) 

The  peroxide  when  heaiid  alone  givee  aS  put  of  its  oxygen,  and  ia  nslnced  to  nun- 
^de,  accordiugto  the  degreeof  heatapplied;  the  decoin.< 


position  takes  place  mors  readily  in  open  than  in  closed  vesBpIs  (see  p.  BOV).  Healed  ii 
a  eharcoal-lined  tmeible,  it  is  reduced  to  protoxide,  and  if  mixed  vifbivipiur,  lo  niui- 
ganoos  oxysnlphide,  with  OTOtation  of  snlpharous  anhydride.  When  drenched  with 
atroug  t^Upkurio  add,  it  gives  off  ono-foarth  of  ite  oxygen  and  yields  a  dai^  red  solo- 
tion  of  msngaoic  iiii<{>haCe ;  and  on  heating  the  mixture,  another  fourth  part  of  the 
oxygen  is  given  off  and  man^nons  snlpbate  is  produced.  The  reduction  is  greatly 
Ki^itatsd  by  mixing  the  peroxide  with  organic  substances,  sudi  as  sugar,  oxalic  acid,  Ac, 
carbonic  anhydride  being  then  evolved  instead  of  oxygen.  With  cold  hydroeUoritl 
add  it  fbruiB  manganic  chloride  ;  on  heating,  maogaoous  chloride,  with  evolntian  of 
chlorine.  With  auiphurota  acid,  it  forms  a  solntion  containing  maaganons  aulphala 
and  hypoHulphate.  By  ignition  withjuAuA  in  a  eloae  vessel,  it  is  resolved  into  man- 
ganous  oxide  and  mon^mc  acid. 

The  Polity  with  which  peroxide  of  manganese  parts  with  a  portion  of  ita  oxygen 
renders  it  a  very  valuable  oxidiaing  agent,  both  in  the  chemi™l  laboratory  and  in 
manofiictureB,  It  ia  extensively  used  for  the  ovolnljon  ot  ohlorine  from  Bydnichlorie 
acid  (i,  8S0),  also  for  diaehargiag  the  brown  and  green  tints  of  glass:  hence  the  name 
fyrcitaiit  (&om  nSp  fire,  and  aAhji  to  wash)  applied  to  the  native  peroxide,  and  tho 
•omewhat  whimsical  title,  eavtm  da  verriin,  given  to  it  by  the  Frenct. 

Bydrattt  of  the  P<  r  ■i:idt. — Penudde  of  manganese  unites  with  water  in  several  pro- 
portions, according  to  the  mode  of  preparation. — a.  In  the  spontaneona  deeompoeitioB 
of  mnngsnates  or  permanganates  dissolved  in  vrxkr  or  in  dilute  add,  a  black-brawn 
hydru.ied  peroxide  is  precipitated,  which  cakes  togeilier  to  a  black  coherent  maaa  con- 
taining HiDuO'.HK)  (Mitscherlich).  The  same  hydrate  is  formed  wbenmanganons 
carbonate  snapended  in  water  is  treated  vrith  chlorine,  and  the  black-brown  residue  is 
well  washed  with  dilate  acId(Berthier).—^,  A  hydrate  containing  ZMDinO'.H*0  is 
obtained  when  a  solation  of  a  manganous  salt  ia  predpitatod  by  a  mixture  of  cauatio 
potaah  and  potsssic  hypoohbrite  (Winkelblech).— 7.  The  hydrate  SMmnO'.HH)  ia 
depositod  on  evaporatnu;  a  solution  of  manganons  bromate  (Bammelsberg). — 
t.  4MmnO',H*0  is  obtained  by  treating  maoganoso-maiiganie  hydrate  with  strong 
nitric  acid  (Berthier).    See  Gmeli«;e  Sandhook.  iiL  206. 

According  to  Oorgen  (Ann.  Ch.  Fhys.  [8|  livL  I6fi  ;  Jahresb.  IS63,  p,  155)  ner- 
oxide  of  manganese  acts  as  an  add,  uniting  with  bases,  and  reddeoiag  litmus  slightly 
when  BuBppaded  in  perfectly  pure  water ;  hence  Gdrgeu  joopoaea  to  callitmangauoDs 
acid.    (See  ULufauna  Acms,  p.  817.) 

Oxidti  of  Mangantn  inttrmtdiatt  m  eempoiitiim  betwun  tin  Suquiexide  and 
DiojidA — Under  this  head  ore  inclnded  aeveiai  ores  of  manganese  mostly  amorphons^ 


t  be  legardsd  as  doBnite  chemical  componnda  or  distinct 

a.  P»&omdaiu.  B'O.Hd'O'.H'O,  with  exeeM  of  peroxide  mechanicallj  oombined : 
the  ^mbol  B*0  denotra  protoxide  of  manganeae,  partly  replaced  by  other  protoxide^ 
chiefly  baiyta  and  potash.  This  ore  occurs  massive  and  bobroTdal.  Hardnea* 
-  5  to  S.  Specific  gravity  —  37  to  1-328.  Lostre  sabmstallic.  Streak  brownisb- 
black,  shining.  Colour  iron-black,  pasaiog  into  daA  steet-grey;  opaqoe.  It  ia  v 
common  ore  of  manganese,  occurring  frequently  in  altamate  Isjars  wifli  pyrolnsito. 
It  ia  fiiund  in  botiyc^dal  and  stalactitic  abapM  in  DcvodsIum  and  C«u^wal^  at 
lUeTeld  in  Ifas  Hsrti^  and  llie  other  localities  nodaRlnentioned, 

r.tizecbyGoOQk' 
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A  Farvaoilt,  a  mineral  from  WarwickBhirc^  of  djitalliDe-Umiiutedteztnie,  and  spe- 
eiflGgnmt74'S31tol'623,  was  found  b}!  B.  FhilUpi  to  contain  63  par  cent  manganest^ 
91-6  mwa,  and  1-4  water,  agneii^  neari;  witli  tbe  fonnala  Hn*0.3Un*0*.H*0.  It 
is  probaMy  an  altered  maiwanita  ooD*iatiii«  Iaij;elj  of  priolDaite. 

y.  Wad,  SarlJtjr  Cobalt,  Cvprtotit  ilanganae. — TueM  one  occur  in  amoipbona 
■nimnfffiniiinnnnrii,  nithminrfhj  nr  mmjinrf.  ■nmrtimm  unmntinr  nr  nn  rifnf nn  Thej 
are  mixtore*  of  diffiirent  ozideB,  and  not  uetinct  muuml  gpedei.  Ta«it  hnrdnnen  Tirin* 
from  O'lS  to  6 j  spedllc  gravityfrom  3  to  1'26;  colour  doU  black. 
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ITai,  or  ife»  MimgantH,  oonuata  mainlj  o(  oxidoe  of 
nized  witll  met,  alnmina,  lim^  or  baryta.     GrmtttU 
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brovniBh-black  rolour  ind  r«ddia1i-brawa  stMak :  hudaen  ■onetimM  B  to  S'S.    It  U 
from  Ororoi  in  Majeues,  Viedcssos  in  Spnin,  sad  Cuit«en  in  France. 

Cuprtout  Afangaiuti  coDtaiu,  besides  hf  dnnu  oxides  of  mangtuieae,  from  14  to  2fi 
per  cent,  oxide  of  copper,  and  4  to  18  per  cenL  oxide  of  cobalt,  vith  Turiona  impnritieai 
Specific  grarit;  3']  to  3'2.  FdokimiU  is  a  rariet;  of  capreoiu  mangaaete,  hanngk 
liver-broVD  Btrenk.     Eajdnesi   ->    3.     Spccifle  grarit^r    ■■   2'S67. 

Earthg  Cobalt  a  a  md  in  vhicb  oxide  of  oobalt  BometimH  oMtut  to  tb*  •moiml  of 
S3  per  cent. 

Valuation  of  Ike  Oxidfi  of  Manganett. 

Tbe  nameroiu  applications  of  tbe  higher  oiidea  of  mangan?a<  in  cbemical  msDnftc- 
Inrea,  depend  npon  the  qunntit;  of  oijgeQ  which  thej  can  famish  irben  exposed  to 
the  action  of  scida,  oi^— vltat  cornea  to  the  same  thing — tha  qnantitj  of  chbmDe  which 
they  are  capable  of  eliminating  when  treated  with  bifdrochloric  scid.  This  will  be 
eeen  from  the  following  equations,  which  represent  the  action  of  hjdiochliaie  acid  on 
Uw  dioxide,  BSsqnioxide,  and  red  oxide  of  maaganMS  : 

Un<Oi  +   4HC1     -     2MDa  +  2HK)   +   Cl> 

Mn'O"   +   8Ha     -     4MEa  +   SH»0   +  CP 

MnK)*  +   SHQ     -     eMna  +   «ffO  +   CI". 

Hence  it  appoars  that  tbe  quantities  of  hydrochloric  arid  reqmr«d  to  famiih  a  giren 

?aantit;  of  chlorine,  when  acted  upon  br  these  three  oxides,  are  as  the  numbers 
•i:i;  or  a  given  weight  of  hydrochloric  acid,  acted  npon  by  tbe  thiea  oxides,  will 
yield  quantitiea  of  chlorine  in  the  inretse  mtio  of  thne  nnmbers. 

Moreorer,  as  the  sesqaioxide  and  red  oxids  may  be  regarded  (so  fhr  as  proportional 
eompoailion  it  conceraea)  a*  componads  of  the  protoxide  and  dioxide  (Un*0'—llln'0  + 
MnH)-  1  and  Mn<0>  -  Mn-O  +  MnO),  it  follows  that  the  eommerra^  ralne  of  a  man- 
gsnese-OTs  may  bo  regarded  as  jot^nrtional  to  the  peroentaga  of  -^  ■'"•"■<*  or  peroxide 
contained  in  it 

The  Diethods  tS  sssayiog  the  oxides  of  manganese  msy  be  clamed  under  three 
heads :— 1,  The  determination  of  the  amonnt  of  oxygen  disengaged  by  •nlphnria 
acid. — 2.  The  oxidation  of  oxalic  acid.—!.  The  erolation  of  ohloiina  &om  hydrochhoia 

■.  The  decompmiifion  of  peroxide  of  manganese  by  t^lipk^^rie  acid  takes  place  U 
THpreaented  by  the  equation  : 

Mn"0»  +  H«0'     .     Ma'SO*  +   H*0   +   O. 
The  sampte  of  manganese  ore  to  be  tntfd  is  bested  with  strong  snlphnrie  add  in  ft 
small  retort  provided  with  a  beot  deliTery-tnbe  passing  npwards  into  an  inverted  bell- 
jar,  filled  witb  and  standing  in  an  alkaUne  liquid,  so  (hat  any  carbonic  add  gas  that 
may  pass  over  may  be  absorbod,  and  the  on'gen  alone  collected.     The  contents  of  the 
retort  an  healed  to  the  boiling  point,  tbe  beat  being  coptinned  as  long  a>  ai^  gas  is 
disengaged.    The  aj^iaiBtna  is  then  left  to  cool,  and  the  Tolome  of  gas  is  measored  and 
corrected  for  pressure^  temperatorc^  and  tension  of  aqneoos 
Fig.  731.  TB^ur. 

Each  atomic  proportion  (16  pts.  by  weight)  of  oiyges 
evolved  eorresponds  to  1  at  peroxide  (87  pts.)  in  the  sample. 
Moreover,  as  (he  reaction  is  precisely  analogoos  to  the  de- 
composition of  the  peroxide  by  hydrochloria  acid,  Mch  at 
of  oxygen  evolved  in  tiie  one  reaction  is  equivalent  to  2  aL 
chlorine  eliminated  in  the  other. 

$.  By  oridalion  of  oxalia  add. — When  oxalic  acid  is 
heated  with  peroxide  of  manganpHe  and  hydrochloHc  acid, 
the  disengaged  chlorine  converto  the  oxalic  acid  into  car- 
bonic anhydride,  2  at  carbonic  anhydride  evolved  repre- 
senting 2  at  chlorine,  and  theiefoie  I  at.  peroxide  of  maa- 

CHK)'   +  Cl»     -     2C0'  +   2Ha 

The  qnantity  of  carbonic  anhydride  evolved  msy  be  deler- 
-•^^Z^.,^:^  mined  by  means  of  tbs  flask-apparatus  rcpi«ecnled  in  fy. 

731,  anaalreadydescribednnderAi^UJHBTBi  (1 119).  fiO 
gnins  of  the  manganese-ore  finely  polveiued  are  introduced  into  the  Dask,  blether 
with  half  an  ounce  of  cold  vster  and  1 00  grains  of  stiong  hydrocblonc  acid  in  the  lert- 

csKcct.CoOgIc 
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tulie;  60  gnim  of  crjitdllieed  oi&licseid  are  then  added,  the  chloride  of  olciiiai  tabe 
fHted  on ;  tbe  whole  qnidd;  veighed ;  and  Che  proeres  eondncled  pzaetlj  in  the  nme 
msQner  u  t,  determiiiHCioi]  of  earboajc  ■□hjdride.  ui  deacril)ed  in  the  article  above 
referred  to.  The  loas  of  weight  of  the  flask  after  boiling,  gives  Qie  qaantilf  of  carboDic 
nnhTdcide  evolved,  and  as  87 —the  atomic  vsight  of  peroxide  of  majiganew — is  neorlj 
doable  that  ^  eaxbonic  anhydride.  44,  the  loss  of  weight  in  the  apparatus  may  betakeo 
apprazimatelj  to  represent  the  quantity  of  i«»l  peronde  in  the  SO  graina  of  the  sample. 
A  more  fzact  csJcnUtion  is  easily  made. 

The  quantity  of  oialic  acid  oiidiiwd  hj  a  given  sample  of  amanganeae-onmay  also 
be  estimated  volumetricallj  by  means  at permaiiganate  of  potauium,  A  dilate  solu- 
tion of  oxalic  acid  docomposM  permanganates,  in  presence  of  sulphnric  add,  being  itself 
converted  into  carbonic  uihydnda  and  water,  acroiding  to  the  equation  : 

SHMn'O*   +  2H^0*  +   SC«HK)«     -     aMn'BO*    +   SffO  +   lOCO". 

PcrnuDiuilc  OuUc  acid.  Hsnniuiil 

add.  lalpfaaw. 

Under  the  sams  onninurtaiicca,  oxalic  acid  decomposes  peroxids  of  manganeaa,  arom 
for  atom: 

MeK)'  +  E'SO*  +   CmCf     -     Mn'SO*  +   2HK)  +   2C0*. 

Hence,  the  amount  of  peroxide  of  mangaaeae  in  an  ore  may  be  estimated  Tolnmetri- 
callj,  by  allowing  it  to  act  apoa  a  known  volume  of  a  stsndj^  solution  of  oxalic  a^nd, 
whirh  is  added  in  excess,  and  then  estimating  the  amount  of  undecomposed  oxalic  acid 
bj  a  standard  solution  of  permanganate. 

The  standard  aolutiona  required  are :  1.  Oxalic  aeid, — 1  cub.  cent,  of  this  solution 
eontains  0'0€3  grm,  of  oxalic  acid,  and  corresponds  to  0~042  grm.  peroxide  of  roanganEse. 
— 3.  PeTTnaTtffanaif. —Tiai  solution  cannot  be  preserved  without  deoomposLtion,  and  is 
tlierefcre  not  standardised  once  for  all ;  but  a  modepntclj  strong  solution  is  prepared, 
nud  its  exact  value  determined  before  each  operation.  This  is  readily  done  by  means 
of  the  standard  solution  of  oxalic  acid,  fi  c.  c.  of  tbe  latter  are  diluted  to  ZOO  c  c. ; 
about  4  c  c.  of  strong  sulphuric  acid  are  added ;  and  the  pennasganate  solution  ia 
introdaced,  drop  by  drop,  from  a  burette.  The  dark  cohmi  piodaced  by  the  perman- 
ganate diaappeaiB  slowly  at  first,  but  more  rapdly  as  the  operation  proceeds ;  the 
operation  is  terminated  when  a  f^nt  rose  tinge  la  produced,  which  remains  permanent 
for  a  short  time.  Suppose,  for  instance,  S9  c  c  of  the  permanganate  solution  are  re- 
quired; then  1  c.  c  of  thia  solution  cccrespondl  to  ^  —  0'1724  a.  c.  of  oxalic  add. 

Ths  analysia  is  conducted  *a  Ibllows: — The  ora  having  been  flnely  powdered  and 
completely  dried,  S'1  grma.  are  tnated  with  about  30  c  c  standard  oxalic  acid,  and 
4  c.  0.  of  concentrated  sulpbnnc  odd;  when  the  evolution  of  carbonic  anhydride 
slackens,  beat  is  applied  tm  no  more  gag  is  evolved.  If  any  of  the  ore  remaiaa  unde- 
composed, fi  or  10  c  c  more  oxalic  add  must  be  added.  When  the  evolution  of  gas  has 
quite  ceased,  the  clear  solution  is  decanted  into  a  gradosted  cylinder,  and  the  —"--  -- 
tteited  with  2  or  3  c.  c.  more  oxahe  add.  and  a  few  diops  of  sulphuric  odd, 
healed.  When  the  decomposition  is  complete,  the  solution  (lesidue  and  alii 
into  the  cylinder,  and  the  whole  is  dUnted  to  a  known  volume.  The  miiLum  uiua 
obtained  is  never  clear;  but  it  need  not  be  filtered,  unless  it  is  dark-coloured.  A 
known  volume  of  it  is  measnrod  off,  dQuted,  addulated  with  sulphuric  acid,  and  the 
amount  of  non-oxidised  oialio  add  is  estii      ■    '   '      "  •  -■ 

above  ;  from  lie  result  thus  obtained,  the  ai 
whole  mixture  is  calculated.  The  number  of  cubic  centimetres  of  oxalic  acid  oxidised, 
multiplied  by  2,  gives  the  pfreentago  of  peroxide  of  manganese  in  the  ore.  For  exomple, 
1  e.  c  permanganato  solution  —  01724  oxalic  add.  Weight  of  ore  token  »  2-1  grms. 
Total  volume  of  oxalic  used  -  48  c.  c  The  mixture  being  dauted  to  SOO  c  c,  100  e.  c 
require  4  &  c;  permanganate :  hence,  the  whole  300  c  c  require  12  c  c.  permanganate, 
which  oorreepond  to  3'07  e.  c.  oxalic  add.  48  -  2'07  —  46*88  c  a.  oxalic  arid,  oxidised 
by  peroxide ;  whence,  percentage  of  peroxide  ■»  4fi»3  x  2  —  91"88  per  cent. 

If.  instead  of  2-1  gnus.,  any  arbitrary  weight  of  the  ore  is  taken,  the  amonnt  of 
peroxide  is  calculated  by  tbe  proportion  100  :  4'2  —  number  of  C  C  oxalic  odd  used : 
amount  required  ;  the  perceatage  is  then  cotculati^  as  usuoL 

3.  B^  tht  gBoiution  of  CUorine  from  HydrocUorv!  acid.—Tbs  ore  (the  moisture  in 
which  IB  first  estimated)  ia  heated  in  a  flask  with  excess  of  concentiatod  hydrochloric 
add.  and  all  the  chlorine  evolved  is  conducted  into  a  known  volume  of  a  standard 
add  or  alkaline  uaenioaa  solution,  or  into  excess  of  iodide  of  potassium,  or  into 
a  solution  of  •  known  weight  of  ferrous  solpbale,  that  salt  being  in  exceaa,  and 
the  amount  of  chlorine  is  estinutted  by  one  of  tbe  cblorimetrie  processea  described 
imdn  Chloboo,  EarnunoH  or  (L  904).    The  amount  of  peroxide  of  nongonea^ 


w  drops  of  sulphuric  odd,  and  again 
solution  (residue  and  all)  is  wadied 
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eompoDding  to  s^nu  might  of  chlorina,  u  talonlktod  bytlie  proportion  Q*:  MmnO* 
-  Tl  r  87. 

Each  c  e.  of  the  uad  usenioiu  solntioi]  (i.  904]  oomtpondB  to  0-010  gnn.  chlomia, 
uid  to  001183,  psraii<le  of  iiiaiig&ii«» ;  hence  fiO  c  c  comapood  to  OS  grm.  chlonDC^ 
and  to  0-fi9lS  peroxide.  If  the  ore  ia  rich,  sbont  1  gnn.  ia  sufficient  for  the  Uuljsis  ; 
if  it  be  poor,  &om  I'S  to  2  grm,  ihould  bs  t^ken. 

Each  c  c  (^  the  alkKline  aneniom  eolatJon  (i.  904)  oamBpoaAa  to  O'OOSSS  grm. 
ehlorine,  and  to  0-0042  ana.  peroxide ;  hence  100  c  e,  eom^Knid  to  0-42grm.  per- 
oxide;  and  if  0-42  grm.  be  taken  foi  lUuUyma,  the  nambo  ce.  of  aneniom  aoIotioB 
whi^  ii  oxidised  bj  it  girei  at  once  the  percentage  of  peroxide.  (Coningloi^M  Hand- 
book of  Chemical  Anaiytit,  p.  347.) 

■■■■IIIIMBiB.  OXTOBXOXX9B  9T.  The  parchloride  of  mangaaeae  de- 
•cfibed  bj  Dnmas  (p.  BOC)  ia  periiapa  an  o^cUoride. 

MAjrVAns^  OKTannmm  or.  Hn<O.HDB  or  HmaSO.— This  com- 
pound U  produced  when  manganone  enlphate  is  ignited  in  ■  ebeam  of  hydrogen,  of, 
together  vith  tolphide  of  mangonne,  when  an  oxide  of  manganese  is  ignited  in  cootact  < 
Tith  enlphnr.  It  is  a  green  poirder  which  doee  not  alter  at  ordinarjteiaperatui«a,  but 
take*  fire  vben  best^  and  bumi  to  nearlr  pnre  manganoeo-nuuigaiuc  oxide,  ea- 
peciall;  if  strongl;  heated  at  the  last  It  disaolTea  in  acidi  aa  eaailj  aa  mlphide  of 
manganeae  prepared  in  ths  wet  waj.    (Arfredaon.) 

aSAVaUVaaa,  VMOBVKZIIB  or.  Obtained  by  expoeing  an  intimate  mixtnra 
of  ID  pta.  of  pnre  ignited  dioxide  of  manganeae,  10  pti  of  white-bomt  bonaa,  S  pta. 
of  white  qaarti-iand,  and  g  pta.  of  ignited  lamp-black  for  an  hour  in  a  doaed  baesiaD 
emcible,  to  a  heat  enffiaent  to  melt  c&st  iron ;  or  by  atioiigl;  igniting  10  pts.  of 
ignited  phosphate  of  maDgBseee,  3  pts.  of  ignited  lamp-black,  and  3  pta.  of  calcined 
borax  in  a  crucible  lined  with  chanoaL  The  prodnct  ia  a  verj  brittle,  crystalline 
regnlns  of  the  colour  of  grey  caat  iron,  and  of  apadfie  giarity  fi'961.  It  ia  permanent 
In  tbe  air.  glows  whui  healed  in  contact  with  air,  buma  with  an  int«nas  Ugbt  when 
heated  with  nitre.  It  appears  to  eonUia  Mn'P,  and  ia  probably  a  miitore  of  Hn'F 
and  Mn^P,  the  latter  of  which  compoonds  is  left  behind  wben  thu  anbatance  ia  treated 
with  bydrochloric  add,  while  the  former  diBaolTea,  with  oTolntion  of  non^aponlaneoualj 
inSam'mable  phosphorettad  hydrogen.    (Wohler,  Ann.  Ch.  Pharm.  Ixxxri.  371.) 

Sch rotter  (Jahresb.  1849,  p.  247),  by  heating  finely  dinded  manganese  in  phoa- 
phonu-Tapour,  obtwced  a  phosphide  haring  the  composition  HnfP,  of  specific  gravi^ 
4'94,  insoluble  in  hydrochloric  acid,  eaaiJy  soluble  in  nitric  acid. 

MAjrOAXUB,  aSblOEira  or.  The  effect  attributed  to  small  qnantities  of 
■ilidam  in  alli-ring  the  physical  properticB  of  metallic  mnngaDeee  has  alrdady  been 
•nentioned  (p.  Hu2}.  Wohler  (Ann.  Ch  rharm.  cvi,  64)  has  further  examined  the 
queation  by  preparing  manganese  containini;  larger  proportions  of  aillciiun.  A  miitnra 
of  about  equal  parts  ^  fluoride  of  manganese,  water-glass.  cnoUte,  and  sodium,  pnesed 
into  a  hessian  crucible,  and  covered  wiui  a  mixture  of  chloride  of  potassium  and  chloride 
of  aodinm,  then  heated  and  exposed  to  ahighertempentore,  yielded  awellfused,  haid, 
brittle regulus  containingll'7percent.eilicium,  exhibitinga  somewhat laminD-crystal- 
line  structure  on  the  froctnred  surface,  but  without  visible  separation  of  iVee  ailicinm  ;  the 
action  of  hydrochloric  acid  upon  it  was  considerably  impeded  by  the  aeparation  of 
oxide  of  silidum,  very  dense  but  not  cryataUine;  the  hTdrogen  gas  evolred  at  the  sains 
time  contained  siliciuretted  hydrogen,  and  deposit«d  amon>hous  siliciiun  when  passed 
through  a  red-hot  glass  tnbe  ;  hydrofluoric  add  dissolved  it,  with  evolution  of  fetid 
hydrogen  gas.  A  mixture  of  hsed  chloride  of  manganeae  and  sodium,  fluor-spar,  water- 
glass  and  sodium  gelded  a  well  fused,  very  britOe  regidus,  containing  13  per  cent, 
silidum,  and  exhibiting  a  few  caviciea  filled  with  steel-gre^  prismatic  raystals.  A  mix- 
tare  of  fused  raanganoua  chloride,  flaoc-Bpai,  ailico-fiuonde  of  potassium,  and  sodium 
yielded  (after  somewhat  quicker  cooling)  a  nearly  silver-white,  very  brittle  regolna 
containing  65  pec  cent,  silidum  and  having  a  conchoidal  strongly  shining  fracture.  A 
mixture  ot  manganons  chloride,  sodium,  fl^  quarts-sand  and  cryolite  (uie  two  latter 
in  the  proportion  of  22  :  2S)  yielded  a  yeLonsh  regulus  containing  11-4  per  cent. 
silicinm,  with  indications  of  laminar  structure.  From  these  results  Wobler  ia  in- 
clined to  bdiove  that  even  a  small  quantity  of  silldnm  is  snfBcient  to  account  for  the 
peculiarities  of  tbe  metallic  manganese  obtained  by  Bmnner's  method. 

MAX OAJTBOB,  BBS.  Native  carbooate  of  manganese,  also  called  DisHogite 
(i.  788). 

HABIlAliBaB,  aVKyBZIMl  OT,  Hattganotu  itiipJdde,  Mn'S  or  MmnS, 
which  is  the  only  known  sulphide  of  manganese,  occurs  native  aa  Manganett-Uttult  or 
Mabandine,  in  Uie  gold  mine  of  Nsgyag  in  Trunrylvania,  sometimes  crystallised  in 
cubes  and  regnlsr  octahedrons,  with  perfect  cubic  cleavage,  but  more  generally  grana- 
larly  massive.     Hardnesa  -  3-5  lo  4.     Specific  gravity  —  3'96  to  4-814.     IthMSiib- 
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mi-tuSu!  lutm  and  iron-bUd  colour,  tArnisbed  brown  on  txpcmme,  Sti«&k  green. 
Fraotora  eonchoTdaL     Before  the  blDi^i|ie  it  melta  onlj  on  tiie  thinnecit  edoes. 

The  Mune  compound  ia  prodnced  utiflcUll^  in  the  dr;  mj,  b;  heating  t£e  peroxide 
Titk  iulphur.  Solphurooa  uihjdiide  ia  duengigad  and  »  g™^  poird«t  (emuDa^ 
which  diesolT«  in  tadt,  with  erolntion  of  snlphjdrie  add.  The  uiiis  compoond  ia 
obtained  id  the  hjdistHl  date  li;^  decompoeiag  acetate  of  mangaoeae  with  nlpbjdrio 
add,  or  anj  mangaaaiu  stlt  with  inlphide  of  anunonium. 

A  c^ttalline  ndpllide  of  mangancae  is  obtained  bj  p«««'"g  the  v^nnr  of  lolphide  of 
carboB  orer  hydiated  raiingsnic  aiide  ignited  in  a  porcelain  btbe.  The  oyrtali  ara 
iran-bUck  rhomlAC  priamSi  having  a  tinge  of  gnen  and  yielding  a  dingj  greai  powder. 

Attiflciallj  pr^ared  manganoiu  inil[mide  soon  tonu  brown  %  oiidatiaa  on  e^ioaara 
to  the  ail.  When  ignited  in  tbe  air,  it  eaail;  gives  off  all  its  ■nlphor  ai  Bul^Qroiu 
anhydride,  and  leaiea  manganoao-maugaiiic  oxide.  Hrat«d  in  hydrogen  gaa,  it  giTca 
off  anlphydrie  add.  It  dftonatee  when  heated  with  nitre.  Chlorine  acta  b^  auwly 
on  it,  fiinning  chloride  of  aulphur.  The  bydrated  sulphide  boiled  with  potash,  yields 
aalxihide  of  potaasiiim  and  maDganoos  bydi«t«. 

Mai^jaaous  anJpMde  dtsnalres  ytaj  rialj  in  acids,  even  in  acetic  add ;  salphnrous 
acid  convnts  it  into  hypoanlphitc  with  Mpantion  of  sulphur.  When  the  predpitate  is 
mixed  by  agitaliaa  mth  neubal  metallic  solatioiia,  e.  g.  su^hate  of  cadmium,  acetate 
of  lud,  feme  chloiide,  nittat«  of  silver,  sulphate  of  oopper,  Ac,  th(«e  metals  unite  with 
the  sulphur,  and  the  tnaoganeae  is  takea  up  in  their  place. 

Hu^Dons  inlphJdB  fiwms  definite  compounds  with  the  sulphides  of  potasnom  and 
•odium.  -The  yiiuHTiioMalt,  E'S.SMn'S  or  Mmn'K^a',  is  prepared:—!.  By  fusing 
anbydrooa  manganous  anlphala  with  |  of  its  weight  of  lamp-black,  and  3  timss  its 
weight  of  carbonate  of  polassinm  and  solpbur.  A  gentle  heat  is  applied  at  flnt,  till 
the  carbonic  anhydride  is  expelled  and  sulphide  of  potasdam  formed ;  afterWBida 
the  heat  ig  raised  to  bright  redness.  On  coolinf,  a  perfectly  fused  mass  is  obtained, 
which,  after  tbe  excess  of  lalphide  of  potassiom  has  been  if  moved  by  cold  water  pre- 
vioosly  de-aSrated  by  bailing,  leaves  large  daA  red  scales  oollMtad  toTother  in  meases  ; 
B  may  tw  readily  apiit,  like  mica,  into  thin,  transparent,  dark  red  UmiTun 


. )ist,  are  rapidly 

(Hiaueu  in  uie  air,  becoming  black  and  opaqtte ;  but,  when  perfectly  dry,  they  remain 
permanent  for  a  considerable  time.  Tbey  are  nearly  insoluble  in  water,  alcohol,  and 
cthci.  They  detonate  violently  with  nitre.  Adils  dissolve  them,  with  rapid  evolution 
of  solphydric  acid  gas.  When  heated  on  pUtinmn  wire,  ther  becoiae  covered  with  a 
green  powder  of  o^solphide  of  manganeee.  Th^  ore  gradoally  dissolved  by  water 
containing  air,  into  solphafe  and  sulphide  of  potaadnm,  and  manganona  hypoaalphitr, 
which  diwolvt;  and  an  insoluble  auxture  of  sulphur  and  manganic  Oxide.  (Volkc^ 
Ann.  Ch.  Phann.  lix,  3fl.) 

The<«Uum-(aM,HDiD'SS*,  obtained inanmilarmannea to  ths  potasnamoomponucl, 
fbrms  small,  shining,  light  red  needle-sha^  Grystali^  reaembling  those  of  sulphide  of 
manganeae  and  potassium  in  most  of  thMr  prDwrtira,  but  more  readily  ondisable. 
When  traoted  with  distilled  water,  thn  rapidly  beoome  opaque  and  da^-coloured.  If 
hia  Btats  they  an  plaoed  over  oil  of  vitriol  m  a  vaenum,  they  r^iidly  absorb  o^oen 
Don  aa  the;  become  moderat'dy  dry ;  and  the  absorption  is  attended  with  ao  TioUot 


\ah,    k>nn''[0<.li 


M^aJkoAf,    k>nn''lO<.12HH^ 
K     J 

fuond  native  on  the  shorn  of  ths  Great  Salt  Lake. — A  mangantm  magnailm  tium  ha* 
been  found  in  the  Canton  Dii  in  Switieriand.    (See  Sm.FHUH.) 

Native  mat^aaoni  tolphide  (p.  Slfi), 
rOM.    Syn.  with  MaHSAmaa-BLninia. 
•  Syn.  with  DiULooirm.  Native  carbonate  of  manganeaeL 
.    Two  ox^en-adds  of  mangaDeae  have  long  been  known, 

repreeentf^  by  the  fbnnnlM : 

Manganate  of  potaednm 

Permanganate  of  potassiom 
Uanganic  add  cannot  exist  In  the  free  state ;  but  permanganic  add,  HmnEO*,  has  been 
olXaiued  as  a  liqnid,  andapnesnte  be  capable  of  exiatinsin  the  solid  state.  The  an- 
hydrides corresponding  to  thcM  addB,via,MuinO*and  MmnO',luivenotbMaiobtAiiMd. 
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Bacent  expcnmeitta  bf  Qorgea  (Ann.  Ch.  FtiTt.  [3]  Ixri.  IfiS)  appear  to  ihtnr 
thftt  dioxids  of  Duuig>u«H,  MmnO*,  ia  oapaUe  of  muting  vith  ilkAlin?  bases,  uid 
tcaadngtdtM  lAieh  iiulj  ba  called  manganite*.  Thn  appear  to  hare  the  eompo- 
Mtioa  RWHJHmnO'  (B  denotiiQ  a  moDatoaic  metal).  The  potaninm-aalt  ia  aolubltf 
in  water ;  the  caldnm-oalt  ia  a  brown  prsiapitata,  obtained  17  adding  K  aolntion  of 
muigBooiu  nitnte  to  hjpaolilorita  of  ealeinm. 

MBBcaa«M«>  HqBO*,  or  MmnlfO'.— Hmm  mIIi  are  iaamorpbirai  with  tba 
sal^uU««,  aelaMte*,udchiomatM  Onlj  tluee  of  than  b«*(^  lii>««*«r,  been  obtHoed, 
_■_    .t  .1  ..-  .    -' uB-,  andealoinm-aalta.  HieyhaTeagreeneidoQribiitai*" — 


nMteble,  eandal^  in  Motion,  being  qnidUr  emnated  into  permangBaatw,  witli 
•^•ration  of  manoanio  (aide:  tlie  dcmmpontion  ia  aooeteiBtea  b^  the  prcaeom  of 
«ads,  and  retaidod  bj  alkalia. 

Afanganate  of  Barium.  MnBaO',  or  HmnBbaO*.— Thi*  aalt  ia  obtained  b]r 
igniting  peroxide  of  EoangaDeae  with  nilz^  of  baiiam,  or  better,  by  addbig  the  peroxide 
ia  fine  powder,  and  by  mull  p(»liona,  to  a  mixture  of  hTdnte  of  barinm  and  dilonte 
<tfpotaaeinin,  heated  to  ftiaion,  and  aflenrardadiaaolTingont  the  chloride  t^potasaioin 
tn  watcK  ft  ia  a  peen  powder,  inai^bla  in  water.  It  maj,  howerer,  be  obtained  in 
the  OTitallina  atate  \ij  midug  a  aolntian  of  permanganate  of  barinm  with  barrta- 
wBta,  and  leaving  the  bqnid  to  ftand  in  ■  looaalj-eoT^ed  vtaad.    (M itaeharlieB.) 

Mangarmtt  of  fotattim^.  UmnKK)'. — When  dioxide  of  manoaneee  ii  abongfy 
ignited  with  hjdiate  irearbonate  of  potaseiiim  in  exceaa,  manganic  acid  ia  fbnned,  nndrr 
£e  iDflncmoa  irfthe  alkali,  togetlier  with  a  lower  oxide  of  muaganeae.  Ignition  in  ofta 
TeoaeK  or  with  an  admixtore  at  nimte  of  potaMiam,  ini:reaaee  the  ptwlnction  of  the 
odd,  bj  the  abeorptkm  of  o^nn  which  then  oceans  The  prpdnct  liaa  long  bem  known 
u  minerct  cIubi^m%  from  the  [oopeitf  id  iti  eolntion,  which  is  green  at  fint,  u>  paaa 
j^idly  tbcoxd)  •aTMol  ihadaa  of  colour.  A  more  conveiuent  TOoceaa  for  preparing 
manganato  ofpolAMinn  ia  that  lecommended  by  Dr.  Qrvgoiy.  He  mixea  intimately 
4  pte.  of  dioadde  ^  Buoganeoe  in  Ane  powder  wilh  3j  pta,  ^chlorate  of  potaaainm,  and 
eddi  the  miitore  to  6pta.ofh7drateof  potaaainm  diesohedin  a  small  quanti^  of  watir. 
The  miiture  ia  enpi^ated  to  drjiiMi,  powdered,  and  aftprwarda  ignited  in  a  platinnni 
emcible,  bnt  not  fiued,  at  a  low  red  heat  The  ignited  maas,  digeat«d  in  a  small  qoan- 
tit;  of  cold  water,  tbrms  a  deep  gteen  oalntion  of  the  alkaline  mannnate,  which  wsj 
be  obtained  in  cijEtala  of  the  wune  oolonr  b;  evapontiiig  the  goloCion  orei  n^hnrio 


and  a  block  eiTMalUne  componnd  of  potaah  with  peroxide  of  manganese  ( manganitA 
of  polaarimn)  irtdch  skooat  imniediatal;  siTea  np  its  potaah  to  the  water,  and  lettrea 
pore  hydrated  peroxide  of  manganeae.    (Hitaeberlieh.) 

BlbiaK^  +  2H*0  —  2MninK0*  +  4KH0  +  HmnO'. 
HaifBHte.  Fenuaganale. 

According  tol3argeii(£ie.  «f.),  iriieo  carbonic  anhydride  ia  paaaed  throng^  »  eolotioa 
of  pobuiic  maneimate  till  the  alkali  is  rom^etelj  converted  into  carbaa«t4^  prrman- 
ganate  of  potaaainm  ia  formed,  together  with  a  jellow  hjdrated  precipitate  Containing 
pumganita  qffotauiiM,  K*O.SMmnO',  or  Unn'K'O". 

Aunganate  of  potaaainm  dissulvea  wilhont  decompoaitiaD  in  water  containing  free 
■IkalL  If  potaah  be  added,  not  in  t4V)  great  exe«M^  but  still  luffldent  to  torm  a 
gtern  eohition,  this  aolntion  sometimea  turns  red  when  warmed,  and  remains  so  after 
cooling ;  bnt  u  briAIj  etined,  it  turns  green  again. 

When  a  Te^  Miong  adulicm  of  potssoie  mon^nate  ia  axpoaed  to  the  air  till  the 
potaah  has  abacobed  carbonie  add,  crjratala  are  aometimea  formed  consisting,  accotding 
to  Hitaelwriidi,  «f  *>U  MMQuiui^g  <>/lN>CaM<iHH,  HnrnXHO'. 

JItangttnateof  Sodium. — Obtained  by  igniting  peroxide  of  mangantae  with  caustic 
aoda.  Uia  aoTesyaolQUein  water,  that  it  cannot  be  obtained  in  the  CTTstitlline  state 
(Uitseherlieh).  Acmrdin^  to  Geatal^  howerer  {J.  p.  Chem.  Iniii.  58),  man- 
gansle  of  sodium  is  obtained  in  nearlr  colooriee*  eryaUls  reeembling  Qtaubei's  salt, 
and  containing  HmnNa*OM0HK>,t7  heating  equal  parts  of  finely-pnlveriaed  peroxide 
<tf  man|[M>wni  and  nitrate  of  aodinm  in  a  nnffle  to  a  bdght  red  haaC  for  16  faonn, 
boiling  the  pulTerised  blaA  maaa  with  water,  and  leaving  the  solntion  to  stand  in  a 
cold  mace.  The  crjitala  diaaolve  in  water  with  slight  decomposition,  jidding  a  green 
■otntion.  According  to  Wahlec  (Ann.  Ch.  Fharm.  cxtx.  37S),  on  the  other  hand, 
this  ptoeeas  does  not  vield  atace  <^ndic  manganate,  beeanae  the  nitrato  of  sodium  ia 
decompmed  bslbre  the  tamperatuie  required  ur  the  fbrmation  of  the  maaganate  it 
attained;  in  tut,  the  deecmpoaition  is  ao  oomplete,  that  the  process  might  be  used  for 
the  preparation  ot  pnre  hydrate  of  aodinm.  [Bat  why  does  not  this  hy<&ate  of  sodium 
I  lo  fiwn  todie  Baupnate  and  a  lower  oxide  ?] 

DigmzedbyGoOglc 
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thepncUomts^  CIHO*;  >  &ct  which  affbtdi  •  BtroDgugnmoDt  iD&Tonrof  tJudiato- 
micitf  of  muig^iMM,  inumiich  u  if  the  netil  be  Ksudrd  u  monBbimie,  the  fbnnulie 
of  the  nnunguiatM  and  pcKhloratea  do  not  exad^  eamBponi,  th*  one  oontaioiiig 
%  at  Hn,  wbenaa  Um  o^ur  eMitains  only  1  at.  CI. 

Ptrmangaitati  o/Amvtonium.  Hmi(KH')0*.-— Whitn  pmnanguiate  <rf  lilTer 
ii  tntmatHl  with  an  equiTBlent  munti^  ol  M-amnunuM  and  with  wsttr,  k  pntple-ted 
aolutioa  is  fofned,  which,  when  dacasted  bran  Mpantcd  ohloride  of  dItst,  jialdi  bj 
anporatioi],  cryitala  eoneepeoding  in  oompoeition  with  the  abore  tornmlu,  and  not 
coDtainisg  any  water  of  OTatAUiaitian.  Thej  aie  tzimetri^  and  ■iinilai'  in  Coim  to  the 
poUttium-salt.  bnt  with  aomewbnt  dtKrant  angles:  a:  b:e  ••  0-SOfiO  :  1 :  0-6filEI. 
O.P:  <»P  =  77'>40'i  too  :P»  -78°  0'.  When  dned  by  heat,  th«y  qniiilj  decompoeB. 

Ptrmanganate  of  Barium.  MnTBaO*,  or  Mom'BbaO'. — Tliia  salt  maybe  pre- 
paisd  by  passing  eaibonio  anhydride  through  water  in  which  impme  nunganate  of 
baiinm,  obtained  by  i-nli-intTig  pei^dde  of  manganeae  with  nitrate  of  bariim,  is  sus- 
pended, till  th«  aalt  is  wBpIetely  dcconpoaed,  then  decaotiiiK  boiling  for  a  while  in 
order  to  dncoiopoae  the  reanllans  add  cattioiMta  of  bariom,  aod  sraporating  the  cleat 
■oladon  to  the  crystalliniw  point  Or  pennaoganste  cf  rilTsr  is  deeompoeed  by  an 
cqninlent  qnanti^  of  di&ide  of  barium  diaiolTed  in  «at«r,  and  the  solntioD  is 
crapoiated. 

Fermanganate  of  barinn  fiona  bUA  prisma  permanent  in  the  air,  and  isomorohons 
with  anhydroDs  sulphate  and  aelenat*  of  aodiiun  (MittehiTliehV  When  the  red 
•otalian  of  tJiis  salt  is  mixed  with  bairta-water.  it  aqnirea  a  violet  colour,  loaea  aft«r  a 
while  its  f'^  ■<''"*  reaction,  and  yields  by  eraporatian  □j'atals  of  maoganate  of 
bariom. 

The  per 

TIm  lOAium-talt  oyctaUian  more  readuy. 

Permanganate  of  Eydrogtn,  or  Ptrmangaitie  aeid.  AlmnHO*. — This 
acid  may  be  obtained  in  the  state  of  aqneons  solntion,  by  decomposing  the  barium-salt 
with  ndphnrie  add.  As  thns  obtained  by  Mitacberlich,  the  free  acid  ^jpearcd  to  be  a 
body  not  man  itablt  than  pertaide  of  hydrogen,  being  decomposed  between  30°  and 
40*>,  with  «e^«  of  o^gen  gas  and  ^reapitatioB  of  hydrated  p«toxide  i^  manganese. 
It  blotdied  {Nnrethlly,  and  was  n^tdly  dastn^ed  t^  all  kinds  of  onanic  matter. 
HnneM^  on  tb«  other  band,  obtained  pennanganic  acid  in  a  state  in  lAich  it  conld 
be  [MMrvad,  «ti^>arated,  rediMdved,  so.  Ha  washed  the  manganat*  of  barium  with 
hot  water,  by  which  it  is  raolved  into  dioxide  of  manganeae  and  permanganate  of 
bariom,  ud  then  added  to  it  the  qoaoti^  of  phoq^ioria  leid  esacth  necessary  tonen- 
Inlise  ths  baryta,  ^le  Ubented  pennwigame  acid  was  di«ad*edoal,  enporated  to 
dryness  and  hj  a  seoond  solntion  ud  ev^ioralioo,  obtained  in  the  tbrm  of  a  reddish- 
brawn  maai,  er]ntaUine  and  radiated,  which  exhibited  ttke  Instre  of  indigo  at  some 
points  and  was  entiiel*  aolable  in  water.  When  the  dry  permanganic  acia  waa  ftiaed 
u  a  retort  with  snhytwma  snlphiuie  acid,  and  afterwards  distilled  at  a  higher  tem- 
perstore,  an  adenlar  snUimate  of  a  mmaon  red  ctdoni  was  obtained,  vhioh  ^tpeared 
to  bs  a  combination  of  pennanganic  and  snlphnrie  aeid«.  rBeneliiis'  Ttaiii,  L  5SS.) 
When  monohrdraled  anlphnrio  acid  is  poured  ipoti  a  somewhal  considerable  quantity 
.rf^j.».ni.Mf  yi.ng.n.t.f|f  piitmninsi.  Ihri  ssfl  is  decompooed,  with  great  sTomtionti 
heat,  red  flamsa  borvbng  oA,  o^Ksn  being  giren  oB,  and  manganic  oxide  being  set 
free  in  daik-hBlwn  flakes  and  shnds  like  Kod^linss.  The  red  flamra  aeem  to  wow 
that  psrmanganic  add  is  eassans  at  the  high  tempeiatnre  prodnced  hr  the  reactioii. 
Ita  Tolatility  has  been  ftarOier  denunurtiated  bj  Terreil  (Bnll.  Soo.  Chim.  de  Paris, 
ISflS,  p.  40),  who  makes  nw  of  this  property  to  oUaJn  the  acid  in  the  pore  state,  for 
this  purpOK^  petmanganale  irf  pgtaMiani  is  diasolved  in  anlphiiric  add  (H'SO*)  diluted 
wiUi  1  at  watv;  and  the  gioenish-ydlow  solution  is  disbllsd  over  the  water-bath  at 
60°  (»  70^.  The  appaiatos  them  beoomea  fiUed  with  violet  Taponn,  which  condeoM 
tj  a  Bolnble  grsenish-black  liqnid,  not  Gontaining  either  chlorine  or  anlphuric  add,  hut 
ronnsting  of  pnre  permanganic  a^id.  It  is  difficult,  howeTer,  to  prepare  a  large  qoan- 
lil7  of  the  acM  at  once  in  this  manner,  inasmach  as,  at  a  certain  moment,  as  soon  aa 
the  tjnantity  of  the  distillate  ha*  become  somewhat  considerable,  it  decomposes  spon- 
taneonaly,  with  alight  datonatioli  and  e^aration  of  manganic  oxide. 

Pennai^pmia  aad  thns  obtained  is  a  thick,  fireeniah-hlsck,  metaHifr^hining  liqnid, 
which  ^fMars  to  be  citable  at  eolidi^ng.  It  Ereedily  attracts  moisture ;  It*  aotntiDn 
has  a  Tiolet  colour,  and,  if  protected  fiom  dnst^  may,  when  dilute,  be  preaerred 
with  tolemble  &dli^.    When  quickly  heated,  it  detonates ;  bnt  if  elowly  mnned,  it 
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Tolatilima  in  TioletTHponni,  haviDg  %  peetdisr  neUllie  odour.  It  ptnseawa  rtrj  gnat 
tiTiilijing  power,  iovtADtlv  aettJDK  Are  to  papar  uid  •Icohol,  the  Istter  with  nxplcvioi). 
In  oontaet  witli  lUty  bo^sa^  it  aetoiut«a  with  Tialeaos.  Whnn  ■  few  diopa  of  ■qasoiM 
■nlphita  of  poturinm  ■»  let  fall  on  pennangaDic  acid,  a  vtrj  briak  reactjon  take*  [dace ; 
Hit  of  the  add  ia  earned  torwaxi  in  Tmponn,  and  the  vipoun  decorapoae  aa  thej 
diffliae  throngh  tbe  air,  dapoiiting  a  shower  of  brown  flocka,  Fennangiuiic  acid  dia- 
BotTaa  to  ft  Mittia  flxfmt  witli  greeii  coloitr  in  strong  solphnric  aod.  The  aolutioB  in 
acid  eontainiiig  3  at.  water,  is  nolel;  a  differeam  whiph  aeemalo  indicate  thaexiMMice 
of  ui  anhTdiom  and  a  brdiated  permangaaie  add.    (Terreil.) 

Pern  d  Ryan  a  f«  of  Ltai,  MmnTPpbO*,  ia  formed,  on  mixiiig  a  solntion  of  nitzate 
of  lead  with  peimanganate  of  potaadnm,  ai  a  blown  precipitate  arable  without  t««idn« 

Ftrmanganat*  of  Po f allium.  HmnEO*.— Iliia  aalt  may  be  pre[«red  l^llie 
fbllowiog  praeeaaea; — 1.  One  pL  of  peroxide  of  manganeaa  ia  ignited  with  I  pt.  of 
hjdrate  of  pottannm  (or  1'8  of  nitra) ;  Uie  mnlting  maaa  diaaolred  in  wabr;  and 
the  led  aolntion  decanted  and  en^urated,  rapidlj  at  first  till  small  needlea  appear, 
altanratds  okutionilir,  so  that  the  cnatallimtiou  may  go  on  regnlaiiy  (Chevillot  and 
Edwards). — 2.  duorate  of  potHsinm  being  kept  in  a  atate  of  foaion  over  a  spirit- 
lamp,  hjdrete  of  potaaaiiun  is  first  added  to  it,  and  lien  an  excess  of  finelj-dtTided 
K 'oxide  of  mannneso,  whicli  immediate!;  diseolre^  fbzmini;  a  splendid  grwn  solntion. 
e  mixture  is  uien  heated  till  the  whole  of  the  chlorate  is  decomposed;  and  the  mass, 
when  cold,  ia  boiled  with  a  small  qnnntitT  of  water,  wherenpon  the  grpen  colour  of  the 
solution  change*  to  red ;  finall;,  the  liquid  ia  decanted  from  the  peroxide  of  manganeae 
while  still  hot,  and  set  aside  to  OTBtiJUse  bj  cooling  (Wohler.  Pogg.  Ann.  xxtL  629). 
Qisgorj  (J.  Phaim.  xxL  St2)  adds  a  aolntjou  of  10  ^a.  (3  at)  of  hydrate  of  potas- 
aiom  in  a  verj  small  quontitj  of  watar  to  a  Gnelj^diTided  mixtnre  of  8  pto.  (3  at.)  of 
peroxide  of  manganeae  and  7  pta.  (1  at)  of  Ghlorald  of  potassium  ;  evaporates  to  an- 
ncas,  dnriDg  which  a  small  quantitrof  mineral  chameleon  is  formed;  ignitM  the  finetj 
powdered  mass  in  a  platinum  crucible  orar  a  spirit-lamp,  till  the  whole  of  tile  chlorate 
of  potsBsium  ia  decompoeed  (for  which  a  low  red  heat  is  qnit«  lufficieot)  ;  rednoes  the 
aemi-fused  mass  to  coarse  powder;  boils  it  in  a  larger  quantity  of  wat^r;  allows  the 
insoluble  portion  to  subside,  and  decants ;  BTsporates  the  clear  solution  rapidly ;  again 
decants  flnm  the  freehlj  precipitated  peroxide  of  msngnnrae ;  uid  leaTca  the  solution 
to  crystallise  by  cooling.  The  erystala  are  then  washed  with  a  small  quantity  of  cold 
water ;  dissolTed  in  the  smalleet  paeaible  quantity  of  boiling  water ;  and  the  solution 
is  left  to  crystallise  by  cooling.  In  this  manner  needles  are  obtained  three-qnartets  of 
an  inch  in  length,  and  amounting  in  weight  to  about  a  third  of  the  pconiide  of  manga- 
neae employed.  IT  it  be  desired  to  filter  the  solution,  in  order  to  avoid  the  loss  aiising 
ftom  deeantation,  a  funnel  may  be  need,  haring  its  neck  filled  with  asbestos. 

The  salt  cfjstalliaes  in  dark  parple-rnd  Deedlea,  having  first  a  sweet,  and  afterward* 
a  rondi  taate;  it  doe*  not  redden  turmeric,  and  ia  permanent  in  the  air.  The  OTstala 
are^Uetrie;  a;  *:  o  -  079623:  l;0-6iTS;  »P  ;  »P  -  78° 69';  tee  ;  Poo  -  78=20'. 
They  are  prismatic,  exhibiting  the  ocmbination  »P.  Pro,  the  tatter  often  predominant; 
frecmentlj,  also,  with  oP  and  other  Gices.     The  salt  diaeolvee  in  16  pis.  water  at  IS-'. 

The  ciyirtals  decrepitate  when  htaied,  evolve  10'8  per  cent,  of  oxygen  gas,  and  ar« 
converted  into  a  black  powder  Avm  which  water  eitracta  manganate  of  potassium, 
leaving  SA  per  cent,  of  black  manganic  oxide.  When  bested  in  an  atmaq>heTe  of 
hydrogen  got,  they  become  red-hot  and  diminish  in  bulk,  at  first  rapidly,  afterwards 
slovrly,  with  formation  of  a  green  mixture  of  hydrate  of  potamium  and  protoxide  of 
Btanganeee.  The  salt,  when  triturated  with  mlpkitr,  produces  a  series  of  small  detona- 
ttons.  Mixed  with  an  equal  weight  of  sulphur  and  heated  to  177°,  it  explodea  with 
tame.  Pliaiphonii  producre  a  much  louder  detonation  wheo  triturated  with  it,  also 
when  bested  with  it  to  70^.  CSmrooai,  arimiB,  and  antitnin^  likewise  take  fire  when 
heated  with  tbe  nit. 

A  solntion  of  pennanganate  of  potassium  containing  percUaratt,  deposit*  ciyatals  eon- 
taining  the  two  salts  in  the  same  proportion  as  the  solution.  In  presence  of  a  very 
large  exc«m  of  perchlorate,  tbey  are  red  ;  bnt  if  the  proportion  of  pennanganate  amounts 
to  one  btU,  they  ^ipear  Uack. 

Ptrmangattatr  of  Silver,  MntuAgO',  is  obtained,  according  to  Mitscherlich, 
on  mixing  warm  solntions  of  nitrate  of  silver  and  pemunganate  of  potassiam,  the  aoln- 
HoD  as  it  cooIh  deposiling  the  salt  in  large  tegular  cryatala,  whidi  teqoira  IBO  times 
their  wei^t  of  wat«r  at  1 5°  to  dissolve  them.  In  warm  water  they  are  much  more 
soluble,  but  they  cannot  anstain  a  bailing  heat  without  decomposition. 

The  manganatea  and  permanganates,  eepeciallj  the  latter,  are  nied  aa  oxidising 
agente  for  a  variety  of  purpoaea.  A  solution  of  permanganate  of  potaBStum  is  quickly 
deoxidised,  and  consequently  decolorised,  by  snIphuroDs  add.  by  neutial  tohition*  at 
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nlphides  and  pentathioiutes,  uid  b^  add  ■datiom  of  nlpliitea,  hTpomlpUtM,  tetn- 
thiDDBt«a,  snlphoCTUiiU^fl  and  nitntce;  more  slowl]'  by  trithionataa.  AcidoltUad 
•olationi  of  merciiroDs,  farTooi,  sCanDooe  uid  antimonions  salts,  and  acid  aolotioTU  of 
anemoiu  add,  likewiM  rapidly  decolorise  a  salndoi)  of  a  punnaiiEaiiatA.   A  aolntic 


permaugaiute  of  potaaaiam  coaititutea  &  test-liqnid  of  gtwit  oae  m  Toltunetiic  aDalyiu, 
«a  «e  havH  aliead;  had  tKcaaioa  to  nodM  (bm  L  2S3 ;  a.  59;  iii.  384). 

The  minganataa  and  prnnauganatM  likewiae  act  vuj  zapidly  on  oiganie  mattai.  and 
tsaj  thBnfaM  be  emplo^  aa  duinfbctina;  awnta,  Solnlioiw  of  these  salts  have,  in  &et, 
lately  been  pnpand  on  Ibe  luge  acale  for  this  porpoee  by  Hr.  Condy.  Pubid  water 
from  stagnant  pools  Is  rqiidly  deodorised  hy  tiieee  solndona.  Tb^  freedom  from 
odour  and  perteetly  innocnoiw  chanoter  nAdec  them  arailable  for  many  pnipoaee  Ibr 
which  other  disinfoetanta  eatmot  be  twed,  a*  fiir  application  to  woanda  and  fietid 
sores:  thsy  may  also  be  adTantageowly  nssd  Ibr  tho  pnrideatio*  of  tainted  pntri- 
siona,  On  the  other  hand,  Ihorflxedehsmctsrrsndsislhem  lees  •dapted  ibr  ponding 
infMed  atmos^una  thsn  the  hypocUorites,  irtiii^  ertdve  a  gM  M^ble  of  aotiog  on 
th«  oigsnie  matter  ia  the  air.  (Bee  Hof  uann's  Btporl  en  CUmmoat  FrodueU  ond 
PneoMtt  in  lltt  Intenationtd  ExkOOitm  of  1U2.} 

Kativa  manganio  hjdiate  (p.  819). 

Ttw  tree  which  yield*  Ihe  so-caJbd  Dik» 

d  (ii.  sao). 

ICAJraOKB  ^nJSSBK.  SeaBmi(i.(i83).  Ob  tlw  changes  wUeb  take  plaM 
in  the  CDmpiiaition  of  the  plant  during  its  growth,  see  K.  Hoffmann.  (BolL  8oa 
Chini,  da  Paris,  ISM,  p.  36S.) 

BUUrooaXXW.  C"H'K)*.  (W.  Schmid,  Ann.  Cb.  Fharm.  xdii.  B3).— A  sab- 
stance  conUiced  in  tho  hnsk  of  the  fi^t  of  Qiwaaa  Mangotiaaa  (ii  771).  To  obtain 
it,  the  diy  husks  an  boiled  with  water  to  extxart  tannin,  then  trated  with  hot  alcohol, 
and  the  alcoholic  extract  is  left  to  eiaporate,  whereupon  it  deposits  macoDstin  as  a 
yellow  crystalline  aubstance,  mixed  with  a  large  quantity  of  yellow  amor^dious  resin. 
To  remove  the  Litter,  the  whole  ia  diiaolTed  in  alcohol,  and  the  solution  is  mixed  with 
aniScient  water  to  render  it  opalescent ;  it  then,  on  coolii^,  deposita,  first  IJis  rMin, 
aflvrwarda  the  mangoatin  in  nn&II  ydlow  larnlnn.  For  further  poriflcation,  the  aloo- 
holic  solution  is  pcecipitated  with  basic  acetate  of  lead ;  the  washed  precipitate  is 
sospended  in  wato',  and  deoompoeed  by  snlphydiio  acid;  the  fllliate  ia  mixed  at  the 
boiling  heat  with  water,  till  it  becomes  milky;  and  the  maDgostiii  whirh  separates 
from  It  on  ooiding  is  Anally  pnriAed  by  erystalliaing  it  scTeral  times  from  dilute 
alcohoL 

MaugostiD  Ihns  prepared  IbriM  tliin  golden-ydlow  <""■"»,  dretitate  of  taste  and 
■meU.  It  me1l«  at  about  lEK^,  without  loM  of  water,  to  a  dark-yellow  liquid,  which 
solidifies  to  an  amorphous  maaa;  by  a  stronger  heat,  the  greater  pait  of  it  is  decom- 
posed, the  remainder  subliming  unaltered.  It  ia  inaohible  in  imtsr,  but  dissolTes  easihr 
in  alcohoi  and  in  tiller,  forming  neural  scdntions.  Warm  Mvtt  aadt  diaaolre  U 
without  alteration  ;  by  healing  with  Btroog  latrw  acid,  it  is  converted  into  oiatie  sad. 
MkaUt  dissolre  it  witli  yellow  or  brownish  colour.  It  reduces  (ha  niXU  mtiiUi  from 
their  eolutious;  irUbfirrie  cUoride,  it  fbrms  a  daii  greeniah-bladt  sidotion,  the  a4onr 
of  which  i£ssppean  on  the  addition  of  adds.  It  ia  not  prediutated  1^  any  mslallie 
aall,  excepting  Aosia  acftale  of  Itai.  The  yeHow  predpitote  thrown  down  from  the 
alcoholic  solnnoa  by  neuli«t  aeelate  of  lead  and  a  linJe  tuamonia.  gaTS  bjuialysis  (at 
lOO'),  b  one  experiment,  ovmbeis  agreeing  nearly  with  the  fbTmuliB  4C"H"0*.aPb*0. 

MAWIKOnO  AOXS.  An  acid  said  to  bare  been  obtaiuBd  from  the  root  of 
Jatrojiha  ifanUutt ;  it  ciyatallisH  in  prisms,  having  an  acid  taste,  and  forms,  with 
'    "  '  '    '     uily  fiiaible  saltE^  dystallising  in  noduln ;  but  its 


□  of  Dnknown  origin,  resembling  Copal  and  Bsmmars 
resin.  It  dissolves  fbr  the  most  part  in  alcohol  of  SO  per  cent.,  and  melts  easily,  dif- 
fUaii^Bnodoarlike  that  of  the  resin  of  the  Conifene.    (Bnchner.) 

KAVIOO.  The  Indian  name  of  the  nntritioos  matter  of  JabvplM  ManHiot,  frian 
-whidi  «a«aan  and  tjipiaca  are  made  in  the  West  Indies.  It  has  bem  analysed  by 
Payen.    (Oompt  rend.  xliv.  tOl.) 

ICAJnVA.  A  saccharine  jaice  which  exudes  from  certain  species  of  ash  and  other 
plants  It  has  a  strong  small,  a  sweetish,  slightly  nauseons  taste,  and  acta  as  a  mild 
porgative,  bat  ia  also  more  or  less  nntritions. 

The  treea  which  yipld  the  manna  of  commerce  are  two  epedes  of  ash  growing  in  the 
warmer  paita  of  Eorope  and  in  the  East,  via.,  Fraxaait  Ormu,  Linn.,  wbicb  gn>wa  in 
the  SouUi  of  £Dli^,in  mountainous  sitaalioas,  e^eciuUy  in  Calabria  and  Sicily ;  and 
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fratbua  Tottrnd^felia,  Icmudc,  or  Omut  retmrnJifolia,  Fawooa — tha  mmd'lMrdt 
loimiM  cr  muuu  uh,  vhich  grow*  in  CaUbm  uxl  in  tlis  Eut  Accmdiiw  to 
SecsndMl^  U  ii  from  IhiiUtUitcMUiMiDUiiauclusfljobUinpd.  lie  mums  &■«■ 
tiatuaUj  from  the  tzMa,  and  Bttsches  itwilf  to  tbeir  aides  in  the  form  of  white  trana- 
paMtlt  aMf» ;  but  the  ezbactioD  id  tha  juice  is  facilitated  hj  indaana  made  during 

The  fincat  kind  of  naiua  ia  called  f  lake  manna  fjfanna  eattntiUtajri  eamtllata). 
It  ia  white  or  jellowiab-wbibi,  light,  ponraa  and  friable,  the  fractnied  mbec  aihibit- 
ing  a  number  ot  amall  capillaiy  CTTatals.  Ita  odoul  aomewhat  zMonblea  that  of 
honejr ;  ita  taata  ia  aweet,  bnt  afteiwardi  ratbts  aaid. 

lufmMr  aortM  are :  1.  The  SidUam  momu,  wtudi  ia  the  commcneat  in  iJir^'*"  com- 
merce, CMiMating  of  amall,  aofl^  Kmnd  fkagmaata  of  a  diity  jellowiah-bKnm  colour, 
intanaizad  with  putidaa  cf  6mA  fl*l:*«uiuM :  thia  kind  oantMna  ■aanr  u^nritiea. 
— 2.  Manna  in  aord  (in  aortu),  iriuA  ma;  be  aobdirided  into:  a.  Qaraet,  wlueh 
approachea  moat  nearij  to  Sake  buium  ;  aitd,  3.  C^om,  whicb  eoBqaJM*  not  only 
tBat  bom  the  dirtrict  *a  eaUed,  bnt  alio  tikat  of  CiM«i  and  Fabentti  in  SidlT ;  it  m 
fattj.etickj.viilhBid, thoa^elaaminwMM&oathatitlMlaak — I.  Mamut cakirima, 
which  atimda  between  the  laat  two  («  and  t),  bnt  ia  now  of  me  oecsirence  in  emn- 
meroe. — 1.  An  inferior  kind,  known  aa  Slanna  eommumit,  ia  fonnd  in  the  ITeap<ditan 
province  of  Capitauata,  on  Uie  deeliTitiea  of  Homit  BL  Angdo.    It  ia  not  fitUj,  b«t 
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angar 9-1  10-1  IfrO 

Mueilage^  with  aome  mannita, 

and  a  amall  guanti^fof  nitio- 

genooarabaUnee  40-0  40-8  43-1 

Insatnble  maltez    ...  0-4  0-9  )-> 

Watat 11-6  13-0  11-1 

Aah l-«  I-t  !-» 

lOfi-0  104-6  106-3 


Uannita  .  .1 

fermentable  but  im- 
cnetalliaable  angar, 
with  colouring  mat- 
ter (pnigative  bitter 
matter  F)       . 
Sweatiib  gam   . 
Qommy  eztiactiTe 
FibiD-^ntdnona  mat- 
ter       ...        _ 
Wattir  and  low        .  800 
B8-0 

niera  aM  also  aemal  mietiea  of  aaodtarina  emdatjona,  known  nndar  the  name  of 
manna,  not  prodnoed  b;  the  aah.  Of  theae  lAoderar  ennmentea  eight,  tIk  :  1.  itamui 
larivBia,  from  the  leavea  of  Larix  turapaa ;  alao  called  Brianfcm  »"«""«  According 
to  Bnrthelot,  itcontaina  melraitcae  (o-V.)- — 2.  Jllanna  cedrina,  from  the  bcanehea  of 
PinMt  Bidna.  Thia  nrie^  ia  brought  from  Mount  Lebanon,  and  has  great  repate  in 
Syria. — 3.  M.  aiiutnna.—i.  II.  gvareina. — S.  M.  mufrnJu,  produced  bf  Saeatntua 
rantf»rB.—t.  M.  aulnut  a.  labdatitftra,  a  ran  TBiidy  met  with  in  Greece.  Thia  ia 
derived  bom  aamal  apeeiea  of  CS$tut,  »d  ia  called  (Satna  manna. — 7.  3r.  Altit^nia, 
the  ezodatian  of  Sidjfrarum  Jtiofti,  a  plant  indigenona  in  Arabia,  and  growing  alao 
in  tha  maritime  diatricta  <d  Greece.  Thia  manna  ia  aunoaed  to  exude  from  tha  Stdf^ 
BonHR,  which  ooma  eztenaiTe  plaina  in  Azalna  and  Palaatine,  as  a  reanlt  irf  the  wonnda 
tmdacMl  on  tke  ^anta  bj  the  brownng  of  abeep  and  goab;  It  ia  oaed  aa  nutriment 
b;  tb*  Anba,  aa  well  aa  by  those  who  form  Uie  canrana  whidi  cme  the  Dcaeri. 
Accoding  to  Landmer,  it  is  thia  Tariety.  and  not  the  poduce  of  the  aah,  which  eorre- 
^ondato  theswtexileMaf  Pliiiy,and  the  Aumn- mcUeiu  of  Thenthraatua. — 8.  Manma 
(omarunM,  called  also  JfofiRaAraUifdriifli,  and  beliered  bjlAudenv  to  be  the  manna 
mentioned  in  the  Old  Tealament.  He  initsnu  ni  that  thia  exudation  ia  produced  bj 
the  pnnctnrecif  CbeeM  a>anii^Ania,  aa  inaaot  inhabiting  tha  treea  of  Jimiarixniann^fera, 
which  ffow  abandantly  in  th*  iMi(^bonTliood  of  Hout  Stnaj.  ^e  manna  azitdea  aa 
a  thiok  tranaMnnt  >f mp,  coraring  the  amallv  brandiM;  fRim  whidi  it  flowa.  It  ia 
collected  bj  Uie  motika  of  the  diatriet  in  (he  month  of  Augnat.  The  collection  takes 
'  '  ■'  "  — -'- -  '"'""'"'"  timB,  owing  to  the  Boolneas  of  the  night,  th( 
I  eongealeiL  The  tamaiiik  manna  ia  eaten 
m  a  delicacy,  and  ia  said  to  be  efflcadoua  in 
iter  and  alcohol,  and  the  aqueooa  solution 
Pkuia.  111.  (lamj.  t  Add.  Ck.  Phtin.  UU.  IM. 


MANNITE.  629 

n»dtlT  nudcrgOM  f^nMDtation.    Ttn  alcohol  trhieli  it  yieldi  Ba*  i  ptenliar  odotu^ 

reBmnbling  that  (ram  the  fhnt  of  Crratonia  liUqiM,  vbieh  eontuui  bntjiic  acid.  The 
rnaona  moat  therrfbre  costain  fermentable  augur,  in  place  of  mBoiute  [or  togcthei'  wiHi 
thp  latter].  {Per^nf  i  Matrna  Sffdiea,  nh  A  yol.]i.[llp.i7S.)  Aocording  to  Ber- 
th elot  (Compt.  rend,  liii,  £83),  the  tanmrisk  manna  fttim  Sisai  coDtalna  A&ht  rank 
csne-ngu,  26  inteitrd  sugar  (iL  863^  and  iO  deitrin,  &s.  i  niaima  boa  ^udutan 
contune  61  per  cent,  eane-augar,  IS'6  interted  mgar,  and  23-6  dextrin,  Ac 

ilfayCS!?^  i     Bee  the  next  artidfl,  p.  8S& 

MAXwrrm  Btigar  of  Manna,  augar  itf  Miuhroomi.  CfH^'O'.— Tlue  snbataiice 
madJocorered  b;  Pronet  (Jonmal  C  dnem.  n.  Phje.  t.  G^hlen,  ii.  8S),  and  baa  been 
investiKated  V  maoT  duniata,  inchidin^  among  othot,  Liebig,  Viitaj,  Streeker, 
Betthelcit,  Wanklrti,  ErieuauTW,  and  ''*■"""*""  (for  ntoencea,  mm  GmtUn't 
SaniOooi,  xt.  3Se.) 

The  foUowioB  flanti  and  ^ntaol  pItaaieoBtmmnaitmititAftiaaai:  the  roots 
of  Jmrntun  Ihpdlut;  of  cela?,  Iran  Jpiim  grtamlm*!  ot  Meum  aUimuai^iim; 
of  (SnanUt  erocata;  of  Fohpoiittn  impart;  ef  Sxmmura  Siipamea;  the  root- 
hark  of  T^miea  Oratiatvm  ^onatitnting  Latom'B  OTatuaki[ ;  the  root*  at  THtiaem 
npm*.  The  bark  of  Candla  alia  eontaina  about  B  pra  coiL  of  nuumite ;  that  of 
fViwmHf  txetttior  contain!  manntte.  The  leaTea  and  ;roimg  twigs  of  Sj/rinffa  vui- 
gari»  contain  mannite  [which,  mixed  with  LQaein,  conatitntea  Bemaja'  Ssfrmgin:  tiao, 
the  leavea  of  Ligtatrum  mihars ;  celery-IeaTM ;  tbe  lolinge  of  (haoa  nurf^m;  the 
&nit  of  Zounu  Ptrua,  <£  Caetua  opuntia.  Coffee-beane  contain  mannite,  aoemding 
to  Dobettiiner.  Ergot  of  one  year  contMned  mannite,  that  of  another  year  mycoaa. 
IILaay  fungi  contain  mannite.  On  algm  then  ia  often  found  an  effloreecence  of  mannite, 
whietl,  acoording  to  Stenhonac^  may  aleo  be  obtained  from  the  dry  algB  ;  aeetrding  to 
Phlpeon,  mannite  doee  not  exiat  in  &eeh  algn,  bnt  ia  formed  from  T^^Ue  mndbge 
by  fermentation.  It  ia  formed  vaiy  abondantly  dnring  the  viacona  ftmieDtation  of 
(agar,  and  to  a  greater  or  leoa  extent  dnring  fenaentation  genimUy.  In  the  trana- 
form^ion  of  ataich  into  ^neoee  by  boning  wiui  dilute  anl^isHc  acid,  it  ia  alao  fbrmed 
aa  a  aeconda^  product.  Finally,  Linnemann  (Ann.  Ch.  Fharm.  cxxiiL  136}  haa 
obtained  it  by  the  adJon  irf  aodinm-amalgan  on  ritwoae. 

Uannita  is  tmally  prepued  from  ntanna,  wbidi  ia  treated  with  boiliiig  alcohiJ,  and 
the  alcoholic  eolation  alhnred  l«  OTatalUae.  On  oooIisk  mannite  ia  deposited.  It  is 
purified  by  recTTEtaUiaation,  and  sppeara  to  be  veiy  ea^y  obtuoabls  in  a  high  state 


of  pnri^. 


te  dyatalHsn  in  thin  fbnr-dded  prismi^  lAich  sometiiiMa  grow  to  a  consider- 
BDie  Bue.  One  of  the  charaderiatica  of  mannite  is  the  ease  with  irtuiA  it  may  be 
CFyatalliaed  from  ita  aolntion  in  water  or  in  alcohoL  The  dystala  contain  no  wat«T 
of  eiyatalliaation,  and  ore  but  ten  alifhtly  hygroscopic. 

At  18°,  1  pt  of  mannite  diaatdves  m  6^  p&.  of  water.  At  1S«  1  pt  of  mannite 
dissolres  in  80  pta.  of  aUofiol  (specific  graTitv  0-898),  and  in  1,400  pta.  of  absolute 
alcohoL  Inboilingalcofaol,  itiamnchnKvesolable.   In  «tAn-,  it  doeanotdJasolTe  at  alL 

An  aqneons  aolotion  of  mannite  does  Dot  become  aynqiy  an  being  ^ntaneonaly 
CTHnrated;  in  this  raspect  it  difibn  Idtikingly  from  a  aolntion  of  sugar.  It  ia  only 
slightly  sweet  to  the  tast&    It  doea  not  exert  any  action  on  polarised  hght. 

Haniute  difl^  from  sugar  in  its  power  of  irsistance  to  the  action  of  beat.  It  melts 
between  160°  and  165° ;  at  about  200°  it  begins  to  boil,  and  may  be  distilled  with 
Teiy  littie  decompoeitiani  eren  at  the  oidioary  atmospheric  presaare.  In  sealed  tnbea 
it  will  bear  a  heat  of  260°  without  snSerii^  moch  decomposition  j  at  higher  tempera- 
tores  it  carboniaea. 

■A  ferment  except  nndei  my  mmsnal  cooditaona.    It  does  not  rednM  oxide 


of  Doppa  to  the  state  of  anboxide  i  bnt  hinden  the  predpitatian  of  anlphate  of  copper 
by  the  fixed  «ifc»K«,  canaing  the  fiirmation  of  a  beantifid  blne-pRpU  aolDtion  initMd. 
It  may  be  boiled  with  scdntion  irf  potaah  without  imputiug  a  brown  cclonr  to  the 
•ulntioo. 

The  composition  of  mannita  was  datermloed  aome  years  ago  by  lieUe  who  fixed 
npoD  the  fbrmnia  which  is  at  present  admitted ;  bnt,  as  was  shown  a  shoit  tjme  ago 
(Proceed.  Bar.  Soc  Ediabnr^,  1861-62 ;  Ann.  Ch.  Pharm.  cxxiiL  373 ;  Chem.  Boc  J, 
sri  221),  thia  most  hare  oeen  by  aoeident ;  fi>r,  nntil  qnite  reeenUy,  nothing  waa 
known  abont  mannits  irtiich  oould  lead  to  the  adinition  of  one  rather  than  another  of 
three  or  four  formnlm,  each  of  them  equally  probable. 

The  eloae  analogy  subsisting  hetwKea  mannits  and  ^cerin  waa  shown  by  Berthelot 
(Clmme  organiqut  fondit  tir  la  ggntliiae,  par  U.  Barthelot),  who  obtained  a  great 
Tariety  of  salts  of  mannite  hj  heating  ■  miitore  of  mantute  with  different  adds  to  a 
temperature  of  between  200°  and  3S0° :  uitio-maumta,  which  is  really  the  nitrate  of 
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Uie  Mries,  had  bafn  prarioiulj  diaeoTered  bj  Flom  Domosta  ud  Venud  (1S47),  and 
then  iDT«tigftl«d  bj  9tmekei. 

The  coansctian  between  nuttuiita  and  the  hexjlie  nonp  wta  ahomi  b;  Wankljn  mud 
Erlenraejer  in  1861,  b;  Uia  cODTsniOD  of  nunnite  into  iodide  of  he^l,  bj  nuvia  ot 
^jdriodic  aoid: 

(yR\soy  +  iim   -   CE?n  *  ewo  +  er. 

By  thia  tranafbnnadon  tlis  fbrmola  of  mannita,  which  up  to  that  tims  was  doubtful, 
waa  flxad  with  cattainty. 
The  diMaical  character  of  maiuiite  ia  that  of  &  poljatomic  alcohoi:  itiaahez-atomia 


Or,  it  may  be  regarded  aa  hydride  of  he^  in  vluch  6  abma  of  peroxide  of  hydragca 
replace  6  atoma  of  hjdiogen : 

C^HO)" :  t™,  CH". 
It  ia  cloeelv  related  to  the  tngars,  gineoge  beoioning  mannite  when  acted  apoD  by 
nascent  hydrogen,  whether  that  hydrogen  be  a  prodoet  of  fermentation  or  of  tlie  action 
of  Badium-amugam  on  water: 

C«H"0'   +  H'     -     CHi^O". 

Qlnooae  »  piobaUy  deriTed  from  the  hydrocarbon  CfH",  being  C*H*(HO/. 

On  being  heated  to  •  tempenton  of  iW,  mannite  loaea  water  and  panea  into 
mannitan  (Berthelot): 

CW'C  -  HK)     -     <?H"0*. 

Thia  conTenion  eeeini  to  be  partiaL  Hannite  ia  likewise  eonrerted  into  '"f"'''tfgft 
by  prolonged  boiling  with  ationg  hydroddoric  acid. 

When  mannit«  is  oxidiard  with  nilrie  acid,  it  ia  conTntad  into  laecharie  acid, 
and  not  into  mucic  acid:  on  pushing  the  oxidatioa  farther,  oxalic  acid  is  obtained. 

Fosianvith  eaiuUc  potath  caaiea  disengageinent  of  hjdrogen,  and  production  <^tra>- 
nutc^  acetate,  and  propionate  of  potaaaium.    DistiUed  wit£  tiTue,  it  appean  to  gii* 

With/uffiiN^  nilrie  add,  or  better  with  a  miitore  of  nitrie  and  tvhkirie  acicU,  it 
givesDit^o-nla^nit^  (?H^NO•)'. 

With  ttUphuriciKid  it  gives  a  coupled  acid,  sulpho-mannitie  acid: 
(C'H')-<HH)'.(SO')'H^)'. 

Heated  for  some  home  to  a  little  over  200°  wilJj  organic  aoids,  it  forms  salts  which 
beer  a  considerable  leeemblaoce  to  the  fats.    (Berthelot.) 

When  it  is  he&ted  with  ironade  of  eihs/l  and  potash,  it  fdmishea  ethyl-ma  pn  it e. 

According  to  Berthelot,  when  it  is  keptibreeTeral  weeks  in  contact  with  inii<r.  ciaJk 
■nd  cjlaiss,  or  other  protein-oompoiuid,  at  a  temperature  of  10°,  it  givea  rise  to  alcohol, 
carbooic.  lactic,  butyric  and  acetic  acids,  and  hydrogen :  at  the  same  tiioe  there  is  no 
production  of  yeast,  and  no  bC,  nor  glycerine  nor  sngar.  If  a  elit  testicle  be  employed 
as  a  ferment,  then  there  is  prodnctioD  of  sogar. 

Inaamach  *e  glycerin  has  been  produced  artifleiBlly  ftom  a  deriTativa  of  prtnylens, 
via.,  from  CH'B^,  IhcM  is  reason  to  expect  that  mannite  will  be  made  from  a  duin- 
tive  of  heiylene.  Up  to  the  preaent  time,  however,  the  synttieaia  of  mannita  haa  not 
been  realised. 

Ssffj  tif  XanmU. — In  Berthelot's  Cham  organigtu,  fe^  a  nnmbM  cf  cnoania 
salts  of  mannita  are  deacribed,  t.  e.,  acetate,  bntyrate  and  dibntjrate,  palmitate, 
stearate,  oleate,  beiuoata,  and  tnbenaoate.  They  are  prepared  in  general  by  healing 
mannite  or  mannilan  with  the  acid  to  a  temperature  ranging  between  200°  and  2eai° 
for  from  12  to  IS  hoon.  At  the  end  of  this  procces  more  or  leas  of  the  ealt  ia  fbnod. 
In  order  to  pnri^  the  Balt^  the  cnide  product  is  treated  with  eiceaa  of  an  alkali 
(baryta  or  carbonate  of  aodium)  which  combinee  with  the  acid  that  has  not  been  oied 
up  by  the  mannite  or  mannita,n,  but  does  not  attack  the  orpnic  salt  which  has  been 
looduoed.  Ether  is  then  added  and  dissolvee  the  aalL  The  ethereal  solatton,  on  being 
evaporated,  yields  the  salt,  which  is  an  oil  or  a  iht  aeoording  to  add  employed. 

(jf  the  salla  above  mentioned  the  butj^te  appears  to  be  the  eaaiest  to  prepare ;  but 
in  all  cases  only  a  portion  of  the  mannite  Or  mannitan  uDdcrEOee  convenuoa  into  a 
Bolt.  There  is  the  oloaest  resemblance,  both  physically  and  chemically,  between  (he 
■alts  of  dycerin  and  these  salts  of  mannite. 

Bmbdot  regards  these  salts  as  derivatives.  Dot  of  mannitf,  ClfO*,  but  of  ma 
ClfO*.    Their  fbrmulie  (given  under  Ethbbs,  ii.  621}  re^oirc  confirmation. 
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DerivtUiva  ^  UamtUe. 
VO*  -  (THi'O'  -  2HK).— DisaoTerad  bj  Berthdot,  -wba  obtained 

it  b;  Brting  apon  Duumits  with.bntTric  add.  It  eotiatitnlea  ■  ayrap,  wUcb  i«  at  flrat 
■wnet  to  the  taste,  and  afterwaida  latter.  It  ii  Teiy  sdnble  in  wstac  and  in  abaolnte 
alcohol,  eren  in  the  cold. 

A  rema^abla  drciuiutuice  conoecCfd  with  it  ia  ita  Tolatilily.  It  ia  aanmlilj  Tolatila 
»t  VXfi,  and  enpcnata  i«pidlj  at  IVf. 

It  it  higUv  ddiqnncent,  paaing  gtadaallj  into  mannite  vhen  it  !■  expoaed  to  a 
moiat  almaqduM.  Eipooed  in  an  open  Tcsaal  to  tbe  air  in  tlie  lunal  state,  it 
abaorba  aa  moeh  as  40  per  cent,  of  moiatore,  whilat  in  air  aatuiated  with  moiltun,  it 
will  aometimea  take  ap  ae  mncb  aa  80  per  cent  

Uannida  ia  not  an  ether,  bnt  a  derivatire  of  llie  hjdrocaibon  CH",  via., 
<?H\HO)*. 

— - — **~     C^iK)*.— Diaaonred  hj  Bathelot    Obtained,  but  otij  in  amaU 

rinlity,  b;  heatina  maDnite  to  aboot  300°.  A  better  melhod  c^  prepantira  ie  by 
long-coutiiined  boiling  of  nuumite  with  ationg  hydrochloric  acidj  orb;  the  auooifl- 
caliDU  of  a  salt  of  mannite^  It  ia  a  corioua  fiic^  that  the  aalta  of  mannite  alvaja 
gtTF  nunnitan  on  aaponiflcation,  the  '"""""♦t"  piaaing  sidiaeqnentlj  mora  or  leia 
eompleteiy  ir*"  ■-.-■— .-t^ 


IB  al  efiteting  a  e^Miation  of  thoae  two  anbatanoea.    It  ia  veiy  aolnble  in  water, 
bnt  inaolnUe  in  ether. 

On  being  ezpoaed  for  a  length  of  tEme  to  the  otmoapheie,  it  nndargots  a  veiy  partial 
conTataion  into  mannite.    Boiling  with  aljutia  or  dilnts  acida  leot^natM  thia  cnange. 

When  heated  above  140°,  it  pwtly  -roladliaea. 

Witb  n^wet  to  ita  lational  oonatitulion,  it  appeara  to  the  writer  of  thia  aitiale  that 
""""■*»"  la  not  an  ethtr  of  manmte.  It  wotud  aeem  rather  to  be  derived  bom  a 
lower  hydraearim): 

Hannita  bmng  dettred  from  CH",  i.  e,,  (?H\HO)'. 

Uannitan  „  from  CTH",  i.  a,  CfH^HO)*. 

The  aaae  witb  which  hsYlie  componnda  paaa  intoheiyUne  ia  again  enootmtendlntfaa 

roannile  componnda,  which  are  hezyl-eompoDnda  that  have  aufiered  replacement  of 

h;diogen  bj  pemide  of  hjdrogan.     (Sea  HaxTi.-CDiiPOVtn>e.) 

_  Mtirn  iw  unite.  C^*(NO*)*.— Frepared  by  treating  mannite  witll  th«  Btnmgeet 
nitiie  acid  and  lolpbnric  add.  It  forma  beantifol  fine  white  aoicnlar  CTTitala,  inaoInUe 
in  water,  bnt  aolnble  in  alcohol  or  ether.  It  ezplodea  very  violently  on  bung  atmck 
with  a  hard  aabatauoe.  If  cam-folly  heated,  it  may  be  deoompoaed  wttbont  aiploaion ; 
bat  irtien  it  ia  anddelily  heated,  it  azplodea,  bat  not  with  great  violenoa.  It  aeemi  to 
anS^  apontaneona  decompoaition  on  being  kept  for  a  long  time. 

It  OM  b«ra  propoaed  to  uae  nitro-mannite  for  tliargiag  permaaion-c^M,  but 
^iporontty  witbont  eacceaa. 

A  reaction  of  nitzo-mannite  which  ia  of  eonaiderable  theoretical  intareat  ia  that  with 
snlphide  of  ammoninm,  by  which  reagent  it  ia  converted,  not  into  a  nitrogenona 
organic  baae,  but  into  mannite. 

Bnlpbo-mannttla  uld  (CH'KI'SSO*).  A  kind  of  mannite-aalphorinic  add,  ia 
formed  by  the  action  of  atroog  nilphnric  add  upon  mannite.  A  barium-aalt, 
C^"Ba'0*33O',  and  other  ealU  of  thia  acid,  have  been  obtained.  J.  A.  W. 

ICAnZTtO  AOID.  (TH'K)'.— Ac  add  prodaced,  together  witli  mannitoee,  by 
the  oiidation  of  mannite  under  the  inflannce  of  platinnm-black ;  it  woe  first  obaerTed 
^Doberdner,  and  more  completely  inveitigatid  by  Qornp-Beaanei  (Ann.  Ch. 
I'barm.  crriii.  2S7).  To  prepare  it,  mamiiM  is  mixed  with  twice  ite  weight  of  pla- 
tinnm-black ;  and  the  miitnre,  moistened  witb  water,  is  eipooed  to  a  temperature  not 
exceeding  30°  or  40°  at  the  ntmost,  aa  long  aa  it  containa  any  ondacompcwed  mannite 
(about  three  weeka  for  20  or  30  grains  of  muinile).  The  mass  is  then  eihaiuted  with 
water ;  the  aolotion  preeipilnted  with  baaic  acWatn  of  Iwui ;  the  well-waahed  precipi- 
tate decompoeed  by  enlpnydric  acid ;  and  the  solntion  ia  evaporated,  flrat  over  tos 
water-bath,  then  in  tbe  cold  over  m1[jiiiric  add. 


MannitJc  add  is  not  cryataJlisable,  but  forma  a  gnmmy  maaa.  aolnble  in  water  and 
in  alcohol,  nearly  insoluble  in  ether.  It  leducea  eoprone  oiide  from  an  alkaline 
curaic  solution,  and  Ihrowe  down  metallio  silver  fiom  the  nitral 


The  mannitatea  have  not  yet  been  obtained  in  the  aystalline  tarm.  The  compo- 
ntion  of  the  ealta  u^yaed  W  Oomp-Beaanea  crareapond*  with  the  fonnnla  (>Hi*HH>'. 
The  eakum-^iUt,  CfA'*Ct?6\  ia  predpilatad  from  ita  aqneotif  aolatiMi  by  aloohol. 
The  topptr-talt,  C*H'*Cii*0',  Mwuna  aa  a  paen  unorphona  maaa  irtiaB  m  a^nvons 

r;,:cc.;,C00gIC 


82fi  MANNITOSE-  MANURE. 

wlation  ia  Bvapon(«d.  Tbe  lead-taU,  CH'fFb'O',  wpantei  on  oooliiig  from  the  rain- 
Han  obtuued  bj  boiling  mranitie  add  with  lead-oxide.  The  ^ver-nlt,  <yB'*AffO\ 
■ppuatfi  a>  B  RTecniah~7elIow  precipitate  on  mixiiig  a  coDMntiated  nhitiiai  of  Um 
eBl(!inin.salt  with  nitrate  of  alrer. 

SCAnrrOB^  C^'*0*.— A  kind  of  ngBF,  iiomeric  with  glooMe,  prodoMd, 
together  with  minnitiG  add,  in  tLe  oxidation  of  mannita  nndei  the  inflaeiKM  of  pUtinDm- 
black  (QoTup-Beaane^  too.  cit.).  It  is  fermentable,  but  doea  not  act  on  poUrioed 
light.  It  exhibits,  witb  alkalis,  sUuline  cnprie  nlutioDa,  btaie  uitmte  of  Eiieaiadi, 
carboncta  of  Bodinm,  and  other  n-egenta,  the  nine  behavioar  M  dextiO^glneOM  (ii  MO), 
bat  doee  not  unite  with  chloride  lA  eodiom  ;  ita  alatdK^  Hitation  tuxed  whh  aleo- 
bolic  potaah  containing  1127  per  cent,  potaeh,  forma  a  Hmillaid  rellow  [Hadpitat^^ 
eomaponding  with  the  fonnnla  E*O.SCH'*0'.    (Qmelin'e  Ban^moi,  zr.  819.) 

KAXUmM,  Djmgtr.  Etigndt. — This  t«rni,  in  il«  wideet  sigtuScalioB,  is  ^nli- 
cable  to  aur  material  naed  in  agricnlhini  and  horticnltare  (or  tlu  jmipate,  and  nlh 
the  effect,  of  acc^eiating  Tegetation,  or  of  inereasing  the  prodnctioo  of  enmnted  pluls. 
'-  •  nanal  and  mom  umit«d  lenae,  it  eifcniflea  the  aannnnlated  nftaae  of  the  dwdl- 

ita,  &C. 
Btjfeni,  X'    .     .    .         ..   _      ,     . 
yard  Mannre,— Lswee,  1862  ibid,  i 
an-  alto  (ommonl;  nied  u  mannre. 

In  addition  to  these  kinds  of  mannre  which  are  piodnoed  o 
remit  of  its  internal  economy,  or  obtained  in  the  immediate  neigtiboarfaood  of  the  land 
to  which  they  are  apjdied,  a  rariety  of  other  materials  are  employed  tar  the  same  pnr- 
post^  nnder  the  name  of  eri^eial  manure.  These  materials  are  chiefly  obtained  bv 
the  &rmar  from  extnuwonaaonreea,  and  sometimM  ttom  eoostderablediataocMi,  aceoid- 
in^  to  their  valne.  They  oompriae  goano  (iL  MS),  bonea  (L  SIO),  prepand  |bo^iatie 
mmetal)  (Jt±ttt»,  L  M8  ;  Conunim^  L  B3),  ammonia-Mlli^  oitiaMs,  the  i^tase  cf 
danafater-hanse*  and  of  virions  mann&ctorea ;  flsh,  sea-weed,  ftc ;  tha^vhaa  of  tawBM, 
in  the  form  either  of  night-ami  or  sewage ;  and  aitifleial  aaline  mixtons.  (Bee  Ure's 
D/eHonary  ^Jrtt,  Maiu^eetartt,  and  Slinet,  iii.  se  tt  itq.  ;  also  Way  IMB,  iTntra, 
Sen.  Agrie.  Soe.  Bag.  x.  190 — Composition  and  Talne  of  Oiiano,  18£1,  lb.  xit  304^ 
On  Snpeiphomhate  of  Lim^  I8S8,  lb.  zvi.  63S — Valna  of  Aitiflcial  Hanmea.— 
Toelcker,  ISSl-S,  Ibid.  xii.  SfiO ;  xiiii.  377— Chamieal  Compoaition  ud  Comaur- 
eial  Tshie  of  Phoaphatia  Mannna  and  Artifleial  Maontea.) 

The  CtrtiUBing  influence  of  manarei*  a  fket  which  has  beaa  gatahliahadfagritniMnl 


a  that  hntneh  of  indnit^  which  is  oonovned  in  the  m 
tbr  man  and  domcMteated  animals,  and  therefi^e  the  most  important  art  of  d-rilisad 
life — mannre  may  be  regarded  as  being,  to  a  great  ext«nt^  the  taw  material  emplOTcd, 
A  complete  knowledge  of  the  canaee  to  iriiich  the  ^cac^  irfnunitra  ia  iaa,  and  of  tha 
mode  in  which  it  acta,  would  oompriie  the  whole  chemisby  of  agricoHuic.  The  rig^ 
tnsoagcment  of  the  mannre  natnrally  resulting  fa>m  syitematie  agricoltura  is  tiM 
basis  on  which  i«sta  the  profitable  practice  of  the  art,  the  fnndamental  princids  wbidi 
aboald  regulate  all  the  operations  of  the  farm,  and  det«nnine  all  their  detaiV  It  ia 
only  by  means  of  such  knowledge  that  it  can  be  poesible  to  modijy  and  im^ron  tha 
method  of  culture,  ta  to  make  a  right  aalectioa  and  nae  of  other  materials,  beaidn  the 
natural  mannre  of  (he  tarm,  with  the  object  of  augmentiiig,  artiflciaUy,  the  prodnce  of 
land,  bj  rendering  efiUctire,  in  »  higher  degree,  the  natural  sourcea  of  fertihty. 

The  principles  inToWed  in  the  action  of  manure  are  to  eome  extent  dedoctble  thim 
that  knowledge  of  the  geaend  phpnoracna  of  vegetation  which  has  been  acqnirNl 
chiefly  within  the  present  century,  and  baa  begun  to  asgume  conaistpncj  and  syaton 
only  within  the  laat  STe-und-tweatT  year*.  The  data  upon  which  tliat  know- 
ledge ia  founded  were  mntnbuted  dueflj  by  the  anccesaiye  researchea  of  Priestley, 
Ingenhouas,  Sennebier,  Woodhonse,  Saaaanre,  and  Davy.  Ent  thou^ 
they  afibided  materials  fOr  a  view  of  the  chemistir  of  vegetation,  mure  eoireet  than 
that  which  conaidared  decaying  animal  and  vegetable  lubatancee  as  the  chi^  Ibod  <^ 
{rianta,  they  wan  bnt  little  regarded;  and  though  the  researehea  of  Sauaanra  were 
condacled  with  apeciBl  reference  to  agrieultniu  practjee,  still  the  hnmna  theoty  of 
plant- nutrition  held  its  ground,  and  was  adopted  by  Davy  in  his  lectorea  on  the 
"Elementa  of  Agricultural  Chemistry,"  delivered  before  the  Board  of  Agricnltnre 
between  1802  and  IBll  In  thoae  lectorea  he  did  little  more  than  state  the  genenl 
problem  to  be  solved  in  Qm  application  of  chemiatry  to  agricultiwa,  and  inmst  upon  the 
important  relation  between  the  aeience  and  the  ait ;  but  thef  ajliwd  some  remarkable 
iltustntioDB  of  the  correct  appreciation  of  natural  &cts  which  was  dianetnistie  of  his 
senios.  (Frleatley,  11T1,  PhU.  Trant.  12;  Ixii  IS7-S00.— InKenhonSS,  1779, 
£rpermrnU  on  Fc^elablc;  ie. ;  1782,  Phit.  Tfiuu. ;  1784,  8ur  rfeononia  do  Tfg*- 
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tanx,  Aw.  !%(.  xzIt.  ;  1798,  Jluajr  <m  Ot  Pood  of  BmU  a»d  a»  SmoMfion  of 
SoiU—Bfantrntt.  1T92,  Joitr.  P^  nii.,  xir.  Sot  Im  Kntritioii  des  V^ 
taoi.— Kktvao,  1794,  ZVmu.  Soy.  JrwA  Jcai.  t.  1Z3.  What  an  the  maniiMB  mort 
■dTuitaBecKulj  applicable  to  rariaos  nrta  of  soili,  and  vhab  are  the  ckdmb  of  the  bene- 
ficial e£et  in  paiticoki  mataneea? —  Sennsbier,  IBOO,  Fhytideau  vloitaU,  ^. — 
Woodhonse,  \SQ%  Sidiotton' $  Jaunt. — Sanemre,  IS04, £aei<rc*s(  eUmiqua  ntr 
la  Vigiiation.~Dtvj,  CoUtcted  Worit.  jiL,  Tiii.) 

Fo&Dwiug  in  the  trsck  of  SaaaiiDre'*  teaeaiches,  Bonaainganlt  enteFvd  iqioa 
the  stud;  of  the  same  sabject,  coadncbiiii  hia  ezp^imecta  on  a  rnnch  Isrgn  acale,  and 
with  a  more  direct  relation  to  igricDltnnl  padioK  than  had  hitherto  been  attempted. 
Id  this  eonntrf,  Laves  wu  also  led,  b;  Uie  snggeatna  worfc  of  Saasinre,  to  Etady 
the  effects  of  nrioua  earthj  and  aoline  anbataiiiiM  npon  the  grovth  of  different  plaota, 
tkod  the  reuarchee  (J  botli  hare  been  continued  to  the  present  Ume.  BousBingaalt'i 
flntmemoinoD  theaalyeet>0epiibliahedinl836,aDd  in  the  jear  1839  be  hod  nude 
known  rsRolta  of  hia  iDTcMigatioaa,  -which — besides  eatablishiiiK  the  compoeitioD  of 
'  the  moat  importiuit  kinds  of  aBiiealtaral  produce ;  the  efflourf  of  varioos  materials  in 
feeding  ° "■-■*'«  and  the  nDeial  relatioDa  tietween  tlie  oomptsition  of  the  crops  obtained 
and  the  manon  used  in  Uie  ordinary  rontiDe  of  prsdice  in  his  locality — had  led  him  to 
adopt  the  oonclnskma,  that  the  carbon  and  nitrogen  obtnined  in  the  sareral  crops  com* 
t«iaadinarotation,amoiintadt4]machmore  than  was  contained  in  the  manure  snp^ied 
within  the  same  tune ;  and  consegnaitlj,  that  those  constitneota  mnst  b«  darivM  in 
•ome  way  frmo  ^e  stmoBphare  dnring  vegetation;  that  those  alMmalioM  of  emm 
which  adnutted  of  aoenmnlatiDDs  of  carbon  and  nitrogni  bring  gathratid  from  the 
atmosphere,  and  eoDserred  npon  the  &rm  most  largetf,  in  the  fwm  of  manon,  were 
die  most  adTantageOBS;  that  oartain  ^anta  were  bettra  fitted  tor  this  purpose  than 
othen ;  and  that  the  valOB  of  nuuiiire  was,  to  a  great  extent,  indicated  by  the  amonnt 
of  iniimiiift  ta  nitrogen  which  it  contained.  (See  Boaasinganlt,  ISiS,  Aim.  Ohm. 
Pkyt. ;  Becherches  sor  la  qnantiti  d'Aiote  contean  dans  In  Fonnages,  «t  mr  Uor 
EquiraleD^  Ixiii  2a]-244, 1838,liTiL  408-121;  Buman  oomparatif  des  Circonstances 
loltiorologiqQea  aooa  leeqnellaB  T^^nt  certunes  Plantes  alimentatres,  k  I'iquateur  et 
soua  la  lAne  tempM,  ib.  33T-3S8 ;  1837,  Bea  Influences  mit^rologiques  but  la  Culture 
de  la  Tigm^lxiT.  174;  Stimoire  anr  la  qnantitj  de  Gluten  contennedana  lea  Parineade 
plnriaora  eapii:eadeFromentenltiT^danalem6mesol,liT.  301 ;  De  la  BiHcasBton  dela 
TaleurrelatlTedMAaaolements  pazl'aal}a«il6nieatain,<Airapt.rmiLvu.l\i9;Tm.6i.) 

lagenhauBi  and  Sauiaure  had  already  adopted  the  opinion  that  the  carbon  ol 
plants  was,  to  a  great  aiteot,  derived  from  the  atmospheric  Carbonic  add;  and  the  sama 
view  had  been  pnl  forward  by  Brong  niart^  in  reteience  to  the  origin  of  the  coal  strata 
aa  more  proboble  than  the  hamaa  theory.  (Brongniart,  1B87,  Oontpl.  pmd.  Con- 
gid^tions  Bur  la  Nature  dea  V^ttaox  qui  ont  couvert  la  anrfiea  do  la  Toirs  anx 
diverses  jpoqoes  de  sa  fbrmatioo,  t.  403-41fi.) 

But  it  was  not  until  the  year  1B40  that  a  com^rehenaiTC  tb«crj  of  pbnt-llQtlitioD 
was  propounded  by  Liebig,  irith  such  penpicuity  and  fbroe  as  to  excite  nniveraal 
attention.  The  fundamental  proposition  of  t£at  theory  was,  that  the  food  of  [dants, 
the  matarials&om  which  the  cMefmsas  of  their  Babslaoce  is  produced  in  vegetuion,  om- 
usta  solely  of  carbonic  add,  water,  and  ammonia.  The  diemical  areaments  by  which 
this  view  was  supported.  Id  oppoeitioc  to  tbe  prevailing  opinion,  th»t  plaute  derived 
their  carbon,  hyi&ogen,  oiygeo,  and  nitrogen  from  hnmnt^  and  from  other  vegetaUo 
and  animal  aubstoncea,  were  conducted  in  sncb  a  convinciiig  and  logical  manner,  that 
iJebig  luu  been  generall;  ngarded  aa  being  entitled  to  the  same  honoor  in  the 
establishment  of  £is  thecny  of  dant-nntrition,  as  if  the  data  on  whieli  it  was  baaed 
had  altogether  originated  with  himselE  laebiE's  reeearchea  on  the  phenomena  of  the 
decay  of  animal  and  vegetable  materials  afibrded.  togethcrwith  the  existing  knowledge  of 
the  phenomena  of  animal  life,  the  most  coDcluoire  evidence  that  the  nltimate  prodncta  of 
those  proceases  were  carbonic  acid,  water,  and  ammonia,  precisely  those  materials 
eoDslilnting  the  chief  food  of  plants.  Moreover,  these  substances  cannot  be  com- 
bined, in  ain  way,  ao  as  not  to  contain  a  far  greater  amount  of  onsen  than  the 
■ubetoncee  of  which  plants  eollectively  cocaiat,  and  which  ate  ptodnced  in  vegetation. 
Thitt  fact  ehowed  that  elimination  of  oxygen  was  a  neccasaty  ^tnre  of  Vfvrtation, 
and  threw  an  entirely  new  li^ht  upon  the  known  constitution  of  the  atmosphere  and 
the  decompoaitjon  of  carbonic  acid  by  growing  ptanta ;  at  Ones  establishing  a  moat 
remarkable  relation  between  theDbenomena  cJvegetalion  andof  animal  TespiTatioa,uid 
demonstratingthe  easentdal  interdependence  of  the  processra  of  animal  and  ngetable  life. 

From  the  &ct  tlutt  the  food  ot  animals  is  provided  exclusively  bv  the  vegetable 
kingdom,  either  direcUy,  in  the  form  of  com,  roots,  fruit,  &c ;  or  indirectly,  through 
the  medium  of  animal  life,  as  tbe  flesh  of  herbivorous  animals,  the  importance  of  a 
knowledge  of  the  chemiitn  of  vegetation,  in  reference  to  the  cultivation  of  plants  as 
a  soorce  of  food  for  aoim^  is  self-evident.     Consequently,  Liebig's  eqosilion  id 
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f , fg ,  _b>  s  Ulmij  of  agri- 

___  AppHeatioiu  to  AgrienUare  aiul  Plu/tuleoy.) 

In  ordm  to  illtuizste  ftiU;  tl)e  cliniiiati;  of  maunm,  and  tbe  prineiplM  iuTolmd  in 
Uieiriue,  M  veUuin  UiegenanlroDtinflaf  ■grieoltnnd  pr-  "      '-—'•<-- 
to  ipn  B  biirf  ctMnneiit  m  the  genenl  fratnm  of  tlu  en 
■idend  fto«  an  ftbataut  point  of  new,  m  fu  la  the  pnornt  koovlec 
wiU  pmnit ;  then  to  dacnlM  the  eonditiana  vhieh  euniw  the 
>_. ■" -|,inr«giidlo  thetjijert  •ppertnining  toegrieiiltnregMietJIj, 


and  the  diB^rent  dmum  adopted  fw  the  altainment  <rf  that  otgeet,  aeeoiding  to  tl 
modifieatjon  it  leoeina  \>j  the  Tarioni  fecial  dnnmataneea  nndw  which  ttto  art  ia 
praetiwd. 

The  nltiniBle  nnilt  of  the  growth  and  deralopment  of  pUnte  eonsuta  in  the  pro- 
dnetion  of  a  number  of  o^genated  and  nitragenona  hydioinrboii  componnda : — atarch, 
■agar  (ii.  866),  gnm  (ii.  913),  lignin  (i.  818),  (at  (li.  610),  albumin  <L  69X  gtutsn' 
(ii.  873X  legwnin  (iii.  MS),  flbrin  (ii.  643),  jEC,  which,  in  lome  fbrm  of  anboidinate 
modiication,  are  nmrranl  ooiutiliienti  of  all  planta ;  and  a  great  Tarietj  of  other 
analDgona  nibataneea,  which  an  apedal  oonatitoente  of  partJcnlai  {daata  ot  of  particolai 
{jlant-OTKaiB. 

Tfae  chief  maaa  of  the  aolid  por&in  of  planti  oonaiata  of  these  aabstaDoes ;  it  ia  llie 
main  faoction  of  xegetatioD  to  ptodnce  then,  and  thni  to  pKrride  bod  (br  animala. 
(See  HiTTEmoir.) 

Theee  eonetitae nta  of  plant*  were  Ibnaerijr  termed,  in  a  chemical  Mmec^  "  orBanie  " 
aabataucea,  in  oontbrmity  with  the  opinion  that  they  con]d  he  prodnoed  onlj  bj  the 
plant-organiam,  nnder  the  inflnence  tit  vital  action  ;  and  that  they  were  totallj  dl^dnct, 


in  iheir  chemical  natore,  from  the  componnda  pnidadble  artilleiBlty,  and 
nelonging  to  themineral  kingdom,  which  were  termed  "iaotsanic"  to  distii  _ 
chemu:*!^  from   the   pioiimale   conHtitaeute   of  arganispa  bndiea — eithcT 


minuli — and  &om  the  derivatiTeB  of  tboee  compoands.     lAodem  cheoiiMlj,  h 
has  diacarded  that  opinion,  and  with  it  the  n»  of  the  tcimi  oiganie  an^  ' 
eipreRnTe  of  a  dtsttnction  which  no  longer  repneent^  A  reewniaed  di 
the  term  "  oigaoic"  ia  itill  conTeniently  applied  to  the  conatitnenta  i«  f,—.....  »«. 
■ni'imlj  withoat  inrolTing  aneh  a  distinction.    (Qerbardt,  IStS,  ZVoAt  4t  CUmit 
orgmtitptf,  L  1-6.) 

The  materinL)  from  which  the  proximate  eonstitDcata  ol  planta  are  prodneed  in  tc^ 
tation  are  few.  According  to  the  preont  atate  of  knowledge,  carbonic  add  ia  the  pnn- 
eipal  loarce  of  the  carbon  ;  bnt  ia  the  eaae  of  aome  plants,  a  fbrthiT  portion  of  carboa 
ma;  possibly  be  denied  tram  other eaitnn-eompanDda.  (9ee  Huvoe,  iit.  7A,  andlTijcai.) 
Water  iathe  eource  of  hydrogen  and  oxygen,  while  nitrogen  ie  dsrired  chiefly  from  am- 
monia; to  some  extent  also  from  nitric  add  ;  poHsibtyf^m  nitragenoDB  sabstances  ana- 
logons  to  hnmns,  and  from  the  elementary  nitrogen  of  the  atmosphere;  bat  iriielher 
directly  or  indirectly,  or  even  at  all,  has  not  been  ascertained.  The  prepondennce  of 
evidence  is  in  favour  of  the  opinion  that  elementary  nitrogen  ia  not  direct^  aan- 
miiated  bTpIants.  See  on  this  subject:  Sanssure,  IB04,  Reelierchn  &c. — Davy, 
CvUtcttd  Works.  viL,  viii.;— Bonesinganlt,  leaS,  .^nn.  CUni.  Pigi.  Ixrii.  1-64, 
Ixix.  3fi8'3S7 ;  Recherches  ehimiquee  sue  la  V^g^tion,  entreprises  dans  Is  bnt  d'ex- 
aminer  ai  lee  Flantee  prennent  de  I'azote  i  I'atmosph^  1861  [3]  ill  1-60 ;  \BB5, 
zliu.  140-223  ;18fi6,xlii.  1-41;  1BS8,  Cermpt.  rmd.  xlvii.  307;  1833,  Contpt.  md.  yL 
129;  1881),  Til.  88S.— Liebig,  1340,  Chmittry,  ^.— Maider,  1846,  Tile  Chtmittry 
of  VigrbMt  and  AninuJ  PhgtuJogy.—Q.  Tille,  18A3,  Hrrktrcka  fxpir.  titr  la  Vigi- 
taOcm;  1866,  Cvm^.  rend.  ilii.  679;  liiii.  86,  143,  61£.— Mine,  18S1,  Oinapt.  mtd. 
xnii.  180,  770.— Hoy,  1864,  Compt.  rmd.  xnii.  1133.— Cloea  and  Oratiolol, 
]S60-^  Compl.  Tfnd.  xli.  776,  336.— De  Lnca,  1866,  Compt.  rmd.  iliii.  S65.— 
Harting.  1869,  Oompl.  rmd.  xli.  942.— ^Pets hold t,  J.  pr.  Chan.  liv.  101-106.— 
Lawea,  Gilbert,  and  Pogh,  1862,  On  the  Sources  of  Nitrogen  in  Vegetation,  PkO, 
Trati:  for  1861,  p.  431  et  »rq.  and,  1868,  Jitini.  Chem.  aoc.  (2)1.  100.- Lehmann, 
PigHoloffieal  Chemutrg,  Cavendiih  Soc  iii.  17a— Mohl,  JU  V/seiabU  Cdl,  bj 
Henfrey,  pp.  77-88. 

Among  the  substances  above  named,  carbonic  add,  water,  and  ammonia  oonstitale 
the  chief  materiala  of  plant-lbod ;  and  since  it  ia  ftom  them  that  the  oi^anic  constitu- 
ents of  planta  are  piindpallv  produced  in  vegetation,  they  have  been  sometimes  colled 
the  "organic  matariaU  of  pl«Dl-f6od"  (^Quarterty  Rarievi,  Uix,  336;  Schlaiden,  Tht 
Ftant,  p.  173).  Under  natural  conditiona,  theae  anbstancee  are  conitantjy  supplied  lo 
plants  by  the  atmoepbere  {i.  137-439X  which  contains  them  in  small  proportion,  bnt  in 
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'  Kvenl  nitnnJ  phenomena  of  the  minenil  kingdom  (L  T70,  ii  83S)  ;  b^  indastii  aland 
economic  openitioDS  (CoiiBDBnnii,  I  1095;  Fuu,  ii.  722);  br  rain,  dew,  and  Uis 
STaporation  of  wat«r  from  (he  cxieaii.  Likes,  and  riren  Ut«  Watxb  and  AimoKli, 
i.  182).  It  iaimmBteriBlwhetbnrthne  Bubetances  aresnpplied  to  plants  eidoaiTelj  b7 
the  atmoapbrre,  or  whetber  tbe;  are  deriTnl  &om  other  Kiarcea  as  welt ;  in  either  case 
tbeir  value  in  ngsrd  to  Tegetation  ii  the  same.  Thej  may,  tberefbre,  be  termed 
colleetiTely  the  air-food  of  plants ;  and  tbe  organic  Babstaccea  prodnced  from  thnn  in 
T^l^tation  may  be  designated  the  air-derived  cooitirDeiita  of  pbints.  So  fiir  ai  relate 
to  the  merelj  abstract  new  of  (he  chemiatry  of  Testation,  it  ii  a  matter  of  indiSerence 
whether  the  materiala,  oonatitating  the  air-food  of  plants,  are  derived  eieliuiTely  and 
ditectl;  from  the  atmoaphere,  or  whether  tbey  are  to  some  extent  deriTed  horn  other 
■ources  also,  and  indirectlji  ae,  fbr  instance,  by  ths  decay  of  hamus  or  Ditrogenooa 
animal  or  rsgetable  mbatances  contained  in  the  soil,  or  supplied  to  it  aa  manura,  Ths 
case  is  different,  however,  when  Tegetation  is  lesarded  &om  a  praetiGal  point  of  view— - 
as  the  means  of  jvodncing  food  for  animals  artinciully — and  when  the  ol^ecta  and  i-ir- 
enmttancca  of  the  practice  of  Hgricolture  have  to  be  incladed  in  the  cocaideralioD  of 
that  snbject,  the  diSerence  is  of  the  highest  importance. 

But  there  are  also  other  materials  concerned  in  vegetation  besides  the  carbonic  acid, 
ynter,  ammonia,  &c,  from  which  the  plant  conatmcts  its  chief  anbatanca.  In  almost 
all  plants,  and  in  every  organ  of  a  plunt,  there  are  certain  anbatancrs — indestmctible 
by  Bib — whicbremaJD  as  aabes  when  plants  arp  perfectly  bnmt.    (See  Ash,  i.  416  el  $tq.) 

The  ash  of  all  plants  contains  potash,  soda,  lime,  msgneaia,  phos^oric  acid,  sol- 
phnric  acid,  aUica,  iron,  &c.,  which,  in  the  case  of  land-plants,  are  derived  exclusively 
fram  the  soil  on  which  tbe  pUnta  grow.  The  relative  proportions  of  these  substances 
vary  considerably  in  different  plsjits,  and  in  the  different  organs  of  the  same  plant ; 
sometimes  also,  thonghin  a  less  degree,  according  to  the  character  of  the  soil  on  which 
the  plant  grows;  but  most  of  them  are,  in  greater  or  leas  amnnnt,  constant  constitoeDta 
of  plants,  and  are  therefore  to  be  regarded  as  neceaSBJy  to  their  existence  and  esaential 
to  vegetation.  {See  Kirwan,  1784,  op,  cU.  MS,  1*8-  Sanssaro,  180*,  ^«*nv4(» 
cMmiqara  lur  la  V'^gftalion,  pp.  261,  269.) 

to  connection  wiui  the  chemistry  of  aBricnltnre,  lliese  mbatances  have  been  commonly 
called  the  "  mineral "  or  the  "  ino^anic  "  constitnents  of  plants ;  mineral,*  in  accor- 
dance with  the  reccf|;nised  clitseiflistion  of  natnial  objects,  into  mineral,  vegetable,  end 
animal,  because  they  are  earthy  in  their  natore,  and  are  likewise  derived  from  the  earth; 
inorganic,  to  distingnish  them  from  the  organic  oonstitnenta  of  plants,  which  are  pro- 
daced  in  vegetation  from  carbonic  add,  water,  and  ammonia.  (H.  Davy,  Senentt  of 
.ijTwtJfuni/Ciemufry,  1827,  Collected  Works,  viii.  40,  ;f.  «{.;  Liebig,  CKasittryia 


ill  applieaHoiu  to  Agnctdtvre  and  Pht/tiolagy,  1810,  p.  02,  tt  tea.) 

The  condition  in  which  the  above  snbstaacea  are  found  in  the  asnes  oi  pianit  is 
donbtleas  very  different  from  that  in  which  thev  exist  in  the  plants  themselTes,  and 
very  little  is  known  ss  to  what  that  miybe.    The  thnetions  thej  perfbm  in  vegetation 
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v«7  snull ;  but  thnito  which  ain  coDitaiit  and  eHrntul  aoiiitiuii>Dt<  of  puticoL  , 
being  III  iiiimiiij  to  legetatioD,  moit  be  RgBidfd  t»  uidiqiBDiable  otuutitoente  of  plant- 
fbod.  (SraKiTwan,  op.  eit.  149,  161— Sinttaii),  op.  eO.  p.  2S1.)  ThJe  ia  evideat 
flfoni  the  &ct  that  jdanti  vill  not  grow  to  m&tniity  under  aanditioiu  which  eidade  a 
■opplj  of  the  ish-Goiutilueiitt  fband  in  them  under  ordinur  drcumitanca.  Th« 
DFceasity  of  the  uh-ooDstitamti  in  vegetation  ii  rendered  stiil  nrthar  apparent  bj  the 
bet  thai,  tie  flnida  and  orguia  of  t  "■"""*'  contain  predaelj  thoM  ash-ooostitaenta 
which  are  ^waja  fbnnd  in  ftiUv-derel^ad  plants.      (Bilb,  L  S87 1  ^  ' 

Bon,  L  019 ;  Cbil%  L  SSI ;  Plm^  il  633  ;  Qumo  ivnm,  u.  8! 
nana;  Nkhvoub  Ttuua.) 

Moreover,  the  ftiactiomi  of  thoM  ash-eonititaentt  in  the  pioeeaa  of  animal  Ufa,  hare 
been  lo  &t  traced,  th&t  there  cannot  be  anv  doubt  of  their  iMinff  eaatntial  to  i^  both  IB 
the  growth  of  animola — when  tbej  paiUy  remain  in  the  boor,  cootziboting  to  iti 
inereMe — and  donng  the  life  of  matore  «"■■"«!■,  when  thcif  no  longn  remain  and  ae- 
cumulBte  in  the  bod;,  but  ait  alimioatcd,  either  diiecUj  or  indireetty,  in  oommmi 
with  the  rest  of  the  ^ly  food,  in  the  aiccetions,  aft<f  having  patfonned  th«ir  qnots 
in  tbe  chemical  proceas  of  animal  life.    (See  NimiTiDit.) 

The  aeb-coDitiCaenta  of  |ilants  have,  therefbra,  a  two-tbtd  impoitanw,  being  eMtndallT 
ooneeined  both  in  veget&tion  and  in  animal  life.  Since  they  cannot  be  derivvd  from 
the  atmoephen,  it  it  evident  that  the  soil  on  which  plants  Siow  baa  a  &j  mise  impor- 
tant share  in  vegetation  than  that  of  aflbrding  merely  mechanical  luppoit :  lliat  it  ia 
likewise  the  aource  of  an  essential  portion  of  their  food.     (See  ante,  p.  829.) 

The  mode  in  which  the  materiiia  of  ^ant-fbod  are  taken  i^  into  1^  oigamam  of 
the  plant  ia  twofold :  partly  by  means  of  the  leaver  and  partly  by  the  roots.  The 
abatnptioD  of  carbonic  acid  by  the  leave*  and  green  parta  of  pluits.  Brat  obserrnd  by 
PrieBtUy(1772,P<U2.2Vatu.  Uii.  166),  and  more  RiUydemonatiUedbvSsuaaBreaul 
Sennebier,  is  one  meana  by  which  plants  may  ^firqpiiate  isaibon,  and  perhaps  watM ; 
but  whether  they  obtain  nitrogen  in  the  same  w»,  oas  not  been  proved  (see  Mohl, 
TTit  VtgttabU  Celt,  p.  86).  The  aah-conalitnents  of  [dants  can  be  introdneed  into  their 
oiganiim  only  by  the  roota,  and  the  itzactnre  of  plants  jnatifiea  the  opuiion  Uiat  th^ 
■re  taken  up  in  the  stata  of  solution  in  water  (Mohl,  op.  eit.  p.  SS).  Bat,  besides  the 
ash-conHtitaenb^  other  fbod-materiala  are  taken  up  l:^  the  roots,  ei^raially  in  cul- 
tivated plauts — carbonic  acid,  anunonia,  or  other  nitrogenoas  subatancea,  reanltiug 
flomthe  decumpoBition  of  hnmoi,  and  perhaps  also  carbonaceous  compounds  other  than 
carbonic  add.  (See  Uohl,  op.  eit.  ^^  80,  Sl.—Mulder,  7X«  Chemittry  of  VtgtIiMt 
Md  AniBud  Phyiioloffs,  pp.  14^188.— Trin chin etti,  SiU  Faealti  OMorbatU  MU 
Badici,  pp.  SS.— Soussingault,  Sural  Eootutmy,  p.  41  tt  tf.) 


Sosreelv  anything  is  known  as  to  the  precise  inflaence  eiennsed  opoo  tiie  growdi 
d  dsvelapment  of  plants  by  the  reUtive  unotmts  of  oii^fbod  supplied  by  the  atmo- 
here  and  from  within  the  soil,  or  of  the  modifications  of  growth  which  may  result 


;  though  there  ore  numerous  &ets,  established  by  agricnltntal 
eiperienoe,  which  apparently  indicate  that  this  circumstance  is  in  some  cases  ol  aspecial 
itoportance  in  detannining  the  character  of  the  produce.    (See  pp.  841,  B44.) 

Nor  are  the  special  functiooa  of  particular  materiala  of  plant-food  in  the  growth  of 

K'ants  any  bettw  undwstood,  though  experience  appears  to  indicate  that  they  are  nsa- 
1  in  some  other  way  than  by  directly  contributing  to  Uie  increase  of  mass  in  tfaa 
|dant ;  and  it  is  far  from  being  establiahed  that  either  the  kind  or  amount  of  the  sub- 
stances of  which  plants  consist  afbrd  a  quantitative  indication  of  the  food-materials 
vhteh  are  nsoessaiy  in  their  growth.  This  is  especially  the  ease  with  cultivated  plants 
whkJi  are  ftaqnently  grown  inth  apeeial  objecta,  requiring  a  dispt«portionat«  develop- 
ment of  poitieolar  orgaui  and  eonslitnenta. 

Hess  circumstances  render  it  very  doubtful  whether  the  requiienenta  of  plants 
during  their  growth,  can  be  correctly  measured  by  a  fcnowled^  of  their  compoiitiiHi 
alone,  any  mora  than  it  would  be  possible,  in  the  case  of  animals,  to  determine  the 
quantitiea  of  food  required  during  their  existence,  merely  &om  a  knowledge  of  the 
qualitative  and  qiuintitativa  composition  of  the  animal  at  any  period  of  its  life. 

The  various  materials  concerned  in  vegetation  aa  plant-food,  are  all  equally  necessai; 
fur  the  growth  and  development  of  tha  great  nu^onty  of  plants.  No  ona  oF  them  can 
be  replMed  by  anything  else,  not  even  1^  an  inoeased  amount  of  some  other  of  them. 
All  most  be  aupphed  tooether ;  in  the  absanoe  of  any  one,  the  rest,  however  abundant^ 
are  wholly  incapable  of  supp^ting  vegetation,  and  MUitatej  of  any  ona  limits  the 
efbct  of  the  remainder. 

However,  the  relative  praptotions  of  the  seraral  matarials  of  fJant-fbod  raqniBte  tb> 
vegetation,  are  not  absolutely  constant  for  alt  pUnta :  on  the  contfsry,  they  vary  to  soms 
extent  for  dilTersDt  plants,  or  &miliea  of  plants:  some  plants  diawins  mote  laigelj 
upon  tbe  air-food  than  others ;  some  leqninng  a  greats  proportion  of  au-oonatitnNte 
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Among  Um  fbtmer,  wine  jvodncc  tlie  nitrt^notu  constitnaita  in  Urgei  propoitioii 
thm  othMMi;  vhile  anna  produce  chiefl;  the  cormpoBding  non-nitrogiuioaB  otnutita- 
cota.  Axoag  the  letter,  eome  require  mlk&lia,  aonie  phoapboiic  edd  in  prepondeiMiDg 
tmoaat,  othen  leqnire  diieflv  liow,  sJica.,  &e. 

The  inedal  conditions  nndra  trhict  pluiu  grow  elra  ezeidw  a  ct>n>ider*bl«  inflaence 
in  nodidTtng  tbmr  nqaiiemratB  ae  r^Krds  the  seTeral  food-matenali,  and  in  deter- 
tnioing  the  size  of  paiticulsx  orsuu,  aa  well  aa  the  ralative  pnportion  of  the  iiitiwe- 
nons  and  non-nitrogenous  eonatituAQta  pEodnced.    Many  pl&nta  become,  snder  cafti- 


1,  totallj  diflereat,  both  in  stmetore  and  compoaition,  &om  what  they  are  in  a 
■tale  of  natatal  vivFtation;  bat  the  extent  to  which  tiiia  iafliience  ia,  or  ma;  be 
exerted,  ia  la  from  being  Bnfflcieotl;  kaowo,  oor  are  the  conditiona  which  determine  it 
folly  aacertained.  Climat?  and  seaaoD.  the  pbjaical  condition  of  thn  aoil,  the  grealtr  or 
]eaB  facili^  with  which  aame  or  all  of  the  food-mat«riali  may  be  obtainable  by  plants 
in  partunlar  caee^  and  the  copiooa  or  acantj  m^l;  of  certain  fbod-materiala,  are  all 
doubUeea  influential  in  thii  leapect,  and  this  nibject  Btill  offers  a  wide  field  tbi  obeer- 
lation  and  researeh. 

Among  those  conditiona  of  Tcottation  which  are  neither  chemical  nor  climatic,  the 
phjaical  ehanoters  and  state  of  und  ezerdae  great  influence  npon  the  amount  of  pro- 
dnce.  8oila  differ  natnrally,  in  thia  reapeet,  according  a>  [he  relatiTe  proprationi  of 
d^.  Mud,  gntwl,  ftc,  which  they  eontam,  and  they  diffpr,  perhape  atill  mora  widely, 
in  rf«i4  to  the  texture  the;  poesess,  or  are  capable  of  seqninng  by  tillage^  (See  Soils, 
andBonaaineanlt,  lSi5,  Stiral  Eocrumy,  pp.  2G8-308.) 

The  essentially  chenucal  conditions  of  Twetation  consist  then,  in  a  supply  of  food- 
roatarisls:  they  comprise  the  eiietenee  in  the  ecril  of  the  rvquiaite  asli-conatitnents  in 
a  state  St  for  assimilation  b;  plantik  ^d  a  luppl;  of  the  reqoiaite  aip-food. 
Wherever  theae  conditiona  obtain  in  dne  proportion,  together  with  Uie  conditioDB  of 
climate  &C.,  leqaired  b;  particolar  plajile— whether  perennial  or  annual — those  plants 
will  grow,  attain  mBtoritj,  and  perfect  deTclopmeuL 

So  far  then  ae  relataa  (o  the  pnrel;  chcmiail  conditions  of  vegatatioD,  other  condi- 
tions being  the  same,  the  quantity  irf  plant-substance  prodm»d  within  a  ^en  lima 
on  a  given  area  of  land — the  amount  mF  pTodnce — will  be  determined,  within  ontain 
limita,  by  the  quantity  of  |Jant-fi)od  sapplied ;  and  it  will  be  limited  by  the  anilable 
quanti^of  that  eonstitnent  of  the  fcod  which  is  snpplied  meanwhile,  in  least  amoont, 
nlatirely  to  the  genand  reqniremenCa  of  the  particular  plaut  growine, 

^"~  **••  '~^  stiiking  dilFerences  recognisable  in  vegetation  at  Afferent  Dlaers.  of 
i,  and  maniftisted  in  the  unequal  amonnt  of  produce,  cs 


it  land,Bi 


in  the  degree  c^  faitility  as  repreaented  by  the  amount  of  ptodnce.    The  soil  being  die 
only  BOtiMe  of  llie  a^-conatitnenta  of  pUnt-tbod,  the  eaubili^  of  peiforming  its  shi 


in  the  diamical  conditiona  of  Ti^etation  mnst  necessanly  depsnd  npon  its  containiiu 
the  Rquiaite  ash-constitQents,  in  sufficient  amonnt,  and  in  anch  a  atata,  as  to  be  BTwt 
abU  in  the  growtli  of  plants. 

When  it  is  conaideied  that  Kola  have  baeii  formed  br  the  mechanical  aod  chemical 
altcrataon  of  rocks  possessing  the  moet  Taried  composition,  thut  they  couMist  of  the 
disintegrated  d^bria  of  ^^ulit«^  baaalt,  day-slate,  limestone,  sandstone,  chalk,  &/:.,  it  is 
erideut  that  their  chemical  c<matitnents  mnst  Ta^  Teiy  considerably  according  to  the 
particular  rocks  from  wbich  ths;  have  ori^ated,  just  in  the  aame  manner  as  the;  differ 
in  bong  aandy,  calcareous,  loamy,  or  argtllaceoua. 

Tfaetotalamoontoftheaeh-constituents  concerned  in  vwetation  wiD  therefore  be  teit 
different  in  different  soils.  M oreorer,  the  different  chemioJ  natnre  of  the  minerals  consti- 
tuting the  rocks  from  which  soils  have  originated,  and  the  unequal  susceptibili^  of  Ihoee 
minerals  to  decomposition  under  atmoa^eric  influences,  give  rise  to  wide  daffereucBs 
between  aoila  in  regard  ta  the  chemical  condition  the  ash-constitiients  they  contain. 
Both  theae  cirainn«I«ncea  ma;  influence  the  fertility  of  land. 

Th«  medunieal  i^wrationB  of  tillage,  beaidea  commnnicating  to  soilc  that  teztnra 
which  is  neceasa^  to  admit  of  the  me  derelopment  of  the  roots,  sre  also  oondudTe  to 
the  chemiflal  alteration  of  minerals  in  the  land,  by  focilitating  the  seceal  of  atmoepberic 
air,  and  the  ootiaequent  decompoaitiou  of  inaaluble  alkaline  silicates.  The  fertilising 
influence  of  tillage  upon  tand,  especially  when  it  contains  a  lain  proportion  of  clay, 
haa  loiw  bMn  known,  and  it  wia  at  one  time  beliered  to  be  a  subetitute  fbr  louniriiig. 
Tall,  Oiru-ioniig  Hiai<mdry.—amitii,  A  Word  in  Beatoti .- Lou  Wtnlim Htubainiry. 

The  analyais  of  woi\i,  from  which  ao  much  advantage  was  at  one  time  anticipated, 
has  not  been  found  so  useful  aa  had  been  auppoaed  in  regard  to  a^ricnlturc^  or,  indeed, 
capable  of  aSbrding  an;  trustworthy  indication  as  to  the  composition  of  soils  or  their 
deteeta ;  but  the  ftdlowing  statement  of  the  moat  prominent  features  of  a  number  of 
analyses  of  Boil^  made  by  sereral  chemists  nnder  toe  direction  of  Haguus,  wiilserrete 
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Tha  extent  of  the  nmaoKstt  at  land  in  uli-ainatitaenta  ii  still  flirtlicr  illiutzated 
1^  tlia  foUowmg  tabic  calcalatsd  tma  the  resulta  of  experimenta  omidihetad  bj  Lawea 
and  Oilbert  at  Kothanuted,  in  which  wheat  was  grown  ermj  jear  on  die  ume  land 
e  tat  20  7«n.  The  land  waa  a  hsa^j  ham,  leating  npOB  ehalk. 
n>dnce  in  the  oeishbom-hood  »t  the  tiiae  when  too  0:^1™- 
rsi  undn  22  bnaheb  prr  »en,  and  wheat  wm  grown  onl/ 
9.  When  the  ezperun«Dla  were  conunencad  in  1B4S,  the  und  was  ia 
1  th^  aijoording  to  the  ordinary  ivadno,  it  lequired  to  be  again 
miinnred  with  farm-jaid  manure :  for  unce  tlie  prerioiu  application  of  mamm,  finiT 
crops  had  been  remoTed  &om  it.  Til.  bariej,  p«aa,  wheat,  oata.  See  Lavei  and 
Qilbert^l847 — op.  cit.  TJii. — Agricultnial  Cheiiiuti7 — 18S4 — JUd.  ht. — Bfpott 
of  EiperioieDta  on  the  Growth  of  Wheats Ua7—CMn.  Soc.  Qu,  J,  i.  1.— On  loma 
Fointa  in  the  Compoaition  ot  Wieat  Ocain  ;  its  I^odncto  in  the  Mill  uid  Bread.) 
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Total  aah-eonatitaenta  . 

22*1-00 

M4-00 

1887  00 

112-00 

18-00 

8-64 

1226-23 

2G2'GS 

177-10 

7fi'4e 

12-62 

8-86 

S-77 

PotMh 

S60'B1 

1M-2S 

264-68 

18-04 

I'SI 

12-78 

Soda    .        . 

e-*8 

»'43 

0-47 

0-47 

Lime   . 

lOfi'iS 

11-16 

94-33 

6-28 

0'6« 

4-72 

HagnMia     . 

77-M 

8B-67 

37-73 

8-87 

1-98 

1-89 

si-ss 

61-88 

2-se 

2-S9 

Chlt»ine      . 

37-78 

37-78 

1-80 

1-89 

Hie  soili  in  which  the  fntilioing  eSbcta  t^  tOlaoe  are  moot  matked,  are  genenlly  of 
a  dajey  natUM,  and  ue  tJierefore  eapable  of  ftinuahing  a  laiger  ani^lj  of  aah-oonflli- 
tuentB  imdar  Ihs  inflnanw  of  atmoepherie  deoDinpontioii.  But  there  U  another 
characteristic  which  inch  aoila  paeims  in  a  high  dagiea,  via.,  the  cuiabilitj  of  abeorbing 
ammonia  from  the  atmoephere.  (See  Faradaj — 1826 — Quarttni/  Jonm.  iff  Seieiue, 
zii.  18  tt  «;.)  B7  leaaon  of  this  cspiibilit;,  they  store  np,  during  the  period  of  fidlow, 
the  ammonia  convered  to  them  from  the  atmosphare  by  rain  and  othenrise,  and  thna 

Srovide  an  inei«ABea  mpply  of  this  oiz-fiwd  to  ^aoti  requiring  iL    (See  Lav««  and 
ilbert.  Op.  cU.irii.  29^  et  Kq.') 

The  abscfptiTe  power  of  soils  is  not  limited  to  ammonia,  but  extends  likewise  to 
nuiet  of  the  important  ash-constitneDts  of  plant-food  which  are  aolnbla  in  water.    This 
&ct  was  flnt  obeerred  by  Thompson  (I860,  Joam.  Hog.  Jgrie.  Sot 
xi.  68),  and  was  aftarwuds  inTeatigated  b;  Way  (Auf,  zL  813. ;  lii 
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iil^Hj  ptdwbla  that  the  eiwditioD  in  which  tnbatMiMi  Me  thda  ratauwd  bj  imit,  m 
Ba  to  bo  gndnaOr  rapidied  to  the  not*  of  plnuta  l^  tin  Bediom  of  carbonic  aeid  uid 
Tatar,  is  of  gnat  impoHanoa  in  regard  to  the  nstntion  of  planta,  and  to  the  nlatire 
ftitility  itf  laad.  (Sea  Sana ;  Wa;  and  Toeleker,  Op.  sit ;  Liebig,  Tit  Itaitiral 
Lbibi  qf  Sutiaiidnf,  p.  tfS  e(  teq.) 

In  coniideriiig  the  cbemieal  conditions  vhieh  det«nnine  the  reUdTe  Intilitj  c^  land, 
it  will  be  conv«ai«Dt  to  namiiie,  in  the  8nt  pUce,  how  ttx  tfaia  ia  datermined  by  die 
•ih-eonalitacatB.  Sa&raa  these  alone  an  conceined,  the  degtee  of  feitilitr  of  land 
— tta  eapabili^  of  oontribntisg  to  the  growth  of  apeater  oruiMBmouitofprodaee — 
vmild  M,  in  a  stnetlj  diemieal  eenaa,  pcopoctioDate  to  the  ftniUble  auonnt  of  ash- 
CDoatittiants  it  wm  eqiable  of  fjuniahing  within  the  period  of  gtowth ;  but  the  amonnt 
of  produce  woidd  not  my  in  the  aame  ratio,  beoanaa  the  lah-oonatitaanta  of  land 
cannit  be  maMl  in  T^atation,  except  in  «o  &i  as  the;  can  oo-operate  with  a  doa 
ptoportion  of  aii-^Dod. 

B  the  aoorcea  ^  atr-fbod,  arailablfl  during  the  period  of  grawth,  were  limited 
to  the  eonatant  atixj^ibaria  auppl;,  the  unonnt  of  prodoca  would  be  proportionate  to 
tte  <^i^li^  of  attiinilatwn  oj  the  [datit,  ondar  the  other  prcTailing  oonditiona  of 
dimate,  Maaon,  &C. 

Bnt  il  other  aouoes  of  ti»-lbod  were  aTsilable  within  the  period  of  growth,  in  addition 
to  the  atmoapheric  snppl;,  and  together  with  an  abundant  lupply  i^  atb-coDititnenta 
b;  the  land,  the  amoant  of  produce  would  be  largel;  augmsntad  under  oonditioiia  other- 

Thus  pl&nts  growing  upon  land  aJEbrding  uiIt  a  aeantf  anppl;  of  aTailable  aah-eon- 
alitaenta  might  be,  on  that  aocoont,  incapable  of  aadmiliitiiis  air-food  to  thF  full 
extent  ot  the  &tmoi^heric  lupplj,  and  the  amcont  of  produce  in  auch  case  would  b« 
amalL  By  the  dmth  and  decay  of  these  pUuta,  their  Bsh-<»ii9titDeDla  wirald  be 
ratored  to  the  land,  so  as  to  become  ca|Abl#  of  serring  for  a  sncceedinv  growth  of 
planta,  and  the  prodaetiaii  of  hnmna,  at  the  same  time,  wonld  provide  in  Vie  soil  itaelf 
a  farther  HKirce  of  air-fbod  in  addition  to  the  Htmomiheric  sujqd;.  Still  the  amount 
of  prodoee  from  the  succerding  growth  would  be  small,  if  the  available  supply  cf  ash- 
oonstitQenta  rrmained  as  scanty  as  before.  In  tbie  way  vegetatioii  might  oontinue  in- 
definitely without  alteration,  aflbrding  sustenanoe  to  nnmetom  nnimrtlj,  u  in  the 
Stappta  of  Central  Aiia,  tbe  prairies  end  pampas  of  America. 

But  if  a  larger  amount  of  adl-coustitneDta  became  available,  in  the  interval  between 
the  suoceaaiva  growtha,  1^  the  deoomposition  of  minerala  in  the  land,  the  conditions 
might  become  audi  aa  to  enann  aaaimilation  of  air-food  not  oidy  to  the  ftill  extent  ot 
the  atmonherie  anpplj  during  the  period  of  gmrth,  but  also  (ma  the  farther  anpplj 
provided  by  the  gndual  decompoaition  of  homna  in  tlie  soil ;  and  in  soch  ease  me 
smonst  of  produce  would  be  proporttonaQy  incmaaed. 

The  greater  or  leaa  anouut  of  available  uh-ooiutituants  is;  Iherafore,  not  the  only 
condition  npon  which  the  amouht  of  prodace  or  the  fertility  of  land  dependa,  even  in 
a  strictly  chemiciLl  sense ;  another  easential  condition  is  the  amount  of  air-ibod  capable 
of  being  sopcdied  from  within  the  soil,  daring  the  period  of  growth.  I^nd,  however 
rich  in  enable  ash-coDBtitueala — however  veil  adapted  in  all  other  refmecta  fin 
prtdifle  vegetation,  would  still  affiod  bnt  scanty  prodtice  without  an  amph  suinily 
of  air-fi>od  daring  the  period  of  ^wth.  The  incnaned  supply  of  air-fbod  provided 
by  the  decon^osition  of  humus  id  the  soil  may  be  regarded,  m  this  respect,  aa  the 
•oenmnlated  atmoapheiM  supply  of  aevenJ  aneoeesive  perioda  of  growth ;  and  the  capa- 
bili^  of  land  to  (bniiah  such  »  sapply  ia,  in  a  lAemical  senae,  aa  much  an  element  of 
ita  fertility  «i  die  kvulahle  amount  of  aahiionatitnenla  it 


le  nqoimneala  of  diffuent  planta  tea  aneh  an  ugmentad  >npp^  of  air-fbod,  in 
..,^d  to  the  amount  ta  pnirusf,  differ  voy  widely,  and  the  capabiUty  of  different 
j^ta  to  aarrhwilat<t  the  air-fiMd  thua  stored  up  ia  also  v^  diflbrent.  The  adaptatioD 
of  the  capability  of  caie  plant,  in  thia  reapeet,  to  ptovide  ftir  the  requirementa  of  another, 
and  the  devd^ment  with  that  view  of  puticolar  habits  and  conditiona  of  growth 
in  regard  to  eertain  irops,  constitute  the  baaia  of  the  modem  q-stem  of  agrienltun 

Hftting" ' — ■-'--- ■--■ '"     --■-        -        

dmplcatll: 

be  deainble  first 

well  as  their  inflnence  under  different  drenmatanree. 

In  the  cultivation  of  plants  *•  a  aouiM  of  food  for  animals,  and  fbr  odier  pniposrs, 
the  aah-constitneula  requiaite  fbr  vegetation  an  removed  from  the  land  ia  the  pnwuce ; 
and  aiuce  they  are  not  replaced  in  uie  same  manna-  as  the  atmospheric  supply  of  ait^ 
(bod,  the  sncceiBive  growth  of  a  parlienlar  ^an^  year  after  year,  would  in  procesa  of 
time  so  fcr  exhaust  the  land  of  available  uh-constituema,  as  to  render  it  ino^ble  of 
supporting  farther  growth,  or  of  yietding  saeh  «n  amount  of  produce  b«  would  be 

VoL.in.  8H 
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834  UANURE. 

wmth  tbe  tmUe  utd  OMt  of  cnltirMioD.  Eenoe  uiaai  the  Decarit;  of  poriodieaDj 
letaning  to  hind  taia  onltiration  the  ash-ooiutitneiitB  thiu  withdnwn  from  it. 
E«DM  ue  jiwtii^  intnitiTdT  iidopted  in  the  nidast  Mate  of  agrieiiltiiTe,  of  appljing 
to  Und  the  cXdMl*  of  Miimau  teinpaa  ila  prodoee  and  the  aMajiog  rcAua  of  tbe 
planta  gcoirn  vpnm  it    Sndi  a  ijatem  of  eoltiTation  woold  be  Bofflinent  to  pnnBt  acj 

mBDOM^  vonld  mtoce  iriuterer  had  been  remored  in  the  pUntt  wrvu^  as  fbod  tar 
ariT'".  or  lor  other  pnrpoM^  and  tho)  lender  the  Lmd  e^iable  of  contmninB — vith 
theaidofthaatmoqihanoioiuiiMofpUDt-bod — to  tnpport  vegetation.  (BeeSirvan, 
Op.  mi.  p.  160.) 

If  th«e*a«ahwlatclyno  ecpott  of  prodnee,  in  rach  a  ease  the  MstoratiQn  of  the 
~  ~'  '''  ita  would  be  ecnnpletfs  and  the  c^iatMlit;  of  prodnetion  wonld  ocotinaa 
,  (o  fiu  M  relalea  to  the  ■ah-«onatitDenti  onlj.  It  irouM,  in  ttct, 
iDcnaw  Teai  I^  jear,  w  &r  as  ash-aonBtitnente  «n«  toncerned;  for  the  available 
amonnt  a  thvo  ^mld  be  gndaallTUieteaaed  bj  tillage  and  b; the  conaaqnent  deoim- 
potitioD  of  minsimla  in  the  land.  The  inipiorenumt  ot  tha  land  b;  tillage  is  donbclaaa 
(dembloinainDodagna  to  ninh  an  nnlixiingof  its  Datonl  nmotatM,  and  the  iiii  iimaii 
of  what  n^  be  rentded  w  its  floaliiif:  capittj  in  asb-owutitQeDts. 

Where  the  p<^ralaluai  ol  n  oonnti;  u  amall  and  thinly  diatribntad,  and  when  land 
iiof little TCAU^ (tin tiiaB7i«ii)0t« and nndTilisedlocaliliea,  aUnqainnBnta  majba 
fblfllledbr*!"^*  Vt«tii<«i*lTii>8'>Pon  tfaaiMtanl  jiKidaee,withoiit(hfl  needof  anj 
eSbrt  to  incraase  it.  Batj  eren  in  inch  circnnutuiceii,  it  ia  seldoin  that  the  satunl  eon- 
ditionl  of  fMilitf  an  railed  np(ni  azolnnTeljr,  or  that  the  means  adopted  fin  maintain- 
ing the  ■■nnnnt  ot  prodnoe  are  limited  to  the  lotAmal  eoonomy  of  the  fum.  Whoteroi 
feitilisio^  matmUls  cnn  be  obtaioed  from  externa]  sonicee,  at  a  coet  oommensnrate 
with  then  c^mbilit^  of  aagmenting  the  prodnce^  are  gnneraU;  employed  as  manure  eran 
in  the  nuleet  practice  of  aarienltorai  Ouaoo  has  long  been  Dsed  kit  that  poipoea  hj 
tbe  natirea  of  SoDth  Amenea  (Humboldt,  FoaTCT07,andraa(]nelin,  1803,  Ann. 
GUn.  Ivi  268-258).  Fiah,  aaowead,  &&,  bate  been  used  from  tune  imm«Dorial  ts 
naunre  bj  the  peasantij  of  aeabcud  diatiieta ;  end  wood-aabes,  soo^  Ac,  have  been 
applied  to  the  same  pnipoae  inland.  Moat  of  theee  materials  wonld  add  to  the  amount 
of  available  aah-constitDents  in  the  land,  and  would  in  so  far  inmease  ila  rajiabili^ 

(m  the  contraiT,  the  population  ctf  a  county  was  chiefly  oonofntnted  in  eeo' 

lies,  and  a  portion  of  tho  OMngtown  was  annualljuemoved  from  the  land  ftvtheBDpplv 
of  fbod  to  towns  at  a  distaooe,  or  onder  dicamstauces  not  admitting  of  the  correepand'. 
ing  esineta  being  ratorned  to  the  land  as  mannre,  the  soil  wonld  be  gndnallr 
derived  of  aah-^mstitnents,  in  a  d^iee  proportianate  tnthe  axpoit  of  food.  The  in- 
ternal economy  of  the  (arm  wonld  thai  no  loi^^ensDre  the  full  lestoratioa  to  the  land 
of  all  the  aah-eonstitiients  of  its  produce ;  it  wonld  no  longer  ensue  the  maintenance  of 
the  deoTee  of  fertilitj  obtaining  befbra  the  export  of  the  [soduce  commenced,  M 
capabiiitj  of  prodoctioD  (!ocreap^>ding  to  the  amount  of  ash-eonstitaenta  m '  '  *' 
tamed  in  the  land.  On  the  contnry,  as  the  jeaity  a^ioit  oontinned,  ar  ' 
tion  of  ash-constitnents  from  tbe  land  progrease<^  the  qaaotitative  K^atioa  oecvvfln 
them  and  the  atmoepheiia  conditions  of  ragetation  at  any  place  woold  be  prcpeadrely 
chanoad ;  for  while  tbe  atmoepheric  snp^y  of  aii-Sx>d  remained  oonetsnt,  the  qoanlity 
of  ash-ecmttitDsnta  in  tho  soil  wonld  diminish  fnnn  year  to  year,  outil,  eventnally, 
regetation  might  be  no  limger  possible,  in  eonseqnmee  of  the  deficien<7  of  one  of  ita 
aaieDtial  eondition*. 

Even  bdbre  that  time,  a  p<unt  wonld  be  nached  when  the  amonnt  of  produce  would 

■-  DO  lou0sr  Hmited  by  the  inpj^j  of  aii-A>od  available  from  tbs  atmo^bere  within 

e  period  of  growth ;  when,  on  the  eoDtoaiy,  ths  asaimilation  of  air.ftiod  would  be 

_...-i  <._  the  available  amonnt  of  aah-oODstitnents  in  Ihelud,  and  when  the  amonnt 

wonld  be  so  small  as  not  to  be  worth  onltiration. 

isnstion  of  land,  or  reduction  oif  the  degree  of  feitilitj,  by  the  growth  of 
aah-aope,  and  by  the  export  of  the  produce,  witbont  any  supply  ot  manure 
from  extraneoDB  sources,  wonld  take  place  sooner  or  later,  according  to  the  nature  of 
the  land  and  the  oiteut  of  it£  natnnu  zesonrces  ;  sooner  in  the  sandy  ot  chalky  soils, 
known  as  light  land,  than  in  the  loamy  or  day  soils,  known  as  heavy  land.  So  far  aa 
..■L.  ._,  .:.      ._  .jjppg  coEcemed,  the  eihanstaon  of  land  might  be  letaided,  nnder 

.  ir  thp  capubility  of  production  revived,  by  aflowing  it  to  remain  at 
intervalfl  without  growing  a  orop  on  it  for  one  or  more  yean — a  practice  adopted  nnder 

rt, LBofbare-^llow.    (SeeSirwan,  Op.dLp.  160.) 

'    "  a  fresh  supply  of  ftvailable  ask-eonstitnenta  wnnid  ba 

om  by  the  decompooition  of  minemla  in  iJie  land,  thus 
eompensatiDa  either  wholly  or  in  part,  for  the  abstraetion  i«ulting  ftmn  export 
of^tffodnoe.  The  amount  of  produM  obtained,  when  a  corn  crop  WM  grown,  might  In 
this  way  reonoin  constant,  or  suffer  but  inapprscial;^  dimiantion  during  long  priods^ 
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mpttndij  in  the  ewe  of  rieb  wili.  Ths  mto  at  whidi  the  Mitoration  of  the  rUio—  pre- 
vioadj  gxi»tilig  between  tbe  sai^e*  n!  avBilalile  iBh-conititaenta  from  the  eotl  lad  of 
aiffbod  thna  the  atmcmbere — took  p1m(^  ironld  depend  npon  thenattmof  tJielandand 
tta  dllt^  and  would  det<nnine  the  inteml  to  elapse  between  (he  growth  of  two  crops 

The  lanM  reenlt  might  be  attained  by  a  rotation  of  eiopi,  or  the  alternate  growth  of 
difi^NDt  planta,  oaeafTing  diffine&t  nogea  in  tlie  eml  donog  their  growth,  or  Teqniring 
different  aah-eonatitneDtB,  eodi  •■'  com  and  giMS,  oi  potatoes;  eo  that,  in  eitlira 
caae,  the  «^-oonatitiiaita  cmtainsd  in  the  land  might  be  dintiibiited  among  the  dif- 
ferent ^lantit  and  thus  rendered  available  during  •  Emger  period.    If  the  eropa  grown 


le  ultimate  reanlt  of  ezhauetion  would  etill  be  tlie  eame  ;  and  it  has  been 
kmg  regarded  be  an  eatabliBhed  feet,  that  "  the  export  of  grain  fiom  a  conntry,  nnlraa 
tome  aitielea  eapable  of  becoming  manure  are  introdncnl  in  compenaation,  mast  nlli- 
matelj>  tend  to  ezhanst  the  eoiL  Some  of  the  epote  now  desert  landi  in  Korthnn 
Africa  and  Asia  Hinor  were  anctsntlT  fgrdle.  Sieilf  was  the  Brana^  of  Ital; ;  and  the 
qnantitj  of  eoni  csiriad  off  from  it  b;  Che  Bomana  is  probddj  the  chief  eauH  of  its 
present  steriHtf .  In  this  island  onr  commercial  system  at  [lesait  hu  the  efleet  of 
aStnding  sobetanees  which  in  their  nss  and  decoinpoaition  most  enrich  the  land." 
(DaTj,  Op.eit.ym.  78.— See  Eirwan,  Op.  tit.  f.  ISO.— Liebig^  BMtifmg  is  dU 
XidtuyauUt  da  FdJbauei,  pp.  106-109.) 

F(«  the  snoLessftil  practice  d  scrionltiiM,  theteforf^  it  is  sa  ii  r  r  nssn  I  j  to  maintain 
fertility,  as  it  is  to  obtain  a  snfBoient  amount  of  pndnee.  IdJid  fhim  which  com  is 
fttportpd  nqniree,  in  K  ' 
mpable  of  n^ilafing  Oi 
amoont. 

An  ides  nay  be  formed  of  the  extent  of  the  ezhanatioii  of  lud  from  which  com 
n  exported,  by  aeenming  that,  in  the  conntriee  whinh  ■»  the  diief  sonrees  of  com, 
the  amoont  of  prodnoe  is  at  the  rate  of  If  bushels  per  acre,  and  that  a  corn-crop  ie 
grown  eveiy  ouier  yeai.  The  quantity  of  aeh-auutitaeDts  removed  from  the  land  per 
acre  in  the  crop,  wouldbeabont  as  shown  the  Ibltowirig  table: — 


Amonntofprodncepeiaae     . 

Phos^iorie  aeid  . 

'>»'^"*»^   I^eandm^e^ 
SiliM          .        . 

Toolprodn. 

Cm. 

Straw. 

2260  lbs. 
93 
U 
It 
S 
SI 

ISbnsheU 
16  lbs. 

8 

4 

3 

0 

1S33  lbs. 
77 

> 

10 
8 
51 

The  gMAtor  pert  of  these  being  oontsined  is  the  stnw,  would  be  retomed  to  the  bad 
in  the  farmyard  manure ;  and  if  the  whole  of  tlie  com  wi^e  siported,  without  my 
supply  of  uh-oonstitnents  from  without,  there  would  be  a  permanent  abatraction  of 
them  at  the  rate  of  4  lbs.  phospbodc  add  and  S  lbs.  of  potash  annually  per  aero,  ^eee 
being  t^  eabetancea  which  aro  least  abondaat  in  land,  it  is  necessary  that  th>y  ihoold 
be  restored  again  in  some  way. 

But  in  order  merely  to  maintain  the  degree  of  factilify,  the  Supply  from  nitboat  doea 
not  require  to  be  equal  to  the  quantity  removed  in  uie  exported  produce ;  for  land 
always  poaeeeees,  in  addition  to  its  immediatfl;  available  resources  in  esh-eonstituents, 
other  resooicee  wbich  are  latent — resonreee  trom  wbiob  fresh  supplio  of  them  aro  only 
giBdnaily  developed,  and  rendered  available  by  tlie  operations  of  tillage  in  llie  manner 
already  descrtbed.     (Bee  anit,  p.  831,  end  Soils.) 

Conaeqnently,  the  exhaostioo  of  soils,  iu  regwrd  to  aah-coustitueuts,  though  con- 
ceivable under  such  circnmatanoee  as  those  above  referred  ."..i*  almost  inooncaiTablc^ 
even  in  re^rd  to  ordinary  land,  ouder  circumstances  adoiittjng  of  a  proper  snpply  of 
manure  trom  extraneous  sources,  in  addition  to  Ibat  produced  upon  the  htm. 

So  bl  M  the  sah-oonstituents  of  land  determine  its  shan  iu  the  general  conditdous 


of  hrtiU^,  it  m^  be  regarded  as  practically  inaxhanstible  under  any  qvtem  of  agri- 
cultural l««otio«  conddered  to  be  good  merely  fiom  an  empirical  point  (^  Tiew,  and 
having  no  bi^ier  lecommendation  than  aacceee. 
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aah-conitituentB  to  hud.  It  ii  also  doe  to  its  ocpabili^  of  ftmishing  ■  larger  twilj  of 
sii-food  to  fatnn  urope,  during  thsii  pariod  of  growth,  than  the;  omild  oMain  lUrectlv 
from  tha  atmoaphnsL  TbiB  ii  ona  ofthediisf  adTantagva  naolting  from  rotation  and 
Ike  powth  of  fallow-enpa  fca  feeding  cattle.  The  adnntage  of  buo-bUow  ia  alec^  to 
•omr  ^dent,  dn*  to  the  aecnmolBtion  of  air-fbod  in  tha  soil,  in  Tiitoe  of  ila  abaoiptiTS 
fawar.   -(BsaCM^  a,  B8I,  and  Soilb.) 

Sinee  fiia  arailaDle  aih-oonatitnents  of  land  ean  be  eflbetire  in  d^tawning  an  tn- 
ereaaed  anunnt  td  nodaoe,  only  in  aa  &i  u  tlitj  oan  oo-oparate  with  a  piopmtiimato 
■apply  irf  air-lbodt  dnidng  the  pniod  of  growtli,  it  ia  arldent  that  tiie  toj^y  of  thia  eon- 
ditionrf  fMilit7,l7  manure,  mnat  b«  of  otpeoial  impoTtaiKa  when  it  Ji  n»Miowiy  to 
obtain  » large  anonnt  uf  praduc«. 

Tbt  total  rtaonroea  of  tha  gaticmUty  of  land  in  tah-oonatitaenti,  preponderate  ai> 
hrgely  orer  tha  oonatant  ehemiail  oonditiDna  of  fartilitf  at  any  tame  aTuUble  in  the 
atnMWplMm  within  the  period  of  growth  i^onlinuycn^a— the  latent  rMOnreea  of  tho 
land  N  «««l^  admit  ot  the  blMratdoti,  from  time  to  tima,  of  &eah  onppliea  of  aah-con- 
•tttasBt*  by  the  opraationa  of  tillage,  that,  nndsr  t.  good  ■yriem  of  Ikrminft  tha 

Enbabili^  >•  nther  in  bnmr  of  the  ash-eonatitn«ita  aTailabls  at  any  paitimlar  tim^ 
in^  in  ezceaa  of  t^  "op^y  o<  •ii--lbod  dirattW  aTailabls  from  atmoapharic  aonroea 
within  tha  praiod  of  growth,  and  of  tlutt  protided  by  maouie  ntnllii^  from  the  in- 
ternal ecoDomj  of  the  Cum. 

In  aome  rannn.  the  sradaal  nnlnnUng  of  the  latent  raaourma  of  the  aoil  by  tallage 
ftc  may  fhr  aieeod  uie  yeariy  absIraatfOD  of  aah-«oiutitaenta.  Thia  chamioal  con- 
dition of  CotOi^  in  land  may  tntreaai  frnm  year  to  year, 
nmatant  proportion  to  1^  nppliaa  of  air-fbod  from  the  at 


proportion  within  the  period  of  growth.  But  thongh  tiUagat  in  ■ 
mcreaae  the  farlility  is  the  lail4  ao  far  aa  the  aah-oonalitaantB  woe  oonooned,  it 
would  not  Im  attaoMd  withanjaertaat  in  the  unoont  ofprodnce,  nnTraa  it  wne  aaoMi^ 
fanied  by  an  inna—ed  wprfy  itf  air-fbod  daring  that  period  of  the  rotatitm  whan  tb« 
ttop,  £v  which  tha  libtntaaaah-eonitilmeiita  were  inoBtnqoired,  waa  growing! 

Thesstonttoiriildt  tha  •oemudaliMt  of  available  aah-eonatitiieata  in  relatiTeexceaa, 
Kay  take  place,  ia  wdl  illnatrated  by  the  expariments  made  at  Ilothamgl«d,  on  the 
growth  of  wheat,  nponlaadwhieh  had  beau  rednoed  to  anch  a  oondilian,  in  the  ordinary 


•monnt  of  pndoae  obtained  in  1S44  waa  not  greater  than  on  the  uj 
the  tbllowiiig  year,  the  applicatian  of  886  Iba.  per  acre  of  mixed  ammoaiacai  anipnam 
and  chloride  waa  attended  with  an  increaaad  amonnt  of  produce  amonntiiig  to  donble 
that  obt^ad  in  die  preriona  year  from  the  nnmannred  land,  or  from  tluit  nqiplied 
with  aah-oonatitncnla  only.  By  oontinning  to  grow  wheat  upon  thie  ]dot  of  land  fto 
-'--'  eatawith  ammoniarealta  only  aa  nuumte  meanwhiK  the  amount 

n  each  year  omtinned  to  exceed  that  from  ^  wmutnnred  land; 
^  int  of  prodnce  thna  obtained,  dming  tha  iriiole  period,  waa  only 

one-fMlth  len  than  it  waa  in  the  flnt  year,  notwithatanSng  tha  very  exowtitmal  and 
eontiniied  diwn  on  the  aah-eonetitaenta  of  the  land.  (See  Lairea  and  uilbect — 
lS17-ei.  Op.  en.  Titi.  3211  zxv.) 
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1.B80 
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tntheaeneiiltatheiiifliiPiiGe  of  SMWOnui  favouring  or  impeding  tlie  growth  of  irtcM, 
Vmi  iDBiuftfftod  bj  &  certain  VBTi&ticni  in  the  vaoimt  nnd  (quality  of  produM  nndflr  con- 
dition! otlierwiseiimilAr;  bntUlii  wu  not  aniBcient  to  obanm  tlie  £flfareDe««  lefonUa 

The 

naiticnlar,  additional  to  tliat  •Imdy  nferred  to  in  the  a 
(See  ante,  p.  831.) 

MoKorei,  the  abaence  al  any  incraaae  in  the  anKiqnt  of  prodnes  obtained  in  1844  by 
^inlying  to  the  axhanatad  laikd  manure  oooiiBting  tmly  of  ashMsanstitiients  of  vheat, 
ua  the  incteaae  in  the  amoont  of  prodoce  obtaiiked  in  the  following  year  by  mang  on^ 
aniinonia,  as  eompaied  with  that  on  the  unmannred  land  in  184S,  are  together  mo*t 
condnaiTe  F^oof  that,  although  in  1844  the  ohemical  eonditioDl  of  fertility  were  cdlleo- 
tdrely  insnmcient  Ibr  the  grmrth  ol  a  ftiU  oop  of  wheats  etiU  there  waa  no  deflcienoy 
in  tlut  element  of  those  conditiooa  which  appertains  exdiuively  to  the  soil  — tiz,  tiie 
available  imonnt  of  aah-oonstitnenta.  Thoee  reenlta  also  proTe,  on  the  contrary,  that 
in  1844  the  available  amonnt  of  ash-constitnenta  in  the  nnmamtred  land  waa  &r  in 

ezceas  of  the  other  chemical  oonditiona  regnieiEe  tbr  the  growth  of  wheat via.,  the 

amount  of  air-food  supplied,  by  the  BtmoepQere  and  by  the  soil,  during  the  period  eS 
growth.  Conaequently,  the  eyetem  of  cnltiTation  nniur  which  (he  land  ludb«e(me 
exhanated  in  regaid  to  this  erop,  had  admitted  of  a  large  acQimnlatioil  of  aiirfdna  Mh- 
conatitaenta,  which  would  have  remained  naelen  in  the  land  withont  a  ooireapoiidiiw 
■apply  ol  air-tbod  during  the  period  of  growtb.  The  ezhanatioD  eoniiated^  the 
rtjajne  de&cieii^  of  air-food  capable  of  beins  Bunplied  &on)  witldn  the  soil ;  and, 
therefine,  inaewM  in  t^  amonnt  of  piodDceooQld  only  be  affectedly  an  artificial  lopply 
of  air-tbod,  additional  to  that  fiimiitied  by  the  mannit!  of  the  fiuu. 

The  practice  of  agrimlture  in  many  localities  doea  not  require  that  the  amount  of 
pcodnee  obtained  ahoold  be  ven  laige  :  the  mly  thing  neceaeary,  in  many  inettuicce,  ia 
to  maintain  the  degree  of  fbrtm^,  and  the  natoral  ami   ■  -     ' 


cupply  of  com.    In  loeh  casea.  the  manure  produced  by  the  internal  economy  of 
bm  may  anflce  to  provide  an  adequate  aup^y  of  air-food  from  within  the  ao2. 

In  coontriea,  howevnr,  where  the  population  is  dense,  azid  land  is  of  high  value,  agri- 
culture anumee  a  veir  difibtent  chuacter.  Its  otjeet  then  is  not  merely  to  maintain 
ft  cettaia  degna  of  fertility,  but  to  produce,  year  by  year,  in  the  most  profitable 
manner,  and  on  a  given  area  c^  laud,  the  largest  posnue  quantity  of  the  materials  of 
foodfiu  man  and  animals ;  toincreasc^  by  Brti^dal  meaiu,  the  amount  of  produee  upon 
an  area  ince^ble  cf  yielding  as  much  under  natural  conditione.  (See  Liebig — 1848— 
Chmiittry  in  iU  Appiicaiiimt  to  Jgrieuliyt*  and  Ploriology,  3rd  edit.  p.  112; 
La  wee  and  Qilbert— 1S4T— JixHwtl^  tli»  Soj/i^  JarKuUvral  Saeiefv  of  Biuland, 
Tiii  227.  dL,  ivi.  3k.) 

Hence  arose  the  idea  of  employing  aitifleial  msnom — of  augmenting  attifleially  the 
diemical  couditiona  of  fertility.  For  the  praetiM  of  agriculture  undv  these  eircnni' 
stances,  ao  utterly  distinct  from  those  of  a^icultare  eraidncted  only  witfi  a  view  to  the 
produce  of  natural  vegetaticm,  the  proUem  to  be  scdved  by  the  chemist  tor  the  gai^noe 
of  the&mer  is,  what  anbitanoee  to  supply  as  [dant-fbod  from  eztnueona  soureeii  in 
order  to  obtain,  year  by  tmt,  a  remunerative  produce. 

The  question  is  mainly  one  as  to  maonra :  its  solution,  however,  involve  the  eon- 
oderation  of  couditiona  and  leqirementa  olher  than  those  obtained  in  natursl  vegetation, 
not  difiering  in  kind,  but  quantitstiTelj  dijferent.  Still,  the  knovledge  of  the  general 
phenomena  of  [dant-DntritioD  mnot  be  the  guide  in  the  endeavonrto  solve  this  problem. 
Since  it  is  eat^ilished  that  the  varione  materials  of  pUot-fbod  inaat  bear  a  certain 
proportion  to  each  other  in  aider  to  be  in  the  hlgheat  degree  ttbctiyt,  and  since  the 
amount  of  produce  is  known  to  be  limited  by  the  quantity  of  that  food-material  which 
is  present  in  least  available  amount,  relatively  to  the  requiremeufa  of  any  partjcular  crop^ 
the  desideratum,  in  rc«ard  to  the  artificial  means  of  inereasing  the  amount  of  produce 
it  to  asoratain  irtiat  food-material  beoomes  deficient,  relatively  to  othms,  nnder  the 
drcninstaneesatteiidingthegnnrthaf  thaterop.  The defruent^ m^ lie  in  the •ourea of 
carbon  or  of  nitrogen,  mthe  supply  of  water  (» of  avaOable  ««h-eonstitiient%  otidsoiiis 
oneof  them;  but  whichever  itbe,  toe  amonntofprodiiM  will  be  limited  bylJie  dcfliiiaKy. 

The  determination  cd  that  point  will  indicate,  tbaefoM,  what  fbod-maMtial  it  is  moat 
neceasaiy  to  supply  artificially,  in  order  to  render  effective  in  the  higheat  degree  those 
food-materiala  much  are  available  in  greatest  abuodauoe,  relativ^y  to  the  requirements 
of  the  crop  in  question.  The  tbod-materials  leaet  available  abundantly  in  the  same 
relation  would  be,  in  that  paiticular  caa^.  the  manure  to  be  aupp^ed  artificialW  in 
order  to  obtain  an  inoreaeed  produce.    This  is  the  fundamental  principle  of  "hif^ 
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838  MANURE. 

fcTming,"  vhich  Kail;  ooDBiBts  ID  augmeDtiiiE  tlu  >CRage-prodnM^«1>taiDiti6  jeir  bj 
year,  crops  Uiger  than  could  be  obtimed  onder  natiuai  oonditioni — by  rendering  more 
eff^irr  the  existing  outiinl  condition!  of  fertility. 

This  object  maj  be  attained  in  part  b;  the  right  seledioa  of  artificia]  maanre,  k>  as 
ti)  accamolalf  on  the  farm  the  DiaC«nala  of  plant-ibod  which  are  natorally  most 
deficient,  in  r^;anl  to  the  whole  of  the  cn^  giown  in  a  smee  of  yean;  and  bj 
adapting  the  method  of  caltivatiaa  so  as  to  store  np,  during  part  of  the  totatioi],  the 
material  of  pLut-lixid  which  are  relatively  most  deficient  as  regards  a  ^artienlar  ctopk 
giDwn  at  intarrals,  and  to  make  that  acotunolation  sarTicealle  toi  uuceaBing  tha 
amount  of  produce  of  that  crop- 
It  is  not  by  snbctituting  for  the  mauite  produced  hj  the  internal  economy  of  tha 
fiirm,  some  one  or  other  «  its  oonatitnenta,  that  this  object  is  to  be  attained ;  but  bj 
snppiemenling  it  with  what  is  moat  vuiting,  either  naturally,  or  as  the  oonsequpiice 
of  thatbranchof  industry  which  is  the  bnainpn  of  tlie  hmer — the  mann&ctora  of  food. 
fcaeticelfy  them  is  a  limit  to  the  incmaae  of  produce,  beeidee  tliat  natoial  limitatioa 
whidi  is  due  to  climate  and  to  seasiHi ;  it  is  the  Deceaaity  that  the  degree  of  fertility 


Dtmber  of  eiroumstaiioet  which  cannot  be  eatwed  apoo  hue,  bat  which  will  readily 
■Bsgeot  theroselTes  to  the  reader. 

Id  order  to  obtain  such  an  amoust  of  produce  in  com  as  to  be  remunemtiTe  in  this 
case,  it  is  aeeeasary  to  supply  during  the  period  of  growth  a  larger  quantity  of  mtrogeuons 
air-food  than  would  be  furnished  during  that  period  by  the  atmospheie  alone,  or  pro- 
vided, in  addition  to  that,  by  ibeinteroal  economy  of  the  form,  when  no  other  crop  bat 
roeadow-pssa  was  grown  bcsidei  com. 

This  might  be  effected  by  the  nse  of  ammonia-aolts  as  manure ;  but  this  Sonrce  of 
ammonia  is  too  limited  to  be  alone  Eofficiest  in  agriculture.  KecouiBS  is  therefore 
had  to  the  accnmulatioQ  of  ammonia  from  the  abno^here,  by  the  growth  of  plants 
which  poeeeea  the  capability,  under  certain  conditions,  of  appropriating  nitrotjeD  from 
'it  than  either  wheat,  bariey,  or  oala,  and  whidi  oan  be 


h  larger  ei 
:  cattle  so 


__   . . .  ,    .t  the  same  time,  a  larger  supply  <it  manure  than  conld  b 

if  the  land  remained  in  bare  fallow,  or  were  conTerted  at  interrela  into  meadow-land. 
The  manure  eo  produced  by  the  internal  economy  of  the  lam  would  oonttin  the  greater 
part  of  the  nitrog^  collected  &om  the  atmogphentlrtJie  crop  interrening  between  the 
com-caiops,  and  used  in  feeding  cattle,  and  would  serre  diinng  the  growth  of  com  to 
fnmiah  the  augmented  lapply  ot  niuogeoons  air-Ibod  neccssaiy  for  obtaining  a  large 
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le  plants  which  are  cultivated  muoly  with  this  object  may  be  represented  by  the 
turnip,  since  it  presents  a  striking  contrast  to  com-cropa,  in  regard  to  the  oonditiona 
most  ^ronrable  to  increase  in  the  amount  of  piodoce,  as  well  as  in  regard  to  its  capa- 
bilities and  requirements,  though  it  is  inferior  to  leguminons  plants  in  the  power  of 
assimilating  mta^n  from  the  atmosphere. 
The  amount  of  produce  obtained  niider  the  system  of  agrioulture  generally  practised 
.  Ib  this  eonntry  is  eonsidenbly  highBr  with  re^vd  to  all  crape  than  it  ia  in  many  odier 
~  ~  '   I ;  and  though  there  is  a  (UBiirenee  in  this  reapeot  as  to  partientai'  localities,  the 


B  several  constituents  of  the  different  crop*  grown  altenalely  in  what  is 
temied  a  "  fbur..coune  rotalim,"  when  a  nop  of  tnmipi,  beana,  o  dorer  interreuea 
between  two  cnnie  of  com. 

The  growth  of  the  turnip  as  an  agrioultnral  Dop|  so  B«  to  obtain  a  large  amount  of 
produce,  is  tn  more  liable  to  be  influenced  by  diifereneee  of  season  than  is  the  ease 
with  wheat  In  the  sheenee  of  ran,  at  a  pattieular  stage  of  growth,  the  greater 
number  of  the  pUnt4  may  die,  and  the  acreage-produce  become  Teiy  ranall ;  but  if  the 
conditiona  of  season  be  favourable,  the  amount  of  produoe  obtained  m^  be  aa  high  as 
20  or  30  loos  per  acre. 

It  has  been  supposed  that  the  influence  ezerdsed  by  the  cultivatirai  of  the  turnip  aa 
aflllow-crop,  in  reeloring  and  augmentins  the  fertility  of  land,  and  in  condnciug  to  the 
inereaae  of  Uie  wheat..erop,  was  referable  to  its  comparatiTely  greatw  capa^t^  of 
u^iroprialing,  by  means  of  its  large  lesf-iinr&ce,  the  atmospheric  supply  of  ur-food, 
during  it*  period  of  growth,  and  to  its  requiring  bat  a  very  small  supply  of  fbod- 
matenals  ftom  the  sou,    (See  Davy,  Op.cit.  viii.  76,  77.) 

That  this  is  oot  the  case,  is  evident  from  the  unount  of  ash-constitaeDts  contained 
in  the  turnip,  as  shown  in  the  table  just  referred  to ;  and  it  Is  rendered  still  further 
apparent  by  the  folbwing  reaults  of  experiments  by  Lawes  and  Oilbert  (p.  840), 
■bowing  the  amount  of  prodsce  obtained  by  growing  tumips  fbr  three  years  oonaeentire^ 
on  the  same  plot  of  land  without  manure. 
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MANURE. 
Hf  tht  Aertage  frodfel  ^  Dfffrrtta  Otvpt. 


Crop 

A-ooMorprcmw 

tOtwifa. 

Beri*;. 

CMl 

Tunilpt 

^ 

Uatil. 

Bmu. 

11 

Grain  or  bnlb 
Freeh      Straw  or  W 

"^       Total  prodno 

Giainorbnlb 
Bbaworleaf 
Drjnop 

Total  prodnee 

Grain  OF  bulb 
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The  immediate  ol^eet  of  the  cnltiTation  of  the  tninip  bfdng  Uie  pndnetion  of  food 
for  eattle,  it  ia  not  reqnired  to  nadi  matnrity,  aa  i>  the  eaee  wrUi  wheat ;  and  it  is 
deairable  to  ohtain  the  ntmoat  poviUe  derelopmeDt  of  the  tleebj  roct,  lo  ■■  to  affiiid 
■  fbod-mateiitl  containing  both  nitrogenont  and  non-nitrDgeDona  nibataiieM  in  fitting 
proportion  for  that  pnipoee.  Dnring  the  earlj  etage  of  growth,  the  jonng  leaTM  of 
the  tDmip  are  liable  to  be  attacked  by  iniect^  and  it  !■  therefore  neecMuj  to  forward 


portent  indication  of  the  tdHenej  of  the  maunrae  Died. 

The  land  aelaeted  fix  the  ezperimeDta  wa«  a  rather  heaT^  loatD,  not  of  the  beat 
,li.»j*iji  tx  the  powth  of  tanupa ;  and  tliree  onpa— triwa^  dorer,  and  wheat— had 
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UANCRE. 

gnnrn  upon  it  unca  it  ml  msDored.  The  Tarieiy  of  tnmip  gromi  wu  thkt 
m  ■■  Norfolk  lAita.  To  tsocntaiii  the  eapcbiH^  of  apprepriaiiiig  the  atmoapheiie 
,  aiid  the  relation  whidi  the  tonip  bate  to  the  eoil  whieh  wai  exhansted  for  vheat, 
>t  wu  left  each  /ear  nnmaniiTed.  On  thii  plot  the  amount  of  produce  ma  rer; 
J  enn  in  the  fint  year,  and  in  the  thild  jear  tht  bnlba  did  not  weigh  mora  than 
onnoea  each ;  bo  that  in  ivgard  to  the  growth  of  the  tnmip,  the  wonrcea  irf  the 
are  looo  eihanated,  and  aoma  mpplj  at  manue  i«  eridentl;  leqainte  Air  the 

h  of  the  tnmip  Bi  a  fdlow-O)^    (See  Lavei  and  Gilbert— IMT—Clp.  cO. 


With  fivinjard  mannn^  which  ma^  be  eonaidaced  m  anpi^Ting  all  the  c 
of  a  laiga  erop  of  tumipo,  the  nainlNT  of  planta  in  aaeh  jear  rgprooenlj  the  inflnence 
of  aeaaon  dnring  die  eailT  (tage  of  the  growth ;  and  the  average  weights  of  the  bnlba 
lepreMDt  the  i^uoua  (tf  HSaon  dniing  the  ai»g»  of  bnlb-fiinnBtion. 

Ammomacal  salts  operated  in  most  initanee*  pngndioiallj  dtiring  the  earlier  stage  of 
growth,  espeoall;  when  jdaeed  near  the  aeed ;  whoi  need  with  brmyard  or  other 
carbonaceons  mannre,  the  development  of  bnlb  was  in  Mme  instancee  contidnable, 
and  the  devel(^>ment  of  leaf  waa  moeh  iiwreaaed ;  bta  the  amoant  of  dt^  mbebiaoe  in 
these  bnlbs  waa  generHllj  lees  than  in  other*,  and  the  amount  of  nitrogen  in  the 
Bubatnnce  was  greater— jnet  the  opposite  of  what  happens  in  the  growth  of  wheat. 

With  a  oonnderable  snp^y  a  ammonia,  the  Tigorons  growu  of  the  plants  was 
accompanied  hj  a  less  rapid  adrance  towards  maturitf  in  the  balb,  and  a  condition 
iem  favonrahla  for  providii^  a  snppl;  of  root-food  than  Ibi  the  production  of  seed  b; 
ftuther  growth.  In  this  respect  the  inanenee  of  artiBdal  Snppl;  of  ammonia  upon 
the  amomit  of  prodnoe  of  the  tumip-Riot  and  of  wheat,  preeeots  a  alziking  eontraat ; 
and  it  i*  evident  that  in  the  cnltivHtion  of  the  tomip  fi»  feeding  pnrposee,  and  aa  a 
bllow-CTop  for  obtaining  a  Bappij  of  maonie,  it  is  enable  of  ^propriating  nitrogen 
bom  the  atmosphtne  simply  dniing  ita  period  d  growth,  or  iVimi  within  Uie  soil,  to 
■oeh  an  ezteiM  aa  not  to  reqwie  as;  ooiuidenble  sap^T  aitifldaJlj  b;  means  of  nuuiiin. 

The  inflnoDM  of  aolBUe  phoephatM  in  promoting  the  eariv  growth  of  the  plants  is 
well  indicated  in  «wh  ^e«r  liy  ae  number  of  planta,  both  when  naed  alone  and  with 
other  manmes ;  bat  it  u  only  daring  that  stan  of  tim  growth  that  the;  oonOibate  to 
increase  the  amoant  of  prodaoe  in  bulbs,  as  will  be  aeen  by  the  small  average  wei^it 
of  the  bnlbs  grown  with  phosphates  only  supplied  as  manure. 

Id  the  plots  saf^Iied  with  manore  capable  of  fDmishing  a  considerable  amount  of 
carbonacaous  air-food,  the  development  of  the  bidbi,  indicated  by  their  areiage  wtd^ht^ 
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. .  soil,  npoH  the  deTelopmcmt  of  bulb,  is  still  more  strikingly  illtutntad  by  the  con* 
trut  between  the  aecond  and  thiid  yimi's  leeulti.  Though  with  sulnble  phosphateB 
skiDe  or  with  otbar  mastm,  the  aumb^  of  pl&nts  was  always  considarably  greater  than 
in  their  abscDce,  the  avengB  weiglit  of  bnlba  was  very  small ;  while  on  the  plots  whtra 
phoaphatce  were  need  loguther  with  ■  carbonaceonji  manore,  the  avenge  weight  of  Ihe 
bulbe  indicates  •  tnndi  l^nr  bnlb'^icT^pmeiit.  That,  together  with  a  greater  nnmber 
*   ■  inentlj  th.  '  ... 


of  plants,  gSTB  cODseqneiiU;  the  Urgeet  amoont  of  pi 
The  necessity  ftir  tJie  |  *      ' 

mote  BtrikiDalj 

,  on  the  whole,  more  &FDunble  Hum  tiiat  of 


carbanaceoaa  Enbatancee  capable  of  nipplying  fcod- 
■identl     ■■  ■        -■■ 


«  Btrikitigl;  eridpnt  bj  the  resalta 

_. . ^h  the  BaasoB  WHS.  on  " 

the  preceding  year,  ant 

[ffodnu  was  genenll;le-.,      ..       ,.      . 

tion.     In  the  third  yasr,  also,  the  deflcieiit  bnlb-defelopment  wltiiin  the  period  of 

giowtji,  on  these  plots  where  phoaphates  alone  were  lued,  as  eomrared  with  the  raoolts 

obtained  where  caibonaceons  mannna  wen  also  iQ[^ed,  shows  the  imparlance  of  pro- 

vidii^  that  source  of  plant-fbod  in  ordra'  to  iurnre  rqrid  growth,  and  to  obuin  a  Ui^ 

amoniit  of  prodnce. 

The  inflneuee  exercised  npon  the  composition  of  the  bulb  by  ihe  ratio  Tijring 
between  the  supply  of  carbonaosaos  and  nitrogenous  aii^fbod  fiom  within  the  soil,  is 
well  indicated  by  the  difRirencea  in  the  amonnt^  nltiogen  in  the  diy  substance  of 
theinraips  gnwn  with  fknnyard  mannre  and'rape-oake  alone,  and  with  addition  of 
anunonia,  and  in  thoss  grown  withoat  nuinuie  and  with  top-dressings  containing 
difieient  proportions  of  carbon-  and  nilrogen-jielding  materials. 

Carboiuceons  manoKs,  howerer,  are  Bsrriceable  only  in  the  later  stage  of  growlh  by 
affording  a  sopply  of  food-matariat  for  the  derelopnient  of  bulk ;  and  in  uw  eorlira 
stage  of  growUi  they  may  oven  be  prqudieial  if  placed  near  the  seed,  as  indieatad  l? 
tile  smaller  number  of  plants  in  the  nrat  two  years  when  three  tnannree  were  drilled  with 
the  seed.  Th^  should,  therefon,  be  placed  so  as  to  be  only  within  reach  of  the  young 
plant  when  it  has  dtreloped  its  aecnmuUtiTe  organs  under  the  inflnence  ot  the 
phosphate,  whirh  should  be  plaoed  as  near  as  poaaible  to  the  ived.  The  advantage 
of  doing  so  is  illustrated  by  the  greater  nnmber  of  plants  in  the  third  year,  whentheM 
muinres  were  applied  as  a  top-dreasing  to  the  land- 
Comparing  theae  resnlta  with  the  quantity  of  phosphoric  a^d  contained  in  the  tnifiip, 
it  will  be  seen  that  the  influence  dt  phosphates  on  the  growth  of  (his  plant  cannot 
altogether  be  nfemd  to  the  mere  supply  of  material  aeiTing  fin  the  production  of 
plant-SDbshmce  by  becoming  a  constituont  of  it.  Though  the  amount  of  phoephorio 
acid  in  the  tumip«3op  is  not  larger  than  that  in  the  wheat-crop,  a  direct  supply  of 
soluble  pho^thate  •ppears,  from  reiy  general  experience,  to  be  much  more  influential 
in  regard  to  the  derelopnwint  of  the  tnmip  than  in  the  growth  of  wheat.  Hence  it  is 
scarcely  possible  to  annd  the  ocmduaion  that  it  eieiciBea  some  important  and  essential 
hnction  in  that  particular  mode  of  deielopment  reqnigtte  in  the  cnltiration  of  the 
tnmip  as  a  &llow-  and  feeding-crop,  other  than  that  which  is  represented  by  the  amoont 
of  phosphoric  acid  contained  in  the  plants. 

u  these  experiments  the  suppJy  of  potash  as  a  constituent  of  manure  was  not 
found  to  eierdse  any  foiourable  influence,  either  upon  the  mode  of  derelopment  of 
the  tnnup-plsnt,  or  upon  the  amount  of  produce ;  nor  was  it  to  be  expected  that  thia 
land,  which  was  capable  of  growing  wheat  without  manure  (or  several  consecutiTe 
years,  should  be  at  all  deficient  in  supply  of  potash  Ibr  Ihe  growth  of  a  tumip-ciop, 
although  the  quantity  of  potash  requtnd  1^  it  is  so  much  lar^  than  that  needed  for 
wheat. 

The  quantity  of  potash  nmoved  from  the  laud  in  the  turnip-crop  does  not  cause 
exhaustion  of  the  ash-coiiHtitoenls  to  any  Benaible  extent;  for,  excepting  a  small  portion 
exported  in  the  meat  nrodnced  by  (he  use  of  the  turnip  in  feeding  live-stock,  thay  are 
again  returned  to  the  Und  in  the  mannn ;  and  if  artificial  phosphate-mBnures  be  em- 
ployed in  the  cultivation  of  toruips,  the  abstnction  of  this  coosUtucnt  from  the  Und 
by  the  export  of  com  vrill  be  (o  a  great  eitflnt  compensate  if  not  covered. 

The  bAx  already  described  will  serve  to  show  ttuit  the  cultivation  of  the  turnip  is 


e  economy  of  the  farm,  by  means  of  which  nitrogen  is  stored  up  as  part 
[n  tne  noating  capital  of  the  land,  and,  after  having  served  intermediate  purposes, 
is  made  to  contribute  to  the  important  result  of  increasing  the  amount  of  pr 


It  is  by  Ihis  means  that  concentration  of  the  atmospheric  supply  of  nitro- 
genous plant-food  is  effected,  su  as  to  fumiah  the  corn-crops,  during  their  period  of 
growth,  with  twice  as  much  as  they  could  otherwise  obtain  dimctiy  &am  that  source 
by  theii'  own  nnaided  capability  <rf  i^propriatioiL 
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Thongb  the  turnip  hii  hen  been  lefaned  to  u  *  p)*nt  foesanting,  in  Uie  dimm- 
Itaneee  of  ite  eoltiTatioii.  a  etfong  contraat  to  eoni-CTDps,  it  u  ehieflj  bj  tbe  grovth  of 
lagnmiDOiu  (Topa— mcb  u  dorer.be&DB,  ond  tsrea — Uutnitmgeit  is  directlj  appropriated 
tmm  the  atmocpben.  In  the  coltiTetioD  of  the  tomip  aa  a  bllov-isop  ~ui  artiflcia] 
•npply  of  nitrogen  over  and  above  that  prorided  bj  the  fitrm  manure  ia  not  gniBrally 
requisite ;  but  it  dmre  largely  upon  the  nipplia  of  nitrogen  from  within  the  eoil ;  asd 
in  thii  reepe<;t  it  tends  to  render  an  aitiflciol  eappl;  of  nitrogenoue  manoie  more 
nMeuary  for  the  succeeding  eom-crap  (Lavei  and  Gilbert,  Op.  cit.  XTiiL  464 ; 
Jovm.  Cimi.  Sue,  [2]  i.  101).  Leguminona  crops,  on  the  contrary,  appear  to  render 
land  richer  in  nitrogenoui  imppl]',  and  thu>  to  angtneBt  its  i^nbility  tn  yielding  large 
crope  of  com.  The  influence  of  dorer  in  this  leepeot  baa  tong  been  knowiL  (See 
Kirwan,  Op.  cil^  p.  IftB.) 

In  the  cultiTation  of  l&nd  under  Bach  drcnmrtaocee,  snpposiDg  the  amonnt  of  nro- 
dnce  Bold  dniing  1  yean  to  be  30  tnuhela  vheat,  8C  boahela  barley,  and  the  lire-weight 
produced  trma  10  tona  tumipi  and  S,000  Iba.  clorer-lw,  or  1,&00  Iba.  bean^  withoat 
unported  food,  the  quantity  of  aah-conatitnenta  nmored  fioai  the  land  would  b^  at  tlie 
ntmoet,  aa  ahown  in  the  following  table: — 


Farm  dwrtny  Fotir  Yean. 
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9 

80 

1» 

13 
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It  now  onl^  remaiiia  to  eonslder  tbe  means  of  maintwiiiii^  the  eapfjy  of  carbon- 
aeeouB  material  reqaiiite  aa  ana  of  the  condttioiu  of  the  pmductian  of  the  full  amount  of 
produce  in  tumipa.  In  the  feeding  of  animala  there  is  a  loss  of  corboa,  due  to  reepi- 
ration,  amounting  to  nearly  oae-half  of  Uiat  oontained  in  the  food.  It  ia  Iherefors 
neeeeeary  to  increaaa  aa  fkr  aa  poesible  the  quantity  of  manure  produced  by  the  internal 
economy  of  the  brm,  by  the  uae  of  imported  fbod-nuteriaU  in  feeding  cattle.  Thla  ie  at 
once  a  profitable  mode  of  conTsrting  those  materiale  into  a  more  valuable  eommodity, 
and  of  ohtaiuing  a  larger  qnanti^  of  manure  for  the  cultiTation  of  crope  ;  thus  main- 
taining, or  even  innwuiing,  the  fertility  of  the  land,  by  bringing  upon  the  6am  aih- 
eonstitueute — which  compeante  for  the  export  of  com — and  materials  containing  nitro- 
gen and  carbon  in  a  form  capable  of  becoming  availabls  in  the  mltiTnlion  of  oron  aa 
EUpplies  of  air-food,  auxiliary  to  tboee  fomiahad  by  the  atmosphere  and  by  the  fazm- 
jBid  manure  resulting  from  the  ciopa  grown. 

On  a  brm  cultivated  under  aoch  a  Bystem,  the  eihaoation  of  the  land  ia  altogethap 
preclnded;  and  although  the  existing  system  of  disposing  of  town-refuse  inToJves  a 


IB  of  tboee  subetancea  in  the  mineral  kingdom,  to  connterbalanoe  luch  • 
loee  fbr  a  long  time  to  come.  Still,  tbe  disposition  of  town-nfuse  in  Buch  a  manner  at 
to  be  available  in  fertilising  land,  and  to  be  uaeful  rather  than  a  source  of  injury  and 
annojance^  is  a  reqniremeut  which  is  every  day  more  urgently  demanding  ^teotion. 

Having  thus  considered  the  nature  of  the  differences  obtaicing,  on  the  onn  hand, 
between  spontaneous  vegetation  altogether  unaided  by  art,  and  natural  v^etatioa 
•SBiBted  by  tillage— on  the  other,  between  agriculture  conducted  only  with  a  view  to 
obtaining  the  natural  amount  of  produce,  and  agricnltnre  involving  an  increased  produce 
W  artdfidal  meauB,  it  is  now  necessary  to  consider  what  applications  have  been  made 
of  the  general  knowledge  of  the  chemistzy  at  vegetation,  or  of  the  views  which  have 
bean  antaclaiiwd  with  regard  to  it. 
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^  D>T7,  Sprengel,  and  Bons- 

t,  adopted  the  foudammtal  proposition,  that  pliuit-nxid  conButi  loleljr  of 
(irbonii:  add,  vater,  ammonia,  and  thn  aah-cooatitaeDta.  In  eDdeaTooriiig  to  auMrtain 
the  CBiui«e  of  ths  efflcacr  of  mEuinre ;  the  mode  in  which  it  acta ;  the  drcnmstaniMa 
apoD  vhich  different  methodi  of  coltoje  depend ;  acd  to  establish  rnlc:*  for  a  rational 
BjBtem  of  agricoltui^, — he  addieased  himself  first  to  the  queations,  "What  does  tlift 
Eoil  contain?  What  do  the  materiala  mlled  mauDTe  eontua?"  tx  qaestions  vhoee 
ronatitntsd  the  BtartiDg-point  of  rational  agricuttore  ( ClirmulTy,  &a,,  1st 


edit.  p.  1 3S}.  Id  this  eoquirj  hia  attention  was  mainlj  directed  to  the  ash-iWDstituenta 
of  plants^  and  to  the  companson  of  these  with  the  conBtitQenCs  of  eoila  and  of  nuuiare. 
OMerring  that  all  cnlliTatad  planta  contained  polaah,  phosphoric  add,  and  other  ash- 
eonatitaenti ;  that  the  preaance  of  these  Bnbstancee  was  coaatant  in  particular  plants 
and  parts  of  plaoti ;  that  mtrj  pcodactiTe  soil  contained  the  same  Biibstui<:«s ;  that 
the  repeated  snceeesiTe  growth  of  a  particolar  crop  on  the  same  land  rendered  it  lees 
enable  of  prododng  that  crop  ontil  an  interval  of  some  years  had  been  allowed  to 
elapse  without  growing  it, — he  ctuna  to  the  concluaion,  tbat  the  capability  of  land  to 
proiliiea  crops,  waa  due  to  the  presence  in  it  of  the  ash-conatilDents  of  plants ;  that  tha 
aaaimJlatlon  of  carbon  and  nitn^n  was  dependent  npan  the  preaence  of  the  ash-eon- 
stilnenCs  in  the  aoQ,  and  limited  bj  Che  available  amount  of  them :  consequent!;,  that 
the  amonnt  of  produce  waa  proportionste  to  the  available  amount  of  ash-conatiCueDta 
in  the  soil  {Op,  cit,  Srd  edit  pp.  113-123).  From  tlie  same  data  he  concluded  tbat 
the  dacreaae  of  produce  ohserred  when  a  particalar  crop  is  raised  year  after  year  on 
the  lame  land,  waa  dne  to  the  abstraction  m  aah-oonatitoentE  from  the  soil.  (^Op,  dt. 
pp.  118,  1S4.) 

OheerriiK  tatthM,  that  animal  cowreta  and  the  plant-remains  in  &rmyard  nuanra 
contained  the  same  Mh-constitaenls  as  the  plants  which  bad  been  conenmed  as  food ; 
that  this  mannrs  exercised  a  fertilising  influence  upon  land  naturoUy  anprt>ductiT%  or 
exhanated  by  the  enltivation  of  crops, — he  condnded  that  the  efficacy  of  this  manure, 
which  might  be  njgarded  as  the  ashes  of  the  food  burnt  in  tbe  In^iea  of  animals,  iraa 
doe  to  the  aah-eonatitiients  it  contained ;  that  its  peculiar  action  consisted  in  and  wal 
limited  to  the  supply  Or  reatoration  of  the  ash-constituents,  which  the  land  ITM  eithei 
deatituta  of  or  had  been  deprived  of  by  previous  cropa.  {Op.dl,pp.  17(i-l67 ;  Jddref* 
to  Ike  AffricidiuriiU  of  Great  Britain,  pp.  7-12.) 

From  the  well-known  beta  that  the  produce  of  land  could  be  increased  by  mannre, 
and  that  in  many  cases  the  crOD  ta  dit«ctly  proportionate  to  the  quantity  of  mannre 
nsed,  he  concluded  that  thia  eff'ect  was  referable  to  the  amount  of  osh-conatituenta 
■applied  to  the  land  ;  that  if  the  snpply  of  those  constituents  were  greater  than  the 
qosotitj  taken  away  in  ths  prevtoos  crop,  the  amount  of  pmdnce  woud  be  increased ; 
uat  if  the  supply  i^  tbem  were  leas  than  that,  the  produce  would  be  reduced ;  and 
that  if  it  werejDst  equal  to  the  quantt^  removed,  the  produce  would  remain  constant. 
(jUdrtas,  pp.  7-12.) 

Adopting  these  conclndona  as  axioms  to  be obserred  in  practica]  agriculture,  Liebig 
also  taught  that  the  production  of  tbe  organic  constitupnts  of  plants  fh>m  carbonio 
add,  water,  and  ammonia  was  determined  by  the  presence  of  the  ash-conatituenta  pro- 
per to  the  plants  cnltiTB|j^((?tffiiu^,  &c, -pp.  IBS,  204);  that  its  extnit  was  limited 
by  the  available  amount  of  them  in  the  soil  ((>.  fit.  ^.  203);  that  the  efficacy  of 
humos  in  augmenting  the  amount  <J  produce,  by  furnishing  a  supply  of  carbonic  add 
additional  to  that  ^forded  by  the  atmosphere,  was  sntgect  to  the  same  limitation 
(Ofi.  eit.  p.  167) :  Uiat  the  amonnt  of  produce  was  M  eatiielf  independent  of  the  arti- 
ficial siqiplj  of  ammonia,  that  if  only  the  ashes  of  solid  and  liquid  (screta  were  supplied 
as  manure,  the  crops  cultivated  wonld  derive  their  carbon  ano  niCroKfla  from  the  atmo- 
^>here(Op.«t(.  pp.  181,  203-204);  that  the  ammonia  of  the  atmoepbetc,  exceeding  the 
requirements  of  wild  plants,  was  folly  suffident  for  all  tha  olgecta  of  agriculture,  even 
for  that  meet  important  one,  the  production  of  nitrogeaona  constituents  of  plants  to 
serve  as  food  tor  man  and  animals.     (Op.  oti.  pp.  S4,  211.) 

The  production  of  these  sabataneefl  was  reprcaanted  by  Liebig  as  depending  upon 
the  presence,  in  tha  soil,  of  phosphates,  which  enabled  plants  to  derive  the  requisite 
nitrogen  from  the  otmoephere — a  source  where  the  abstraction  of  that  element  via 


spontaneonslf  compensated  by  the  ammonia  remlting  from  the  decay  of  ai 
plants,  and  periiqis  from  other  sources  {Op.  nit.  pp.  147.  212^  He  also  insisted  that  it 
was  of  the  greatMt  importance  for  o^imlCuie,  to  know  with  certainty  that  the  arti- 
ficial somilj  of  anunoua  was  unnecessaij  and  superfiuons  for  the  growth  of  moat 
ooltivat^  plant*,  and  that  the  value  of  mannre  coold  not  be  estimated,  according  to 
the  rule  ncoguised  in  France  and  Germany,  by  the  amount  of  nitzogenona  subatancM 
it  contained.  (Op.  at.  p.  213.) 
To  give  iUll  giestw  promincnoc  to  hit  opinion  u  to  tlie  mperfloi^  of  tutrogenou* 
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•iHnare,  Licbtg  intlaoeed  At  luge  quantity  of  Ditrogenone  niI»CAiieM  pnineei—ta 
Imj,  mily,  and  flegh — on  gnBa-land  without  anj  ntppi;  of  nitmgeDoaa  mBniirs,  and 
contnatcd  that  hctvith  ui«  amall«T  produce  of  uitrogcnous  oonMJtneiits  produced, 
within  tbe  same  pnriod— aa  com  and  roota — on  land  to  which  nitiogen  had  been  mp- 
pli«d  u  nuumre  in  gnatw  quantity  than  waa  contained  in  the  produce.  He  also 
r^tred  to  the  export  &om  Egj^tof  ammonia,  obtained  bjbnming  animal  axcret*!  to 
the  raiiTsrUal  feHJtity  of  that  coautrr,  irtiera  only  the  Mhai  of  excreta,  and  the  Nila 
RiTicC  eontainiDR  little  nitrDgeo,  had  been  naad  as  manme  for  igea;  to  the  export  of 
eheeea  from  nolland  and  Switzerland. — as  tendering  it  peiAetlj  certain  that  the  pro- 
dation  of  nitrofcenoae  ronstitueDts  of  planta  waa  not  pnportionatfl  to  tbe  qoantitv  of 
nitrogen  nqiplied  to  the  land  in  the  mannn  :  that  the  export  of  nilmgeDODB  prodnca 
waa  not  exhaaitiTe;  becanse  it  was  not  the  loil,  but  the  atmoapheM,  which  yielded 
niln^n  to  planta :  that  it  waa  impoasible  to  angment  the  ptodoee  of  land  by  tfaa 
supply  of  highly  nilrogenona  manure,  or  of  ammocia-salta  alane;  but  that,  on  tba 
contrary,  the  capability  of  land  to  pradooe  dope  increaaad  or  diminiehed  in  direct  pro- 
portion to  the  atb-i:oiiatitnenta  supplied  to  it  m  the  macure.    {Op.cii.  pp.  210,  211.) 

Hie  logiial  conaequenea  of  the  opinioni  thus  fonned,  waa  to  leganl  the  ash-con- 
■titoenla  ■■  the  eeaenti»lly,  if  not  the  only,  eflbctiTe  pcation  of  manure  (op.  eit.  p.  202). 
It  waa  inaiited  upon  •■  a  point  of  egpeciBl  impi»tance  fbr  the  pmetieal  fanner  not  to 
deceiTe  himwOf  concerning  the  canae  of  the  efficacy  of  manorea  {Op.  eit.  p.  1B7).  In 
tilia  reapeetthe  aah-eonstitnentawere  oampuedby  Liebig  to  the  quinine  ofdnchonft- 
bark,  the  iodine  of  bnmt  aponge,  or  the  actiTc  principles  of  opium  (Op.  eiL  p.  187). 
Onaeqaeiitly,  the  aah-conBtitueote  of  manure  were  the  materials  which,  according  to 
hia  view,  itwaaeaaential&irthe&umerto  enpply  to  land  aztiflciaUy,  in  older  to  inerease 
the  amount  of  prodnee.    (_0p.  eii.  ji.  203,  211.) 

The  hndameotal  principle  of  ration^  culture,  Bomding  to  that  view,  was  the  perfect 
Testoration  of  the  lah-amatitiienta  remored  from  the  land;  and  vhethar  that  lealitatioD 
were  made  by  flying  excreta,  or  ashM,  or  bone^  waa  regarded  aa  a  matter  of 
indiffbience  (Op.  eit.  a.  187).  lite  partJcular  kind  of  ash-coaaljtnanta  to  be  naed  aa 
manore,  was  to  depei^  upon  the  kind  of  prodnee  required ;  alkalia  for  the  prodncdon 
of  gnbatancea  inalagoiu  to  Ktarch ;  phosphatee  for  the  produi:tion  of  nitrogenooa  sob- 
atancea  (Op.  eit.  pp.  193,  112,  H4,  148^  By  the  exact  detarminatifHi  of  the  ainonnt 
of  ash  in  cultivated  planta,  and  by  the  analyaii  of  tha  aahea,  the  qnantitiea  of  theae 
•ubstancea  removed  from  land  by  cropa  was  to  be  ascertained.  Thus  the  Aumer  waa 
tobaenabled  to  keep  a  debtor  and  credits  aecoant,bT  eadi  of  his  flelda,  of  the  aeveral 
■ah-constitaentB  removed  from  the  land,  year  by  year ;  and  to  determine,  aooadii^  to 
thakindand  quantity  of  the  crc^  ruaed  upon  it,  what  BubataDOea  and  what  qoantuica 
of  them  wen  to  be  retnmed  to  the  land,  in  oider  to  restore  its  original  eondition  of 
fertility,  or  to  be  able  to  expreas  exactly  how  many  pounds  of  one  or  other  oonatitaent 
waa  to  be  siqipilied  to  tlie  land  in  order  to  angmenttheamount  of  prodnee.  (Op.  eit. 
pp.  213,  211.) 

Extending  this  viewof  the  chemistry  of  plant-nntrition  to  the  eipliuiation  of  the  variotu 
operations  of  the&rm,  tbe  practices  of  rotation,  f^ow,  fte,,  Li  ebig,  still  concentrating 
his  attention  upon  that  particular  aapect  of  the  diemistiy  of  agricnltnre  in  which  the  ash- 
oonstituenta  of  plants  soils,  and  manure  are  conceRied,  ascribod  the  influence  ist  f^low  in 
rendering  land  again  capable  of  supportina  the  growth  of  com,  solely  to  the  liberstioD  of 
the  ash-couBti  tuf  nta  requisite  tin  that  crop,  by  the  decomposition  of  alkaline  ralicatee  in  the 
lud  during  the  interval  of  fsllow  (Op.  eit.  pp.  118,-130-133).  The  similar  inflnencs 
of  burnt  lime  and  burnt  clay  on  some  soils,  was  ascribed  to  Uie  same  cause  (p.  13S). 
He  represented  the  advantuea  of  rotation  of  oops  aa  bein^  to  aome  extent,  due  to 
the  production  of  humua  u  the  seal,  but  chiefly  to  the  nnaqnal  requirements  of 
the  difltrent  alternating  crops  fbr  particular  aah-constituento,  and  to  the  consequent 
accomulatiott,  during  the  greater  part  of  the  period  of  lOtaldon,  of  thaee  ash-constitaenti 
present  in  Inut  aviilable  amount  in  the  soiT,  and  reqaisile  fbr  the  growth  of  one  crop 
in  larger  amount  than  far  the  growth  of  the  intervening  crops.  (C^.  eit.  pp.  lSO-161, 
169,  172  ;  BeraelinB— 1811— JflAraimei(,  iiiv.  333.) 

This  theory  of  the  chomiatry  of  agriculture  waa  applied  by  Liebig  iotheraodnction 
of  artificial  maonni ;  and  a  [Stent  was  obtained  by  Mnspratt  for  the  method  of  mana- 
fectnre,  as  a  communication  from  Liebig  (ImprOBemattiinHtMantifactuTtofMainire, 
1815,  SpedflcatJon  No.  10,816).  These  artifidol  manures  were  intended  to  snrolj  to 
the  land  exactly  what  wUt  wanting  fbr  the  growth  of  any  particular  crop,  and  thus  to 
effect  an  economy  which  would  be  impossible  while  manure. was  ^)plied  indiscnmi- 
nstflv — the  useful  and  the  onnecessaiy  oonstitnents  together.  But  the  chief  advantages 
which  these  artificial  mannres  were  to  secure,  were  to  render  the  cotalian  of  crops  and 
Allowing  nnnecessaij  and  superfluous,  and  to  admit  of  one  and  the  aams  kind  d 
ecop  being  grown,  year  after  year,  upon  the  same  field — of  a  perennial  wfaeat-crop 
without  the  neceaaily  either  of  &llow  or  of  a  rotation  of  eraga,  nieh  was  Mgaided  by 
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■gricnltanl  pnotioe,  emuuted  dueSj  of  compooiida  of  potudnm-cuboiuttA,  with  cal- 
dUD-cutonata  oi  phoaphate,  potaMiam-dHeite,  gypamn,  bone-Mrtfa,  ^  ult,  and 
aboat  4  par  cmt.  iunmonia-m«igtie«iaii  phoaphate^  aqniTalent  to  rather  l<aa  than  0-35 
per  Gent,  ammonia  in  th«  Buumrea.  The  fbllowing  table  oontaina  an^aea  of  theae 
nusniea,  aa  maiin&Gtiiied  b^Meeara.  Ffeiffer,  SclmiHnbergdECo.in  Cuad  (Pabtt 
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The  proper  oompoddoD  of : 


Mr  oompoddoD  of  matmna  (br  other  plaots,  ma  to  ba  aacortalDed  1^  bumiiig 
_  and  analjaiiig  tbe  aahea,  and  theo  combining  the  manure  accoiding  to  the 

Bos^W  ("Bpieif."  p.  4,  line  27V  In  the  Addre—  to  JgrictUturitU,  explaining  the 
piinciplaa  la  artilldal  manuring,  Liebig  Hated  bis  Tier  that  "  the  ezhanition  ($  the 
■oil  bj  ■abaaqnent  cropa— its  deereaae  ia  fertility — ia  produHid  b;  the  gradual  rgmoral 
of  tha  minced  elementa,  in  a  Haloble  atatt^  which  are  neeeMai^  for  the  deTelopmeot  of 
oar  cultivated  planta.  B7  a  aapplj  of  aumaie  tb«7  an  aain  raakmd  to  the  state 
■oited  to  aerTe  aa  nomiahment  to  a  new  Tsgetation.  If  uie  anpplj  of  the  ramornd 
elemsnts  of  the  acnl,  bj  meana  of  manon^  be  anffident,  if  the  quantitj  taken  awa;  be 
refltond,tlworifnna]fatili^reeppearB;if  therapplfbspealer,  the  pn>da«e  iseraaaea ; 
adafbctiTeiappIy  giTMaamaller  prodooe"  (p.  12);  or,  mother  wonlo,  the  amount  of 
ptodnce  vaa  i£r<w^  prnxtrtionate  to  the  arailable  qnantitj  of  aah-cODititiLent^  or 
ninetal  rabatancea  vhi<^  "as  mch,  are  indwtmctible  by  fire,  and  conseqnentlj  remain 
■a  aahea  after  the  indnaration  of  the  plania,  or  of  their  parts."     {p.  8.) 

Comeqnentlj,  tha  agzicaltoriat  vaa  to  confine  hiloNilf  to  aappljiog  theae  tabatancea 
to  hia  land,  and  giTing  it  the  propei  phyaieal  condition,  ao  aa  to  render  poaaible,  and  to 
incmae,  the  aaaimilation  of  carbonic  acid  and  ammonia  &om  the  atmoaphare. 

Thia  theoiy  of  a^iicaltnie,  or  of  maniuM — known  aa  the  mineral  theoij — was 
reeeiTad  with  eDthosiaam  in  England  and  America,  and  the  eatimation  in  which  it  waa 


held  ia  wdl  repneented  by  tbe  following  comments,  jmbliahed  ahortlj  after  the 

I..  _- ..1 . — "  Since  the  omnic  fbod-materiala  an ' "~ 

mt,  the  great  dS&ience  of  Tagetation 


Oral,  and,  oonaeqnentlr,  mnatbednetotheinorganiseonatitoenta;  ao  tlial^  in  patting 
fum-mannre  npon  Und,  it  would  be  eaaentiaUj  ^ta  the  aama  if  it  were  Biat  bomt, 
and  only  the  tshea  Mrewed  npon  tha  land,  ainoe  ita  efflca^  can  only  be  doe  to  ita  aah- 
conatitnenta.  It  ia  eaay  to  peiceiTe  that  tliia  principle.  ^ipUed  lo  agncnltnie,  aoddenly 
aheda  a  ngiw  light  npon  all  phenomfaa  wboee  explanation  has  hitharto  been  eonght  Gm- 
in  Tain.  Now,  it  is  easy  lo  conceiTS  why  iiTigat«l  meadow-land  can  yield  annnally 
great  qnantddea  of  hay  withont  manure  when  the  neceaaary  qnantitieB  of  salts  tm 
eoDTeyed  to  it  in  the  water.  It  becomes  dear  how  the  Peruvian  is  able  to  obtain 
luxuriant  crops  of  maiie  npon  the  moat  arid  aand-drilta,  if  only  a  tiny  rilt  from  the 
anow-peaka  of  the  Andes  oonveya  to  them  the  requisite  aoluMe  earths.  Hundroda  of 
aimiliur  phenomena  are  elucidated  1^  thia  ingenious  idea  of  Liebig' a;  but  hundreds 
«t  Daw  idew  aM  abo  «nggeated  boitfiil  in  devel^ment  and  imjaoTenent  &r  that 
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■implif  ektiim  wid  seenri^  of  agrieattaiTe  which  will  ba  the  inheritanM  of  poiUtitj ;  and 
we  btgin  to  find  it  nktonl  that  in  Eaglaud — whrae,  &Gi:iinliiig  to  the  itandard  hitherto 
known,  ■gricnltan  slBads^  Mgh— Liebig  ahould  be  «debnted  ui  the-fbonda' of  a 
ntioul  tjUem,  in  oppoaitiou  to  the  pierioni  pnndy  empiiioil  one ;  and  that  he  shoold 
ba  OTerwhelmed  vith  laaditoij  demoiutntioni  and  niufea  of  honou,  in  inch  a 
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■carcdf  uij  oii«,  and  ceitainl;   no  fomgner,   hM  erei  aip<rieneed   theie."- 
hleiden,  Tit  Planl.  pp.  173-174. 
Under  the  aiupic«  of  the  Rojil  Agriculttml  Soeietj  of  England,  an  elaborate  ii 


le  Plant,  pp.  173-17*. 

'  '    '  "ticultoisl  HooetT  of  JSnalanL, 

with  the   1 
LiBbig*!  mineral 
theory  o7  agricnltnro  (j™™.  Roy.  JgHc.  Soe.). 

Bnt  experientn  did  not  realise  the  e^>ectBbio]Ui  which  had  been  entertained  af  '  ~  '^  ~ 
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88'B 

i,seo 

2,2** 

4,09* 

10 

17 

S3'S 

l,2t6 

I,4M 

2,671 

Comparing  the  amount  of  produce  obtained  by  the  xae  of  fermyard  manuie,  with 
that  obtained  where  only  the  aah  of  an  equal  quantity  of  the  Bine  manure  waa  used, 
it  IB  evident  that  the  nae  of  this  mannre  effects  aomeUiing  mere  than  the  meie  r«stora- 
tion  of  ash-constitiienta  to  the  land ;  and  this  result  alone  i»  anfBdent  to  ahow  the 
error  of  the  "  mineral  theoiy  of  agncultnra." 

It  haa  already  been  shown  that  the  land,  though  exhaTutM  in  regard  to  the  gtowth 
of  wheat  under  the  ordinaiy  ayitem  of  cultiTation,  was  still  rich  in  available  oah' 
eonatituenlB  (eee  ante,  p.  837)  -  eonaeqaftntly.  the  application  of  these  only  as  manure, 
Waa  not  attended  with  any  ineimse  of  produce  over  that  obtained  without  any  mannre, 
which  may  be  r^arded  as  the  meaaore  t^  the  eitant  to  which  the  natural  supply  of 
aii-tbod  by  the  atmoaphen  and  aoQ  waa  aTSilablA  (or  the  growth  of  wheat.  Bnt, 
wherever  ammonia  waa  soMilied  «a  mannre,  the  prodnoa  waa  always  mndi  increased, 
even  in  those  esceptionBl  instancM  where  it  was  nsed  alone.  These  reanlta,  then,  ar* 
in  direct  opposition  to  Liebig's  mineral  theory  of  agricnttnre.^ 

In  the  case  of  wheat,  the  amiability  of  prodnet' —  ' ^  '' 

exact  proportion  to  the  aah-ctinsdtuenta  supplied 
of  produce  is  proportionate  to  the  supply  of  nitit) 
prodnctioD  may  be  increased  by  niannre  rich  in  : 
alone.  (See  Ohatterley— 1S18~PjU1:  Mag.  zz 
with  aaline  manuree,  containing  nitrogen.) 
relatiTB  dt "  ' 


in~does  not  inereaaa  or  ditniniah  in 
o  land  in  manure^  bnt  the  amount 
m  in  the  mannre ;  the  ctqAbllil?  of 
[tri^en,  and  eren  by  ai 
.  170  :  Spoilt  of  ai 


It  ia,  therefore,  the  relatiTB  leAmeni^  of  the  anpply  of  nitrogenona  food  which  most 
be  regarded  aa  conatitutin^  the  principal  feature  of  Uat  eihaasdon  of  land,_in  i«8*i^ 


to  the  giowtli  of  wheat,  whuh  taba^aee  in  ^  ordina^  ro 


te  ^agricnitnial  praotiw. 
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HANDBE.  sn 

Similai  szHiilnimta  to  theme  abore  described  have  bMD  mada  on  ths  tiglit  land  of 
Karfolfc  ud  in  Ssat,  and  the  same  eaii«ial  Renlta  haye  beenaniTod  at.  (Sea  Lawet 
•od  Gilbait,  Op.eit.iwi.  207.  Triii.  31.) 

Tbew  taete  al  onee  fotniih  a  cine  to  the  Ametion  of  fannyaid  manure  in  tlie  growth 
of  wheati,  orar  anil  nban  tha  meie  netitation  of  anh-eoiwtitneiibi,  and  then  iIlDBtnt« 
the  impcstance  of  Jhe  accnmulation  of  anilable  ntlngan  upon  the  &nn  byUie  cnltiTa- 
tion  of  fiUlov-cnipH.  UoreoTBr,  the;  are  amdoeiTa  proof  that,  M  &r  aa  reUtaa  to 
incTeaae  of  piodace  in  vhast,  tlie  ndne  of  this  mannre  ia  moie  essentially  dependant 
upon  the  nn)!;  of  mtrogenoaa  malarial  whiofa  it  providn,  Chan  apon  the  reetontion 
of  eah-eonibtueDta  ranored  bf  foimar  cropa  ;  thi>n^  this  latter  it  a  neceesaiy  condition 
of  the  maintenaoee  of  feitilitj  in  regaid  to  long  period*  of  time,  and  one  whudi  alwaji 
obtaina  under  a  good  iTBteia  of  fiinwng. 

The  steiking  eonbaatpniMiited  by  wheat  and  tnrnipa in  regard  to  amonctofpn>dn«e, 
lAen  giown  year  aflet  jear  on  tlie  aune  land  vitbovt  maoiire,  clearly  indicHtea  that, 
in  the  enltiTation  of  the  tnmip,  iy  which  the  ezhaoation  of  land,  by  pranona  crops,  ia 
Mmpcntated  (br  in  ordinazyiaaeliee,  a  BnpfJy  of  air-food  from  «itliin  tlia  soil  regoirea  to 
be  provided  by  mannra.  Thongh  the  pnMuce  of  wheat — allowing  for  the  infloence  of 
aaaaon— was  tolerably  conitant  during  twenty  coueecutiTe  yean,  tiie  prodnce  of  tumipa 
was  reduced  in  three  years  to  almost  nothing.  Consequently,  the  capability  of  this 
plant  to  qipiDpriatd  the  food-materials  fnmiahed  by  tbnatniaaphere  daring  ita period  of 
growth,  ia  not  so  veat  as  has  been  supposed,  and  is,  indeed,  infbrioK  lo  tlut  of  wheat 

The  diftvent  yabu  ot  manure  in  regard  to  these  mops  respectiTely,  is  also  shown  by 
the  results  obtained  with  phosphates,  with  ammonia-salts,  and  with  'bnnyaid  manure. 
Supei^iol|ihates  q^hed  to  wheat  aSbrded  no  increase  in  the  amount  t^  produce 
OTer  uiat  obtained  without  manure ;  bat  with  tomips  it  always  Ineteased  the  amount  of 
prodnec^  especially  when  there  was  an  abundant  supply  of  carbonaceous  aii^food  pro- 
vided, in  addition  to  that  foniished  by  tLe  atmosphere  within  the  period  of  growth. 
Ammonia-salts  ^iplied  to  tomips,  either  with  or  withont  other  ingredients  of  manure, 
and  with  abandant  aappUefl  of  aah-constitQenta  in  the  land,  £d  not  increase  tiie 
prodnee,  or  promote  a  hTonnble  mode  of  growth ;  but  with  wheat,  imder  tie  same 
conditions,  they  often  doubled  the  amount  of  prodnoe.  Fannyaid  mannre — containing 
both  phosphates  and  ammonia,  or  its  eqiuralent,  together  with  a  large  amonnt  of  carbon- 
aceom  material — applied  to  wheat  did  not  increaae  the  amount  ot  produce  more  than 
60  par  cent,  over  that  obtAined  without  mannre ;  but  with  tnmipe  itJi  use  was 
attended  with  large  inerease  in  the  averse  weight  of  the  bulbs ;  and  when  soluble 
phosphates  wen  MSO  nsed,  there  waa  a  very  conaiderable  increase  in  the  amount  at 
prodnce  per  aciSL  ^is  difference  in  these  caaee  ia  chiefly  refenble  to  difference  in  the 
leqniicmsnta  of  thesa  plants  as  they  ate  cnltivated;  a  comparatively  mora  abundant 
supply  of  carbooaoeoo*  food  and  of  phospbat^e  being  necanary  for  the  tnmip,  wtdle 
wheat  requires  a  comp«ratiTel;  more  abnndant  supply  of  nitrogenous  fbod. 

The  amonnt  of  prodnoe  obtained  with  Liebig  s  wheat-manure,  in  the  tUrd  year, 
was  httle  abore  that  obtained  withont  any  mjuiure,  and  much  lesa  than  that  obtained 
with  &nn-yard  manure ;  bat  when  ammonia-salts  were  used  with  Liabig's  manure, 
Uie  amonnt  of  prodnoe  was  increased  nearly  inproportion  to  the  amount  of  nitiD- 
genons  mat^sl  supplied  either  as  ammonia-ealta  or  rapn-take. 

Biperiments  nuule  before  IBIS  by  Liebig  hinuelf,  with  these  manures  consisting 
only  of  ash-conslituenls.  did  not  furniah  any  indications  of  their  efficxy;  and  in  sabae- 
qnent  trials  upon  poor  uncultivated  land  at  Qiessen,  the  efi^C  produced  where  they 
were  used  alone  waa  very  slight,  compared  with  that  where  fbreat'earth  or  stable-monnre 
were  used  (Liebig,  Frindpiei,  pp.  40-46).  By  cnltiTatioD,  the  fertility  of  the  land 
gradnally  increased :  but  as  no  data  have  been  given  aa  to  the  composition  of  the  toil, 
Oie  amount  of  prodnce,  &c,  by  which  an  opinion  conid  be  formed  as  to  what  were  the 
latent  reaonreea  of  the  land — bow  much  of  the  reanlt  may  be  dne  to  the  influence  of 
tillage^  or  to  the  manure  produced  as  the  result  of  enltiration  only,  and  bow  little  of 
that  result  may  be  due  to  the  supply  of  ash-constituents  to  the  land  in  the  first  year — 
it  is  impossible  to  regard  thereanltsof  thswexperimeotsaa  constituting  any  eneption 
to  tlie  obserratioos  irade  elsewhere  m  to  the  efiect  of  aiaaon  consisting  wholly  t^ash- 
oonstitnents  of  planla. 

The  fiulare  m  Liebig' s  wheat-maance,  and  the  ineSeacy  of  the  ash  of  brm-yard 
manure  have  been  ascribed  to  their  deficient  solubility.  (See  Liebig,  Eiiddimym 
dit Hatargactri  da  fWifiituM,  pp.  70  «tMg,  ;  Internationa]  Bihibition,  1862,  BeporU  by 
the  Jitria,  p.  161.)  This  opinion  may  be  urged  aa  an  excnae  in  those  instances,  but  it 
haa  no  applieability  to  the  other  instances  in  which  the  constituents  of  the  wheat- 
mannre  and  of  the  ashes  wen  used  in  a  very  soluble  condition,  and  wera  nererthcless 

auslly  inefSdent  in  augmenting  the  produce  beyond  that  obtained  without  manon. 
le  state  of  enhaostion  could  not.  therefbre,  consist  in  deficieiu^  of  ash-constitnenta ; 
and  the  results  obtained  by  the  oae  of  ammonia,  eren  alone,  or  with  IhoM  manuitt^ 


ubjGoogIc 


cIcuIt  proTS  that  tha  nUtiTS  deflmmkn  cf  nitromsoiu  voppl^  iridiill  ths  paiod  of 
gnnrui,  ini  the  main  f^Unn  of  the  ezhanstioiL,  the  determmuig  mum  of  tha  tmaH 
Mnoant  of  Dndnce  i»  the  nnmadnred  land,  asd  oftlie  ineffliaMy  «(  tho  Kilnble  uh-oon- 


, }t  aUoof  tbefamjudmainiMaihuidof  Li«big'«     .  . .. 

"Buaa  itmaha,  therafore,  aliDV  that  all  h^w  of  obtautbg  MUliul  oirpa  oteorn,  or  of 
isowaiu  the  amoBDt  of  praduce  of  <ai^  gMNnll;,  b;  meatw  of  manvM  Mnuutiiig  oiUj 
of  the  aih-4outitaata  of  the  planta  grown,  mut  b«  mtiNty  abandoDed ;  and  that,  aa 
mnirt  be  adopted,  of  »D 

, , .  ilBraeonreCTot  tiiaiai 

idectiTe.  The  aitiflcial  rappl;  of  nitioaaioiia  air-fbod  U  the  only  meaui  bj  which  a 
ftdlagricoltnialcnwof  core  can  be  obtained  year  after  jear  &om  otdiuai;  laud.  Bat 
■iiuyi  the  aonrcee  of  ammonia-nltl  at  fvewiit  aTailable  an  inadequate  fbr  that  por- 
poH,  it  in  erident  Umt  a  rotatioo  of  cropa  it  an  indiapenaable  featon  of  a  afiteui  of 
•gricnltiira  where  the  prodnction  of  com  ia  the  chief  object,  and  where  it  ia  neeoaa 
to  obtain  a  large  amount  of  prodnce.  The  inercaaed  mpplr  of  nitrogen  atored  np  ft .  . 
atmospheric  aoorcee  by  the  cuItiTstian  of  bllow-oopi,  and  made  available  \n  cattle- 
feeding  for  the  production  of  mm,  mnat  at  the  aama  time  be  nipplementad  by  tha 
prn-ham,  frnm  axtraneona  soareea,  of  nitrwenmu  manure^  and  cattle-ibod,aa&iaami9 
be  practicable  and  profitable  in  paitienlar  uiatancea.  In  tha  caae  of  land  lidi  in  aah- 
eonatitnenta,  the  attifldal  auppl;  of  niliogenaDa  mannre  maybe,  to  some  aztai^  aabati- 
toted  tor  rotation,  and  cattle-feeding,  BO  aa  to  obtain  la^jer  and  more&eqnantctffn-er^a; 

It  appaua,  therefore,  that  instead  of  reforming  agBeoltore  bj  hia  maDnreo,  Liebig 
eaoeed  them  to  demonitrate  t^e  inaorrectoeeB  ct  hia  mineral  thecay  of  agriealtare ; 
and  the  fsilare  of  thoee  manoree,  &om  the  qiplication  of  irtiieh  &rmca  had  been 
induced  to  anticipato  (nch  wonderM  reaulta,  natnrallj  prodnoed  a  renlaian  of  o^nion 
which  waa  eometiiaae  eiprened  in  a  manner  not  altogether  free  fn»n  ezaggented 
oppoaitioD  to  the  views  put  forwaid  byLiabig.  l%na  the  FreaideDt  of  iheBoyal 
^ricnltnral  Sodetj  of  England,  after  remartin^  in  hia  annnal  addrea%  that  "  the 
mineral  theoij,  haetilj  adapted  by  Liebig,  had  bnAen  down  j  and  that  the  doetarine  of 
the  ilumaae  or  diminntion  of  nope  being  exaeth  proportionate  to  the  incieaae  or  dimi- 
initi<m  in  the  qnantitj  of  aah-eonititDenta  anpplied  to  them  in  Diaoare,  had  receiTed  ita 
death-blow  from  the  e^terimenta  at  Bothamated,"  went  on  to  etata^  tiiat  of  tha  aetiTe 
wineipleB  of  manure^  """■"■'»  waa  ipadallT  nuted  for  com,  phoqdiatea  fbi  tnm^a. 
(Pnaey— ISfiO— Jbvr.  Bo;/.  Agrie.  Bot.  zzii.  883-402.) 

Tbia  oipnaaion  of  opinion  bj  a  piadJeal  farmer  mnat  be  regarded  aa  ^^jiiu 
ehiefi;  U>  the  artificial  inppliea  of  mannre  tequirfd  for  difRirent  cmtirated  plante,  ai^ 
not  bj  any  means  indieaUve  of  the  idea  that^  m  regard  to  the  nutrition  of  planta  con- 
■idered  apart  from  agriealtare,  anj  one  or  other  constituent  of  plant-food  poeaeaaed  a 
nieeial  Tslne  independeiit  of  others.  The  arrouoooi  Mtimate  Liebig  has  formed  of 
tha  opiniou  held  in  tbia  coantrj  respecting  manore,  haa  no  other  bams  than  the  snp- 
poailion  that  each  an  idea  haa  been  entertained,  or  else  the  want  of  a  doe  comprehanaion 
of  flla  fiamar'a  atrictlj  techniisl  riew  of  this  Babjact  bailiff  limited  to  the  conaideratitHi 
dt  materials  to  be  prorided  over  and  above  thoae  aup^^ea  which  are  famished  bj 
oidinaij  pnctice,  either  from  extcaneous  aonrcee  or  by  modifleationa  d  that  practice. 

Hat  emneona  «^'"«*"  has  also  given  riae  to  mnoh  of  tha  controveraial  cppoaition 


whuA  Liebig  has  manifM«d  towards  the  condnskm*  anived  at  by  the  reaearohea  of 
iiawes  and  Oilbert,  Ihongh  virtoally  edmiting  those  condosion^  and  materially 
modifying  his  own  riewa  in  accordsnae  with  oem.    It  has  alao  led  himtoimsgiiie  that 


the  gencsal  doctrine  of  plant-nntritiim  haa  been  aalled  in  qneatfon.  Bntfliat  ianotthe 
ease ;  nor  haa  thia  genenl  doctrine  ever  been  disputed,  except  in  SO  hr  aa  rdat«a  to  that 
extreme  fbrm  of  it,  adopted  b;  Liebig,  according  to  which  carbonic  acid,  water,  and 
ammonia  are  held  to  be  tlie  only  soorcee  of  the  organic  constitaeuta  of  planta. 
(Sanaaare— 1311— "t^  la  Nntiitioa  dea  V^taox.^— fiiM  UBiv.  xxxtl  SIO.— 
BeraaliiiB— 1S42— iAiAr«tieriaM,  xiii.320.~Halder,op.«f.— Uohl,0p.  nf.  p.  78.) 
The  ori^nali^of  that  Hxtreme  view  waa,  indeed,  dispnled  by  Duma^  by  whom  it  waa 
also  put  forward  aboot  the  same  time.  (Damaa — 1S41 — "  3ar  le  Bdlo  qoe  jooe  I'sir 
stoiosphiriqae  dana  la  nature,  et  nir  Taction  qn'il  eierca  mr  tons  lea  Atree  organiaia." 
Bee.  anmf .  nufwf.  H  238,  and  Ottaiedl  and  Fhytiolofficai  Baiance  of  OrgtBiie  Nature.) 
Bersalina,  in  eritld«i)ig  that  dodvint^  lemaAed  thal^  while  it  was  atiD  unsai^iated 
Yn  any  aneriuaital  evioowe,  it  was  so  opposed  to  general  agricnltoral  experieaee, 
that  it  cDDld  not  erm  be  regarded  MprobaUe;  thongh  it  manifested  mochgenins  and  in- 
■piration,  and  had  bM9  piopoiinded  with  tbs  art  peralitr  to  I)  n  m  aa,  bnt  Iw*  oalcDlatfld, 
In  aonndneaa  of  BTgnmBnt,  to  overcome  the  donbta  of  (hose  acqnainted  with  the  Eat^ecti 
than  to  imioeaa  othera,  leaa  cogniaant  of  it,  by  striking  mansar  and  positive  assertion — 
the  moat  efficient  means  of  n^tdag  precipitate  sdendflc  coucloeians  generally  poptnlar 
(Jalro&frictf.xiii.  220).  In  reference  toLiebig'e  views  on  the chrmiatry  t^ ^Henl- 
tare,  he  alao  remarked  Chat  the  mode  in  which  he  bad  sooght  to  decide  qaeetioiia  of  the 
higheat  impoitanca  for  that  artj  had  met  with  greater  recognition,  aa  being  parfeotlj 
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tmstvortb?,  than  wm  conmstent  with  ths  itate  of  knowledge  at  tlut  time.  Of 
Bunsaing»ult,on  the  oontisrj,  who  huA  fallowed  "the  difBeult  uid  Isborioiu  course 
cf  deddioff  ewiy  quntion  liy  oxperiineDt,'^  ha  remarked,  thftt  "hi«  tuiHwer^  thaogh 
not  so  rapid,  were  mosdy  truslworthj."     {Jakrabmclkl,  ni.  236,  23S.) 

ThediSeFeucethiuearljrecognisedbfBerEelingbfltweenLiabig'gminsndtliMaj 
of  agricaltnre,  and  Boissinsaalt's  Tiews  on  the  sBine  Bubject,  has  been  taOj  con- 
flimed  by  the  rasnlU  of  eipcnutce.  Tba  tcrmfr  may  be  looked  ajKHi  as  ■  thing  of  the 
past,  the  enoT  of  whidt  haa  been  demonstTBted  by  the  entire  Ciiluie  of  ths  attempt!  to 
cany  into  praetioe  it*  fOndameDtal  prii>d[de  aa  to  fertility  and  manonL  The  latter, 
thoogh  modified  m  some  paiticDlaii  by  their  derek^mCBt,  and  by  the  pragreaa  of  !•• 
■eaich,  have  been  fband  in  the  main  eoneet,  and  an  eapported  by  the  extended  leralta 
obtunad  by  Lawes  and  Qilberl^  in  the  series  of  experiment  they  have  condncted 
npon  a  winking  acalt^  daring  the  last  twenty  yean,  with  a  strict  regard  to  actual 
practice  in  thefteld,  and  in  Uu  bboratoiy,  with  ill.  the  nSaement  of  modem  methoda 


abetnct  tbeoiy  of  pUnl-natritioa ;  bnt  it  tpLatfe  solely  to  the  ordinary  syston  of 
agricultnnl  prai^tice,  and  chiefly  to  that  branch  of  the  "  mineral  thetny"  of  agriculture 
propounded  by  Liebig,  which  compriaea  the  principlea  of  mannring.  Ltebig  ascribed 
fonilily  aad  the  efficacy  caC  mannn,  solely  t«  the  amoont  of  aTailiible  ash-coDHtitneiita 
in  land,  and  the  advaotagea  of  rottlioii,  maioly  to  the  nue^nal  reqniremente  of 
diffivent  plants  fin  those  snbstaneee. 

Lawea  and  Qilbeit,  on  ths  contmiy,  have  shown  that  fertility  ia  not  proportionate  to 
the  amount  of  available  Hsh-camtitDCiita  in  land ;  that  the  efficacy  of  manure  is  not 
proportionate  to  the  anount  of  Bah-eoaetitaentji  it  oootains ;  that  the  exhanstJon  of 
und.  in  the  ordinary  practice  of  sgricnlture,  consistB  chiefly  in  a  deficienay  of  nitzo- 
geuous  food-matflrial ;  that  the  adyantage  of  cotatioa  consists  more  in  the  aeenmnlation 
of  nitrogenooB  and  eubonaeeoas  food-materials  in  the  farmyanl  manure,  than  in  the 
difference  between  the  ash-coostttnents  taken  from  land  by  corn  and  bllow-crope;  and 
that  the  reqoiiementa  of  cultiratad  plants  cannot  he  measnied  merely  by  the  icaolU  of 
their  analyeea. 

The  steriing  value  rt  the  results  thai  obtained  is  not  overrated  by  the  Opinion  ex- 
p^'eescd  in  the  anoual  address  of  the  Prtaident  of  the  Boyal  Agricultnnl  Society  of 
Knglind,  that  "  during  the  last  twcmty-fiva  yenrs,  there  has  not  been  any  addition 
mnde  Ut  our  knowled^,  which  approaches,  in  importance,  to  the  insight  into  the  bne 
minciplee  of  cropping  and  manarioa;,  obtained  on  the  experimental  farm  at 
Bothamstcd."    (Thompson— 1884— /oum.  Fog.  Agrie.  Soc.  xi».  4.J 

The  parliculai  conclasions  and  general  views  which  have  been  amved  at  by  Iheee 
reeearchee  have  been  vehemently  dupnted  by  Liebig,  who  hae  songht  to  maintain 
that  they  are  at  onee  totally  erroneons,  and  perfectly  confirmatory  ci  his  "  mineral 
theory  rf  agriculture."  (Liebig — U6\ — Letttn  on  Chfmttry,  3rd  edit. ;  IBfi6-~JVin- 
eMei  of  J^Tte.  Chtmutiy;  1863 — Sattirat  Laat  of  Sut&artdry,  Einteitunff,  &a. — 
Hofmaan,  Op.  dl.  p.  ISO.) 

This  pnradoiieal  pOBition  has  been  anived  at  by  a  nngnlar  process. 

It  is  aoDlended  Chat  the  "mineral  theory"  of  agricultnje  comprised  ammonia  and  ita 
'  salts,  among  the  nuneral  substancee  which  were  considered  to  determine  the  (aitility  of 
land  and  the  efficacy  of  manure,  and  which  it  was,  eonseiiaenUy,  neoeasaiy  to  retun  ol 

'- to  land,  in  order  to  ma    ■   '  "  - " -  -     -  • 

c.  Chematry,  p.  90.) 

claim,  howeTtt,  is  quit „ ^ 

views,  and  with  the  pointedantitheeis  constantly  maintained  in  all  his  writings,  between 
the  atmospberie  food  of  plants,  carbonic  add,  water,  and  anunoniii,  whether  furuiafaed 
directly  by  the  atmosphere;  or  indirectly  &om  within  the  anil ;  and  those  materials 
derived  exclnsiTely  from  the  soil,  which  "are  mineral  mbatancea,  and  as  such  are 
indestructible  by  fire,  and,  consequently,  remain  aa  ashes  after  the  incineration  of  the 

Elaots,  or  of  thmr  parts."  It  is  also  kncOHsistent  with  the  general  interpretation  of 
is  "  mineral  theory  "by  other  writers  on  the  eabject.  (See  Horeford — 1S16 — Genetft 
Farnur.Aog.  ISGfi. —Wei BsenborD~lS«7—i^arai«r'eJlf<^<mne,—8chultse— 1848, 
Afiuncan  Patent  OffictSeport,  1819. — Johnston — 1848 — Jow.  Boy.  Agric.  Boe.Bng., 
ix.SS3.— Pnvis— 1844— 7V<n'fJd:(t^)nM({««ifj,pp.423,e23,  634,  627,  832.— -Bous- 
aingaiiilt—l%Bl—EamimieRurt^,u.6l.~Nort\BriluliAgTicidturi4t,SoT.1,lS6B.) 
Moreover,  it  is  cettain  that,  in  the  spedflcation  of  the  patent  which  was  the  embodi- 
ment of  Liebii^a  "  mineral  theoiy  "  in  ralation  to  practical  agricnltnra,  ncdther  ammonia 
—  .-^ — ... j...i..a... .i__.! — »|substance(         ''       ■  ■    ■■ 


eiipply  to  land,  in  order  to  maintain  or  increase  fiutitity.     (Liebig — ISJlfi — Prineipl*! 
ojAgrie.  Chematry,  p.  90.) 

This  c|aim,  howera,  is  quite  inconiiateiit  with  Liebig's  original  exposition  of  his 


"TJL"-ia- 


salts  were  included*  among  the  mineral  substances  mentioned  in  the  recipes  and 
»  te  ]•»  Ihan  O-Amt  unt.,  coirtipiHidlns  to  It 
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diieetioti«aiTenb;liinitnlliepi«pM«tionof  maiiitn«(*Mp.SlE).  In  tlie  "Addrat" 
also,  thDQgh  anunonia  wu  lUtcd  to  hars  b««a  addsd  lo  tbe  mannTe  in  the  flnt  jsar,  still 
the  ivospect  of  being  abls  to  exdode  it  altogethsr  usi  spoken  of  as  probable  ;  and  in 
d  edition  of  (he  Z«Mer(  Ml  Cimutr;,  IbSI,  (p.  SOS),  a  whds  letter  was  derotad 


to  the  attfament,  tEiat  an  artiScial  aopplj  of  niliogen  mw  quite  a  mattAC  of  indiflbtcuM 
(p.  SIS)]  for  tbongh  such  a sapply  mmld  exardse  a  bTonmble effect  on  v^etstion,  still, 
u  it  were  not  giren,  all  Hie  nqoiiita  nitrogen  iroald  be  obtained  ftnm  the  atmosphen^ 


(p.  618.     See  al«>  JUgmimiu  Zntung~l»67—llo.  157.) 

In  the  critidsm  of  Xave^  and  Gilbert's  experiments  and  Boncliuiona,  Liebig 
has  assumed  that  thn  IwTe  nguded  certain  snbetances  as  hanng  a  speciflc  Taloe  as 
malcriaU  of  jdant-food  in  an  abatraet  point  of  riew ;  but  this  aasiimptioD  is  iuiA>nnd«d. 
Tbeit  ejcpeninents  haT9  only  led  tham  to  eonsidm  that  in  a  pnctiol  point  c^  viev, 
and  in  nUtiiHi  to  the  existing  [osdioa  of  i^nonltiire,  in  this  eonntiy  e^Moally,  thoss 
jiMteriris  of  plant-fbod  aoqnin  a  pi^oodemting  Taloe  as  manon,  which,  like  ammonia 
in  the  OMe  at  oora,  beoome  lelatiTelj  defteient ;  or  which  are  <^>able  ol  determining  a 
f^™!^  modeof  growth,  like  phonhoric  acid  in  the  ease  of  loot-cnwa ;  that  thevare 
the  matmials  to  be  snnilied  artifleiallj,  not  with  the  otijeet  of  waiting  the  anillatAe 


Msonrees  of  land,  bnt  in  order  to  preiant  these  from  Iriog  idle. 

Herein  Ilea  a  diffirsnoe  which  Liebig  has  eithar  biled  to  ^     ..     .... 

disregarded ;  and  it  is  a  difhrenoe  of  Uie  highcat  importance.    The  pncticai 


for  rolM  by  which  his  practice  maj  ha  improved.    There  is  probably  n< 
•ngnatiiMu  for  improycmeot  have  tmeo  mcffe  eageri;  aocepted  during  tl: 
or  thir^  years  than  in  igrietdtiire ;  bat  when  Boch  snggntiona  are  tes(  _  _ 
wanting,  the  practical  nature  of  sgDcnUare  daaand*  their,  abandonments 

So  it  has  proved  with  Liebig's  i^pUaatioaof  his  theorf  of  plant-nutrition  tosgri- 
enltme.  Looking  only  to  the  ash-eonstitnsilts  of  plants  of  toils,  and  of  mannte,  he 
has  laid  down  mles  tea  agrionltnral  practice  he  has  ptescribed  mannres,  and  written 
elaborate  M^ositions  (tf  the  Tarions  operadon*  of  cnlttire,  wtueh  in  every  sii^  instance 
foiled  to  bear  the  test  of  experience. 

But  where  the  enquiry  into  this  sn^ject  has  been  conducted  in  %  more  eathohe  ^urit^ 
— '  by  a  method  at  once  more  philosophical  and  more  direoUy  relating  to  the  mling 
lidons  of  practical  agriculti^  as  in  the  enerimuits  of  Bonsainganlt,  and  oi 
r  e  B  and  0 1 1  b  e  r  t,  the  reeolta  obtained  are  ealcal&ted  U>  aflbrd  materials  for  a  Ispti- 


costomary  routine  of  agricQltural  prscticfs  however  defbctive  it  may  be  in  pai^ 
cases,  baa  become  estaUished  by  obeervation  and  experience,  and  hrUie  exerciae 
of  the  same  mental  Amcdons  which  an  employed  in  scientifo:  rceoareh.    Thonsfa  thrar 


9  naj  be  limited  by  the  practical  otgect  in  view,  then  can  be  no  doubt  th«l, 
in  reality,  agricoltural  cnstoms  represent  nabuil  focts  to  a  grraler  extent  than  seienoe 
i«  jet  competent  to  explain.  To  those  who  do  not,  like  LiebiK  considjv  the  Ihrmer  to 
be  "  destitnle  of  all  nnderatandina"  the  pi^odicss  chanclenstic  evoi  of  the  rodret 


which  lie  at  the  root  of  the  practice  adopted.    Howeverragoe 

DIM  luiintelligible  such  prqudices  and  empirical  mles  may  appnir,  it  is  from  the  con- 
■idiralion  of  them,  that  a  clue  may  be  obtained  to  the  scientific  elucidAtion  and 
iminovement  of  igriculturs.  The  sciHnce  which  is  to  be  of  value  in  agriciiltiin%  and 
whose  value  will  oe  recognised  by  fBrmers,  miut  grow  out  of  the  pracOfe  of  the  art. 
and  the  patient  ezsminatioQ  of  its  various  detuls,  and  not  be  a  mere  Bpecnlnlire 
sraf^ng  iqion  it  The  aceumulateil  data  of  ordinary  experience  must  funiisli  the  biuia 
for  its  coostmctiDn,  and  its  doctrines  must  rest  upon  evideoce  of  reality,  not  upon  mem 
prohabilitT.    It  may  be  a  slow  growth,  bat  it  must.be  a  sure  one. 

Meanwhile,  it  is  no  reproach  to  the  former  if  he  adheres  to  the  systnn  which  he 
knows  by  experience  to  have  brought  him  certain  nsolts,  or  that  he  reflues  to  adopt 
another  system  until  he  has  sufficient  proof  of  its  being  more  advantageous  than  thitt 
with  which  he  is  fomiliar.  This  natnral  cmssrvative  (endnncy  has  been  strengthened 
by  ths  foilnres  attending  the  prematon  appliution  of  scieotiflc  doctrines.  This  ie 
really  the  reason  why  fonners  are  in  mnny  caan  avsFBe  to  the  adoption  of  improve- 
loents  eoggcsted  by  science.  It  is  not  bocauBp  thej  ore  "  defltitnte  of  all  uaderat&nding." 
or  because  thej  pretend  to  deny  the  eiiBtence  of  any  cuonectlon  between  sdentifln 
doctrines  and  the  phenomena  concerned  in  agriculture,  but.  bfcauie  it  is  gtill  question- 
able whether  tboee  doctrines  really  furnish  the  meoiu  of  improveraenl:  For  thia 
reason  the^  prefef  to  be  guided  ^  tradition  and  experience,  rather  than  by  untried  pre- 
cepts of  acientiflo  EpeeoLilJou.  &  there  be  an  estalilished  and  invuriabU  connwjtion  be- 
tween thepradiceof  rotation  with  eattle-feedni£  and  the  prolitnblerrtult  of  forming— 
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'betvetn  tlie  tin  of  niper^ioaphalM  ukd  the  jmidiietioQ  of  &  Urge  mot-aop — between 
the  OM  of  nitivaeiioai  maniiTe  and  the  incieiiB  of  oon-ttopB— tlmM  pnetieea  will 
cmtinae  to  be  adoptad,  and  thc^  will  eonititnto  Om  aei«nttfie  pnctice  of  anienlton^ 
qnite  iikdc^«iidant  of  tha  quetioii*  whetber  m^^erpbntptutt  or  aiiimiKiU  nave  anj 
apacial  Tan*  as  matariala  cii  plant-fbod,  or  what  b««om««  of  tboseportuaa  of  than 
lAidi  an  mpplkd  u  muunre  and  «•  not  obtained  in  tb«  eii».  Thne  tM  abstract 
■sientilc  qaeatioot  of  hi^  intcmM  for  the  chemiet,  and  of  raabla  in^cctanae  to  the 
fUnteof  agricoltBN;  b«t  thcjdoiiotooiMeni  the  tonur,  whose  buiBeai  U  to  jooditae 
food  with  anch  mcMM  m  are  at  hit  diepoaaL  It  would  be  a  nn  illogied  coiHihiai«» 
that  the  facta  obserred  at  to  the  influeiMe  of  arlilleialanpplieaof  ammooiaaadasper- 
pho^h^ea  upon  the  gwwth  tt  odfii-  and  raot^tvpa  •hotild  be  diingatded   beeanas 


and  it  iaeqnallj  irrational  to  denoimeekteKfid^  and  an  eiror,  the  applieUiai  cd!  tboae 
'    '        '                  it knoiriedge wiU admit  B.B.P, 

Sjn.  with  BuiTDn.  (9ee  Znro,  BuLnuun  ov.) 
M^^»^"  SeeLaoaton  (p.  697).— ChuTeh  (Cbem.  Soc  J.  zrii  379)  haa 
latelf  ■"■"'"-^  the  colourina  maRer  of  the  Blue  Foreet  Uarbls,  and  haa  ihown  tliat 
the  eolomina  material  of  the  dark  bands  which  ocea^  Che  ceotnl  ponion  of  the  Tarioiu- 
naed  ilaba  into  which  the  atmie  has  iuti]i>Uj  dinded,  oonsists  of  iron  pj^taa,  while 
the  paler  jellow,  brown,  or  boff  tint  of  the  outer  ports  of  the  slabs  is  doe  to  ferric  oxide 
t«udting  h"   '"- '-'-' — '  '"" '-'--     " i-ii-  .1.-.  .1-  -  . 


in  P7rit«a.    (See  Iboh,  SiJimtias  of,  p.  403.) 

nmiite  (manganie  onde) ; 

,  te  oacni:  odde),  frran  the 

■ootben  pait  of  Bad  Btver.  in  the  neuhbonrhwid  of  Honnt  Witchita.  Hsidnesa  ~  S. 
Specific  nsvit;  —  I'O  to  4'1.  In  the  Oame  of  a  candle  it  melts,  and  aoqnires  a  bine  or 
green  ooLnr.  On  charBoal  it  givea  off  Tapours  of  chloride  of  soniei,  and  ultiotBtalj 
leafea  pure  oopper.  In  the  pulTerieed  state,  it  diesolTes  oompLetel;  in  ammoniK. 
CoBtaiui  643  per  oent.  copper,  362  chlorine  and  oiTSsn,  and  B-5  waCor.  (C.  U. 
Sbepard,  SiU.  Am.  J.  [2]  ai.  2M.) 

Syn.  wiUi  PnULvrown. 

"'h^|°-  {=«'"»«.  Pogg.  Ann.  di.  372.)— 
o  an  acid  intennediate  between  staaric  and  palmitie 
adds,  snppawd  to  be  pcodnoed,  togethm  with  oUiet^  b;  th«  suonilcatioo  of  e(did 
natnral  bt«;  bat  it  it  now  reMnoted,  tar  Masons  pvMMitljr  to  Im  mentiated,  to  an 
•rtifieially  prspandbtt;  acid  «f  the  aerie*  OHM)*,  rtvolting  from  •  dednits  reaction. 
m.  .ir^iinoi  JtfaryriH«ari(l.^rhi*  add  iipiodaeed  l^thaaotion  of  potash  on  cjanide 
of  e<^l  (maigaronitrile) : 

C"H"N   +   2HO     -     CH^O"  +   HH*. 


Aj  milisd  to  ai 
e  prtMinoed,  togc 


CTanide  of  e«^l  (oilf,  see  i  Ml)  is  oontinoouslf  boiled  with  alcoholic  potash,  till  am- 
monia is  no  hmoer  given  OS,  and  the  lesidne  has  become  solid ;  this  rsaidne  is  then 
deeon^caed  by  bmling  dllnte  bjdiodllttic  acid;  tha  asparated  fUtraoid  is  ahaken  up 
withnqneonaammoma;  and  the  tnrbid  lolDlaon  is  preeifdtatM]  by  chloride  of  bariiua. 
The  predpitat*^  aAw  being  washed  with  water  and  with  alcohol,  and  repeatadlr  boiled 
with  ethrr,  yiajd*  t«  tUa  aolvent  an  oS,  iriiidt  aolidifles  in  the  cold,  mdta  b3ow  40°, 
and  baa  the  eoM^caition  of  amiztanof  oe^lieether  aodcal^Ua  ^debydsi.  Thena- 
disBolTedbMihm-saltisdsaoinpoaedbTBgitBtioawithhjdrocUkaicacidaDdatlMa';  and 
by  pipetting  off  the  ethereal  Uqaid,  and  distilling  ofFlbe  eAa^  ondevellowiah  ma^Wio 
acid  IB  obtuoed,  melting  at  60-tfl,  and  aolidi^ing  In  fcalea  and  floe  n«edkc  ^is 
acid  may  b«  naolTed,  ^  sersral  e^staUiaations  from  alcidid,  repeated  partial  pse- 
cipitation  from  the  sdntian  of  its  sodium-salt  by  aeetate  of  msgoeainin,  and  snbse- 


jmployod\w  ,     .      , 

inwiesmm.     (Heinta.) 

The  portioni  last  precipitated  by  acetate  of  magnasinm  yield  n 
after  it«  melting-paint  has  been  raised  tn  repeated  crystnllisation  I 
*  "        "     entioned  belo 
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lutnnl  &ta,  ware  mixtans  of  it««ric  add  witi)  jwlniitie  Mid,  or  otliM'  acidi  of  lov) 

Ibi^iic  Mid  ftonw  wliita  afysUli,  odtiiig  U  £tl'0°,  and  •olidifying  in  crrstalliaa 
■f»ln>iin  eoiding.  Itmataios,  aceordiiu;  tothemeuiof  Beisti'itiul^e^  75-UU)16-SS 
per  ecmt  cubMi,  and  I2'61  to  12-fi7  hjdrogen;  the  fbrmnla  i«quiiing  7S'M  otrbon, 
12-69  hrdrogea,  ud  11-BB  oijgen. 

Botfewirf  tiie  margftratet  hare  been  prepared.    The  bariunt-Mlt,  CWBuO*, 


r  jiddiBg,  hj  au^aa,  60-39  per  eeoL,  C,  S-80  ^ 
«  reODinaff  flO<44  C,  978  ^  and  22'S7  BaK). 
The  »iiver-*aU,  0"H"AgO*,  oMtin^  in  like  manner  by  praeipitation,  dries  np  to  a 


-and  22-40  BaK) ;  the  fbnnnla  reaairitiff  flO'44  C,  978  H,  and  22'S7  BaK). 


a  povdet,  contaioing  SS-ST  par  cent.  C,  8-T4  H,  and  28'U  Ag 
<calc  64-11  C,  8-76  H,  SB-et  Ag,  and  874  0). 

The  tadivm-laU  ia  ^qarad  bj  adding  a  boi^ng  aaneaua  ■olntiOD  et  purs  ndie  car- 
bonate to  a  boiling  aloofaolie  aolation  of  mar^uie  acid,  oTapontins  to  diynesa  over  tba 
mter-batli,  ezhaostina  the  rendoe  with  bailing  altobol,  and  flltenng  hot  The  flltrat^ 
Khich  aolidifiM  to  a  jellr  on  cooling,  ia  liquefied  W  heat  and  mixed  with  Tatar  in  th* 
jn^nrlian  of  oae-«glith  at  the  Tolnms  i^  the  alcohol  employed,  whereby  a  mothw- 
Uqnid  ia  formed  which  talcea  np  an;  fortigii  aalta  present.  On  agun  ■cilidif)'iti^  tha 
Mjt  ia  ccJled^d  on  linen  Bod  stfonglj  pvased. 

B.  The  »o-tatled  maigaric  acid  obliwud  ij/ bonification  of  natural  fat*. — 
Chevrenl  in  1820  diatingniehed  the  aolid  ocida  nsidting  bom  the  Baponiflcatian  of 
tkti,  aa  margaric  acid  and  margaroaa,  afterwards  steaiis  acid;  the  finmer 
melting  at  S0°  the  lattM-  at  76°,  and  aolidifjriiig  at  70°.  He  did  not  coniider  the  dif- 
ference between  the  twoacida  to  be  fullj  estabCabed,  bnt  ■ogaeatsd  that  maigaric  acid 
might  be  a  miitore  of  atearic  acid  with  anothra  add  more  fu^>Ieand  richer  in  oijgan. 

The  Jatt;  acid  melting  at  60°  was,  boweTer,  Kftorwarda  examined  bj  anaral  ehemiata 
(asetlerhardt,  TVm'fj,  li.  R3G),  and  regarded  aa  a  separate  add,  haring  the  eompoaitian 
C"H''0';  and  thia  view  of  its  nature  continued  to  prevail,  till  H«int^  inaaerin  of  rs- 
■earehen  pabliahed  in  1862  and  subaaqncBt  years,  showed  that  it  waa  not  a  diMiiuit 
acid,  but  could  be  separated,  by  certain  pioceasa,  into  staric  acid  aad  other  HUfj  adds 

lichee  (t< 
lowing : 

1,  All  the  adda  obtained  in  the  aapouification  of  &tB  ""'•*'■'  an  «Ttn  number  ti 
carbon-atoma  {C  •  121 

2.  The  maigaric  acid  of  most  ehemiata  ia  aeparable  into  palmitio  and  atMoie  adda. 

5.  Fattj  acids  maybe  mixtorea,  and  not  definite  componnda,  eTen  thon^  ncoth* 
thdr  compodtion  nor  tJteir -melting-point  can  be  altered  bv  lecryataUiaation. 

4.  Suohmixtnra  may,  however,  l>e  aepaiatad  by  paitiaf  precijiitatian  (p.  474). 

6.  Thej  diffir  fton  pare  adda  aa  regarda  their  malting-pomt  and  taeir  mode  c' 
aoUdijyiBs. 

Heiuts  naa,  morearer,  determined  with  acenra^  the  melting-point,  compoaition,  sod 
many  othai  properties  t^  the  &tty  adds,  and  has  also  drawn  ap  tables,  hereafter  to  b« 
giTen,  of  mutnres  of  fat^  acids  of  known  composition  (see  Mnisnc,  Fkunnc,  and 
SiaABio  ACIDS ).  From  these,  and  the  invaatigationB  of  otitcr  ehemiata  sabeeqneotly 
^bliahed,  it  appears  that  the  nature  of  the  bodies  dwzibfld  oa  maigaric  add  is 
probably  as  follows 

a.  MargaTK  aoie    _ 

mixture  ol  about  BO  per  cent  palmitic  add  a ,_ , 

probable  from  the  diciunatanee  that  it  crystallises  in  needles  on  cooling.  Of  similar 
DHtnK  are  doubtlnu  the  margaric  add  ol  Varrentrapp  (Ann.  Ch.  Fbann.  xxxt. 
-84),  obtained  from  hnman  &t ;  that  from  gooae'Ettby  Qottlieb(iMi  Itii.  66);  (toni 
iriiea-bntterby  Thomson  and  Wood  (J.  pr.Ch«m.riTiL  287),  and  many  othen. 

b.  MargaTK  acid  of  Biomeis. — The  ac^  obtained  by  oxidi^OB  of  stearic  acid  ia 
Qsdeecmposed  stfarie  add,  wliich  owes  its  lower  meltiBg-poiat  to  assodatica  wilh 
volatile  adds  (see  Sraauo  aom}. — Bespeeting  the  margane  odd  whiiA  Broneia 
(Am.  Ch.  Pharm,  xxxt.  93)  cAiained  from  ii^iiM  oUie  acid  by  the  action  of  nitiio 
odd,  see  (kno  acm. 

«  acid  ^f  Bedtcnbaciher  and  Tairentiapp — That  of  I 
.      ■•      ..  J -11  .-..    ..  ....  ._. .  .  .t.   _i ... ^  according  ■    "  ' 

-   661  obtained  by  the  diy  distillation  <^  beaf-snet,  hog's-lara,  olive-oil.  or  erade  oleic 
add,  donbtleas  varies  in  oomposittoa  according  to  the  kind  of  bt  employpd. 

d.  Andemon's  IfmgaHe  add  (Add.  C!h.  Pharm.  Ixiii.  S78)  is  obtained,  logelher 
with  aolphydrie  add,  odmyl,  and  other  ptodncta,  by  the  irj  distJUation  ofalntond-oil 


!.  MargaHa  acid  q, 

obtained  by  the  di;  disttHalion  of  st«Brie  add,  when,  aceordini  to  Heint)^  most  i£  the 
'  arie  add  passes  over  unchained.    That  of  VarrentrappfAnn.  Cb.  Fbann.  i 


^dbyGooglc 


MAKGAMC  ETHERS— MARJORAM,  OIL  OF.         853 

with  sulpIiQi.  It  contaiiiB,  en  tbe  avengr,  7S'M  per  M»t  C,  IS-GS  E  ;  in  Iho  bItm- 
i«[t,  2862  per  cent,  silra;  in  the  ethyUc  elbn,  TS-)8  per  erait.  C,  1278  H,  uid 
10.97  O.    It  kppean  to  br  palmitio  add  nnned  bj  the  decompontion  of  oleic  aad. 

e.  Margane  oeid  of  Pideck,  Lew;,  and  othen,  obtained  bj  the  dry  diitiUatiOD  or 
nponiflcation  of  wax,  ii  donbtlen  f^mitio  acid,  more  or  leaa  pure. 

Tf ff^T^Tf"  — ™"F»  No  oomponndi  of  the  alcohol-radicles  with  pure 
DUigarie  add  (Heinti'ti),  hare  jet  been  obtaiiied.  The  eampouudi  to  which  the 
aame  bu  genenllj  been  applied  were  probaUrmiztorM  of  iteario  and  palmitioethets. 
A  nmilar  lenurk  applies  to  Cheneid'B  nutryorm. 

MABAAaiX^  Ptrtgltmmer,  Emayilite,  OortitidtUite,  U>d  Cttngmainiile, —  i. 
lilicBtB  of  calcium  and  slanuBiTun,  oanming  in  trimetrio  bemihedi*!  ojntala,  wHh  a 
monoclinic  aipeet,  like  mnscortt* ;  tabular  Imiii  predomiiuuiee  of  tlie  toim  oF..  Angle 
cbP:  cdP  -  ll»«tol30^.  lateral  plaoea  kiuitBdiiiBUj  BtEialML  ei«ai«ge  bual. 
eminent.  UmiaUj  in  intmaeetiiig  or  agnsgated  l«'"''>'^  aometimee  compact,  massiTe, 
with  a  aomewhat  acalj  Mraotore.    Habeas  ■•  8-S  to  4-6.    Specific  giaritj  —  S-032 

to  2-98:  the  latter  fijr  a  ■■     •"  • — 

Loiitre  of  base  pearlj,  loti       ,  „ 
'      '  E  rather  brittle. 


Analvtet.—a.  From  Sterling,  in  the  ^T)^  (S m i  th  ai>d  Brnah,  Sill.  Am.  J.  iL  xr. 
200).  b.  From  the  conmdnm  minea  of  Oamnchdagh,  in  A^  Hitior.  e.  From  the 
islirnd  of  Nicaiia,  in  the  Gredon  Ar^pelago.  d.  Fiom  Noxos.  e.  From  Eatha- 
rinenbni(tintheUral(J.L.  Smith,  id'fi.  xL  69  and  xr.  20B).  /  Fiom  Tillage  Green, 
Cheater  count;,  Feniuylnuiia  (Craw,  iiid.  viii.  379).  g.  From  Bancombe  connlj, 
NorthCarolina{B,Siliiman,tHi.Tiii.  I),  h.  Prom  unioaTiUeiPennsjIviinis  (Craw, 
''^■'^'■-  a.  b.  e.  d.  t.         f.  g.  K 

SUica        .  .    S8'C6    S0-B3    30-04     29-88    2«'&a    8120      2917      SOOO 

AiujDina    .  .    10-24    49-SO    49-06    46-88    61-02    60'S«-      4840      60-67 

Ferric  ozida      .        .      1-SS      208      1'48       1-26      178 

Lime         .        .        .     11-88     1088     11-20     11 -IB     12-06     10-26        9-87       IISI 
Huineaia  .  0-69      0-60     trace  0-46         124        0-62 

So£andpotMh        .      1-87      1-90      2-68      1-Z6       ?        2-29       616       2-47 
Wtxm        .        .        .      4-B8      388      4-72      606      S-M      483        3-M        B'U 

Floorine    .        ,        ,      ■    .      _; .__    ^ ._      .    .       ■    .       .    .         200 

99-76     99-27     99'ID     9780     08-39  '  99- 

Tbese  aaalTMi  bad  to  the  (bnnnla  Ca'0.2Al'(>'.3SiO<.HK>  (the  calciam  beingportlr 
replaced  b;  potaMinm  and  aodinai,  and  the  alamininm  bj  femnim). 

OontHdtUiU  is  mai^arita  from  0m»nTillo,  Cheater  conntj,  PenniylTania.  CUng- 
maiauU  ta  the  aame  mineral  ihnn  Btmeombe  coonlj.  North  Carolina. 

iMpi<inifo(il  480}  ia  also  aTBTiet;efm«rgBrit«.  (Dana,  ii.  300.  Bammelsberg'B 
mturaleiaaii,  p.  843.) 

ICAMOiAKOSITB.  A  Taiiet;  of.  miuootita  or  biaxial  mica,  utparentlf  totofi 
bom  that  mineral  bf  aasomgtion  of  water,  and  loss  of  alkalis  and  ferric  oxide.  A 
■peciman  from  Monroe,  Conneotient.  analysed  by  Smith  and  Brnah  (Sill,  Am.  J.  [2] 
xvL  46),  gave  by  anilyiia  46'60  per  cent,  silica,  33'91  alnmioa,  2-6S  ferric  oxide,  0-90 
magnamar2'70>oda,7'32  potash,  and  4-63  water,  with  082  flnorineand  031  chkuine. 

WtAMtiiMMOWM,  The  acetone  of  margaric  add;  it  baa  not  been  prepared  fron 
the  pore  add. 

liri*»I»MTM.    Sya.  with  Hautxi  (p.  U). 

mm  TOM  IVMi  A  bydrons  carbonate  of  liiiB,  containing  73-26  per  cent,  Zn'O, 
16-01  C0>,  and  IlSl  water,  fonnd  in  Hvion  connty,  Aransas  (Elderhorit,  SilL 
Am.  J.  [2]  xxix.  888).  A  minenl  of  the  aame  oompodtion  ocean  at  Cumillaa,  near 
Santander,  in  Spain.    Its  composition  is  expnosad  nearly  by  tha  fumola : 

BZn'O.aCO'.eHS),  or  8Zn'CO».6ai'G,6H»0. 
(Petersen  and  Vait,  Jahreab.  1868,  p.  734.) 

IKASIXB  MBTAL    An  alio;  introdoced  br  Wetterstedt  in  IB38,  fbr  the 
sheathing  of  ships.    It  oendste  of  94-4  percent  lead,  4-S  antimonv,  and  I'S  mereuiy; 
_..,. ,._...,.   ..._  .,    ,.     ...  I     .      ■'  „I^^    Ititiaidnot 

doM  not  tppent,  howerer,  to  We  been  ptacticaUy  osed. 

M  t  »IOTT>'>  ItA.'Vr.  The  Iaw  whic±  expresses  ths  inverse  proportionality 
of  the  Wiime  of  a  gas,  Co  the  pnasare  to  which  it  is  snlgected  at  a  given  temparatnic 
(See  !L  870,  819.) 

***^'*"**'*.  on  OV.  The  volatile  oil  obtained  by  <li'«rilliiig  swaat  matjoram 
(Starjcraua  iorttnti*  ta  Orij^mum  in»yeTmia)  with  water  is  lighter  than  watn,  and 
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eoutaiM  »  eonddenUe  qnuti^  of  tttaphur  or  ■bwoplaB*.  Wlien  bead  from  tlin 
Uttn  bj  raeliflation,  it  boili  it  about  161°,  tad  ippran  to  bara  tha  compoation  of 
oil  of  torpMtiiu^  ooDtainiii^Meorditic  toKkne  (Add.  Ch.  Hum.  ^oiL  286),  H'7  to 
M'l  pn  oodL  cuboD,  IM  to  II-4  li;^mgan,  and  aboot  3  ptr  cent.  o^g■I^  ptobaUy 
mrini^  from  ■  inull  qnantily  of  the  camphor  not  eom[datclf  Mparated. 

The  eaaiphor  of  marjoTam  i*  hanl,  odonilMa,  inodoioaa,  hnTMor  Ibaii  vatar, 
■mIu  Tbeo  haatcd,  and  iDbUma  vitboot  nrndaa^  It  ii  nlabla  id  boiling  water,  in 
ftlwr,  nitrie  add,  and  mti^nriii]  add,  the  last  eolonrii^  it  rrd.  It  Bontaina,  acKediog 
to  Holder  (Ann.  Cb.  Pbaim.  xzij,  S9),  600  per  oent.  earboo,  and  107  li;droe«ai. 

■»***^     See  Luaetoin  (p.  608). 

MAXMA.'nn.  A  bUcfc  (aiTngiixma  wio^  of  Uenda^  fbnnd  at  JIaxtaaUt,  near 
Fopajan,  Soath  America.    (See  Zibc,  Suuraon  or.) 

MAUVSSiar.  (Kromajer,  Arch.  Fharm.  [2]  criiL  2fiT.>— l%e  bittar  ^n- 
dpie  of  white  bon>hoiuid  (MamMum  vidgart).  To  prepare  i^  the  dried  herb  la  ts- 
poaledlj  exhaoated  with  hot  water ;  the  HDitad  aod  coDcaDlzated  extiaeta  arc  treated 
with  recentlj-icnitad  anioial  charcoal ;  aDd  tha  durcoal,  after  waihing  with  water,  !■ 
well  boiled  wiu  aleobol.  whereby  a  bitter  aolDtian  ii  obtaiaed,  whl^  when  freed  ftinn 
tbe  greater  part  of  the  alcohol  I^  diatillatioa,  and  then  left  to  erqiorate,  deponta  etnda 
Burmhiln  aa  a  brown  liitter  babam.  For  porifleation,  it  ia  diinl**d  in  aleohol ;  dwi 
■olntion  ia  miisd  with  witter  till  it  begina  to  ahow  turbidi^,  then  with  aeatat*  of  lead ; 

■od  the  flltwed  liquid,  alter  being  freei'  *         ■••  • ~  ■ 

rate.    The  mannbLia  than  aapantea  ii 

•epanted  from  the  mothnr-liquid,  aolit  „  ....,.,.. 

nuUTubiui,  howerer,  aaaomai  the  srTatalline  form;  tha  reat,  which  in  other  reapaet*, 
leeemblsB  the  (nTatallind  ntbatancM,  ultdifying  in  the  amoTpbona  etatet  In  ^miiag 
tnannbiiD  aleo  ftom  frrah  bui^Kmnd,  (be  g^Mter  part  of  Iheprndoctiaobtaitieaintha 


eing  freed  from  lead  bj  anlphTdrie  add,  is  left  to  enpo- 
Miatea  in  light  browniah-jellow  oilj  ditn  whidi,  ^en 
aid,  aolidiA  in  erjatalline  maaaiw.    Only  a  part  of  the 


LD  OTatalliaea  from  ether  in  oolooriaee  ihombie  ;ilal«K,  cr  thfek  (bur-aided 
l«iD.ci7BlBlii ;  from  alcohol  in  nwdlea.  It  ia  omrlj  iniolubU  b  cold  watir  (whcoee  the 
hittPT  taate  of  horehooad  beaomea  perceptible  *Acr  aome  tioM  ObIj)  ;  aomowhat  OMre 
•olnble  in  hot  vat«r.  Atookot  and  ttlier  dincdTe  it  raadil;,  finiing  perfrclfy  naolfat 
Bolationi.  Uvrabiin  malts  at  1SD°,  and  aolidilUa  OTataUine  aa  eodin^ ;  at  higtuar  tam- 
wntnrea,  it  girea  off  wbil«^  tnj  inilating  vaponra.  When  heated  in  a  te^tnbei  it 
diitila  in  oil]'  diope,  giving  off  pongMit  Taponia  amelliiig  like  oil  of  mnatard.  Strong 
tKtfhtinc  acid  diiaolTca  it  with  brown-jellDW  eoloar:  rtrong  JafdnMoHe  onddoeaaot 
aft  luon  It  eren  when  heated ;  atrong  ni'Me  add  doaa  not  net  on  it  in  the  eold,  bnt 
diaaalTea  it  with  jellow  coIodt  when  neated.  It  ia  not  peicratiblT  altered  by  oUaJi*, 
or  b;  uutallie  laiu,  and  prodnoFa  but  a  alight  redneaon  m  amiiMiuaeal  oitnte  of 
■Ittt  ;  Deilher  is  it  precipitu^d  bj  lanniB  aeS. 

aKUWX-«A<r~£^Af  aarburrttrd  hfdrrfw,  Bydriia  i>f  Hfill^  CH<. 

Tbii  bjdiocu'boa  oaa  la  tei;  Hbnndant  in  nAtnn.  The  babblee  of  ^  whieh  are  ao 
oft«n  aeen  on  the  aoince  <tf  atagnant  water  eonsiit  of  it,  mixed  with  mtrogen  ejid  ear- 
liooic  add.  From  ita  ooenii«nce  in  this  nj  in  marehj  diatricta  it  takca  ita  namei 
Great  qnandtiMof  it  are  ^ven  offbj  many  of  the  eoal-Wa,  ao  that  it  often  acenmn- 
lates  in  coal  pita,  where  itia  known  u  thejirt-dtimp  of  the  minen,  and  ia  the  oaoae  of 
the  explosions  whieh  ae«nr  in  those  plscn.  It  ia,  moreover,  fonnd  escaping  from  the 
earth  in  many  parta  of  Italj,  Prnria,  China,  and  Aauviea. 

Beddea  bemg  one  of  the  naoal  prDdocta  of  the  deea;  of  organie  mbatanee^  and  alaa 
of  their  deatzDctiTa  dialaUation,  eniedall;  iriien  thia  opoatioa  ia  patftnaed  at  elarated 
temperatntea,  and  in  ^enenl  «F  theinparfcet  oonbortion  o(  Ibd,  it  omctitDtea  a  krga 
noportiofi of aomsKin lUnmiMliiiggaa.  Btuuen'aanatjaiaof MandMBtareoalgaagiTea 
34-90  tola.  cfMuah-gai  in  erai;  100  vda.  of  the  gu. 

In  the  laboraloiT — if  we  axec^  tiiia  {Mdndiad  M  it  by  the  imperfect  combnationM 
deatmetin  diatallation  of  orgaue  tubetanoea — it  !■  oompantiTaly  araiepradacL  Tha 
pcinidpal  other  reactiona  wUdi  ai«  koown  to  yield  it  are : — 

fl)  TheaetioDttfDaaeaDt  hjdnigeDODtetiadilraideofoarbon(theDaaoent  hydrogOD 
being  geooatad  by  tha  action  of  pMaannm-ama^am  on  water.)    (£egnaatt) 
CCl'  +  H-  -  CH'  +  4H(a. 

(2)  The  action  of  line-metbyl  on  wtter,  and  Mctain  analogana  actionf  ot  the  tuM 
kind.    (Fiankland.) 

OBTZn  +  H*0  -  CE^  +  ZiiHO. 
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B  u  e  k  a  I B  a  a),  irtueh,  iulMul  of  fielding  pore  nethjl,  giTM  m  Uigs  qnu  lity  of  hjdrida 
of  methrL 

(1 )  TEie  sctjon  of  salpluds  of  eubon  iumd  mlpbtiretted  hjdragBn  and  copwa,  oi  iion 
at  >  rod  heat ;  also  the  action  of  BQlphide  of  carbon  on  pfKaphontted  hjiuogen  and 
eoppCT.    (Berthelot.) 

Thero  is  also  wiDe  reatoo  for  bslipring  that  it  ia  pmdncad  bj  the  diraot  action  of 
hydrogen  on  isrbomc  anhTdride  at  a  Ted  neat,  once  vlien  marble  ia  heated  in  a  eoirent 

of  hydrogen,  man  water  u  generated  than  corrwroonda  to  th-  —' — ' '- 

carbonic  acid  to  carbonic  oxide.    ^Wanlilyn  and  Frank.) 

iVepamAon. — The  readieet  way  of  prepr— —  ' ••'■ 

of  tolerable  purity  ia  by  the  dcetructiTe  di 
with  a  hydraCed  alkali. 

It  ia  recommended  to  employ  !  parte  of  eryatanisedac 
potath,  and  3  parts  of  powdered  qnicklime  (Dnmaa.  Ann.  Ch.  Phya.  f' 
liia  object  of  nmng  the  qnicklime  u  to  aare  the  retort,  which  might  otiu 
Ibrated  by  the  canstic  potaah.   In  condnctiog  the  opentian,  a  little  canCicn  ia  Teqniaite ; 
no  tntee  m  gw  comei  off  nntil  the  temperature  ia  yerj  high,  and  than  Ihare  i(  %  (ndden 
nuh  of  gas. 

The  reaction  between  the  alkali  and  the  acetate  ia  ttdaiahly  prraiM ; 


With  Iha  eueptioB  of  Baaaeu'*  deatnctm  diatiHAtion  ofcuod^ 


it  i*  Hu!  only  deetnietJTe  diatillation  which  yielda  manh-gaa  by  a  praeifa  reaction. 

Monh-gaa  prepared  aa  jnat  deaeribed  fmn  the  acetate  ia,  howerer,  UaUe  to  oeitain 
imull  qnajititin  of  imparity.    It  ia  eaay  to  see  how  amall  qnantitia*  of  acMone-Taponi 
ire  nlmost  inevitable :  for  deatractiTe  diitillatioQ  of  an  aaetat«  tlona  givea  acetone. 
If  namh-gaa  of  a  high  dq^ree  of  pnri^  be  required,  it  may  be  obtained  bj  deoom- 

nuo-methyl  with  water. 

1  known  componnda,  ma 

a  cent.  Next  to  hydrof, 
and  ia  thence  not  inappropriately  named  UffU  eariwtTled  Sydrogen.  In  general 
charactar  it  beara  a  grnt  raaemblanee  to  hydrogen.  It  is  incondenaabl^  colcnirlea*, 
witbont  taate  or  imeU  ;  nentrol  to  test-papw,  and  Tsiy  ueatnd  altogether.  It  ia  dia- 
tingniahable  fiom  all  other  hydrocarbona  by  the  low  lumiuoaity  of  ita  flame.  In  wattr 
and  in  alcotol  it  ia  very  apanngly  solable.  100  mla.  of  watar  at  0°  C.  diaeolTe  fi'419 
Tola,  of  marabou ;  100  Tola,  of  alot^ol  at  0°  C.  dinolre  G3'2JS  Tola.  (Bunaen). 
The  sparing  aolnbilily  of  marah-gaa  in  alcohol  allbrds  a  method  of  separating  it 
ftom  some  other  ^drocarhon  gaaea,  inch  ••  et^l,  which  diasolrein  alcohol  to  a  modi 
greater  extent.  By  means  of  tu^JtuHo  acid  or  brVTOint  fneitlier  of  which  attacks  it), 
the  olcflnes  ma,j  be  ramOTod  from  a  maeoiu  mixtnre  containing  marsh-gaa  and  olefines. 
It  is  not  abaotbed  by  potash,  and  indved  then  is  no  reagent  which  aboorba  il^  From 
acetjlene  it  is  easily  aenaiBted  hj  ueaiiB  of  an  anunoniacal  eolntion  of  mprotu  eUaridr. 
The  lame  reagent,  or  the  hjdiDchloric  aolntion  of  mprona  chloride,  m^t  ba  em^ojicd 
toicmorecarbonicoxidB  (see  AiTALTSis  or  Oasis,  i.  38S).  AccardingtoI>nmaa,itianot 
attacked  ^sjdUoriitefnaph'ur,Tica'bjfaiiacMoTid4  iffphotpionu,  vcabj  pmtttcUoridt 
of  oHlMKDiy.    According  to  Kolbe,  a  bot  and  eoncmtruted  mixtuc  of  m/pAvns  a»A 


•noaed  to  sunlight,  a  qniet  chlorinatioD  takae place;  and^excesaof  chkninebetbere, 
cuoTofiirm  and  tatrachloride  of  carbon  ai«pn>dnced  (Damns).  Eqnal  ToloiaM  tk 
txj  eUorine  and  marBh.au  exposed  to  diflnsed  daytigfat,  give  a  chlorinated  prodoct, 
hanng  the  £»mula  CH^  It  appeaia  that  tlus  compound,  CH'Q,  if  not  Jwoitical 
with  ^ilorida  of  methyl,  is  tot  readily  conTert«d  into  it :  fbr  Berthdot  hai  snoeBedad 
in  obtaining  methyl-eompomida  from  it  by  double  deoompoaition. 

If  moiatore  be  present,  chlorine  conrerta  maiah-gaa  into  bydrochlorie  add,  carbonic 
add,  and  carbonic  cmda. 

AlAwhitoliea^msi'di-gtaiaTMriTtdintocailionaiklhydngMi.   'Hm  same  change 
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!■  sObctad  t^  tha  buumuiion  of  Bbotiia  iparks,  bnt  tha  deconpeuCim  ia  atittt 
eompleto. 
<^bon  baiag  m  totittomie  eloMDt,  mantbou  ia  tha  Donnal  hjdiida  (tf  eubiM^  and 


t,  maratboiB  ia 
poDnda  voich  n 


the  ^pe  of  a  DnmooDa  daaa  of  oompoDnda  voich  are  prodBcad  bj  t^laaament  of  non 
or  Imb  hjdioeiaD  bj  othm  ladlelea.      Thoa  chlorida  of  BMthyl  ia  monaehloriaiUed 


ah-«a :  Abll^I-Blcohol  ia  manh-gaa  wherein  hjdKigen  haa  bean  replaced  l^  per- 
oxida  3  hjdngan :  Formie  add  ia  manh-gaa  irheran  atMna  of  tha  hfdmgan  haa  baaa 
lapbeed  t?  (^gan  aad  aona  b;  patoxida  of  hjdiogen,  e,g. — 


K  Uithji. 


oil 

HMhTlk 
Ateobol. 


When  earboB  makca  a  partial  aatm  ,      ,    , 

do,  and  aa  carbon  (^  all  poljatomie  elementa  ia  aapadul;  liable  to  do,  thore  reault 
complex  CBrboa-gnmpa  requiring  tot  variona  amonnta  (rfhTdragenfiir  their  aatnration. 
WhED  the  carbon  haa  adhered  to  itaen  with  tha  leaat  poaaibla  ezpanditura  of  ntniating 
power,  and  wfasa  the  eomplei  eaibon-gronp  aa  raaulting  ia  fbll;  aatnratad  with  hfdio- 
gen,  there  nsnlt  cartain  hjdrDGarbona  which  ferm  a  Tan  well  eharaetgriaad  fiuailT — 
Sie  marah-gu  bmilj.  The  mamh-gaaea — honudogneaof  marah-gaa— are  chaiaetenaed 
by  their  great  nentrialitj,  and  preaent  a  nniformitj  of  charactai  which  ia  moat  remaA- 
able.  J.  A.  W. 

Ki  (L  MS). 
It  from  Staaaftirth,  oontabing  10  pti. 
—      (Karaten,  J.  pr.  Chem.  zxitL 


cryitala  tre  regular  oct^iedrODa,  often  flattened,  and  liaTing  the  aetahadTal  £uea 
atriut^d  parallel  to  the  edgea.  CleaTnge  indiitiiiec  Hardneaa  ~  6.  BpeaBopmty 
-4-82,  Brwl;  t-flS,  Fny  da  Dome  i  3-90,  Fera(BreithaDpt);  fi'3S,  MoDn>e(Hant>. 
Lustra  Bubmetallic  Colour  iron-black,  lometimee  vith  a  raonia  >»"'"*'  Stnak 
blown,  or  pncpliah-hrovi).    Fnctnre  oonehmdal.    Not  magnetic. 

MAxnXAlcmi    Sjn.  with  XxxTLtxniM. 

WtMMUtK^JA^MWXVM.  A.  camphor  or  staanniteiie  ""'"*'";  in  all  paila  of  rat- 
tbTUie  ( Truerium  Afamnt).  It  ia  aztncted  by  distilling  the  diy  hnb  with  water,  and 
repeatedlj  cohobatittg  the  distillate  orer  freah  qnantitiea  id  the  gieoi  herb.  It  ia  ■ 
white,  crystaHiae,  tnneparent,  brittle  maaa,  eonaiating  of  thin  <""'"»,  haarier  tfaaa 
wBt«T,  baTing  an  nn^ouant  odour  and  aiomalic  ta&  (Blaj,  V.  TramnMd.  nr.  S 
and  87.) 

KA«OA(unx^  A  anlphale  of  anunonium,  (SE.*yS0'.2R'0,  oecninng  about 
Tolcanoea  ;'it  wsb  dzacoTered  byMaaeagni  in  the  fiaaurea  of  the  lace  ut  Etna,  Twnnna, 
nnd  the  Lipari  Mea.  It  aometimea fbrma  trimetric  cryatalB  in  which  a:b:e  •-  0731 : 
1  :  1128.  ^te  eoP  ;  ouP  -  107°  40";  oP  :  P«  -  \2V  BS'.  Cleavage,  puftct 
poTBilel  to  aPn  ;  imperiect  panllel  to  oP.  Uan&Il;  in  mealy  cmsta  and  atalac- 
titic  forma.  Hardneaa  —  2-26.  Specifio  giaiity  —  1-73  to  1'73.  Loetre  whtm  nys- 
taUised  Titraona.  Colonr  jellowiah-gre;  to  lemon -yelknr.  Tranalacant.  Tastaa  pun- 
gent and  bitter.     (Dana,  u.  37S.) 

ttAMOTXW,  C"H;*0'.  (aenth,Aim.Ch.Pharm.ilTi.I34.)— Anainoiiaanbatanoa 
obtained  from  a  matraial  oaed  in  Ueaico  fin  ehewing.  Thia  Utter  sabetancc^  which  ia 
Hid  to  be  dmTad  bom  a  tree  called  DmMlle,  giiTwing  abondantly  in  Mexico,  finma 
cmde  pmona  lumpa  having  a  dull  aapeet,  bnt  preaanting  a  tnight  wurttet  when  cut ;  it 
aoftena  between  the  flngeia,  haa  little  or  tx)  taata  when  ehewfd,  bnt  a  diatinet  odonr 
like  that  of  rotten  cheMB.  To  eztzact  the  maaopin,  the  dried  jnice  ia  mmmiiiated  and 
exfaanatad  by  boiling  with  water ;  and  the  aaft  rop;  midue  ia  digaated  with  abaalnto 
alcohol,  whidi  on  cooling  d^oaita  maaopin  in  cryatalline  fiocka,  a  fltrther  qoonlitj 
atparalingon  addition  of  water.  The  portion  of  tlujnioa  insohiblein  alcohol  connata 
of  eaoDb£oac 

Maaopin  ia  a  anow-white,  light,  pnlTcmlent  anbatanct^  which  becomea  adhcaiTe  when 
paased  between  the  flngera,  haa  neitlier  ameil  nia  taata,  ia  iiuolnble  in  water,  bul 
aaaily  aoluble  in  alcohol  and  in  ether,  and  cryatalliaes  from  the  ethereal  aolntioD  in 
white  ailky  needieaor  frequently  in  tnfls  of  small  prisma.  The  crystala  melt  at  1A4°, 
emitting  an  agreeable  odonr,  and  the  melted  maaa  aolidlfiaa  on  Mx^iog  to  a  glaeay. 
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kitde,  yelloT  >utwUnce,  tunng  a  ooneftciidAl  fractnra,  aad  nultipg  igsin  at  69°  or 
70=. 

Htuopm  Tuilds  by  distillatioii  a  brawn  Tucid  oilf  nun,  hATing  an  add  roaetioii. 
If  the  acid  bs  mnoyad  bj  ddgestion  with  ammomacal  water,  and  tlie  remainder  tben 
rwtifled  over  slaked  lime,  a  ught-;elIow  mobile  oil  u  olitiuued,  baving  as  agreeable 
odour  of  singer,  and  GOntainiag  8802  pel  cent,  carbon,  and  ll'iS  hydn^en.  The  acid 
which  Doitea  with  the  anunonia  •rpomtM,  on  addition  of  hydrochloric  acid,  in  nacreoua 
cryatab  like  horacic  aod :  it  naj  be  fortlier  purified  by  precipitation  from  eolation  in 
potash.  It  fbimi  a  daBling-wbUe  silTer^tlt,  which  bnma  wit^  an  odour  of  dnnamon, 
and  contains  46-49  per  cent  aijTet  oxide. 

Masopin  diasolTea  gTadaally  in  nibrio  acid,  and  the  aolation  leavea  on  erapontioD  a 
Tiacid  mass  like  melted  logar,  which  ia  aolnble  in  water,  ammonia,  and  potash,  and 
when  combined  with  the  latter,  formadiugyyeUowpreeipitateawithDioetmetallicaallH. 

KASSIOOX,  IVoloxide  of  lead  prepared  without  tuBoa,  8m  Iaui,  OxiDna  or 
(P.M9). 

MAnOT-OJUmOB  AXS  O^k  Maaaoy-bark,  obtained  from  New  Guinea, 
and  lud  to  be  the  baA  of  Launu  Burnimni,  or  of  Oinnamommn  Kiama  (Meee),  oon- 
tmina  a  camphor  or  stearopteae,  and  two  volatile  oils.  The  camphor  is  heaTier  than 
watw,salDbk  in  alcohoL  eOier,  and  acetic  Bcid,and  coloured  yellow  by  nitric  add.  The 
heBTisr  of  Ilia  two  oila  nnka  in  wal«r,  becomea  puty  at  1 0°,  baa  a  pnngent  taste,  and  ia 
colonred  deep  red  by  oitrio  add.  The  lighter  oil  is  more  TOLitilp,  hsa  a  Btronger  odour 
like  tbat  of  ■BumftiM,  ia  lighter  than  wiUer,  diseolTea  easily  in  abxihol,  etlier,  uid  acetie 
acid,  and  is  ooloared  cheriy-red  by  nitric  acid.  The  two  oils  and  the  camphor  are 
obtained  &om  the  bark  by  diatiJlation  with  water.    (Bonastre,  J.  Pharm.  xr.  304.) 

SKASTBK'WVKT,  OXZi  WW.  (Wackenroder.Br.  Arch,  xxxrii  3tl.— Hircel, 
r.  Chem.  xItI  202.)— The  root  of  mutervort  (/ntperaloria  Oslmtliivm)  ix 


J.pr.  C 

Tolatile 


Part  of  it  floats  on  the  watery  distillate ;  the  rest  may  be  obtained  by  acitation  with 
ether  and  eraporation,  and  the  whole  pnrifled  by  rectification  with  a  BmsJl  quantity  of 
water  and  dehydration  over  chloride  of  caldum.  The  yield  of  oil  ia  flvm  078  to  O'TS 
percent. 

Tbia  oil  is  transparent  and  oolourleas  (Hiriel),  pale  yellow  (Waekenroder), 
mobile  (Ibe  portion  which  distils  between  200°  and  320°  ia  noN  Ti«cid).  It  boils 
between  170°  and  220° ;  has  an  aromatic  odour  (somewhat  empyreuntatic,  between 
200°  and  220°  accordina  to  Hirsel);  penetrating  (Waekenroder);  its  taste  is 
stroo^y  heating  (Hirzel);  camphoroue  like  that  of  poppy-oil  (Waekenroder). 
It  bums  with  a  bright  foligiDona  flame. 

The  portion  -which  distils  between  170°  and  180°  contains,  according  to  Hinel, 
8£'67  per  cent,  carbon,  llio  bydrogen,  and  298  oxygen ;  tbat  which  distils  between 
300°  hbA  220°  contains  Sl'43  oicban,  11'32  bydiogen,  and  7'25  osygen.  The  oil  ap- 
pears to  be  a  mixture  of  serend  hydrates  of  a  hydrocarbon  isomeric  with  oil  of  tnrpen- 
line,corrreiiponding  with  the  formula  4C'*H".H'0  and  3C'*H".2H'0.  (HirzeL) 

It  absorbs  citlorme,  with  rise  of  tempenture  and  eTolution  of  hydrochloric  acid  SHS, 
being  thereby  converted  into  a  yellow  viscid  oil,  which  sinks  in  water,  has  a  pecuDar 
odour,  and  a  biting  tasta.  It  is  decomposed  in  like  manner  by  Aromint,  with  evolution 
of  hjdrobromic  acia.  By  distillation  with  f'Ao^Atrrrc  anhydride-  it  yields  a  transparent 
colonrless  oil,  which  has  an  odour  of  rosemary  and  an  aromatic  teste,  and  is  isomerin 
with  oil  of  turpentine.  This  latter  oil  absorbs  hydrocbloric  acid  gas,  assnming  a 
reddish-yellow  colour,  and  ibrming,  after  complete  satoiation,  rectillcation  with  water, 
and  dehydration  with  chloride  of  calcium,  an  oil  which  baa  an  agreeable  odour,  an 
aromatic  taste,  and  a  composition  (74'e8  C,  lO'SS  H,  13-38  CI)  agreeing  with  tba 
fbrmula  3C"Hi".HC].     (Hinel.) 


in  obtained  by  incisions  in  the  baA  of  the  stem  and  braaebes  of 
Piitacia  Lmtitcu;  a  t»e  growing  in  the  islands  of  the  Grecian  Archipelago,  espedaUj 
in  Chios.  It  forms  nnall  round  trazisparent  giuns,  haiing  a  &int  agreeable  odonr, 
which  becomea  very  distinct  when  the  reein  is  thrown  on  red-hot  c<^.  It  sofUns 
when  masticated,  aod  is  said  to  etnogth  the  gnms.  It  is  also  used  in  Aunigatioiis,  and 
in  the  composition  of  TaTnishes.  Speciflo  gravity  —  I'OTt.  According  to  oohrotter, 
its  compoHtion  is  C"H^'. 

Aqoeons  alcohol  dissolvee  the  greater  pact  of  the  rasin,  leaTing  masticin  un- 
dissolved. The  more  solnble  portion,  which,  according  lo  Johnston,  bas  th«  compmn- 
tion  C*S"D*,  is  precipitated  &om  its  solution  by  chlorine  as  a  viscid  masK  When 
bested  fbr  some  time  to  14S°  in  the  di;  state,  it  is  said  to  be  reeolved  into  two  other 
resine,  one  oontsjning  a  larger,  the  other  a  smaller  proportion  of  oxygen. 

A  building  cement  composed  of  finely-ground  oolitit 
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limMtoiM  mixed  with  nod  and  litliaq[C^  and  made  into  a  Unaeij  oolMMBt  pMt«  «itt 
liDBsed-oiL     (9m  CixiKTa,  i.  SSO.) 

KASTXOXV.     C^S"  (F,  according  to  Johnaton. — The  cooaUtaent  of  mastic  nam 

which  IB  the  leiut  solable  in  alcohol,  amonating  to  J,  —  )  of  Ihe  whole.  It  is  whita, 
■oil  tx.  ordinvy  tamperatarcs,  but  isj  prnloi^ed  diTiiig  and  ftudon  beeomea  tnna- 
parent,  Tellowiob,  and  &iable,  aad  ia  said  to  be  then  man  aolable  in  alcohoL 

A  bitter  sabatamx  of  onlniovn  compoaitioii  obtsined  from  the  leave* 


propertiea,  and  eapaeialW  ^  their  at;! 
a  aomewhat  ocoBiderablB  qnanti^  Of 

in  the  water,  together  with  soTeral  otbi 


fe  their  rtjptic  power.    When  boiled  with  w 
*  a  he»Ty  Tolatile  oil,  while  the  m 


r,  together  with  soTeral  other  lababuioee,  tzata  which  it  ntxj  be  paitlj  freed 
by  precipitation  with  acetate  of  lead.    The  maticin  then  ramaina  diasalTed  io  the 
water,  and  maj  be  obtained,  bj  eraporation  to  i 
ntioQ  of  the  alcoholic  Bolation,  ae  a  feUow-bi 

agreeable  odour  and  pztremely  bitter  taate.  It  ia  aolnble  in  alcohol  and  in  w 
stable  in  ether.  The  aqneona  solution  ia  not  prediaCaled  by  platinie  chloiide,  bat 
fbmu  a  /ellow  pi»cipicate  with  potaoh,  and  with  ammonia.  (Hodges,  FhiL  Mag.  [3] 
zxT.  204  ;  Mem.  Chem.  Sac  i  123.) 

KATXOO.  OXK  or.   To  obtain  thia  oil,  the  leavn  of  Fivtr  <upvifi>Uim  ai 
■  '■■'      -^-^--^   '-■--■-■-- --'■^-■^" -of  tSiamflliydii 


tilled  with  water,  and  the  oil  which  ilowly  sinks  to  the  bottom  af  the  milkj  distillata 

is  collected.  Palegn       ->-■■■-'-     ■-      -    --' •^—.  -i —  — i .-^  — 

oamphcaons  taste. 


is  collected.  Pale  green,  thiddih;  haa  a  Rtiona  andpermstoit  odour,  and  a  persistant 
'  ''"'''*'   eomca  uiiekm  and  oltimatdy  oTslwliBe;  ]» 


fbrming  a  . 

solves  readily  in  alcohol  and  ether,  not  in  aqoeoDs  potash  or  ammonia    (Hodges 

loe.cU.) 

K&TKOOXXna  Ozychloride  of  le»d.Fb*Cl*0,(bnnd  at  Hillock  in  DerhTthin 
(p.  330). 

KATmxOAmSA  OBAKOBRXAA.  WOd  chantamiie.—Tbe  flfnrars  of  this 
plant  distilled  with  water,  yield  a  volatile  oil  of  a  dark  bias  colour,  and  nearly  opaqn^ 
with  a  etiDng  odour  of  chamomile,  and  an  aromatic  burning  taste.  It  is  floid  at  12°, 
bnt  thickens  when  cooled  below  0°.  {Gmelin't  Handbook,  ziv.  8SS.) 

aULTKrOASIA  VARTHBWXDIK.  firt«r/«o.— Thisplant,  irtiile  Intheflower- 
ing  state,  yields  by  distiUatiOD  with  water  a  grepniah  oil,  which  begins  to  paa*  orar 
betwwn  165°  and  220°,  the  largest  portion,  however,  distilling  between  20S°and2SO^. 
The  oil  coneiBle  of  a  hydrocarbon  containing  abont  86  percent-  caHxin  and  II  hydrogen, 
a  camphor  having  the  same  compoeition  as  that  of  the  J *-' !_-  .^— 


rotatory  power  (see  CaMraoa,  i.  729),  and  an  oxygeaated  oil  containmg  m.— . 
than  camphor.  (Dessaignes  andChantard,  J.  Fhaim.  ziii  361. — Chai 
Compt.  rend,  zxxvii.  166!) 

BCAVZ&ITS.    Syn.  with  LabbAdobiti  (p.  460). 


CiUaba  or  Oalba  of  the  Antilles  (Levy,  Ann.  CSl  Fhjs.  ^3] 
X.  3S0).  A  resin  extracted  by  bdsion  from  CaiopkyUum  Calaia,  Jatq.,  a  trre  growing 
on  theplaina  of  San  Martinoand  of  th    "  "  .... 

ractera  of  reains,  but  when  purified  by 

Cnt  prisms,  and  is  obtained  bv  sic 
yellow  colour.     AecordlBg  to  Proi 


in  the  plains  of  San  Hartinoand  of  the  Oronoco.     It  poasesses  tbe  usna] 
"  resins,  but  when  purified  by  solution  in  alcoio!,  it  crystallisesi 

isms,  and  is  obtained  by     —  — _..-ii^— ^—  ^ > ^i.i 

r  colour.     Accoidicg  to  P 
bination  osP.  wPa.  .  [o=P»J.(.P  .  +  P  .  !*«  .  fPal.    Angle  "P  :[  wP-T  -  H"' 
ooP  :oP  -  101°  7':  oP  :  |Ti»]  .  US"  IS':  »P  :  [Pb]  -  abontSSOM':  otPo 

.  "P.*  lioa  tK*  -    «T>.-.    .    «?P  14/IO  on'     1)**:^  »f    -*..-  ...  L-  .._    l.TAQ.    1    .1.1U' 


prisms,  and  is  obtained  by  slow  ctTStatliaatioo  in  very  beaulifal  etystala  of  m 
yellow  colour.     Accoidicg  to  ProvoEtave,  they  are  monoclintc,  exhibiting  the  ctmi- 
"       "       '"'*-'■    p«  .ft«].   Angle".P:I«P=T-ll9''; 
^      ,  =1S':  »P:  fP«.l-abont9S''M':  o»P«> 

:  Pa>-13g°3S';  a>F<B  :  »P  -  lfiO°80'.  Batio  of  axes  a:  b:o-  1'76S  :  1 :  l'S4T. 
Angle  of  axes  i  and  e  —  78°  48'. 

Maynas  reain  has  tiie  chaiscten  of  an  add,  diasolviiw  readily,  ersn  at  eommon 
temperatures,  in  potash,  loda,  and  ammonia.  It  is  insolable  in  wafer,  very  soloUe  in 
aioAol,  ether,  and  oilt  both  fixed  and  mUtilei  Specific  gravity  ~  I'lS.  It  mdta  at 
about  100°  to  a  transnuvnt  glasa,  and  when  onoe  melted,  remains  liqnid  tea  a  long 
time,  not  solidi^^g  till  cooled  to  about  00°.  By  dry  diitiUatum  it  fields  mpyren- 
matic  oils,  and  leaves  a  carbonaceous  i«sidne.  It  contains,  ifcorduig  to  the  mean 
of  Iiewy's  analyses,  ST'SS  per  cent  carbon  and  7'30  hydrognn,  wfience  Lawj  dednoea 
the  Ibrmola  0"E>»0*  (calc  673  C,  T-2  H,  and  25-6  0). 

The  rMin  diasolves  m  cold  aeitu  acid,  also  in  mlpkurieaeid,  fbnning  a  solalian  of  a 
fine  red  colour,  trota  which  it  is  precipitated  by  watO'  in  its  original  state.  It  ia 
strongly  acted  Dpon  by  faming  nilric  aeid,  jielding  a  nou-oystidlisable  nitio-aeid. 
With  ordinary  mtric  acid  it  Ibrmi  a  volatile  add  exhibiting  the  charaoten  of  bn^rrie 
■ddi  the  aolntion  yields,  by  oonceotration,  1B7SI4IS  oC  oxs£c  aeid,  h  w^  at  ■  liqa^ 
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add,  the  DBton  of  whidi  hu  not  been  determined.  The  nsiii  h«at«d  with  s  miitiu* 
of  aeid  cknmatt  of  jxifawium  and  Bilpkarie  acid,  givM  off  carbonic  anhydride  and 
formic  acid.  CUmnt  and  brmniiu  act  upon  it,  bat  without  yielding  definite  piodocts. 
m,     Oratiola  offioimilu  (iL  612). 

J  AOUk    A  lajitalline  acid  piodaced,  together  with  a  cblorin^ed 

ream,  I9  the  action  of  chloriiie  on  macDnin.    It  contains  48'72  per  emt.  oarbon,  1'07 
hjdragen,  no  chlonne ;   ayataUieea  in  fiue  priwxatie  neodlea ;  u  soluble  in  potash, 

. — ^__i — ._Li_ : 'djoaaily  in  boiling  water. 

HAMtO  ACllfc.    0ae  Uaooioo  tna>,  Amraa  01. 

WtmoouteAVEa.  C'H'O'-^^'^to'.  Molauiiirt.  Opitrntaurt^TiaM  uia. 
which  is  one  of  llie  conetitQeDts  of  (^Dm,  was  diseorered  t?  Sertnrner  in  I80S 
(Oilb.  Ann.  It.  T2;lTii.  IBS;  Iziv.  86),  but  themon  exact  iDmtintioD  of  it  has  been 
made  chiefir  by  Bobiqnet  (Ann.  Cb.  Pfa}%  t.  282;  11  28fl  ;  liu.  US),  and  Liebig 
(Ann.  Ch.  Fbann.  tiL  37 ;  zxri  113,  I«7). 

nie  beet  method  of  pieparing  it  ii  that  of  Kobiqne^  modified  by  Gregory 
(Ann.  Ch.  Phann.  xzit.  43).  Opimn  is  eibansted  with  water  at  SS°  ;  the  extract  is 
nentialised  with  ooaiaelTpotmded  marble,  evaporated  toaiyratv  and  mixed  with  a  otm- 
eentrated  aolatioD  of  ehlnide  of  calcium,  wheral^  the  mectmate  of  <■»<'■■"'"  is  more  com- 
pletely separated  in  proportion  as  tlie  liqnids  an  more  concentrated  ;  and  the  preci- 
pitate is  washed  with  water  and  preosed.  [Tliemothir-liqiiorserm  fi»thepr«arat>on 
of  morphine.] — I  pt.  of  the  precipitated  maconate  <d  ■—I"'""'  is  now  sospQiaed  in  a 
mixtuie  of  3  pts.  commercial  I^arochloric  aeid  and  20  pta.  boJUng  water;  the  mixture 
is  kept  at  a  temperature  short  of  100°  and  frrquently  shsbm,  till  the  whole  is  dissolTsd ; 
and  the  acid  meconate  of  calcium  which  separates  on  woling  is  collected  on  linen,  washed 
with  a  small  quandtf  of  water,  and  mdiiiBolTed,  after  pnwsnra,  in  a  miitore  of  3  pta.  of 
hydrochloric  add  and  20ptB.afhotwBter.  avoiduu  ebnllttion.  The  liquid  then  peMa,  on 
cooling,  cryatala  of  meconic  add  nearly  free  from  Unie,  while  the  mothei^liqnor,  in  eon- 
•eqnence  of  the  eicess  of  hydrochlono  acid,  contains  scaicelj  any  meconic  add.  The 
■till  oolonred  cryfltaU,  after  being  woBhed  and  pressed,  ere  dissolved  in  16  pta.  of  hot 
water ;  the  liqnid  is  atrained  through  linen ;  and  the  filtrate  ie  mixed  with  two-thirds  of 
the  original  qnantity  of  hydcDchloric  add;  on  cooling  it  yields  crystals  of  meconic  add, 
free  from  lime,  but  atill  coloured.  These  crystals  an  enspended  in  cold  water,  nentra- 
lieed  with  carbonate  of  potaseiam,  and  heated  to  100°  with  gradual  additionof  water  in 
quantity  just  sofflcient  todissolre  them;  the  solution,  which  solidifica  on  cooling,  is  wdl 
pressed  (the  liquid  which  runs  off  yidda  impure  meconic  add  when  treated  wiu  eiceaa 
of  hydrochtonc  add) ;  the  expressed  mass,  which  ia  not  yet  quite  white,  is  rtidiasotved 
in  the  smallest  possible  quantity  of  boiling  water ;  the  solid  mass  obtained  on  cooliitt 
is  again  pressed  ;  and  this  treatment  is  repeated  till  a  pure  white  prodaet  is  obtained 
LasUy,  this  pure  meconatc  of  potasdnm  ia  dissolved  in  IS  to  20  pts.  of  hot  water ;  the 
add  meconatc  of  potassium  which  separates  on  cooling  is  mixed  on  linen  with  a  small 
quantity  of  cold  water,  pressed,  and  redissolved  in  16  pts.  of  hot  water;  the  solution  ia 
mixed  with  2  or  3  pts.  of  hydradiloric  add ;  and  the  eiystals  of  pure  meconic  add 
which  form  on  cooling  are  nahed  with  cold  water,  and  recrystallised  from  aolutioB  in 
tJie  smallest  posdble  qnantity  of  filing  water.  The  molbei^hquor  expressed  from 
the  potasdnm-ealt  still  yields  a  qiuuitity  of  impure  mrconic  add  when  treated  with 
bydn>.cMiiric  add.  Paper-fillen  [probably  on  aoooont  of  the  inin  contained  in  them] 
oaunot  be  need  in  anj  part  of  the  process. 

How  (Ann.  Ch.  Pfaarm.  Ixxxiii.  8fi0)  heats  the  Crude  add  fMe  from  lime  with 
twice  it*  weight  of  water,  tUl  the  whole  dissolves  on  addition  of  ammonia.  The 
solution  on  cooling  solidifies  in  a  crystalline  mass,  which  maybe  freed  bypressnie  from 
the  black  mother-liquor,  and  recryetallised  two  or  three  times  from  the  smallest  possible 
qaanti^  of  boiling  water.  From  the  solatloD  in  hot  watcf ,  the  meconic  add  sepante^ 
on  addition  of  excess  of  hydrochloric  add.  in  colonrieas  If"'"",  irtiich  are  washed  witll 
cold  watn,  and  once  reccjstallised  from  boiling  water. 

The  aqueoos  eidact  of  opium  might  also  be  treatedinthefint  instance  with  ammonia 
to  predpitate  the  m<Rptiine,  and  Uie  meconic  add  afterwards  precipitated  by  dilonde 
of  caldnm  ;  bnt  ammonia  always  predpitates  a  certain  quanti^  of  meconic  add  ftom 
the  aquGona  solution  in  the  fi>rm  in  a  caldnm-salt :  hence  Hie  pnxcm  is  attended  with 


Hseonic  add  ojntallises  in  micaceous  scales  cr  small  diombie  prisms,  containing 
8  at.  water  (C'B'O'.SH'O),  which  it  givM  (AT  at  IOD°,  leaving  a  white,  opaqoe, 
efflor«ced  mass.  It  has  a  sour  tute,  and  reddens  litmus  ftrong^y.  It  dissolvea  teadily 
in  water  and  aleoAel,  lees  easily  in  tlicr. 
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SCO  MECONIC  ACID. 

Heconic  acid  ii  rewired,  under  Taiioiu  dtcnmBtonces,  into  caibooie  aobydiidB  and 
(KH'O'     -     CO*  +   CfH'O', 


lattei  frMMntl;  onder^ina  fttfther  baiufiiimBtion  ; — 1.  When  dry  mecon 
ftirther  resolTed,  pMtlj;in 


is  JuaUd  to  about  120°.  carbomc  anhjdride  ii  men  off  and 


lenmatio  cH,  and  charcoaL — 2.  When  meconic  add  is  boiled  vith  aattr,  or  mth 
l^fdnieUana  acid,  a  bnwn  oolonring  matter  being  alao  prodaped  in  the  Ibnaer  owe. — 
3.  Bj  die  action  at  eUorint  or  bn»iuite,  in  pmence  of  vster,  the  prodoeta  being  cartwiiic 
mhTdrida  and  ehloro-  or  bnnno-comeiiic  add. — 1.  B;  boiling  with  rzceaa  of  amtitoiua, 
the  CMnoiia  acid  being  then  conTeited  into  comeDamic  acid. — 6,  By  heating  with 
iodUt  qftti^  wlunt^  carbonic  anhydride  i>  given  o^  and  ethyl-comenic  acid 
proAatM. 


Meconie  aeid  ii  faaily  oxidised  bj  nitrie  acid,  yielding  a  lai^  quantity  of  oxalio 
aiad. — B;  bailing  irith  atrong  caofrtie  pota»h  also,  it  yielda  oxalic  acid,  together  witjl 
oarbouic  anhydr^e  and  a  brown  aababmce. — By  chiimde  or  bromide  of  ioditu,  it  ia 


GonTBited  into  iodomeoooe,  C?K'iHy.     [7  impure  iodofbim ;  see  p.  312.] 

Hie  wjneomi  aolntion  of  mecooic  add  ii  colonred  deep  red  by/<rpi«  Moride,  the 

colonr  not  being  deetniyed  by  boiling  or  by  the  action  of  dilate  acidi. 
Haconatea. — Heconio  acid  ia  tribane,  and  fbrmt  thrse  aeiiee  otaalta: 


CRIiO'  CHTMK)'  CHIPO'. 

The  dimetallio  meconatee  are  nential  to  Tegjetabla  colours. 

ifieonatti  of  Ammoniiim. — The  tri-ammimic  udt  ia  aaknomi.  The  di-ammonie 
toll,  C'H*(NH*]*0',  cryatalliaea  in  sleDder  needles.  On  passing  chlorine  through  its 
aolntion,  the  ffiona-offlnunnc  tall,  CH*(NH')0*.U*0,  separates  in  granular  aystals, 
^aringjy  aoluble  in  Cold  water. 

Jtfeoitatei  of  Barium. — The  dibarytie  tail  is  (paringlT  Hluble  in  water. 
Oiloride  of  barium  fbims,with  solutions  of  tbe  alkaline  meoonatea,  while  flakea  solnUa 
in  acetic  add.  AquMios  meconic  acid  fbims  with  baiyto-wata  a  bulky  yellow  pre- 
dpitatf^  piobably  conaiBling  of  Miarytie  meeonatt. 

Meconatet  of  Calcium.— Th»  monocaUie  talt,  C'H'CbO'.HK),  is  predpitated  by 
chloride  of  calcioni  from  aqueous  meconic  add,  and  from  the  solutions  of  add,  and  eren 
of  neutral  meconstes.— The  dieaUio  tali,  (7H*Ca'0'.H*0,  is  obtained  aa  a  yellow  gf  la- 
tinous  pcedpitate,  on  adding  chloride  of  caldum  to  the  solution  of  a  meeooata 
saturated  with  ammonia. 

Mtoonattt  of  Cofptr. — Tbe  monocnpric  salt,  is  obtained  aa  a  yellowiah-green 
predpitate  on  adding  meconic  add  to  a  solution  of  cnpric  acetate.  By  dry  distillation 
It  yields  a  lai^  quantity  of  pyiomeconic  add.  Gluconate  of  potaaHiom  forma  au 
emeiald-green  precipitate  with  cupric  ac«tate. 

Meeonatt*  gf  Iron n.  Thefertmu  salt  isveiy  soluble,  colouilaaa,  turns  red  oil 

•qioiure  to  Che  air,  and  more  quickly  when  mixed  with  nitric  add. 

0.  Ferrie  tali.  Soluble  meconates  added  to  ferric  Baits  produce,  for  lite  most  part, 
a  deep  Mood-Ted  liquid,  Wilhont  predpitation,  eren  when  the  Bolntions  are  concentrated ; 
bat  when  HenCral  ferric  sulphate  is  treated  with  mBConats  of  ammonium,  a  dnnabar- 
colonrad  pnlTeralent  precipitate  is  iarmed  after  a  while,  which  ia  sparingly  soluble  in 
oold  water  and  in  alcohol,  easily  in  boiling  water  and  in  dilute  adds.  On  mixing  its 
aqneoua  solution  with  potash,  ferric  oxide  is  predpitated,  ammonia  is  given  ofl^  and  the 
red  colonr  disappears ;  if  hydrochloric  add  be  than  added,  saffldent  to  saturate  tha 
alkali,  the  red  colour  reappears,  but  is  again  deatKr^ed  by  excess  of  add.  Tbe  red  pre- 
dpitate, if  previously  dried  in  the  air  at  ordinary  temperaturea,  undergoes  no  altentioQ 
at  100^.  Stenhonaefoundinflvesampleaof  it,dnedat  100°,  &om  aO'4  to  311  pee 
eent,  carbon,  2*1  to  Z'S  hydio^a,  3-4  to  3'S  nitri^n,  and  22'fl  to  24-3  ierrie  oxide. 
On  mixing  aolntions  of  mecomc  add  and  ferric  chloride  in  anhydrous  ether,  red-tirown 
flocks  veiy  eolnblo  in  Cold  water  are  precipitated.  Stanhoase  found  in  three  prepar- 
rstioiu  (at  100°)  from  35-3  to  269  per  cent  carbon,  1'7  to  1-9  hydrogen,  and  30-8  to 
31-3  ftrric  oxide. 

Meeanaitt  of  Ltad.— The  wnrimi  aaif,  CBIVO'. HK), is  produced  bypredpi- 
lating  neutral  acetate  of  lead  with  meconic  add,  even  in  excess ;  it  foima  white 
flocks,  inaoluble  even  in  boiling  water. 
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Batie taU*,  eoatMitaitg from  684  li>  TS'4  par  cent,  lecd-ozida^  am  obtained  bj  pre- 
cipitating basic  acetate  of  lead  with  alkaline  meconatea. 

Magm»iHn-iatt*. — The  damigneiia  leit  ia  Bpaiinglj,  t^  moaomagiieaic  ult 
auily  aalable  in  ■waUa ;  the  latter  ciTBtalliaea  in  ihining,  tzanaparant,  flattened  needlei^ 
having  an  aad  and  bitter  taste. 

Mtconate*  of  MeTOUry. — Both  the  mercnions  and  mmnric  salt  are  pale  jellov 
flgecnleat  [oecipitatea,  inaolnble  in  water,  aolnble  in  nitric  acid. 

Mteonatet  of  Fotaitium. — The  aaid  taiti  aie  mTstalliaaUe,  tha  aMfral  lott 
nnerTatalliaable. 

Meconat  tt  af  Silver.^iqiuaaimMotdoBad  RjroMwith  nllxate  <)t  nirtr  a  white 
precipitata  of  the  (ft-ar^oitts  m2<,  CH'Ag'O',  which,  hv  prolonged  boilins  wilh  *at«T, 
u  conreitcd  into  tha  tri-argentie  tail,  &HAgV.  The  latt«  is  alas  fiiRiied,  aa  a 
ypUow  precipitate,  on  mixing  a  aolntion  of  mnconio  acid,  axactlj  latnrBtdd  with  amlno- 
nia  (the  di-anunooic  Halt)  with  ni(nt«  of  nlTer. 

tteeonatet  of  Sodium The  mmotodic  lalt  forms  haid  grains,  bnt  alightlT 

■    of  baiioiB  with 

and  containing  a  lane  qaantitj  of  water  of  EryatalliaatioD.  llie  fritadie  mlt  is  dja- 
talliaablB,  vety  salable  in  water,  and  efflonseent. 

Ittoonatti  of  Tin, — Ths  tlamteut^  iidl  ii  a  white  piedpitatc^  t«tj  tohble  in 
ezceu  of  the  stannous  aolatioa.  Tha  tiannie  tali  a  also  a  white  precipitate,  spaiioglj 
Bohible  in  acetic,  aaailj  in  nitric  acid. 

Mteonatt  ofTllrium. — Sparinglj sotable  in  water;  jttrium-salla,  howeTer,gi™ 
no  piodpitate  inth  meconic  aci£ 

Haooaxo  ACXB,  AIUBBS  op.  B7  acting  on  etbjl-mecame  acid  and  diethjl- 
meeonic  acid  with  ammonia,  How  has  obtained  two  aeida,  which  may  be  regarded  as 


MMonunicaeid       .  .Cm'SO'     -     C'HVNH'}0'     -     H^ 

Mscono^diamidic  arid      .        .         .  CH'N'O'   -     C'H'JNH'/O'  -   2HK) 
If  either  of  these  acide  bus,  however,  been  obtained  in  the  crystalline  Ibrm,  and  their 
fbrmnls  are  gomewhat  donUful     To  the  former  How  assigned  the  somawhst  impro- 
bable formula  C"H"S'0"i  the  fi»mnla  above  given  was  prapoaed  by  QerhardL 
(TTaiti,  ii  ISO.) 

KMCOWIO  STKMM.  Heconic  add,  being  tribastc,  should  form  three  ethera 
containing  etbjl  or  other  alcohol-radicles.  Ool;  the  two  add  cthj'l-meconales  are, 
howeviT,  at  present  known.         

Ethtl-kbcoiiio  icm,  CH^C?H>)0',  is  obtained  hj  PBsaing  diy  hydrochloric 
acid  gas  through  a  eolutioQ  of  meeonic  add  in  absolute  alcohol,  till  the  lignid  rmita 
fames.  It  then,  if  left  at  rest,  deposita  the  pthvlated  add  in  aeedle-ahaped  CTTStaLi, 
fhieh  ma;  be  pniifled  \fj  i«ci7i(t>ltiiuliuQ  from  hot  water. 

The  Bf  id  fbrma  am^  needles  vetr  solable  in  boiling  wator,  soluble  in  ether  and  in 
■Imliol  of  ordinary  atrength,  less  salable  in  abeoluts  ^cohol.  The  crjstala  an  anh;- 
droQB,  melt  at  158°,  and  lablime  in  biilliaiit  rbomba. 

Bthjl-meconie  add  is  dibaiic,  forming  two  scries  of  vet?  stable  wlta,  via.  natlnd 
»alu,  C'HM'IC^'jO',  and  acid  lalU,  CH»M(CH'>0'.  They  ojitallise  readily. 
(How,  Ann.  Ch.  Pharm.  Ixniii.  3G0.) 

DnTKTL-iiBcoina  xcw,  CH'(C^')K)',  ia  contuned  in  Uie  mother-liquoE  from 
which  eth^l-mpconic  acid  has  erparsted,  and  majr  be  obtained  by  evaporating  this 
liquid  till  It  givee  ofFacid  vaponrs.  Tha  reeidne  is  a  thick  oil  which  •oUdifles  on 
cooling,  and  may  be  purifled  by  rectjstdllisation. 

It  foiTns  flattened  colourleBs  priamB,  melting  at  about  110°;  it  melts  in  boiling  water 
before  dissolving,  and  dissolvea  very  easily  in  aleohoL  Its  aqueous  solution  has  a 
strong  add  reaction,  decompoaea  carbonates,  and  rapidly  coagulates  albomin.  It 
colours  ferric  salts  red. 

The  add  is  monobasie,  the  ftomula  of  its  salts  being  CHK(CB')*0'.  The 
amBioniitm-iaU  crystalliaea  in  yellow  needles,  and  is  veiy  soluble  in  cold  wat<r.  It 
is  most  easily  Drepared  by  passing  gaaeooa  ammonia  into  an  alcoholio  solntion  of 
the  add.  The  Mrtunt-MK  is  a  yellow  aemi-gelatinous  predpitat*^  insolabla  in  boiling 
water,  but  very  sol  able  in  azoeaa  of  chloride  of  barium.  Tha  itrvntivni-  and  ealdtan- 
talU  resemble  the  barium-ialt.  Tha  m^fuvntm-Mlt  is  a  crystalline  [oedpitata.  Tha 
eomertaU  is  green  sjid  geladnon*.  ^he  lead-iail  ia  a  yellowish-while  [mdpitate. 
The  st/osr-^o/t  Ii  yellaw,  gelatinous;  inioloble  in  boiling  water.     (How,  loc.  cit.) 

mmuOMOi,  Opiam^  C"H"0*.^A  nmtral  substance  eziating  in  opium.  Itwi 
first  obserred  by  Onblane  (Ann.  Ch.  Fhys.  [2]  xliz.  17);  afterwaida  pre[--"'  ' 
the  poMatBte,  and  examined  by  Couerbe(<Md.xlix.  11;  L  337;  lii.  148). 
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862  HECONIN. 

It  H  jowhlMd  from  aucotiiMk  Uigethsr  witli  teropiBmnKBK^  cotanine,  oj^aiiio  arid, 
■ud  hamipiuc  utid,  bj  tha  actiaii  of  waim  dilnt«  aitrie  add  (Andetaon,  Ed.  I%il. 
^^■u.  zx.  Si7  1  T"  SUV  and  from  opianic  add  bj  the  acdon  (rf  oamtii;  «lfc»ii«|  tir  of 
naaoent  hTdnseii,  erolTed  either  by  the  aotion  of  aodiiim-amalgam  on  water,  oc  of  duo 
on  dilate  mlphnric  acid.    (Hatthiaaien  and  Foiter,  Ctuaa.  Boo.  3.  xn.  U9.) 

a.  Action  (tf  ^kalia: 

2C^"0'     -     0"H"0'   +   C*H'*0«. 
Ojilulc  add.  Maronln.       HtBilplnlc  kIiL 

fi.  Aotion  of  naaeent  bydtogen : 

C"H"0'     +     H"  -  CH^*  +  WO. 
OvIutaHJd.  HMcnla 

JV^pomHw^  0.  From  Qptum. —  1.  Finely  cot  8mjn»  opiom  is  eihstuitrf  witi 
coM water;  the  fl]trat«  ia  eruwrated  to  S°  Bm.,  and  Uie  morplitne  and  Qareotine  are 
IcM^tatad  \rr  dilnt*  ammonia.  The  flitiate  cTsporatcd  to  a  aymp,  and  then  left  tar 
Mwcal  WMka  in  a  cod  I^ace,  depoaita  brown  ayBtalB,  which  most  M  preosed  and  than 
idti  at  a  gentle  Iwat.  The  brown  eryatalline  maas  conlajna  necoiun,  mea»iat«,  aod 
otbw  aabatanaai.  It  ia  ezhanated  with  boiling  aleohol  of  86°,  and  the  (strata  an 
miiiiailialiMl  to  <a»4liiTd  I7  .ti'jHlUng  off  the  alei^idl ;  the  liquid  then  00  cooling 
d«po«ta  enitak,  whidi  are  poriflad  fcy  MnriitialliaatioD  tron  bcding  watar,  withaddt- 
tion  of  animal  ohanwal,  then  from  hot  ettur.  The  motfaer-li^ioF  from  iriiieh  the 
III! ■lain  have aepanted, yielda  in  additional qnanli^  of  meoomn  by  conaentmion. 
(Coaerbf.) 

S.  The  aqiMOQi  eztntct  of  opiom  ia  pnapitat«d  by  dilaiide  of  caldnin ;  the  piedpi- 
tatad  moeonate  of  ealdam  ia  flltand ;  the  flltralA  eruoiated  to  the  cryataUiaing  poin^ 
andaapantcdfromthedepoaitfldhydRMhloratet^morpliins;  and  the  dai^  iiiothar.fiqiun 
ia  diluted  with  water,  flltand  from  the  Aixia  which  aepaiate,  and  treated  with  anunoDia, 
which  fcaapiCatee  narootine,  thebaine,  and  a  large  qaanti^  of  resiii.  The  flltnte  in 
'    d  with  acetate  of  lead;  the  exceaa  of  lead  ia  ramorcd  from  the  filtered  liqoid  by 


, u  The  mother-liquor  ia  repeatedly  digPBted  with 

^  ToL  ether  at  36°,  and  the  ethn  ia  diatilled  off  fiom  the  eztnct^  a  biown  aymp  then 
r*— •■"'"g  On  treating  this  nmp  with  dilute  hydroohloric  add,  pqiaTorine  dinolvfc^ 
and'meoonin  lenuina  in  tha  form  irf  a  dark  grey  eryatalline  powder,  whidl,  to  free  it 
fiimi  raain  and  paci^  it  eompletely,  muat  b«  aevcnl  timea  oyibJlijMd  froiu  boiling 
watar,  with  addition  of  anim&l  chweofil.    (Anderson.} 

b.  Ftont  Aarcofiw.— Narootina  M>  heated  in  tha  wat«r-batli  (o  *V  with  2-g  pta.  of 
nitric  add  of  apedfic  gntTi^  1*4,  and  S  ^ta.  water,  whereupon  it  mella  into  a  jellowiah 
maaa,  diaaolvea  alowly  without  eTolotioD  of  gas,  if  conatantly  atirred,  and  thm 
nadnally  dapoaita  eryatalline  terniiamniona.  The  liqoid  ia  fllternl  Ihroo^  aabeatoa ; 
the  ftltnte  aatnmtdd  with  potuh-ley ;  the  aolntian  again  fllteced  from  predpilated 
Qotamina,  and  concentrated  to  a  sniall  Imlk ;  ojatalliaed  nitre  is  remoTed,  and  tha 
motlur-liqnor  &«ed  from  sarbooate  of  potaiiBinni  b;  predpitatioo  vitb  alcohol ;  the 
alcohol  ia  distilled  off;  andtheoooledreaidaBtreiLtedwithhydTodiloricadd,  which  pre- 
dpitataa  oirianic  add,  hemipinic  add,  and  meoaoin.  If  thia  ^edpitate  be  diaaolTed  in 
a  large  quantitg'  of  boiling  water,  meeonin  cnBtBllisaa  out  on  cooliog  (nuied  with  s 
little  o^anie  and,  if  the  quantity  of  water  added  waa  insufficient),  and  mij  be  purified 
bj  recTTitalliaation  from  watar  <t  alcohol.    (Anderson.) 

From  Opiatae  acid. — 1.  By  the  action  of  strong  caustic  ]x>la*k.  This  mode  of 
iration  is  deecribed  under  HaHmKio  Aom  (p.  142). — 2.  By  the  action  of  iui*c«iit 
,  wmt.  Sodiom-amalgsm  is  warmed  fbr  sereral  houra  in  an  aqueona  eolntjoa  of 
opUnio  add ;  aod  the  mecoain  is  predpitated  from  the  aolntioo  by  hydrochloric  acid. 
Ttit  formation  of  the  mectioin  in  this  case  is  not  due  to  the  action  of  the  caustic  soda 
tbnned  from  the  sodiom-amalgani :  tor  it  tSikea  place  in  a  dilute  solution,  aod  at  a 
temperature  Tciy  much  below  Ihst  at  which  opiaoic  acid  ia  decomposed  under  the 
infinenoe  of  alkali ;  the  qnanli^  of  meeonin  Ibnaed  is  also  considerably  greater  tliaa 
that  which  is  produced  onder  the  Utt«r  drcumstanaes,  6  anns.  opianic  add  deoon- 
poaed  by  aodiam-BmalgBm  baTing  jiebled  S'SS  grme.  of  pnre  meeonin,  whereaa, 
according  to  the  first  of  the  two  equations  above  given,  it  should,  when  decomposed  bj 
alkalia,  yield  oal;2'3  grms.  meeonin.  Hareorer,  opiaoic  add  is  simils^  coDvailed  into 
meeonin  In  the  acnon  of  sine  and  dilute  Bulphorio  add.  (Uatthiessen  and  Foatet.) 

iViMMittat. — Mei%mn  ciyBtalUseB  in  heKsgooal  prisma  wiUi  dihedral  summit*.  It 
la  perfect^  colourless ;  has  no  small ;  and  appears  tasteless  at  firsts  but  ezhitrita  aveiy 
acrid  taste  a*  it  dissolvea  in  the  moatb. 

It  melts  at  90°  (Con  erbe) ;  between  eS°  and  69°  (11  and  F.)  to  a colonrless  liquid, 
which  retains  its  floidity  tiltcoo!ed  to  IS".  At  a  highOT  temperature^  it  boils  and  disCila 
without  altaiBtuin,  solidiQdng  to  a  &tty  m.M  on  cooling. 

A  hydrate  of  meeonin  was  onoe  obtained  by  Abdetsou,  in  decomposiiig  irMiTn'ti 
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with  nibie  add:  it  nwmbled  tile  inbjdRnu  oomponnd,  but  wm  li^Ur,  and  did  not 
malt  bdtnr  96°. 

Maconin  diMolve*  in  2BG'7  pt».of  oold,  and  IS'Spta.  of  bot^m  taier  ,■  ioalealiBt 
and  ttiae  it  U  rtill  more  aoIubU.  It  ia  diisolved  bj  ibt  fixed  ofiafu,  but  ia  nearlj 
inaolnble  in  antmanid.  WlMn  h««t«d  to  100°  vitb  aqneuna  ammonia,  it  jielda  a  aolu- 
tioD  vhich  may  lie  CTsiotated  OT«r  gnlphtuio  acid  Ht  ordinarf  t«iiipenCiirea,  bat  tnmt 
vhieh  mMDnin  it  pnapitatadonaddibaDof  water(Matthiei>eDU)d  Foster).— Jta 
•qmooa  aotation  prad^rtaln  UukaettaU  of  Uad,  bat  not  tlw  nentral  acetate. 

Meconin  dinolTsa  witbont  altantioii  in  dilute  tidphurie  add,  fbrming  a  coloarlew 
■ohitloa  wUch  becomaa  daric  grMn  whna  vnrionted:  if  alcohol  be  tluo  added,  the 
Equid  acqaiies  a  nee  eidoar ;  Mlt  M  ths  alcohol  erapoiatn,  the  green  tint  retumg. 
The  green  solntioD  depoEile  brown  flocka  whan  mixed  with  water  (Consrbe).  With 
atroR;  tulplmne  aeid,  meconin  forma  a  tolonrleaa  aotntion  which  becomn  pniple  when 
healed,  and  brown  on  addition  of  WBt«r,  depoaitin^  at  the  aame  time  a  brown  pr«<dpi- 
tate,  which  diaaolTea  with  roae  oolonr  in  alkalia.  Aifric  aeid,  either  dilute  oi  ooneen- 
bated,  converts  meoonia  into  nitromFconin,  witli  enladon  of  red  Tapona.  With 
ftnaidt  of  lead  and  dUuie  ndpluiric  add,  it  BiTea  off  carbonii!  aoh^diidc^  and  ftnma  an 
amorphooa  mbctance  which  remaina  diaaiAnd. 

Wilh  tilorint,  meoonin  forma  chloromeoonin  (AndeFiou).  Aaondin^  to  Conatb^ 
cUonoe  acta  bat  digjitlj  on  meconin  at  common  iMnpentares,  bat  ia  rapidly  abaorbed 
hy  melting  meconin,  forming  a  red  and  then  »  dan  brown  ma*^  which  melta  at  a 
hauler  tMnpentnie  than  meconiD,  and  foimi  on  cocding  a  crvatalline  maaa  eontaiDJag 
macUoie  aoid  (p.  S59X  meconin-ieain,  and  26-S  per  cent  chloiinr.  Uaeonin  is  not 
alteredbyipifit^bntwhen  treated  with  ciU7ri<ig(i/todH(^  it  forms  iodomeooiiin.  With 
iromitie-liMUer,  It  fonns  bromomeconin. 

Ueconin  diaaolTea  withont  alterstioa  in  cold  kifdrocUoric  acid  ;  bat  when  heated 
with  three  tlmaa  ita  weight  of  strong  hjdrochloiic  add  to  100°  in  a  tcaled  tnbe,  it  ia 
dacompoeed,  with  fbrmatlon  of  an  add  coDlaining  CEK',  and  sepanition  of  chloride 
of  methyl,  whieh  quickly  Tolatiliiee  when  the  tube  is  opened ;  C>*H"0*  -t  HCl  — 
CHH)*  +  CH*C1  (Matthiesen  and  Foatti,  unimiiuhrd  aperimmU).  A  aimilsr 
decompoaition  is  Moduced  by  hgdriodie  add.  Pram  these  leeulta  Matthieseen  and 
Foster  oundode  that  mMoain  ia  a  methylated  oomponnd ;  and  althoogh  the  propor- 
tion of  methyl  contained  in  it  haa  not  been  experunent^y  determined,  Ihey  infer, 
finm  the  analogy  of  other  derivaliTea  of  narcotine  (g.  t>.)  that  its  rational  fbnnnla  ia 
(CH*)'  t  ^ '  ^'"^  ^  *"  '*^>  '^"^  ''  **  ^''  ^'^'^J^*^^  drrivatiye  of  a  componnd, 
^^  fO*,  not  yet  isolated,  which  maybe  called  normal  meconin. 
fiaitftdiiuB  Derivativel  of  Sfteonin. 

Ml  imiwimnniilB  C"H"BtO*, — When  bromine-water  is  gradnally  added  to  aqneona 
meconin,  crystals  of  bromomeeonin  aepante  out,  and  may  be  purified  by  rectyi^isa- 
tion  from  bdling  aloohoL  It  forma  eotonrleaa  nesdiet,  which  melt  at  167°,  and  behave 
in  other  rmpeeta  like  chloromeconin.  It  dioolvrs  sparinf^y  in  vattr,  more  readily  in 
s^ooiU  and  ttitt.    (Anderson,  Ann.  Ch.  Fharm.  xeriiL  18.) 

Olilaia Bill      CH^O'.    When  ehlorint^aa  is  paned  into  a  otdd  aatniated 

3  aeons  aohilion  of  maeonin,  an  abnndant  cmp  of  eiystala  qnidjy  aepaiatea,  oouaating 
cMorameeonin,  wbidi  nay  be  purified  i^  mnjttiOmtion  horn  almboL  It  is  Kke- 
wiie  prodoeed  when  dry  chtorinc'gBa  is  paaaad  over  mdted  meconin.  It  crjslallisca 
in  eotoorleas  needlea,  which  melt  at  175°,  and  aablima  nndacomposed  at  higher  tem- 
pcTBtnree.  It  dissolves  apaiinglj  in  aol<t  somewhat  mora  ft»ely  in  bailing  voter ;  in 
alMit  to  abont  the  game  amonnt  aa  in  water,  and  withont  decomposition.  It  ia  aidnUe 
in  aleoM  and  in  ttier. 

It  dissolves  in  cold  eulphurie  add,  sesoinea  a  greenish-bine  colonr  when  bested 
thrrewith,  and  on  sabsegnant  addition  of  water,  deposits  brown  flocks  which  dissolve 
with  red  colour  in  alkalis.  It  dissolves  with  red  coloor  in  Hitrie  add,  and  is  decom- 
posed when  heal«d  therowith.    (Andereon,  Ann.  Ch.  Fharm.  icviii.  47.) 

ZMtomeooalA.  C'*H*IO*.— When  chtorideirf  iodine  is  added  to  aqaeoas 
and  the  mixtore  left  to  itself  for  aeveral  days  in  a  warm  place,  long  Calais  fc 
contaminated  bj  htm  iodine.    They  are  purified  by  recrystallisation  fiom  boiling 

lodomeeonin  forma  edourlesa  needlo^  which  nsit  at  112°  to  a  colourieas  liquid. 
It  is  neariy  iuolnble  in  tBoier,  mora  salable  in  idcokot  and  ttier.  It  melta  at  a 
temperature  above  100°  to  a  brown  liquid,  whieh  decompoaea  at  a  stronger  heat  with 
volatilisation  of  iodine.  It  diatolne  in  iv^nrie  add,  forming  a  daric-c^oqred  liquid 
irtien  heated;  and  ia  deccmpoaed  by  m'fru  add,  with  separation  of  iodina.  (Ander- 
son, lae.  fit.) 

XtlromeMiiln.    C^'H'KO'  -  C"H*(NO')0<.— Meconin  diaaolvca  abundantly  in 
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sold  conoeDtnted  nitric  acid,  tlu  ■datuff  ginng  off  red  fmnM  when  heated.  On 
dilntiiig  with  water,  balk;  crntali  Bepant^  whi^  maj  be  obtained  pun  hj  waahing 
and  Twryatalliiatioii  from  bouing  alcoluL 


_.,..._,  ^  entnil,  dissolvea 
qwiJDgl;  in  odd,  somewhat  mora  freelj  in  boiling  waler;  itu  insolubla  in  l^droclUorie 
acid,  Irat  diaaolves  in  oold  strong  nitric  aad,  upuatiag  in  floeki  when  the  solatjon  U 
'       "              Itiauot 


dilated.    In  oold  avtmania  and  potath,  it  is  not  more  aolable  than  in  wat 
predpttated  b;  metallic  aalti.    It  diasolTea  in  bailinK  altmhol  and  ttier. 

Heatad  in  saiall  qnantitJH  on  platinnm-fail,  it  rolatiliaes  almost  withoat  deewnpo- 
dtion,  leaving  onlj  b  amaU  qoantitj  of  chaieoal ;  but,  if  heated  i>  a  test-tobe,  it 
deeompoecs  soddenlj,  and  Iwres  a  large  qnantit;  of  ponnu  ehaiooaL  Boiled  with 
■miiKinta  or  votatJt,  it  fomu,  without  deoompoeitioD,  a  jellow  solBtiiHi  which  dioea  not 
drpoait  anything  on  cooling  or  on  addition  of  amds. 

A  snbetance  occnning  in  the  intestinal  canal  of  the  fietas,  and 


hn 


a  after  birth :  it  consista,  in  &et,  of  the  bile  of  the  fostos,  iriiich  ii  gradnalljr 

o  tbe  intastaneii  and  lm>  thoe  nndergone  a  certain  amoont  of  dtcratioa. 

a  pitchj  sabstanee,  of  a  daA  l»own-jsllDW  colour,  and  the  oonsistanee  of  honer, 
doiiT  is  for  tlte  most  part  &int,  and  onlj  oecasionallf  nnpleBsant ;  taste  nawkisli. 


and  slightly  sweet  It  ateimi  tinsn  ptnuutently  yellow.  In  water  it  iwells  op  to  a 
bnU^  mass,  in  wiaA  the  micnaoope  sliowa  epitlielinm-cells,  small  lonnd  Imdiea, 
pHibably  eoiwisting  nt  decidtaised  blood-eoipuadea,  and  a  conaidenbte  nnmber  of 
rhombietkblet*  of  eholMarin,  Accprding  to  aimon,  dried  meconinm  eoalains  16  ptaL 
ohdeetenn,  101  axtiaetiT*  mattn  and  bile-iemn,  84  caaein,  6  {Mciomel,  i  UliTerdin, 
20  cells,  mocos,  and  perhaps  albnmin  (  — S6-4)i  The  eholeiiterin  is  sitntetod  by  eUier, 
the  extractive  matter  and  bile-resin  l^  aloohoL  Aqneoiu  alcohol  takes  up  the  awnn 
toeether  with  pidomel ;  the  biliv.  idin  may  be  diMolved  out  by  alcohol  acidulated  witli 
sulphuric  add. 

AccoidiDg  to  John  Davj,  meconium  contains  T2'7  pis.  of  water,  23'6  moens  and 
epithclinm-ealli,  7*0  cholestarin  and  margaiin,  and  3*0  otein  and  biliary  oolouring 

When  burnt,  it  leaves  an  ash  oonsiiting  chiefly  of  ferric  oxide  and  magneeia,  with 
tncM  of  ealeie  phosphate  and  sodie  chloride.  According  toFayen,  it  contains  common 
salt,  alkttlina  carbonate  and  calcic  phosphate.    (Handw.  d.  Chem.  t.  113.) 

MWtTff  Bit  SALIVA.  Laea^. — The  composition  of  the  ash  oi  this  plant,  as 
determined  by  Way  and  Ogeton,  is  giren  undnr  Fonosn  (ii.  680). 

MMDSOUfXn,  OX&  OV.  This  oil,  obtained  by  eipmaion  from  the  seeds  of 
Jatropka  Cunat,  ia  whit^  ecentlen.  haa  a  deuBity  of  0-01  at  10°,  and  solii^fiea  to  a 
tnttenmaasat  — 8°.  It  is  nmrl^  insoluble  in  alcohol,  ha<  a  sweet  taste,  and  altera  but 
■nrj  little  on  exposnra  to  the  aa.  It  is  not  eaiily  s^oniflcd  by  potash,  but  soda 
eaail<r  converts  it  into  a  hard  whit«  soap,  contBining  oleic  and  isooetic  acida.  Nitrin 
add  converta  the  oil  into  suberic  add  :  pemitric  oxide  doea  not  solidify  it  completely. 
When  heated  with  ammonia,  in  a  aealed  tube,  it  is  couTarted  into  iaocBtamide. 

Cakio-uianic  sulphate^  occuiring  neai  Adrianople.    (See  Stn.- 

CHwO".— A  fatty  add  produoed,  together  with  oldc  and 
palmilia  adds,  by  the  aaponiSmtlon  of  beef-marrow.  It  Ibnns  10  par  cent,  of  the 
■ddmixtniclhuaobtftioca.  Melting  point  rS'S".  (E;lertB,Arch.Fharm.[2]eiT,  129.) 

HaBUXxnr.  a  name  applied  by  Bcaeonnot  to  ceUuIoae  obtained  from  the  pith 
or  medulla  of  CMlatn  planb. 

MBBaaCMAVM.    (8ea-foam  :  &om  its  appareut  lightnns  and  whit 

A  hydiatad  silicate  of  magneaium,  2MgKJ.3aiO*.2H^,  or  Mg^Si'C.aHKI,  o „  _ 

slistifled  eaithj  or  alluTul  depoailson  tbe  plains  of  Eekihi-sher,  in  Asia  Minor;  also 
in  Gheece,  at  Hrubechiti  in  Mornvia,  and  in  Uoroeco.  It  is  compact,  smooth  to  the 
touch,  and  of  fine  earthy  textni«.    Hardnem  —  2  to  S'S ;  impressible  bj  the  nail.    It  is 


blowpipe  on  charcoal  it  bums  white,  and  melts  on  the  thinnest  edge*.  It  diMolres 
readily  in  borax  to  a  tianspaient  glass,  and  exhiUts  a  lilac  colour  with  cobalt-solution. 
Hydrochloric  add  diiiaolves  it,  with  separaliDD  of  dUcB. 

._,.._      ,   --•— '--'^-   '■ '" -^.VeteB8k.Ac»d.Forhandlingar,1826,p.l7iS); 
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TtK>  fonnala  aboYe  giTen  reqnim  SO-9  tilica,  26'1  magneaia,  ind  I2'0  Kster.     Id 

these  analf  BM.  the  miaenJ  wu  first  dried  over  aiilphorjc  acid  to  eip«l  lijgToscopic 
irelci  (of  vhieh,  being  porons,  it  contuns  a  considerslile  quantit;),  and  th*  mmbiDed 
vatar  was  tlian  driven  off  b;  beet  The  mineral  i>  often  mixed  with  more  or  lew 
carbonate  of  nugaesiam,  by  the  decomposition  of  which  it  appaan  to  haTO  been 
produced.     (J,  L.  amith,  SilL  Am.  J.  {2]  vii.  288.) 

mx&BK.  The  German  name  for  the  heapa  or  stacks  of  timber  piled  Up  for  burn- 
ing into  charcoal.    (See  Ctaaos,  i.  7S0.) 

■■»■■■  A  body  obtained  bj  B«iiscli  from  AlAanuinta  Mhm.  The  root,  aA«i 
eihatutian  with  hot  water,  a  treated  with  alcohol  of  70  per  cent ;  die  aloohol  ia 
mnoTed  by  diidllatian,  and  sabseqaeat  spoaUuieoiia  evapontion  ;  and  the  residue  ia 
dignted  with  ether,  which  eitracta  the  msm.  On  eraporatine  tjie  ether,  the  mrin 
nmaiia  as  a  thidc,  fellow,  inodorous,  combtistible  oil,  havitig  abntning  (aata,  and  not 
Tolatils  without  deeompoaition.     (ffmuitoortertac*.) 

MWMUUMimTSi  A  Taiietj  of  chlorobromide  of  silver  from  Chils,  dystalliBed 
in  cubes  and  octahedrons  contuning  Ag'BrVl',  or  lAgCl.SAgBr.    (9ee  &ltbb.) 

HMIOHlTMi  A  caldo-alamioic  ailieate  from  Somma,  where  it  oeeuis  in  small 
dimetrie  erynali,  in  geodi^  usuallj  in  limestone  blocks.  Katio  of  the  prindp^  to  tha 
oeeondaiT  axes  ••  1 :  0-139.  Angle  P  :  P  in  the  terminal  edges  -  136"  11' ;  in  tba 
lateral  edgsB  —  83°  40* ;  Uiese  angles  are  marly  the  aame  as  those  of  aerolite  iq.  P.). 
Observed  combination  nPce  .  osP.F  .  caP3  .  Fb  ,  3F3  ,  oP.  Sometimes hemihedral 
in  the  planes  3F3,  the  alternate  ones  being  wanting.  Cleav«ge  parallel  to  »P»  and 
ceR  nther  perfect,  but  often  interrupted. 

Hardness  —  5'6  to  8.  Specific  gravity  —  2'6  to  2-Tl.  Lustre  vitreous.  ColourleBS  to 
white.  Transparent  t«  tnoalocent ;  often  cracked  within.  Before  the  blowpipe  it 
melts  to  a  coloorlesa  ^aas;  forms  hIho  ■  dear  glaaa  with  soda.  According  to  v.  Bath, 
the  mineral  when  pnre,  dissolves  completely  in  modemtely  strong  hj/drochlorio  acid  ; 
but  on  heating  or  evaporatingtbe  eolntion,  the  silica  ee[iaratea  in  the  pulvenilent  form. 
According  to  L.  Omelin  and  Eobell,  it  gelatinises  with  hydrochloric  acid. 

Anaiyit:  a.  L.amoliti  (Schw.  J.  xiv.  30;  xzxv.  U5).—b.  Stromeyer  {I7nAr> 
•mAwt^eii,  a  378). — e.  Wolff  (0«  eompontione  Eckehtrgitii.  Soapoiithi  tt  Mgomtit, 
Dutertatio/aer6\im,\.Mi).—d.  Bath  (Pogg.  Ann.  IxudT.  288). 

«.tn*    win      IA>>7 
"  "      "^•"-   igQiUon. 

3-fiT       .     .        .     .     -100-98 

1-61  .   .  -  ea-19 

0-46       0-31       0-31     -  97-28 
1-25       0-93       0-19    -  88-48 
•  Wllh  (oma  UtblL 

Theaa  analyses  lead  to  the  formula  3(2Ca'n.SiO^  +  2(2A1'0'.3SI0'),  or  Ca"A]"Si'0". 
which,  substitiitiDg  al  — {  Al,  may  be  reduced  to  an  orthosilicate,  B*SiO<.  (D  ana,  ii.  200. 
— BamnuUberjfi  MmtraitKemie,  p,  714.) 

»»wj.  »fuf  ■■■■■  Kative  enpric  oxide,  found  at  Copper  Harbour,  Kewenaw 
Point,  Lake  Superior  (ii  6S). 

WSKAZW.  This  name  is  s^ven  by  Biiioto  the  black  lubatance  which  isdepoaitsd, 
together  with  the  carbonates  of  caldnm  and  magnednm,  when  the  dried  residue  of  the 
so-called  ink  of  onttle-flah  is  stirred  up  with  water.  It  is  contained  in  a  peculiar 
bladder  wliich  the  animals  eject  on  the  approach  of  their  enemies,  to  render  the  water 
opaqne.  It  may  be  obUined  pure  by  boding  the  above-mentioned  residue  with  water, 
then  with  alcohol,  lastly  with  hydrochloric  acid,  and  washing  with  water  containing 
a  little  carbonate  of  ammonium.  It  is  insolnble  in  water,  alcohol,  and  ether,  but 
temaioB  suspended  in  water  for  a  long  time.  It  dissolves  in  strong  nitric  and  sulphorio 
•cids,  not  in  hydrochloric  or  acetic  acid.  Strong  caustic  potash  £uolves  it,  forming  a 
AaA.  brown  liquid,  which  is  precipitnted  by  snlphoric  and  hydrochloric  acids.  It  is 
not  dissolved  by  alkaline  carbonates.  These  eWacters  are  very  aimilar  to  those  of 
the  blai^  pigment  of  the  eye.    (Handw.  d.  Chem.  v.  160.) 

MSbASSVOA    &nrCOSMVIIKOM.       The    tree   which   yields    Carepot-oil 

(i.  710.) 

M»aAM.  C^"H*  or  I7N*H*;  (Li  ebig,  Ann.  Ch.  Pharm.  x  10 ;  liii.  240.— 
Enapp,iMi.  zxi.  242.— VolckeVPogg.  Ann.  IxL  367;  Ixiii.  90.— Gerh.  L  484.)-^ 
A  compound  obtained  as  a  residue  when  solphoCTanate  of  ammonium  ia  heatod.  This 
■alt  decomposes  at  a  temperature  a  little  above  tie  boiling-point  of  wat«r,  fint  givit^ 
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866  MELAMINE-MELANHTDBITE, 

off  ■■pi|~''fi  lluD  nlfihida  of  nrbon  ia  wiutdenble  qiunlity,  tmd  ndphide  of 
t""'™''-'"i  ud  lATing  ■  TMidue  which  Liobig  oUlw  nub  miZatn.  On  boiling  this  pm- 
dnetvith  tDodwatebr  ttmi^  potaih-l^,  till  Qw  gresl«r  part  i»  diasolved,  sod  Iparing 
flie&ltciicd  )iqnidti>  cmJ,  msUm  i>  a^naitfd  in  the  fonn  of  k  white  grssDlar  powder. 
T— fa— i^  of  oalplux^tuiat*  ti  ainBuaiiaiii,  Liebig  fluds  it  prefavble  to  best  a  miitura  of 
eqnal  pacta  ■u-ammoiuM  tad  iiilplioojaaittfi  of  potuaiam,  Btimng  comit&ntlj  till  do 
mine  Tajioun  of  mlphoCTanate  of  Bmmomiun  ire  evolvnl.  sod  lal-Hmmoniac  begins  to 
■oblinw.  The  nuiHi  ii  t£en  exhaosted  with  cold  water,  and  the  leaidne  ia  dried  and 
geatlr  Ignited. 

Toukel  pMpMM  nakm  liT  hreatingeiilphoeyMuUof  inimoDiDiiiiBara((irt,er^ — ' 
ing  ttie  MaiduB  with  eold  watar,  and  then  with  biding  witM.    Ths  flnt  dec 
deposit  ■  biJk;  iMttar;  the  bat,  on  oooline  ;ield  meiwii  in  tl      ~ 


CaitoB 


iMbigdednnafroBhiaownaiulpUtlMbmala  C*N"H*  (eatc  30'63  carbon andS'S 
^dngan);  aeooidiiig  to  which, melxn  majba  ngaided  aa  haxcyanopentamidci 
^^|N*,<viaBn)iiipoiiHdor3  at. tric;aniinidewilh  Sat.  ammonia'- aC]F>N.3H^. 
0«ihardU  on  the  othsi  band,  piefan  tbe  {brmoU  Cn4*H',  which  agnea  better  with 
Tdlckel'i  analjaia  (calc.  28-07  eaitioii,  476  bjdrogen,  and  66-67},  and  repreaeDts 
Bielam  Misamerio  orpolTineno  wiUimelamlne  orcjannro-triainid^   H'P'*' 

Bj  prolonged  boiling  with  onatic  alkalii,  melam  ii  coDTeried  into  meJaminc^  which 
■eparales  on  eraporatioa  or  m  the  liquid  coola.  The  mother-liquor  cortainaammeliDC^ 
which  m^  be  pradpitated  br  aoidB,  together  with  aoimelid*  ;  and  the  lattar,  by  the 
oontinned  action  of  the  alkali,  ie  ultiroatelr  Tesolved  into  ammonia  and  i^anuric  acid. 
These  changea  ma;  be  ispreaented  bj  the  following  equations: 

(1,  o.)  (W'H*     +   2H'0     -     aCTCH-O    +  NH" 

MOu.  AmneUiH. 

<^(I,  J.)        .        .        CWH'      +     HK)     -       CN'HK)     +   HH* 

(3.)   .        .  CTt'S-O    +     BKt     m       CTJ^HK)"   -h   Hff 

(I.)   ...       I 

If  Qivluadt'i  Itemnls  of  melam  b«  admitted,  the  formation  of  melamine  ia  a  caae  <d 
mere  poljmerio  tianifermation ;  aaeordiog  to  Liebig's  formula,  on  the  other  hand,  the 
melamliu  ia  prodneed  bj  BsaDn»)tion  of  ammonia  eliminated  in  t^is  formation  of  the 


other  products  »boTe  m 


CTCH*  +   HH*     -     2(?H'H' 


Mdam  is  reeolred  by  itai  into  ammonia  and  mellone  of  hjdromellone  (periiapa  thus : 
CV'H*  -  2VB'  +  C'N*H>).  when  boiled  with  dilute  hydrDchloric  or  Bulphurie  add, 
or  whea  treated  with  nitric  aoid,  it  fields  ammeline ;  with  concentrated  sulphuric  acid, 
thesamc^  twether  with  amnelide.  Bj  boiling  with  strong  nitRC  add,  itia  converted  into 
qpanniic  acu;  and  brftisionwith  hjdnie  of  potassium,  it  forms  t^auate  of  potaaBiam. 
Acavding  to  Tolcfcd,  melam  absorbs  hydrochlorio  acid  gas,  fonmng  the  compaoud 
(TOfH'.HCr. 

(?S'E*.—8jn.  with  CzumuMma  (ii.  287). 

bAMFTBZni,    Syn.  with  IhruiiTB  (ii.  MS). 
L&T.    A  kfnd  at  bituminous  coal  fbund  in  Nova  Scotia. 

.  A  blackish-green  phonihate  of  iron  ftom  Babenstein,  contain- 

a  in  too  pta.  SS-fi  per  eent.  Ibrric  and  3-87  ferroos  oxide,  besides  mangsnons  oxide 
S  to  10  pai  cent^  water.     (Puchs,  J.  pr.  Chem.  xviL  171.) 

Native  snlphide  of  silrer.    (See  Silvbx.) 
A  mineral  foand  in  the  grsyvucke  fbrmrd  tronx  decoin> 
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pn«ed  basalt  in  the  Schmelz«rtliBl,  neu  Honnef  on  (he  Rlune.  It  is  Aepoatfi  in  th* 
rock  in  amorphooB  nodalar particles,  of  coacholdal  fracture;  opaque,  with TelTst-bUrk, 
(ontetimos  ItroimiBh-black  eoloor,  and  blackisli-brown  strrak  ;  small  lumps  adhere  to 
the  tongas ;  it  do«s  not  &11  to  pieCM  in  vater.  SpedAc  graTilj  ••  1  'S20.  Bammela- 
berg  fbnnd  in  it ; 

not       Ai<o>       F<<o>      F«<o       Uii<o      Hg>o       Clio        mo 
*l-63        18-72        2-86        189        261        623        1-67        20-71  -  100-86 ; 

whenm  tbe  Ibrnnila  31I'0.2H'0*.6BiO<.12H*0,  allowing  that  the  mineiBlia  rdated  in 
eompoaition  to  palagonit«.    (KrantE,  Jahi«b.  1S59,  p.  TM.) 

araKAino  AOXD.  C'*BM)*.  (Piria,  Ann.  Ch.Ph;s.  [2]li;i.28I.)— Ablack 
mbatance  prodneed,  togethei  with  acetstp  of  potaStdoiD,  b;  the  oxidation  of  salicylida 
of  potaBiiiuii.  Tliis  compound,  when  eipoaed  in  a  sligbtt;  moist  state  to  the  ail, 
Ii«coBm  CDTeared  with  apota,  which  are  green  at  flps^  but  nltimatriy  become  quite 
black.  Thia  change  don  not  take  place  in  an  atmosphere  free  from  oijgen ;  but  if  the 
t  be  made  onder  a  bell-jar  filled  with  o^gen,  the  whole  of  that  gaa  ia 


When  tbs  tfUUftmnatioB  il  «nnplet«,  a  eaibonaceons  maas  remains,  from  which 
water  eztiaets  acetate  (rfpotaamm,  while  malaoie  acid  remaiui  nndiaaolved  in  the  fonn 
of  a  powder  rgaemUing  lamp-blad.  It  is  taatelea^  innlable  in  water,  tct?  soluble 
in  aloahol,  ether,  and  dkaline  liquid*,  and  pmapitated  trom  the  Uttra  by  adds.  It 
decomposae  alkaline  carbonate*. 

Hdania  aeid  Bvea  t^  analTsia  M-SS  and  tIS-fiS  per  cent,  carbon,  and  i'OI  hydrogen ; 
the fomnk C"fi*0> reqniree  16-09  carbon,  384  hjdrogcn,  and  38 17  oiTgen. 

A  black  BObatance  having  nearly  the  same  oompositian  ia  obtained  by  the  action  of 
alkalia  on  qninDne. 

Miianaia  <if  ammoHiuM  ia  obtained  by  dignting  melanie  add  with  ammonia. 
Ifelanatt  qf  tOvtr  ia  a  black  preaipitate  mnfjining  27-27  per  cent,  carbon,  I'SS 
hydrogen,  and  48-00  ailrer. 

IKS&*jn&XW&    See  tbrtLnla,  DniTuivis  or,  under  FxnrTLUcnns. 

MliUumt.    Theblackpigmentof  theeye(u.  616). 

VCm^MMOM.  A  black  caleio-ftrric  ganut  (iL  772),  found  chiefly  near  Albano 
and  Frascati,  in  the  neighbourhood  of  Boms. 

—*-******'■  "'^ ■ ""  C"H"If K).-^  subatance  probably  formed  by  the 
daoompomtion  of  melanoximide  (}.  v.). 

MMfc^MBllH  III  A  doubtAil  product,  fiirmed,  acoordii^  to  Brandei  and 
Leber  (Arch,  niana.  tt.  259),  together  with  several  others,  by  the  action  of  ammonia 
and  ddorioe  upon  quinine  (<;.d.). 

M»t a » Itoaaorrm.  A  bade  diiomat«  of  lead,  FbK).iFhCrO*,  found  at 
Bereeof  in  the  Ural  (I  934). 

tKMUBXOWMXlXO  AOnk     Syn.  with  'iSxri.aimc  Acm. 


BurfiKe,  aod  Knnswluit  colnmiuu:  atiuctiire.  Streak  iaik.  oliTC-greeu.  Hardness  ~  _. 
Kpeciflc  grarity  ■■  2-89,  Accoidiug  to  H.  Wnitz,  it  rontains  30-86  per  cent,  ailics, 
3-92  alumina,  2020  ferric  oiide,  21-97  ferrous  oiidp,  ISS  sod^  and  8-94  watw,  with 
12-77  carbonate  of  caldam  —  100-33.  Thia  composition,  deducting  the  caldc  car- 
bonate, may  be  represented  by  the  formula  2(M'0,8iO')JH'0'.SiO'+  3H»0;  but  the 
mineral  is  perhapa  not  of  conatont  eompoaition  ^Baa,tL288).  Bammelsberg 
{Mineralckmiie,  p.  639)  obeerree  tbat  it  is  Dear  Hisingerite. 

xaii&VOXXMzmk  C"H"N*0'. — A  product  of  the  decomposition  of  oyano- 
mplaniline.    (See  MBUnnLiKB,  under  FHMsn^MiiiHa.) 

1EB&AXTBKIT&    NatiTS  forroua  sulphate.    (9m  SoLPBina.) 

MSbAmanrrO  AOIS.     See  CxAXtrBAMlO  :lCTtis  (ii  287). 

*'^^-*"""™     The  name  given  bj  Yon  Buch  \o  a  porphyritic  rock,  consisting 

of  a  black  or  blackiah-grey  matrix  of  labrador  and  Augite,  in  which  are  imbedded 

crystals  of  the  Mine  minerals,  and  sometimns,  as  accessory  conatitaents,  aniazial  mica, 

hornblende,  and  iron  pyrites.    It  aometimes  has  the  structure  of  almond-atoue^  with 
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tnncal  and  almond-BbBped  ihxIuIm  of  ealcspor,  »olit«B,  &o.  IfeliiphTTe  ocenn  in 
Alpa,  rspecUllj  in  the  Fuu  valla;,  and  near  KlauwD,  in  the  T^rol  i  also  in  the 
Lmrer  ItJiine,  on  the  Fiehlelgebirge ;  at  Friedrischiode,  in  the  Tliiinnger  Wald ;  and 
at  Holnieatraiid,  in  Sonth  Satmj. 

Jk  bUok  acid,  produced,  together  with  glnoic  add  (ii.  M8), 
soitii:  alkalis.  When  glacose  in  melMd  at  100°.  and  a  hot 
_-ta  is  added,  aiery  violpnt  action  Lakes  plaoe,  Riring  riiw  in 
10  ths  fbmatian  of  glndc  acid :  but  if  the  mixture  b«  exposed  for 
Buuni  uuui  mu  a  ui|[h  tsmpsraCnre,  it  beoomea  continually  darker  in  colour,  in  eoniie- 
qiMnes  of  the  formation  of  coehusic  said.  On  dimolTing  the  lesidan  in  watrr  and 
imcipitatiag  b;  hTdToebloric  acid,  melasaic  acid  is  deposited  in  black  flocks  iiuoluble 
IQwaUr,  bat  kJqdIs  in  alcohoL  It  contains,  acconling  to  Petigot's  analjBifi,  Sl'9 
to  610  pel  cent,  carbon,  and  fi-3  to  S'4  hydiogeo.  The  formola  C"H'*0>,  nquiring 
61'B  eariion,  i'8  hydrDgen,  and  888  oxygen,  agrees  with  these  reenlta  bo  for  as  tha 
carbon  i*  aoneenied ;  but  the  amount  of  hydrogen  found  by  ezperiment  is  too  Urgs 
Ibrit 

HBSSVa.  C^H".  Pan^  of  Wa*.  (Ettling,  Aid.  Ch.  Pharm.  ii.  3G2.— 
Lewy.  Ann.  Ch.  Fb^  [3]  t.  S9S.— Brodie,  Add.  Ch.  Pbarm.  Izzi  ISe.V— A  nb- 
slnnce  homolrwoui  vilh  ethjleoe,  Itc,  produced  b;  tbe  dry  distillation  of  hydrate  of 
mjriqyl  andofmyridn.  It  may  beprojiredbyaalnBCting  beee'-waxto  dry  diatillation, 
treating  tbe  product  with  potarfi,  to  aajiomfy  the  fatty  acid  formed  at  the  same  time  ; 
decanting  Ibe  soap  from  the  mixture  of  melene  and  oily  hydrocarbons ;  and  distilling 
this  mixture,  vhich  thru  girea  oS,  fliat,  the  oily  hydrocarbona,  and,  Unly.  the  melene, 
when  the  heat  is  considerably  increased.  The  prMaet  is  purified  by  pressure  and  re- 
erystalliaation  from  boiling  ether.  It  is  generally  neceasary,  howerer,  before  oyslal- 
lising  it,  to  rectify  it  orer  casstio  potaah,  in  order  to  remoTe  a  small  quanti^  of  an 
oxygeuat^d  aubstance  with  which  it  is  still  conlaioiiiated. 

Melene  cryetalliMS  in  perfectly  white  naenona  scales,  inodorous  and  tastelem,   of 

*«...:«  A   f^w^rit^  n-aa        Tt   malt,   m*   RtO   l-a-nAiB\     at   JtS-fiO /'Pf  f  1  ,' n  n\    mt    JT.QO/T    .^-\ 


specific  graTity  089.    It  melts  at  62"  (Brodie),  at  S3ao(Ettling),  at  47-8=  (Lewj), 
'      "^-  "oolinj.     Boils  between  370°  and  380°.     Twour^ 

r,  liy  tbree  expenmenls,  between  ID'S  and  11-8:  the  detenninations  wars,  how- 
an:fi!ied  inaccurate  by  partial  deeompontJon.    It  is  insoluble  in  water  and  ii 


density,  by  tbree  expecimenle,  between  lO-O  and  11-8:  the  detenninations  wars,  hi 
ever,  i«n:fi!ied  inaccurate  by  partial  deeompoaitJDn.     It  is  insoluble  in  water  and 
cold  alcohol,  but  diasolTEa  in  boiling  alcohol,  aod  easily  in  ether,  and  in  oils  both  flxed 
and  ToUtile. 

Melene  ia  not  attacked  by  palati  or  toda,  even  at  the  bailing  heat  Bi^lutrie  add 
doea  not  attack  it  at  ordinary  tempersturea ;  but  on  applyins  heat,  part  of  the  meleoe 
ia  carbonised,  while  the  rest  snblimea.  It  is  but  alight^  attacked  by  boiling  ntlric  aeid. 
CUoritu  attacka  it,  producing,  under  certain  circumstances,  a  body  containing  a  consi- 
derable  amount  of  chlorine. 

Related  to  melene  an  tbe  aereral  mineral  tallowa,  djatii^ished  tafidiUUtt,  iortUt, 
halci/tin,  isolgle,  tanlile,  otoktrite,  tdmreriit,  fe. 

■CBUKVSi  mXiVMISB  QT.  This  name  was  applied  by  Volckel  to  a  snlphii- 
tetted  reaidse  obtained,  together  with  others  (called  respectiTely  nUpUdt  of  aipiaie, 
mnfiraa,  itiiiene,  &c.),  l^the  actioa  of  best  on  persulphocyanic  acid.  Th«c  residaes 
are  yellow  or  brown  powders  varying  in  composition  according  to  the  d^ree  of  heat 
•I^ed,  and  are  probably  mere  miitaree.     (See  G-melin's  H/indbooi,  ix.  394.) 

WfMLMTJW.  This  name  is  given  by  W.  Stein  (J.  pr.  Chen..  Ixxir.  361)  to  the 
■nbatance  produced,  together  with  glucose,  by  the  aetion  of  adds  on  rutin.  This  sab- 
sUace,  aceotding  to  most  authontjes,  is  identical  with  qnercetin.  CWO";  bat, 
■ccording-to  Stein,  it  difibrs  ftom  qnercetin,  and  has  the  composition  C*H"0*.  It 
forms  y^ow  crystals  which  act  on  polahsed  light,  and  reduce  potassio-cnpric  tartrate. 
(See  QcXBOtrnt  and  Bdtih,) 

MBKIVOVXAjra.  A  mineral  from  the  nroon.eyeBit«  of  Norway,  aeariy  related 
to  leocophane.  The  crystals  are  optically  oniazial.  but  it  has  not  been  determined 
whether  rhey  are  dimetric  or  heiagonaL  It  also  occnrs  masaive,  with  a  scaly  and 
■omelimei  foliated  structurei  cleaTable  in  One  direction.  Hardueea  —  S.  Spedfic 
grarity  —  S'O.  Lustre  vitRoua.  Colour,  sulphor-,  dtron-,  or  honey-yellow.  Not 
pboHphoreaceut.  Bnttle.  It  contains,  according  to  an  approximate  aaalyaia  by  Richler, 
41-8  Mr  cent,  ailica,  3'S  glisinB,  12  4  alumina,  1-4  manganic  oxide.  I'l  tbrnc  oxide, 
'81'6  lime,  O-S  magnesia.  2'S  aoida,  2'3  fiuorine,  and  0-3  nickel-oxide,  xirconia,  oedc 
oxide,  and  yttria. 

■>«¥.■* !■«>■«.  C'H'H)".— A  hind  of  EUgar'diacovered  in  the  manna  of  Brian- 
con  (p.  822)  by  Bonaatre,  and  flirther  inieatigaled  by  Berthelot  (Ann.  Ch.  rhva. 
{s]  It.  282).    The  extract  of  this  anbttaoee  prepared  with  boiling  alcohol  deposit! 
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melizitoBe  after  being  evRporaUd  to  >  Bjrup,  and  Utt  to  stand  fbr  (ereial  weeks ;  th» 
product  roa;  be  purified  by  recTTBtAlluation  ftoia  boiling  alcoliol. 

Melezitoee  formB  very  iinall,  sbort,  hard,  ahining  crjBtals,  nwembting  those  of  cane- 
■ugar  under  the  microecope,  white  and  meid;  wbrn  seen  in  mass;  it  efflonsces  readilj 
when  eipoBed  to  the  air,  and  givee  off  4  pec  cent,  of  water  when  heated ;  melte  below 
110°  without  further  altoration,  and  aohdifiee  to  a  glaas  on  cooling.  It  ia  aboat  is 
Bweet  M  glnoOM.     DeWro-rotatoir ;  for  f he  tranBition-tint,  [a]  —  941°  for  CTHHQ". 

It  diaeolTee  readily  in  v/ater,  and  is  precipitated  by  an  ammoniacalaotution  ofnrtiiral 
acetate  of  lead.  It  ii  nearly  inaoluble  in  cold,  eli^tlj  solnble  in  boilins  a^Ao^  quid: 
iuaolahle  ia  ethtr.     Absolute  alcohol  precipitatee  it  front  the  aqueous  aolution. 

Melezitcee  deeompo8«a  at  about  301^.  It  is  carboniaed  b;  cold  strcnig  ndphurie  aeiS, 
quickly  tnms  brown  with  bwling  kydrocUorie  acid,  and  fbrms  oxalic  acid  with  nitHa 
acid.  B;  an  honr's  boiling  with  dSute  nlpkuTic  acid,  it  is  coDTert«d  into  {jocose.  In 
conlaet  with  gtatt,  it  paasea  slow^j,  or  Bomstimes  not  at  all,  into  vinons  fermantatioa. 
It  is  not  altered  at  100°  by  aqaeoBa  oiiaiiM,  and  scarcely  bj  potattio-eupria  lar- 
traU. 

mom.  See  CoraUBiK  (iL  63). 
Sjn.  with  CiDmnii, 
.  Ot&  or.  A  volatile  oil  contained  in  balm  (Xelina  ifffieimdu), 
_. .  tt  abnndautlj  at  the  flowering  time,  and  obtained  &om  it  by  diatillation  with  water. 
Jl  is  ooknulesa  or  uJe-yellow ;  of  speeiflc  gtavi^  086  to  S'S2 ;  has  a  pecnliaz  odoni ; 
redden*  litmus  sli^tly.  Actwrding  to  Biiio  (Bruen.  Giom.  xix.  S60),  it  contains  a 
eamphtc  in  solation.  It  disBoWe*  in  ti  to  6  pts.  of  alcohol  of  specific  gravity  0866. 
It  disaolTea  iodint,  with  great  rise  of  temperature  and  evolution  of  vapour,  and  becomes 
viscid.  With  nitric  acid,  it  turns  brown,  giveB  oST  a  large  quantity  of  gas  when 
heated,  and  becomes  lemnoiis.    (Zeller,  Stud.  Sitr  alAer.  Oele.,  Landau,  1S50.) 

MBUMIO  ASD.  C^H-O*  -  *'*^'^J0.  — (Brodie,  Ann.  Ch.  Hum. 
lixi.  IS6.) — A  tittj  acid  obtained  by  treating  hydnte  of  myricyl  fmelisBio  aleohol) 
with  potaah'lime.  It  bean  mnsiderable  reaembltuice  to  cerohc  add  (i.  83fi),  but  melts 
at  a  higher  temperature,  viz.  st  88°  or  89°.  Accoiding  to  Brodie'B  ana^siB,  it  oontains 
79-19to7»»7  par  cenL  carbon,  and  1300  to  13-63  hydrogen  (calt  78  84  carbon,  13'2T 
hydrogen,  and  TUB  oxygen).  The  silver  salt.  C"H<*AgO*,  ia  ■  iriiits  precipitate  eon- 
tsioiug  19-30to  1974  per  cent  nlver  (calc.  19-30). 

mKUsnf.  Syn.  with  Mmusbio  Alcohoi,,  or  HnBarB  o*  Mtbicti.  (Sea 
Utbkttt.. 

WUimMB.  C"H**0". — A  kind  of  sugar  obtained  ftom  the  manna  which 
falls  in  opaque  drops  from  various  Bpecieaof  £^mmi[^<u«  giowiDg  in  Tasmania.  Itwaa 
first  recogtueed  as  a  distinct  substance  by  Johnston  (Uem.  Cbem.  Boc  LlS9),more 
fully  examined  by  Berthelot  (Ann.  Ch.  Phya.  [3]  xlvi.  66.— CMm^  organiquc, 
Tax.  1660,  ii.  260).  It  is  extracted  from  the  manna  by  water,  and  eiyatalliaas  in 
extremely  thin  interlaced  aeedlea,  having  a  aliglitly  saccharine  taate. 

The  cryslMla  of  mnlitoso  are  hydralrf,  containing  C"H«0".3HV).  They  give  off 
2  at  wBt*r  at  100°,  and  become  anhydrons  at  130°.  They  disaolve  in  B  pte.  of  cold 
water,  very  easily  in  boiling  water,  and  dissolve  alao  in  boiling  alcohol  mora  freely 
than  tnannite.  The  alcohobc  aolDtioc  yields  small  but  well-dev^oped  crystals.  The 
aqueous  solution  tama  the  plane  of  pobrisation  to  the  right:  Ibr  the  transitioii-tint 

Pi-  -fioao. 

Uelitooe  heated  with  dU%iU  niljtkime  acid  is  nAolved  into  a  fermentable  sugar 
(probably  dextro-glocose),  and  non-linnentabis  encalyn  (ii.  601) : 

CH'K)"      +      H'O      -      C^»0«      +      C^i>0* 
UalitoH.  GLucoK.  Bucalfn. 

Hfllitoae  torments  in  contact  with  yeatt,  but  it  is  resolved,  in  the  flrst  inatanoe,  into 
glncose  and  eucaJyn :  consequently,  since  the  latter  is  nnfermentable,  the  quaatitiea  of 
alcohol  and  carbonic  anhydride  obtained  from  it  are  only  half  of  those  which  would 
be  yiehled  by  an  equal  quantit;  of  glucose.  It  does  not  reduce  an  alkaline  emric 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalit  or  witb  baryta'^iiater.  It  ic 
oxidised  by  nitric  acid,  yi^ding  a  certain  quantity  of  mncic  adcl,  together  with  % 
large  quantity  of  oxalic  ejad. 

IKBKKAIOO   AOZD.     Syn.  with  Euobboio  acm  (ii.  601). 

MSXiXiAV.     Syn.  with  Mdu.om. 

BKaiKZO  Aonh    Syn.  with  Uu.i.ma  Aero. 

MMMMTB. — Btanboldtiiiit,     SomtrtUtiic    ZurHte.—A  silicate  occurring  on 
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VcHUTiiu  and  at  C^>a  di  Bore,  neu  Boms,  in  dimetric  emtola,  in  Thieh  tli*  prin- 
cipal  u  to  the  tacoaiaxj  axe*  aa  0'6432  :  1.   ObacrrM    eombuialion  oP .  se  P . 

»P«>  .P«.a.Pa.  Anfflf.oP:P»  -  UT"  16';P»  :  P«  (oxer  a.P<»  )  -  flB"  SO"; 
Poo :  Pus  (oTsr  terminiLl  edge)   -    134°  48'.     Cleawe  basal,   diatitict  Haidnea 

—  S.  Specific  gisvit;  — 2'S  to  31(14.  TheciyilBla  an  tiown  or  vellow,  with  Titnons 
lustre,  geoenll;  tnuiBloceat,  Kinietiinee  opuine.  Fractun  condundal  to  naevea.  B»- 
fbie  the  btovpipe  it  fiuee  vith  difScoltf  to  a  jrclloiriah  or  bUck  glass.  Qivea,  witli 
fiiuei,  tile  reaetlDns  of  iron  and  silica.     QisIatiniMa  with  acids. 

Analgia.— a.  HmnioldtSiU,  ^m  3onuna,b;Kobell  (Schw.  3.  bOT.  263). — i.  The 
saue  b;  Damoor  (Ann.  Cb.  Phys.  [3]  x.  5»).—c,  d.  ItdUliU,  from  Cape  di  Bore, 
bjDamoDi  {loc.  ett.), 

BIO>  AHO>     FfV    Ft>0        (VO       H^       N»0       K*0 

a.  43-eS  11-20  .  .  2'82  31-96  810  4-28  D'3B  -  10020 
6.  40-00  10-8S  4-43  .  .  Sl-Sl  4'S4  443  OSS  -  88-06 
e.  39-37  841  lO'lT  .  .  82-47  S-44  I-Sfi  1-48  -  86-18 
d.  38-34  SSI  10-02  .  ,  32-05  6-71  213  1'61  -  99-38 
These  analnea  mar  be  apnroiimatelj  tepreaented  bj  the  fomtils  8(2Ca*0,SiO*) 
+  2(A1'0* ;  Fe<O>),3Si0*,  which  is  that  of  an  (atiuailk«t«^  the  oalciom  being  p^j 
r^lsced  bj  msgnenain,  aodinin,  and  potassiDDi. 

Jtfoutw  Gt&ienite,  whidi  contains,  according  to  Eobell  (KaihL  Aich.,  it.  313), 
SS'SO  par  cent  silica,  12-80  alumina,  2'S7  fscric  oiids,  37-04  liins,  464  ""f^ii.  030 
potafh,  aod  2-00  water,  nuf  be  included  in  the  same  general  fonnnla. 

SomtrvUliU,  occnrring  on  TeeuTina  in  dull  yellow  OTitali,  hM  the  in^^  of  this 
.    (Desetoiasaux.) 

](&    Sjn.  with  HiLuminm. 

I  AOnt-    See  Mmlutio  Acm,  AltniH  aw. 
r  HotttytU>»e. — Native  mellitate  of  aluminiam  (p.  671). 
3)&    See  MnLLino  Acn>,  Avroag  or. 
MauSTIQAOXS.    CHK)'-^^^'|o<.    Mdlie  add.   JtrsUiOaAow.  Benf. 

tUimaure.  (Qm.  z.  I.— Oech.iii  822.)— This  acid,  which  WW  di«<ovBmlb^Elapoth 
'n  1766,  occun  aa  mellitate  of  ttlnminium,  in  bonpjstone  or  mrlliti?,  which  is  the  onlf 


be  produced  bj  lieatiDg  ambei  i 
confirmed. 

To  prepare  it,  powdered  honeyrtona  is  traated  with  K. .   _ 

nium,  the  liquid  is  bailed  till  the  excess  of  the  ammooiom-aaU  is  enelled ;  i 
ammonia  is  added  to  precipitate  an;  alumina  that  maj  hate  been  diiKilTed ;  the  liqntd 
is  filtered  and  cTBpoiated  till  nentru  mellitale  of  ammonium  dysttlliBea  out ;  and  thia 


Bait  is  purified  by  recryatallisation  tztta  watar,  a  small  qnanti^  of  ammonia  baiiig 
each  time  added,  to  leoonrect  the  acid  aalt  produced  I^  erapomtion  of  the  anunonia 


hydrochloric  acid  is  expelled.     (WShler,  Ann.  Ch.  Phann.  mrii  263.) 

The  lead- precipitate  contuins  ammonia,  which  is  tiBjuferred  to  the  sepaialed  add. 
Either,  therefor^  theacid  most  be  re-precipitsted  with  acetate  of  lead ;  the  precipilau, 
which  still  contutu  a  imall  qoanUty  of  uamODia,  wuhed  and  a^ain  decomposed  with 
sulphydrie  add;  and  the  acid  thus  liberated  predpttatedathiidtimewithhydrochlorie 
acid,  uorderto  obtain  a  precipitate  free  bom  ammomik,  andtbence  to  sepMiatethe  pom 
acid  by  8iilph<rdiie  acid ; — or  the  smmonitUD'Salt  must  be  boiled  with  excess  tS  ba^ta- 
waler;  tb«  teenlting  txaiiUD'^aU,  decompOBcd  bj  di^estioD  with  dilDte  sulphuric  acid; 
the  liquid  Uteied  and  naporatad  till  it  oystaUises ;  and  the  e^atals  tteed  tan 
adhering  sulphuric  acid  br  leoTataUiaation.     (Brdmann  and   Marchand^ 

Toprnwreodonrleesmeuitieaoidftom  the  brown  add  motherjiqtior  otMised  i>  tba 
prepantion  of  mellitate  of^^mmonium,  the  colouring  matter  m^  be  piMd[ntaled  t>j 
chloride  of  barium  ;  the  meUilale  of  barjnm  thrown  down  triria  the  filtrate  by  am- 
iDoDia.  or  by  boiling  with  acetate  of  ammonium,  andconTerted  into  mellitste  of  amno- 
nium  by  dieeetion  with  carbonate  of  ammooiDm  ; — or  the  brown  mother-liquor  may  be 
precipitated  by  a  strong  solution  of  sijphate  of  cof)per,  and  the  oyatBUis^  mellilata 


Hi  uf  the  iatti'r ;  utLciwiH  the  precipitate  will  retain  ammonis.    (Schwats.) 
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sd,  w  obtained  by  enpamtion,  f»  a  lAfte  tooird»,  eshnntiog  aeuetlj 
iM  of  eTTBtAlline  ttmetore ;  u  etjMalliBad  Boib  sBlottoD  in  cold  tleo- 


jt  giraoffirataTBt  100°,  bnt  at  ■  hi^iar  tanperatON  it 
•nblimeapaitlyiiiiBltend:  Uw  gieatBrpottiou  is,  howenr.deeompMsdwlthw "-'-- 

hj  Iwatiiig;  i 
neck  ot  tfie 


JyniiBltend:  the  greater  pottiou  is,  howenr.deeompoMdwlthwpu^ioii 
Aecoidingto  ErOmaiin  (J,  pr.  Chno.  lii  483),  th«  mbliiiiata  obtaimed 
lellitio  add  eonnsla  ot  pyromellitie  acid,  C>HO*,  vhidi  mdta  in  tlie 
ntco^  and  acJidUw  in  a  radiated  eiTitalline  niasi.    MtiHItie  acid,  «* 

e  a^,  bunu  with  *  brig^  Booty  flam  -  '-- ' "^  -'   ' 

coal,  iriiich  afterwarda  bums  oompletely  away.  ] 
or  nUphurie  acid,  bat  the  Utt«i  duaolvea  11 

Hellitates.— Uellitie  add  is  dibsdc,  jielding  neutral  aolt^  Clt'O',  and  add«It«, 
CEHO'.  TLb  mellitatca  am  decompoeedb;IuBt,  yialdingalBrgequantitj  of  charcoal, 
anda  amall  onastity  of  piodncta  containiiig  hjdrogen.  When  eWly  dirtilled  with 
•nlphimc  add,  they  yield  pyromellitie  add,  k^thec  with  enboale  ftdde,  «ulxniie 
Bj^rdride,  and,  towaraa  the  end,  snlphmoiu  anhydride, 

"nie  mellitatee  of  ammoninn],  potuainm,  and  sodinm  Utac&n  readily  in  wat«.  The 
tine,  and  mangsneae^alta  diaaolre  more  readily  in  eold  than  in  hot  water.  The  net 
ai*  ineolnble  or  eparingly  eolnlde  in  water. 

Meliitaf  of  AluMiniuD,,  2A1'0'.8(?0'.S8HK)  -  C^Al')'K)''.t8K*0,  ot 
Cal'0*.8H'0. — This  componnd  occurs  native  as  m^Ut  or  iontyilone,  in  lignite,  at 
Astra  in  Thnringia,  near  Bilin  in  Bohemia,  aikd  near  Walchau  in  Morntia,  both 
crygtallised  and  in  maesiTe  nodolee.  The  ciystala  are  dimettlc,  aihibitiiie  the  oom- 
bication  P  .  oaP .  oF  .  F,  ftc,  the  F-Cieee  unially  predominatina.  Lengui  of  prin- 
dpttasia  -  0-7403.  Angle  F  :  F  (terminal)  -)tr>  V;  P:  a>F(Utenl) -93°  33'; 
F:  <bF -I20°£B'.  ClesTHM  imperfect,  parallel  to  P.  Haidneal  -  S  to  S'G.  8|«- 
ciflcgnviCy  I'M  to  1643.  liUAtre  reaiiiou^  inclining  to  Titreoat,  Oi^oor  bom^- 
jbUow,  MunetiiTiea  loddi^  or  brmmiah ;  laiely  wh>l«.  Streak  white.  TnuHpannl  to 
traiulncent,  and  with  etrong  doable  nfiiKtion.    Fiaetura  conehdulaL    SeotileL 

The  cnBtulB  contain  14'S  per  cent,  alumina  and  44'!  pa  oanl;  wat«r  of  ontllli- 
gatioD,  which  is  driTen  off  at  a  temperatore  near  the  bouing-pdnt  of  nlriinno  add. 
Caustic  stkalis  decompose  them,  letting  the  alumina  free,  Thtiy  are  dinalTed  bj 
nitric  add.  and  leparate  from  the  solution  without  change  of  form  or  oonatitation. 

NatiTa  honpystone  contains  a  small  quantity  of  a  yelLnr  resin,  to  which  it  owes  its 
colour,  and  probably  also  its  odour. 

Mellitst«  of  potassium,  added  Co  B  sotulJon  of  alnm,  forms  a  arystaHine  precipitate 
containiBg  9-G  per  cent,  alumina  and  tS'O  per  cent  Water;  Mobablj  an  add  salt. 
(Wohler.) 

litllitttttt  e/  Ammonium— Tha  nmtrti  KOt,  C^TiWfO'.tBK,  timai  ])ug» 

■' '    ransparent  crystals,  having  a  slight  add  reaction.    Thpj  exhibit  twn  forms, 

inth  differeiA  amounts  of  water ;  both  belonging  to  the  tzimetiie  system,  bnt 
Qurenng  considaiably  in  the  anglu. 

The  oysfats  a  are  deriTed  from  an  octahedron  whose  axes  are  to  ona  another  as 

V  S-390  ;  ^  7-881  :  I.  Obsamd  combinatloa  oF.  »  F.  v  "tai  .Pa,  .P  at.  Anglfl 
oP:P<*.  -  lfil°8';  oF::P»-180°»4';  gtP:  a.P  =  H4°lCi  »P:  »t»  -  132«6'. 
The  foees  obPio  are  longitndinsU;  striated.     Ho  cleaTsge  parallel  to  oP. 

The  crystals  0  are  deriyed  from  an  octahedroD  whoM  axsa  are  to  one  another  sB 

V  2'«T0  :  i'  7-923  :  1.  Obeerfed  combination  oP  .  P  .  (»F  .  ge^oo .  AdrIs  oP  :  P 
-144°  44';  P:P  ~  148°  17;  P:  o>P  -  ISS"  18")  wP  :  «P  -  119°  41' ;  mP : 
eoPoD   -  120°  M'.     Cleavage  parallel  to  oP. 

The  crystals  give  off  24-1  per  oent.  water  (I  st.)  at  100°,  and  at  1S0°  deeoni|>oaltioB 
tlikes  place,  viui  erolntion  of  laise  qnsntities  of  ammonia  and  wat«r,  and  lomttiMi  of 
paramide  and   cucbroate  of  ammonium. 

I?(NH')'0*     -     O-HSO'   +  NH*   +   2H^ 
MrlXuxof  PuunUr. 

3C*(NH')'0'     -     C"H'(NH')rNK)'  +   aJTH"  +   *FK). 

The  onri  joft,  2C<H(KH<)0*.CH'0'.4HK),  is  obtained  bydecomposing  at 

An^  <> 
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from  which  it  ma  fiwnud  were  tct;  diliit«,  in  needlea.  Mtllitio  idil  added  to  <dil<nide 
of  barium  fomu,  ttUi  t,  few  •eoondB,  a  piecipitate  composed  of  oeedle-aluped 
ajataiM. 

JlellilaU  of  Calcium  a  ohtsioed  on  miiiiigmsUitKteof  unmonidrnwitlidilorid* 
of  cdciom,  SB  an  amorphong  precipitate,  whiob  soon  becomes  dyitalliiie,  Hellitie 
acid  added  to  lime-water  throira  down  white  flocke  (olnble  in  hTdroohlorie  add. 

liellitaU  of  Cobalt,  C*CoKI<.eH*0,  dTitalliBes  bom  aolution  in  boiHng  -wwtet 
in  miccoBcopic  pnEms. 

Mellitatet  of  Copper.— Tha  nrntrai  tail,  CS7a*0<.4H'0,  i«  prodaeed  a*  Mi 
amorphooB  precipitate,  becoming  ciTBtalliDB  after  a  while,  on  mixing  boiling  solationa 
of  mellitic  acid  and  cnpric  acetate.  On  mixing  cold  Bolutions  of  mellitic  acid  and 
cupric  acetate,  there  is  deixMlted  an  acid  >ail,  C'Cn'0'.C'CuHO'.SH'O,  which  aim 
b«comM  eiyatalline.  On  adding  a  solution  of  cupric  Bulphaie  to  a  talt  of  mellitate  of 
ammonium,  a  crystalline  predpitate  ia  formed  coHaiatiog  of  ammoitut-ciiprie  mrllitalf, 
CKhi'0'.CCu(NH')0'.*H'0,  or  CCo'(NH')0'.iHK>. 

lltllitatei  of  Iron. — The  ferric  *aU  is  a  (ream-coloured  preeipitatcv  ralaUe  in 
hydrochloric  adil — Ferraia  trUti.  Mellitale  of  """■""''""  forms  with  t^irons  sulphate 
a  greenish-white  predpiCate,  which  rediaaalTai  when  the  liquid  is  wanned ;  IniL  on 
lusing  tlie  temperature  to  the  boiling  point,  a  basio  salt,  FeH).C'Fa'0*.3H*0,  is  pra- 
dpitated  in  microscopic  cnbo-octahei&oiiB  of  a  lemon-yellow  mIoot  ;  veij  sptiin^^ 
Bolable  in  water,  easily  soluble  in  hydrochlorie  acid ;  aaauming  an  oUre^reen  odlouz 
when  dry  ;  and  giving  off  all  their  water  of  OTStalliaation  at  190°. 

Mellitati  of  Lead.  C^Fb'O*  (at  180°).— Bol^  white  predpitab^  soluble  in 
nitric  add ;  obtained  liy  adding  the  add  or  Uia  ammonium-salt  to  acetate  or  niliate 
of  lead. 

Utltitatt  of  Magnttium.  C'Mg^'.6HV.— Predpitatedou  adding  eaiboaate 
of  magnrainni  to  a  hot  aqueouB  solution  of  meilitic  acid,  aa  an  oil  which  aolidiflee  to 
a  ciTStalliDe  masB  on  cooling. 

MiUitate  of  iiangantit.  C'Kn'OreH'O.^Obtained  in  like  manner.  Whi(« 
powder,  composed  of  microscopic  needles;  more  soluble  in  cold  than  in  boiling  water, 
which  diasolru  oolj  ^  of  it 

Mellitatet  of  3f<rei(ry.— The  ma-euric talt,  C^«0*.2ffO,  or  Cmg"OMHX> 
(at  100°).  is  obtained  aa  a  white  grennlar  mass  by  tntorating  mercuric  ozidfl  with 
mellitic  acid  and  a  gmall  quantity  ra  water,  or  by  precipitating  an  alkaline  mellitate 
with  mercoric  nitnte. 

The  tnavnroui  tali,  C'HhgK)<.2H>0  (at  100°),  is  also  obUined  l»  predpitatian,  aa 
a  white  gtanTdar  predpitate,  tcij  soluble  in  nitric  acid,  becoming  annydrooa  at  190°. 

Xtllifate  of  yiciel,  C'Ni'O'.SH^.— When  a  hot  ablution  of  meUitic  add  ia 
aaturated  with  carbonate  of  nickel,  a  green  semi-fluid  mass  separatee,  which  hardens 
and  becomes  vitreous  in  contact  with  the  air.  Thia  salt  ia  reiy  slightly  solable  in 
water,  very  freely  in  dilute  h  jdrochlorio  and  nitric  adds.  It  gives  off  half  its  water 
(1  at.)  at  100°,  and  the  rest  at  800°. 

MellitattM  of  Palladium. — Mellitic  add  is  perfectly  neutralised  by  oxide  of 
palladium  ;  bat  the  liijuid  does  not  yield  any  crystals,  even  when  concentrated  to  ■ 
■ymp;  butou  evaporstion  \a  d^yneea,  it  leaves  a  brown  amorphoos  residue  olpailadioiu 
mcUtlale.  This  salt  dissolves  in  ammonia,  fbrmiog  a  colourless  liquid,  iriiich,  on  eva- 
poration, deposits  colouripea  rhombic  cryalals,  often  maded  in  twos  and  threes  and 
containing  4  NH'.C'Pd'OVSH'O.  The  wWe  oftbe  water  is  siven  ofTat  10ll'',togBthet 
with  a  anuUl  ouantitv  of  ammonia.     (Karmrodl,  Ann.  Ch.  Fharm.  Ixzxi.  164.) 

MelUtaU  of  Palladium  and  Potatiitim  crystallises  &om  the  mixture  of  the  two  salt* 
evaporat«d  to  a  syrup,  in  nodular  groups  of  indistinct  prisms.  SleUitate  qf  palladium 
tmd  »od\iim  ci;stelliees  in  macled  triangular  pyramids  containing  34  per  cent,  palla- 
dium.   (Karmrodt) 

litUitatee  of  Pota>*ium.—T!i»  fmttrai  tali,  C<^0*.SH^,  forms  etBorenMnt 
trimetrio  cryatals,  isomarphoua  with  the  neutral  ammonium-salt  a.  Observed  combi- 
nation oP  .  „P  ■  "f«  .  P"  .  f"  ■  Angle  «P  :  «P  -  1U»;  »P  :  f «  -  161" ; 
oP  :  f »  -  160°  i   o=P  :  eoPoo  -  123°  nearly. 

Acid  tall.  C'HEO'.SH'O.— A  hot  aoluUon  of  1  at.  of  tile  nenbal  salt  and  1  at. 
mellitic  add  yields  this  salt  on  cooling  in  large  transparent  right  rhombo'idsl  prisms, 

often  troncated  on  the  lateral  and  terminal  edges.     It  u "'" ""'"  "~  ' — ' — """ 

the  neutral  salt. 
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Ibrmed,  and  heatiog  the  liquid  till  the  piecipitatd  diatppean.  The  double  salt  then 
ciTStallueB  in  Bjx-gided  trimetric  prianiB  irilh  dihednl  Bnmnuti,  exhibiting  the  combi- 
Datiou  osP  .  BpB  .  F« .    It  has  an  add  taste,  uid  is  but  slightlv  solubln  in  wetei. 

Another  *cid  roellitate  of  potaoeiuai  (peibaiia  C'HEO'.CK'O'.eH'O)  i*  men- 
tioned by  Erdmnnn  uid  MiLcchand  (J,  pr.  Chem.  zliii.  129)  as  haTing  bern  ob- 
tained in  tfae  fomi  of  a  crjatAlIine  powder  on  adding  mellitic  arid  to  a  concentrated 
solution  of  tfae  neotnl  ult.  This  powder  lediesolved  in  water  jfielded  large  nacreouB 
erystAU  coataining  2063  per  cent,  carbon,  2'71  hydrogen,  and  30'49  potash. 

Mil  lit  at  a  o/  Silver. —Jilt  org fniic  ndt,  CAg'O',  is  obtained  on  adding  mellitio 
scid  or  mellitate  of  onunonium  to  nitrate  or  acetAte  of  silTer,  as  a  white  crystalline, 
shining,  scaly  powder,  which  the  micioecope  ebowa  to  connat  of  tranaparent,  colourless, 
■quare  platee,  ugu&lly  haviiig  tbeir  angles  Crnncaled.  When  heat«d,  it  deflagrates 
sightly,  but  without  exhibiting  any  electric  excitement,  as  the  oxalate  does  under 
simil&r  drenmstuncea.  Heated  to  100°  in  a  stream  of  hydrogen,  it  blackeoa  and  give* 
off  water,  and  the  residue  dissoliee  in  water,  Fonaiog  a  itark-bniwii,  atmngly  acid 
liquid,  which  gradually  deposits  a  mirror  of  metallic  silTer,  leaving  a  solatioo  of 
atgeatic  mellitate  in  mellitic  acid.  The  brown  or  black  leaidue  obtained  b;  heating 
the  argentic -salt  eridentlv  coutaina  argmiimt  meUitaie.  When  argentic  mellitate 
prsTio^T  heated  to  280°  la  heated  with  iodine,  iodide  of  silver  is  ^rmed,  together 
with  a  white  crystalline  aublimate,  strongly  actd,  and  very  soluble  in  water. 

Potattio-atyeniii:  McUitati,  C'KAaO',  is  deposited  &om  a  mixture  of  the  component 
salts  contaiziiDg  nitric  acid,  in  smal(  transparent  rhombic  prisms,  in  which  tha  angU 
cdP  .  P  ™  121"  80' ;  cbP  :  vFs  -  116°  11". 

These  crrstals,  when  heated,  flrst  give  off  water  and  become  opaque,  then  svdl  np 
with  a  kind  of  explosion,  and  leave  a  residue  of  silver  and  potassie  carbonate. 

Meilitate  of  Sodium,  C*I4a'0',  erystalliBes  with  two  different  proportioiia  of 
water.  A  hot  coaeentrated  solution  deposits  needles  containing  32'BI  per  cent.  (4  at.) 
water,  the  whole  of  which  is  pven  oS  at  180°.  A  solntion  satnratad  in  the  cold 
jields,  by  spontjUieonB  evaporation,  large  striated  triclinic  crystals  containing  3888 
percent.  (6  at)  water,  which  they  give  oflT  at  160".     (Erdmann  and  Uarcband.) 

Millitatt  of  Strontium.— Vfhito  precipitate,  soluble  in  hydroeUoric  add, 
obtained  by  adding  mellitic  add  to  strontiB-water. 

■m&kXno   ACin,  Amnsa   or.     (Wohler,  Aim.  Ch.  Phann.  xnvii. 

288. — R.  Schwarz,  ibid.  Ixvi.  £2.) — Two  of  these  compounds  are  obtained  by  the 

dehydration  of  mellitate   of  unmonium,  vii.,    mellitimide   orparamidtv    which 

has  the  compoaition  of  add  mellitate  of  ammonium  minus  2  at.  water : 

0'H(NH')0'     -     2H'0         -         C'HNO' 

and  enchroic  acid,  which  ia  a  meIUt*mic  acid,  derived  from  on  Mid  trimellitate  of 
lllf'n">''"tn  by  abstraction  of  4  at.  water : 

C"H'(NH')^'"     -     *HK)         -         C'H'NK)' 


Hellitamide  (CK)')'.H*.N',  and  mallitamie  acid  (CO-)"^'  are  obtained, 

according  to  Limpricht  and  Scheibler,  by  Uie  action  of  ammonia  on  neutral  neOitate 
of  ethyl 

Faramide  and  eachroTc  acid  are  obtained  by  beating  neutral  mellitate  of  ammonium 
to  IfiO^'lSO"  as  long  as  ammonia  continues  to  escape,  and  exhausting  the  residue  with 
water.     Paiunide  then  remains  undissolved,  and  the  solation  contains  euchroale  of 

Euchro'ic  acid  has  already  been  described  (ii.  601). 

Faramide  orHellitimide,  gf  ^i  >a  awhite  amorphous  powder,  insoluble  in 
water  and  in  alcohol,  but  Bolableinmlphnric  add,  idience  it  ia  predpitated  by  water. 
When  hrated  with  water  to  200°  in  a  sealed  tube,  or  boiled  for  some  time  with  water. 
Axed  alkalis,  or  ammonia,  it  is  converted  into  add  mellit&te  of  onunoniom.  By  the 
action  of  alkalis  rntrieted  to  a  shorter  time,  it  is  tiausfiicmed  into  sadmnlc  acid : 
-     SC^HNO*  4   2H'0     -     C'H'tPO'  +   NH', 

An  ammoniacal  solation  of  poramide,  mixed  with  nitntte  of  Bilver,  forms  a 
gelatinous  precipitate,  whose  composition  (at   ISO")  sgrees  be«t  with  the  forutulai 
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C*H*Ag(NH'Ag)K*:  at  300°  it  git«l  off  unBioDia,  and  tlian  conUiiia  ■  qnniiti^  of 
■ilrer,  comapoiKling  Dfvrijwith  the  ibnonbt  of  BrgeDto^sramidct  CAgKO*. 

Paramic  afid. — ThU  Damg  u  RiTOi  ^  Schiran  to  a  white  dTitaUine  pradpitata 
obtained  b;  droppioa  an  ammotiiacal  aolatioii  of  panmide  into  hjdn>ehlorie  add.  It 
ia  iparinglf  nlutile  in  boiling  valcr,  and  gina  with  linil  the  reaction  of  enehnic  add. 
lU  anunoniacal  Eolation  ia  cooToitsd  b;  boiliiig  with  mellitata  of  ammODinm.  Sdiwaix 
fbundinit(>t  17B°)17'2fi  per  oent  carbon,  2-lS  hydrogen,  and  1378  nitiogea;  SKmlt 
which  may  be  apjniziniatelj  lepceeaated  bj  the  ninnnla  C"H*1I'0'. 

KS^LZTtO  ABOtTSmXBm  C'd'.O.— Thie  ig  probablT  the  componiJon  of  tlie 
white  mbmance.  inaalnble  in  wnter  and  in  alkalis,  produced  hj  heating  cUorida  at 
niellitjd  with  mellitic  add,  and  treating  the  prodnct  with  water. 

aauxXTZO  MTMBSa.  Et^l-mtllilie  add,  CS(C^''lO\ia6bt»iaeibjhoSiDg 
mellitic  add  for  a  conaiderablf  time  with  alcohol  and  ntlphnric  add.  Ob  ■■tiiraling 
with  barjta-water,  laving  tJie  liquid  to  atand  fornnne  daya  in  order  that  the  axeim  of 
baryta  may  be  piedpitated  u  csiboiiat«,  then  filtering  to  leparate  ralphat«,  uellitAtet 
and  carbonate  of  buiom,  a  lolntioii  of  eth^I-mellitate  of  barinm  ia  obtained,  which, 
when  en^ioratMl  in  a  Tacamn  ottt  anlphonc  add,  leaTea  the  aalt  aa  » 
gammT  man,  very  aolnble  in  water,  and  rotating  on  the  auiftee  of  watw 

'■   '         ■'      '  .  i_  i_  -      ^^  100°.    Ita  aalntion  aom  not  pro- 

d  Marchand,  J.  pi.  Chem.  iliiL  13S.) 
>  obtainnd,  accOTdingtoLiinpricht  and 
i.  org.  CkttititjV.  1096),  as  a  viscid  liquid,  by  the 
actum  of  iodide  of  eUiyl  on  mellitat*  of  ailTer.  Krant  (Jabnab.  1863,  p.  881)by  thi 
same  reaction,  obtained  the  natiriU  mdiiUOtt  (^mtthgi,  itijfi,  and  in>^,  me  two  finmer 
CTTstalliaed.  H.  Uiillei  {KtJhdi'i  Leiri.  d.  org.  Ckait.  p.  iOB)  obtained  the 
etheiB  of  mellitic  acid  by  the  action  of  chloride  of  melliljl  on  the  oorreapondiog 
alcohola.    The  metbylic  ether  tbos  obtained  waa  dystallised :  the  etbylie  ether  liqnid. 

According  to  Limpricht  and  Scheibler,  mellitate  of  ethyl  tKat«d  with  aqneona 
ammonia  inunediatdT  prodaces  a  dystsUine  predpitats  cf  mellitamide, 
(C*0')'.HMT*,   and  the  aelotion,  when   cTaporated,  yieldi  mellitamate  of  am- 

-^-  «^;)S- 

XCMKXXTTK,  OMUmzm  «V.  (CV)*)'.CI'.—Obt^ed,tc««d)ei  Willi  Iiydio- 
chloric  add  and  oxycbloride  of  ^hosphoms,  btr  beating  mellitic  add  wiUi  penlAcUiiride 
of  phoephorus.  It  ii  a  OTitalluie  non-Tolkt^e  solid,  which  with  tsofer  firms  m^tie 
add ;  with  aleohoU,  mellitic  ethera ;  and  with  malUtiii  luid,  mellitiii  anhydride,  (H. 
Hnller,  loe.  cil.) 

IKMX&Oir&  (Liebig.  Ann.  Ch.  Riann.  1. 1 ;  m.  119;  L  S37  ;  IriL  9S;  ItiiL 
fa7;  liL  2fl2.— L.  Smelin,  Oid.  it.  262.— Volckel,  Poflg.  Ann.  Iviii  161; 
lii.  37£.  — Qerhardt,  Compt.  Chim.  184S,  p.  34,  and  ISfiO,  p.  104;  ThtUt, 
i.  473.— Laurent  and  Qerbardt,  Ann.  Ch.  Phya  [3]  zix  S£.}— A  sabatanes 
prodQced  by  the  action  of  best  on  -rnrions  cyanogen-eomponnda ;  s.  g.,  paendoaulpho- 
cyanogen,  melaminf^  melam,  ammeline,  ammelide,  and  chlorocjanamide.  Xiiebig 
repreeenta  it  bj  the  fonnola  CN'  or  CN*;  bnt  acoording  to  the  analysps  of  Volckel, 
and  of  Lanrent  and  Qerbardt,  the  substance  tbns  prodnced  contains  hydrogm 
(at  least  It  per  cent.),  and  may  be  reprceentMl  by  the  rormnU  CK'H*,  the  S  at  H 
being T^laceabtetiy  metals.  Oerhardt  deeigBatedthishydnt«dcompOQOd(Liebig'« 
enuU  tiidlone)  by  the  name  hydromellone  or  hydromellonic  acid,  resemng 
the  tmo  m  e  1 1 0  n  e  for  the  non-bydrogenona  compoond,  which,  according  to  Liebig, 
is  prodnced  by  heating  mellonide  of  mercoiy. 

Mellonc  or  hydnnnelloDe,  beat«d  with  potassium  or  with  iodide,  bromide,  or  sal- 
pbocyanate  of  potaesinm,  yields  mellonide  of  potaseium,  which  Liebig  ort^nall; 
i^arded  as  a  compoond  of  potaeeinm  with  mellonp,  CK^K  or  CN'K' :  Lament  and 
Om'hatdt,  on  the  other  band,  saeigning  to  hydromellone  the  formula  CN'H'.  mpposed 
that  mellonide  of  potassiam  ia  pi-Dduced  by  the  BuMitntion  of  2  aL  K  for  H,  making 
the  eomponnd  C^'HK'.  Liebig,  by  later  eiporimmts  (Ann.  OL  Phafm.  ze*.  3SJ% 
haa  cDmfl  to  the  conclusion  that  his  original  ftomnla  of  mellonide  of  potaoainm  was 
incorrect,  and  that  the  true  fbrmoJa  of  the  nentral  mellonide  is  (7N"ai'. 

Prtparation  of  I^dro»itUone  or  Crude  M^cmt. — Liebig  prepared  this  aompound 
chiefly  by  heating  dried  peeudoinilphocyanOKen  to  low  redness,  or  by  gently  heating  a 
miitoiB  of  anlphocyanate  of  potaaaiom  aod  dry  chloride  of  aodinm  in  ■  stream  of 
chlorine  gaa,  and  dissolring  out  the  chloridM  of  potaasinm  and  aodinm  trota  the 
residue  by  water.  According  lo  Henneberg,  it  is  beeit  to  heat  the  dry  psendosnlpho- 
cyitno^eu,  flmt  in  an  open  porcelain  basin,  and  aflerwarda  in  a  covered  poroelain 
crucible  j  breauac,  if  it  be  healed  in  a  retort,  the  rulphur  which  is  giren  off  flows  back 
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tgun,  uid  cansM  the  mcHoiie  to  cake  togatlter.  Too  mnob  btat  nofl  alto  b«  Mmiiad, 
■B  the  mellDne  then  itket  together  ia  hard  lompa.  The  produet  thu  obtauwd  bna  • 
light-jrellov  colour  with  a  tinge  of  gray,  a  grajor  nd-browu  product  nwj  be  regatded 
u  a  &iinre.  Aa  the  compleU  expulaieii  of  the  mlphur  from  xbe  preoeding  eomptnuida 
requiroB  Btroog  i^iliOD,  and  >  urge  portioa  of  the  meUone  is  therebj  rlnmrnpfund. 
Lnoraat  uid  Qerh&rdt  prefer  preparing  it  by  heating  chlonxytuunide  tiU  it  MMea  to 
give  off  hydrochloric  acid  and  nal-ammomao  ;  or  tunmeline,  aa  long  as  it  giTei  off 
arainoiiia  and  water ;  or  anunelide,  ai  long  aa  amwoiriai  etvuc,  and  eyaontk  aada  are 
erolved  from  iL 

The  prodoct  obtained  by  uthar  of  thase  profenaa  ia  ■  looa^  lig^t-jellow,  itrongly 
ttaining  powder,  deatitnte  of  taste  and  amalL  The  (btlowing  table  "•'■■'" 'T  ita  Mm- 
poaition  aa  d^amised  bj  calcolation  and  bj  aDid;iia. 

Fonnnla  and  ealcnlaliom),  acootding  to : 
IMtU.  Lsuml  and  Gvbirdt. 
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for  soma  time  in  a  pUtinnm  cmeible  before  analysing  it :  a  was  prepared  from  pseudo- 
anlphof^anogen,  b  from  ammeline,  e  from  ammelide,  and  d  from  chlorocjanamido. 
The  cnide  meUone,  i,  /,  g,  anslyied  by  Volekel,  waa  obtained  b;  Tarionaly  long  igni^a 


'  It  follows  from  the  pieoediiig  ana^pai^  that  erode  melloDe,  if  the  deeompoaition  ia 
ipped  at  a  earuun  pout,  haa  a  compoaitton  repreaonted  far  ^e  fonnnla  CV*H*,  which 

that  of  dicyanuramida,  (C7N'}"tK'.     The  product  when  farther  heftted  atill 

H'  ) 
es  off  ammonia  and  becomee  continasJly  richer  in  carbon.  "Whether  it  is  poesibliL 
continued  heating,  to  expel  the  whole  m  the  hydrogen  in  the  form  of  amnunuB,  and 
thaa  to  obtain  a  body  having  the  compueitton  of  tri cyan n rami de  (Ovi')'N'  (which 
ie  Liebig's  original  formula,  C'N*,  tripled,)  ia  not  yet  distinctly  made  out;  but  it  is 
probable  that  each  is  the  case :  at  all  evenla,  the  following  ibrmnln  show  thutmelainiliA 
(cyannramide)  may,  by  loss  of  ammonia,  be  ■aceeaaTely  converted  into  melam,  duTVn- 
ommide,  mellooide  of  hydrogen  (according  to  Liebi^e  new  formula),  and  uHiiaately 
into  tricnnnzamida : 

2(?H"H»   -  HH*    -    CTC'ff. 

Gjuamntdft.  Uelsm. 

(yN'-H*  -2ira*     -     CTCH-. 


■&' 


OT("H»  -  NH*     .     CTN". 


THjj;.- 
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ing-mellonii 

thJree-foarthB  absorbed       , 

DroHapotiliimt. — 1.  MeUaoe  heated  in  ■  closed  Teasel  [s  gndoaUj  Irat  comfJetely  ra- 
solied  into  a  mixture  of  1  voL  uitrogeo  gas  and  3  vol.  cyanogen  (Liebig): 
(?N'     »     8CN   +  N. 

According  toVolcke],itu  nmlTsd  hereby  into  nitrogen,  cyanogen,  and  hjdiocysnic 

CN'H-     =     3CNH  +   8CN  +  N". 

When  mellone  obtained  &om  ammelide  or  chlorocyanamide  is  ignited  in  ■  tabe,  it 
disappears  complet«l;,  giving  off  Tapoora  vhich  smell  of  ammonia  and  hydiocyanic 
acid,  and  deposit  fint  a  red,  then  a  yflllow.  and  lastly  ■  red-brown  subtimate.  The 
sublimate  givee  off  ammoDia  when  treated  with  potash,  and  precipitates  nitrate  of  silTer. 
The  gaseous  mixture  evolved  at  the  same  time  contains  a  gas  (ammonia)  which  is  ab- 
sorbed by  hydrochloric  acid,  another  (tn'snogen)  which  is  sbsorbed  by  potash,  and  a 
non -absorbable  gas  (nitrogen),  the  relative  quantities  of  the  three  bei^at  ths  begin- 
ning of  the  experiment  — 9  ;  51  :  40,  and  at  the  end  ~10  :  30  ;  60.  (Laurent  and 
GerhardL) 

2.  Mellone  heated  in  dry  chlorine  gaa  forma  a  white  volatile  aubstance  having  a 
powerful  odour,  and  attacking  the  eyes  very  strongly. — 3.  Mellone  dissolves  gradntuW 
in  boiliog  nitru:  acid,  continuidly  giviag  off  a  gaHwh""^  «*"*..:.,«  i,Aw»iJt*]Ay%t,nA  *,;*«* 
oxide,  and  is  resolved  into  ammoma  and  cjanyiic  i 
long  needlea ; 

(?N*  +   BH>0     -     CTfiBW  +  HH".    (Liebig.) 
Or, 

CfN'H'  +  eHH>    -  sCTf'HK)'  +3^^.  (Laiirent andfleihardt.) 

1.  Mellone  dissolves  in  strong  su/pAurte  nctif,  with  evolutionof  ammonia;  water  addnd 
te  the  solution  throws  down  a  white  aubstance  different  from  mellone. 

6.  Crude  mellone  healed  with  pottutium,  or  with  iodidt,  brvmide,  ca 
of  potassium,  is  converted  into  mellonide  of  potassium. 

6.  With  a  cold  solution  of  cavttic  peiath,  it  forms  meUonids  of  pc 
the  boiling  heat  is  converted,  with  evolution  of  ammonia  and  formation  of  ammelide, 
into  cyamelnrate  of  potassium  (ii.  187): 

2CN"K'  +   OHK)     -     8HH'  +   (JWHW   +   2CT1'K'0*.    (Liebig.) 
pouuliun.  poUHium. 

XB&KOarKTBkXO  AOXS.    See  the  next  article. 

mKKOVXBBS.  (ysm;  according  lo  Qerhardt ;  (TN'^M*,  a«Cordingt«Iiebig's 
latest  experiments  (Ana.  Ch.  Pharm.  xcv.  2G7).  Mellonide  of  potassium  is  abuined, 
OS  already  observed,  by  the  oclian  of  potassium,  or  of  iodide,  bromide  or  solpluK^uista 
of  potasBiimii  on  crude  mellone.  This  and  the  corresponding  snlts  of  sodium  and  am- 
monium are  soluble  in  wsl« ;  the  other  mellonides  are  insdubln  or  sparingly  solnbla, 
and  are  obtained  by  precipitatioD.  The  sodium-  and  ammonium-salts  are  Stained  by 
derompoaing  mellonide  of  bsrinm  with  carbonate  of  sodium  or  of  ammonium. 

Mellonide  of  Animonivm  cTyetaHisea  in  needles  like  the  potoasinm-aalt :  it 
contains  water  of  crystalliBatioa. 

Mellonide  of  Barium  is  obtained  h^  treating  the  solutioD  of  the  potassinm-ult 
witL  chloride  of  biiriiim,  as  a  white  preeipitate  which  diBsotves  in  a  large  quantity  of 
boiling  water.  The  saturated  solution  deporita  the  salt  in  transparent,  shortened 
needles  containing  2D'S7  per  cent,  water  of  cryatollisation,  wliii^  it  gives  off  at 
130". 

Mellonide  o/(7(iIctiim,  obtained  in  like  manner,  is  more  soluble  in  boiling  water 
tlian  the  barium-BalL     The  crystals  contain  ISOS  per  cent  watsr,  which  they  give  off 

at  iao° 

The  following  are  obtained  as  precipitates:  melionide  of  cadmium,  white ;  eiremium, 
bloish-white ;  coiall,  peach-bloesom-colouted ;  copper,  parrot-green ;  gold,  wbitleh- 
yellow. 

Mellonide  of  Hydrogen.  Mrllonhydrie  or  HydnmtUonic  aeid,  CW^H".— By 
nixing  a  warm  solution  of  mercuric  chloride  with  mellonide  of  potassiom,  a  nae-grained, 
dazzling  white  precipitate  of  mellonide  of  mercury  is  obtained,  which,  after  washing, 
dissolves  in  dilute  hydrocyanic  acid,  even  in  the  cold.  Sulnhydiic  add  passed  thraugh 
this  solution  throws  down  all  the  mercury  in  the  form  of  sulphide ;  and  aSer  driving  off 
the  hydrocyanic  acid  by  a  gentle  he-nt,  there  remains  on  aqueous  solntion  of  hydromel- 
lonic  acid,  which  has  a  strong  acid  taste  and  reaction,  mixes  with  alcohol  without 
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turbidity,  (Vt>ati  eaitonic  add  bom  carbonatMi  with  efferreBCSDro,  and  violds,  when 
neutnducd  with  potash,  crratalHwd  mellonide  of  potaaiiiim,  exhibiting  all  Che  piopfrdes 
of  the  original  ult  (Liebig).  L.  Qmelin  prepared  the  acid  bjdecompoaiDg  the  lend 
01  copper  salt  witb  ■alphTimc  acid. 

When  a  aohitioD  of  hjoromellonie  add  is  erapontad,  in  vacuo  or  in  the  air.  either 
at  ordinaiy  or  at  higher  temperatuns,  it  deposits  white  films  or  flakee,  and  leaves  a 
•OBMwhat  crjstalline  midue,  which  redineolTea  bat  partdnllj  in  sold  water.  Thaseid  is 
not,  howsTer,  completel^r  decomposed  under  these  drcDmstances  j  but  ths  portion  solubla 
in  wateratill  jields  a  certain  qaantitr  of  mellonids  of  potaaiiiini  when  saturated  with 
potash  and  mixed  with  alcohoL    (Liebig.) 

Ittllonidei  of  Iron. — The  ferric  tall  is  a  dark-yellow  predpitat*;  the  ferrom 
talt,  a  white  predpitate  with  greenish  reflax. 

Mdlonidt  of  Lead  is  a  white  predpitate  which,  after  dr^ng  in  the  air,  givee  off 
14'1  per  rent,  water  when  heated  in  a  bathofchlondeofcaldum.    The  air-dried  wilt 


Mellonidt  of  Magnetiunt  it  deposited,  after  tome  time,  in  small  interlaced 
needles,  from  a  mixture  of  meUonide  of  polaseiimi  azid  Bolphate  of  mBgueeiau. 

SliUonidi  of  Manganeit  is  a  whits  predpitate. 

Millonidet  of  Mereurg. — The  mereuric  mlt  is  a  white  pred[ulate  deposit^  on 
cooling  from  a  boilii^  mixtnre  of  the  sdotions  of  mellonide  of  potassiam  and  mercuric 
nde  :  if  the  aolotions  are  mixed  cold,  Hie  predpitate  contains  potuHinm.  The  salt 
Q  h«st«dfint^ves  off  nitrogen,  cjanogen,  and  Dydrocyanic  acid  i  then  nitrogen  and 
logen,  in  the  proportion  of?  toI.  of  the  former  to  3  nu.  of  the  latter.    (Liebig.) 

lim  nurcurt/al  tat,  also  obtained  bj  predpitatioD.  forms  thi^  white  flocks. 

Xtllonide  of  Flalinum  is  a  browmsh-yellD*  precipitate. 

Mellonidtt  of  PotassiUBi.— Three  of  these  salts  have  been  obtuned,  Tiz  the 
nentral  salt^  CWK",  and  the  two  add  sBlts,  CN"HK'  and  C"N"H'K. 

(L  NaOral  tatUonide  ofpoiaMtium  is  obttuiied  in  many  renctiong  besides  those  above 
mentioned  (p  87a),  riz.  bj  the  action  of  amidated  componnds  nf  tjanogen  on  pows- 
sium-salta;  by  the  action  of  salpbocjanatea  on  potaseinmHuIts ;  and  oj  the  decom- 
position of  snlphoCTanate  of  polasaiam  under  particnlaF  drcnmirtancsi.  When,  for 
example,  cmde  mellone  (or  calcined  melam,  &c.)  is  added  to  fnsed  snlphocyanatn  of 
potasslDm,  mellonide  of  potassium  is  produced,  with  eTOiution  of  anlphide  of  carbon, 
not  only  from  ths  mellone,  bnt  alio  ftom  the  elcmenta  of  tlie  aulphocjanate.  Asaio, 
when  nlphoi^anate  of  copper  is  added  to  melting  Bul^hocyacate  of  potasaiam,  sul^iide 
of  carbon  is  nolTod,  and  mellonide  of  potassium  remains  mixed  with  metalUc  sulphide. 
Mellonida  of  potaaidnm  is  also  fbnaed  b;  heating  solphnr  with  ferroc^anide  of 
potasaiom  (e.  g.  when  the  mixture  used  for  preparing  snlpbocyanate  of  potaHinm  is  too 
stronglj  heated),  its  formation  being  due  to  the  mutual  action  of  the  sulphiK^anales  of 
potassium  and  iron  fimned  in  the  lirst  instance.  Alt  these  modes  of  formation  of 
meDonide  of  potasaiaoi  &om  sulphoeyanatsB  become  intelligible  on  obeerring  that  a 
aolphocranate  oimtaine  the  elements  of  sulphide  of  carbon,  a  metaUie  sulphide,  and  a 
metlotiide,  tlkDa: 

13CFSM    -    (?H"M*  +  6JP3   +   iCS*. 

fr^fttratiim  of  Mdlonidi  ofPoiamutn. — a.  From  the  Sulphocyanatt.  The  prepaia- 
tion  IS  considerably  facilitated  by  the  presence  of  a  metal  capable  of  taking  np  ■ 
portion  of  the  sulphur  which  is  set  &ee  ta  sulphide  of  carbon.  The  following  pro- 
cesses are  recommended  by  Liebig  (Aon.  Ch.  Pbarm.  zcv.  26T): 

1.  With  Antmomoiu  eUoridt  QitUter  of  antimony). — 7  pis.  of  anlphocyanate  of 
potaanam  are  fosed  in  a  wide  and  deep  porcelain  cmcible  IJU  the  whole  runs  quieClj 
and  witheot  frothing,  and  3  pts.  of  recently-prepared  batter  of  antimony  then  added 
by  small  portions.  Strong  intumescence  then  takes  place,  accompanied  by  brisk 
evolution  of  sulphide  of  ca^ioii,  which  breaks  out  in  flames,  sad  must  be  extinguiehed 
by  covering' the  crucible  with  a  ehollo*  dish;  and  a  nd-biown,  porous  mass  is 
obtained,  which  most  be  pulTerieed  and  heated,  with  constant  stirring,  in  au  iron 
crudble,  till  port  of  the  resulting  sulphide  of  antintony  melts  in  the  softened  pulpy 
miss,  and  collects  at  ths  bottom.  The  moss  is  then  immediately  diswilved  in  biriling 
water  ;  the  filtrate  baited  with  hydnttad  oxide  of  lead  as  long  as  the  oxide  tnrns  black, 
to  remove  sulphide  of  potossinm  and  dissolved  mlphide  of  antimony ;  and  the  liquid 
again  Altered  and  left  to  cool,  whereupon  it  generally  solidifles  to  a  crystalline  ""g"- 
of  snow-white  meUooide  of  potassiuin.  This  product  is  thrown  on  a  Alter,  the  liquid 
allowed  1«  drain  offj  and  the  mass,  without  being  washed.  Is  wrapped  up  with  the 
lllter  in  nnsiisd  paper,  and  placed  over-night  between  two  bricks,  which  are  gradually 
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loaded  with  mights.  The  mtm,  wben  dr;,  u  a^n  dinolvMl  tn  hot  vsler,  and 
the  Mma  prootm  npnMd.  At  thr  third  efT^^isaCion,  thp  hot  flIteKd  liqnid  u  mixed 
with  *  anmll  qnaality  of  aleohol,  till  >  hint  tnuarat  torbidi^  siakaa  its  appearantM. 
Tha  ontalliiic  munu  vliic?h  HttLes  da*D  it  wuhed  with  ^cobol  titer  the  mo(li«r- 
Kqoar  DM  dnined  off,  Bill  4  dnip  of  tba  liqnid  which  nana  c^  no  longer  nddntu 
■MoakUofld*  ot  inn,  atid  th«nrfbi«  bo  longBr  eontaitu  nlphoeTUMte  of  potaiwinm. — 
a.  Tba  ddorida  of  antiniDnr  osed  in  thta  ptowaa  maj,  with  eqoil  adnntag^  ha 

}]Metd  hj  eUorid*  i!f  antmk.    "' "    "" 

n  camBMnaal  binandi,  heated  >n  „      . 

wuds  at  one  end,  then  again  downwaKli^  and  lies  hniiontallf  inaaMnbnationftiiiiaea; 
the  ddorida  of  biamath,  which  diitili  over,  ia  puifled  rann  the  chhnjdea  of  othec 
metali  hj  rectifleation  in  the  aame  aroarBtoi.  BtUbra  being  need,  it  ii  again  netud, 
pnlTeiiaed  whila  stall  hot  aftsc  solidification,  and  the  powder  added  to  the  Kised 
aalphiMTBaide.  The  pnqxntions  used  ars  1  pt.  of  bismoth-chloride  to  2  pts.  mlpbo- 
emanate  of  polaninm ;  with  a  Uiger  proportion  of  the  fbimer  the  man  will  not  melt. 
(.  From  jUcfan. — 8  pta.  of  aDlpbaersiiata  of  potasdnm  are  fosad  with  i  pts.  of 
mdam,  [nnoualf  ilightl;  ignitfd,  and  added  in  sneccenTe  smalt  portiooH.  The 
tempeiatnre  must  not  be  allowed  to  rise  too  high  ;  if  the  gas-bnbhles  which  tiaa  from 
tha  melted  mass  do  not  born  with  a  blue  flame  (sulphide  of  carbon),  but  with  a  red 

coloor,  ia"    -■     -    •       ■■      '  - ■ 

Paia  ■  .  ...  

haring  »  mXkj  Insbe,  and  aoarcel^  distingaiahable  in  appeaiuoe  frcn  mlphata  of 
mduM. — 1  ^of  the  salt  diMolrea  in  S7-lpt8.of  watarat  a[dinant«Bip«Btai«a,and 
&«  mndi  mailer qnantitj  of  hot  water:  it  iainiolnblcinaleohot;  wjitslliTCt  wifli 
diflml^,  aran  from  a  aolntion  satnHtad  while  warm,  bat  Terr  eadl;  on  additiOD  <^ 
aleohoL  Ita  aolnbilit^  in  cold  water  is  greatlj  diminiihed  by  the  presenee  of  other 
salts.  A  warm  saturated  solution,  which  would  stand  (or  daji  after  cooling  without 
emtallinng,  inatantlj  deposits  crystals  on  addition  of  a  fsw  drops  of  solution  of 
snlphocTanate  of  potassium. — The  aqueoua  solution  tut«  SB  bitter  as  su^ihite  of 
qninina.    In  dosea  of  a  drachm,  the  salt  exhibita  no  decided  action  on  man  or  other 

t  least  which  would  distingniah  it  from  olbet  bitter  substaucea.    The 

to  200°  give  o" ..... 

iou  of  the  anil 
gjTen  in  the  followii^  table  :- 

m-0  26-00.  .ss'ia    i    crvs*' 

183-0    44-6i.  .*4a8         tHK)    ■ 

lire    W<6..8823         CH»K'.flH*0    wtT  1 OMO" 

407-6  100^0     B9-22     | 

n*  drisd  salt buTDt  inartieamof  ozTgenj-leldedoalyO-OO  per emt. water;  1 

t.  .....,_ .i  .   ..   i_5 ._  „   ..    .- —    ^diag  to  Osriiudfs  fi> 

t  may  Ihnefon  be  eondoded 


It  oaMaJned  1  at.  hydrogai  to  2  at.  potasaiam,  aeconliBg  to  Osriiudf  s  ftnnula, 
»™-  -   -^  -ia£,„yi,lijad2-l»pf —.--!. -.- n  ,   ,   , 


thst  the  aah  doea  not  ecmlain  hydrogen. 

Nentnl  mellonide  <tf  potaaainni,  boiled  with  hydrochloric  aad,  yields  sd'«mnMuiiai^ 
diloride  of  potasBnm,  and  ^annrio  acid.  Boiled  with  nitric  acid,  it  yields  qranylie 
acid.  By  oonlinned  bailing  with  potash,  it  gtres  off  ammonia,  and  yields,  fint  am- 
mdida  and  eyamelvria  add,  then  melannrie  acid,  andSnallycyanuric  acid  (p.  876). 

$.  aalubUAeid  teit.  CVHK'.SHiO.— Obtained  by  mixing  a  warm  sxtontttd 
solnlMD  [rfthe  neotnl  salt  with  an  equal  rolame  of  strong  acetic  ad±  It  e^MsJIisea 
from  this  mixture  In  oblique  rhombic  laminie,  which  effloresce  in  s  warm  atmosphere. 
When  boiled  with  water,  it  is  resolved  into  the  neutral  salt  a,  and  the  insoluble 
add  salt  h.  He  dTstale,  after  diyiug  in  the  air,  give  off  13-03  per  cent,  water  (3  at 
—  t2'7S  per  cent').  The  salt^  drud  at  160°,  gare  by  anafena  28-78  per  cent. 
Mrboil,  0' IS  hydrogen,  and  2118  potsMnimi  the  j&idiiIb  C*N"HE*  requiibig  29'23 
caibop,  48-28  nitrogen,  0-27  hydrogen,  and  21-22  potassium.    (Liebig.) 

t.  AnfuUi  Add  talt.  (7S"Sn£.—ThiM  salt  separatee  in  the  ibrm  of  a  white,  chalky 
poedpitate,  00  pouring  a  modeoate^  dHote  solution  ^  nanbal  mellonide  of  poissdum 
into wastndilntehjdrauloiia add.  Itisinsolubleineoldandsperinglysolnbleinboiliag 
water;  die  sdntion  hai  •  (tmwadd  readioni  easilj  anlnble  in  a  aoltitlon  of  acetata 
of  potaaaiiun.  It  gave  by  tna^Bf  Sl-97  pwcent  carbon,  0-76  hydrogen,  and  11-93, 
potearinm;  the  Ibnnula  requiring  82-61  per  cent  eatbon,  54-99  nilnigen,  0-60  hydrogen, 
and  11-84  potassium.  

Mttlaniit  of  Silver,  CWAg",  is  obtained  as  a  ^ite  predpitate  by  mixing  a 
hdl^  solution  it  oeutra]  mellonide  of  potosnum  with  mtiate  of  nlver.  It  contains, 
aceoiding  10  the  mean  of  Idebig's  ana^ses,  17'4S  per  cent  earbon,29-S4  nitrogen. 
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•nd  52-48  «ilnr(— M'SO),  the  ftsmnlAieqamag  17*99  a»bDii,2e-61iuticecD,  udS2'77 

srbon,  G2'3  stlTer, 
'N'HAg*,  reqainng 
salt  in  a  Mmnm  of 
omaii,oblainMl,iQtwoazperiBUBtionljO-4aadO'3periwat  mter;  vbenaa, aeoording 
to  Um  laUcs  fbrmab,  tha  qaanti^  of  vator  ahoiQd  be  2-lT  per  esot.,  or  «boat  ail 
timra  as  p««t  aa  Chat  aifaiaillT  obtainsd     Heaoe  it  naj  be  infenvd  that  the  aalt  doe* 


Mellonide  of  gtrentiunt  i»  more  soluble  in  i 
iU  salntioii,  Batiuat«d  at  the  boOing  heat,  aolidiSes,  oi 
of  needles. 

Millonidt  of  Zine  U  a  white  pTecipitot«. 

MMbommmBm^.  As  emetic  priudple  contained,  aecotding  to  Toronawic*,  is 
tlie  not  of  the  mebuk  {Oacttmu  3tA>).    See  CuocMta  (iL  172). 

TTi^nrrm      A  jellomih-  oi  gNaniah-wtiite  lithomaige  tram  Kendeek  in 
BdMuis.    HttdnaM - 3  to  *.    Speoifle gnnt;  .  IS  to  2-fi.    (Bieithanpt) 
Titaniferons  iion.     (See  TirUflTw). 

See  HitiwtKiujaiiM,  DaBrrATms  or. 

An  ozjchloride  of  lead,  Fb*C10,  foond  on  the  Mendip  TH1I»  in 
Somenatahire  (p.  6Se). 

M— BBnf^W.  A.  nlpbidB  of  lead  and  sstimon?,  iPb'S.Sb'S*,  eBeamBg, 
vith  Boalangerite  and  Jameeonita,  at  Bottino  in  Toecan?,  Reaerall?  in  compact  1Uiioq» 
Iraaia,  but  sometimea  id  dietinct  trinietric  eiTatals,  exhibiting  ^e  faces  asPoo  aod 
aF  1  cleaTBbU  paiaUel  to  <bP«  and  oP  (a  Sella,  Jahrasb  1862,  ^  712).  Hardnesa 
—  Z'S.  Tery  lueOoos.  Containa,  according  to  Bechi'e  analjaia  (Sill.  Am.  J.  [2]  xit. 
80),  17-02  pel  cent  an^nr,  10-28  antimony,  ee-31   lead,  8-S4  copper,  and  0'31  iron 

(-eo-SB). 

BIWS^r&  A  mineral  containing  airconia,  fenie  oxide,  and  titanic  acid,  omuif- 
nog  in  gnnita-Telni  in  the  Ilmen  Monntaina.  It  fotma  short  trimclric  prijRns,  often 
tonninatsd  by  fbnr-sided  pyramida.  a:  b:  e  —  Q-SaSS  :  1  :  O'BSBB,  AJi^  ooF  ;  oP 
-10iy>aB':oP:&«- 133°43'.    No  diMinct  dearaga.  Hardneaa-S  to  6'£.  Speciflo 

ri^ifi-lB.  The  ciyaC&la  an  iron-black,  with  snbmetallie  Inatre,  mbTitreons  on 
Fnctiued  snr&ce.  Streak  cheetmnt-tirown.  Fnctnre  nnersn.  loflisible  brfore 
the  blowpipe,  but  becomea  megnetia.  Gieeniah-yetlow  ckar  gl««s  with  phoephorns- 
salt  in  the  outer  flame;  jelkiwish-red  in  the  ioncc,  deapaned  ^  adding  tin.  Uangv 
neee  reaction  with  carbonate  of  sodium. 

This  mineral  is  called  iltnenite  by  Biooke  ;  and  tJie  name  mengite  is  ^iplied  by 
that  minerabgiBt  to  monacite. 

mVtUTBa  A  blown  ofaq^v  variety  of  opal,  occnrring  in  oompact  Tenifonn 
nutssea,  eecatioDally  slaty. 

ItM  mymo  AXXnt.  A  doubtful  acid,  aud  by  Bonlla;  to  ezist  in  the 
weds  <A  IfenUpermiaa  Ooondue,  and  to  be  obtained  by  evaporation  of  the  alcoholic 
mOthat-Uqnor  nom  whii^  picrotoiine  has  cryalallised  oat.  It  is  described  aa  eryatal- 
linl^  tMtnesii  iparinHy  aolnble  in  water,  capable  of  reddening  litrana,  and  forming 
eryataUisaUe  ailta  with  alkalis.  Neither  Caaaaeea  nor  Felletier  was  able  to  obtain 
tbie  add  in  the  manner  deacribed  by  Bonllay. 

MJMMWMTWm,  An  alkaloid  discovered  by  FeUetJeF  and  Conerbe 
(Ann,  Ch.  Phja,  [2]  liv.  178)  in  the  aeeda  of  Metutpermunt  CeoctUia,  in  which  it  la 
accompanied  bv  parameniipanDine  and  picrotozine. 

To  extract  the  meniBpermlne,  the  alcoholic  Bitiaet  of  the  seeds  is  fliat  treated  with 
ccM  water,  then  exhausted  with  hot  acidulated  water ;  the  brown  solntion  is  pre- 
cipitated 1^  an  alkali ;  and  the  predpitste  ia  eihassted  with  vei;  Weak  acetic  licid, 
which  leaves  a  Inown-black  mass  undissnlved.  Or  the  seeds  may  be  made  np  into  a 
heap,  and  exhanated  with  alcohol  of  spedflc  gravity  0-833  ;  the  alcohol  distilled  off; 
the  reaidne  boiled  with  water;  and  tlie  liqaid  filterad  at  the  boiling  heat;  it  then,  on 
oooling^  deposits  mTStala  of  picrotoxine,  especially  if  a  small  qnantity  of  add  has 
been  adde<£  The  part  inaolnble  in  boiling  water  is  then  treated  with  acidulated  water, 
and  precipitated  by  ao  alWi ;  a  granular  precipitate  ia  thereby  fbrmed,  ttoia  which 
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•loohcA  eitiacts  &  pecolur  Tallow  mbitaDce ;  and  the  naidne  in  fliiallj  diswlTtd  in 
cthar,  irhieli  deponia  mem sp ermine  in  tiie  mystuUine  fonn.  The  etbn  learea 
niklu8olT«d  ft  liscotu  nibatance,  which  m^  be  dissolved  in  abeolnte  alcohol ;  and  the 
(olntion,  evaporated  at  iB°,  nltimatal;  ^elds  CFTStala  of  parameaispeimine. 

Henispermina  cTjatallisea  in  priama  terminated  by  pyTntiudal  bees.  It  ia  while, 
nielta  at  120°,  and  deeoinposee  at  a  higher  temparatnre.  It  doee  not  appear  to  ba 
poiaonous.  It  is  ineoloble  in  teater,  but  soluble  in  aleoliBl  and  ether,  whidi  deposit  it 
m  the  cryitBlline  state.  It  coataina  (mean  of  foor  analyses)  71*80  per  cent,  carbon, 
S'QI  hjdn^n,  8'67  nitrogen,  and  lO'fiS  oxygen;  whence  FeUetier  and  Conerbe  deduce 
the  formula  Cn-^SC. 

MeDiraarmine  disaolTee  easily  in  dilute  aeidt.  Hot  strong  niirio  acid  eonveTts  it 
into  oxaUc  add,  and  a  jellow  resinous  lubataace. 

Sulpiait  of  menitpertiune  cryetiJlises  in  prismatie  npedles,  cDnbuning  It  p«r  eeoL 
water  acd  6'S7  per  cent,  sulphuiic  uihydnde.  It  melts  at  165°,  and  at  a  higher 
temperature  reddena  eligbtlj  and  gives  off  aulph^dric  acid. 

Paramenisperniine  has  the  same  composition  as  meniapermine.  It  malta  at  260°, 
•nd  volatiliaee  in  white  vapoun,  which  condense  like  snow  on  cold  bodies.  It  b  in- 
•otnble  in  vjaier,  sparingly  soluble  in  ether,  easily  soluble  in  boiling  lUaoAol.  It 
dissolves  also  in  dilute  aadt,  but  without  neutralising  them  or  Ibmiing  definite  salts. 

Cham.  Soc  J.  it.  28.) — A  hydrocarbon  produced  by  the  action  of  phosjliorio  anhy- 
dride (Walter),  or  chloride  of  linc(Oppenheim),  on  menthol  or  peppemunt  camphw, 
C'*H'*0.  It  ia  also  fbund  among  the  produeta  of  the  decomposition  of  chloride  of 
menthyl by  ethylata  of  sodium  (Oppenheim).  To  prepare  it,  meathol  is  melted 
in  B  tabulated  retort,  and  phosphoric  anhydride  is  added  by  small  portions  till  it 
is  in  sli^t  excess.  The  mass  is  then  diauled,  and  the  product  is  rectified  by  diatil- 
lation  over  beah  portions  of  phosphoric  anhydride. 

Uenthene  is  a  transparent,  very  mobile  liquid,  having  an  agreeable  odour  and 
oooling  taste.  Boiling-point  163°.  Specific  gravity  d  O'Sfil  at  21°.  Tapour-density, 
obs.  —  4-93  to  4-95;  ealc  —  478.  It  ia  insoluble  in  water;  fonns  a  torbid  miitaiw 
with  a  nnoll  quantity  of  alcohol  or  eth^,  atclear  mixture  with  a  larger  qnantitj ;  di»- 
BolTea  with  moderate  facility  in  vmod-ipirit,  vary  easily  ia  oil  of  turpentine, 

Menthens  is  scarcely,  if  at  all,  attacked  by  pctaaium ;  eotd  nJpAurMi  aiM  has  no 
action  upon  it ;  ntfric  axid.  ultimatidy  converts  it  into  an  oily  acid,  solnble  in  water 
and  in  uoobol;  with  eilorim  and  brormne  it  fonoa  sobsHtution-products. 

Brmtummthme.  C'Hi'Br, — Bromine  acts  very  violently  on  menOinne,  disengaging 
torrents  of  hydnbromic  add,  and  farming  a  number  of  very  onstable  substiUttiDn- 
[lodneta.  I^  adding  2  at.  tmimine  drop  by  drop  to  1  at  menthone,  monobnnnomenthene 
appeaia  to  ba  farmed,  the  product  treated  with  potash  yielding  the  hydrooubcm 
^*B>*  (Oppenheim): 

C"H"Br   +   KHO     -     KBr   +   H»0   +   C"H». 

Tmtaehlonmealhme.  CTIiKJl",  is  produced  by  the  action  of  chlorine  on  mnithea& 
Dry  chlorine  attacks  menthene  with  great  violenco,  hydrochloric  acid  being  erolTed, 
the  liquid  aamming  first  a  green,  then  a  yellow  colour,  and  being  ultimately  coDTerted 
into  pentochloramenthene,  which  is  a  yellow  syrupy  liquid  heavicF  than  water.  It 
diasolvee  at  ordinal?  temperatures  in  aieohol  and  aood-epirii,  more  easily  in  tlier  imd 
oil  of  tiHpentint,    Strong  etilphvric  acid  colours  it  deep  red. 

HBMTSO&.    C"H^  -    ^'°^"[0-    HattAj/lie alcohol     Hydt^ of Mmtiyl. 

Camphor  or  Slearoptene  of  Prpptrvrint-inl.  (L.  G-melin.  Hajidliufh,  Anfl.  3,!i.  408. — 
Dumas,  Ann.  Ch.  Pharm.vi.  2fi2.~BlaDchet  and  Sell,  ibid.  vi.  293.— Walter, 
ibid,  mil,  288.— Kane,  Pbil.  Hag.  xvi.  418.— Laurent,  Rev.  sdent  ziv.  341.— 
Oppenheim,Chem.3oc.J.iv.24).  Tha  essential  oil  of  peppermint,  when  kept  Ibr  ■ 
long  time,  or  cooled  to  very  low  temperatures,  depoaite  this  substance  in  dyatala. 
American  peppeimint-ail  yielda  this  deposit  at  temperstuiee  near  0°.  This  camphcff 
is  now  imported  in  Urge  qnsntitiee  &am  Japan,  in  small,  white,  fragimnt,  prisniatie 
eiystals,  Tesembling  salphate  of  magnesium,  which  salt  is  in  fiict  used  for  adnltanling 
the  Japanese  camphor,  sometimes  to  the  amount  of  10  to  20  per  cent. 

The  camphor  trova  American  oil  of  peppermint  melts  at  33-5°  (Omelin);  «t  25° 
(Dumas);  27°  (Blanchet  and  Sell);  34=  (Walter);  the  Japanese  ramphor  melt« 
at  36°,  Bud  voluljliaes  without  decomposition  at  210°  (Oppenheim).  Tapour-den- 
aitf,  obs.  —  062 ;  calc  —  6-41.  It  is  hevo-Totatory.  [a]  n  —  di-B"  [7  for  ths  tian- 
■ition-tint.] 

It  is  but  slightly  aolnble  in  water,  but  imparts  to  that  liquid  a  strong  smell  and  taste. 
It  ia  very  soluble  in  alcohol,  ether,  tulphide  of  carbon,  and  oili,  both  fixed  and  volatile ; 
insoluble  in  aqueons  alialit.    FrMU  an  alcoholic  soda-solution,  it  OTstalliBM  in  long 
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it  tetdj ;  and  from  thsM  ulDtioDE  it  ia  precipitated  by  nter  BJid  by  alksliB,  H  an  oil, 
which  loon  salidiflu,  utd  then  sihibita  the  original  properties  of  the  camphor. 

HeUed  Willi  rtrong  hydrochlorie  to  100°  for  a  conaiderBble  time,  it  i>  tnadbnned 
ioto  chloride  of  menthjl,  C'*H'*CL  Thssune  (Xnapoond  ia  fiinnsd  b;  tha  action 
nt  fottoMoridt  qfphoipkonu : 

C»H»0  +  pa*     -    PCl-O   +  HCLC»H»a 

With  iaiiiU  and  broaidt  of  jiAofpAomf,  it  yields  iodide  asd  bromidB  of  menthjl ; 
kydriodie  acid  also  acts  apon  it  at  300°,  forming  iodide  of  manthyL 

Eeatad  with  conMnliatad  aeetia  aeid  in  a  aaaud  tabs,  it  i>  convarted  into  aeatattt 
of  Dienth7l,^i^^|o.  With ht^rnii  aeidit  taaas,  in  like  manner,  batjtate of 
menthjl.g.'^ojo. 

Theae  reactioaa  ahow  that  peppermint-camphor  U  an  aloahol  Mntaining  the  radicle 
CH"  (menlh^) ;  it  ia  homologona  with  allylic  aloohol,  CB.'O,  and  iaolwooa  with 
eamphoiie  alcohol  or  camphol,  C"H"0  (Le.  diibra  from  tba  latter  b;  2  at  H) :  hence 
tbe  namea  menthjlic  or  mentholie  aloohol,  and  menthol  applied  to  it. 

Sodium  acta  tvrj  energetieallj  on  menthol,  with  crotation  d  i^dragen  Mid  for- 
mation of  a  sabstitation-prodoct,  which  ia  a  white,  Tibeona,  tianaparent  maaa,  becoming 
brown  on  eiposaie  to  the  air,  ii^tdnble  in  wattr,  bnt  aolnble  in  abaolntc  aloobol  uid 
iodide  of  ethjL  The  latter  bodj  acta  on  the  aodinm  oompoond;  bnttlie  action  il  com- 
plicate and  does  not  appear  to  give  riae  to  the  tbrmation  of  a  componnd  ether,  aa  with 
tnofit  Bodinm-alcohola. 

Menthol  ia  dafajdiated  t?  pietpii>rie  aaij/dridt  or  cUoridt  of  tine,  yielding 

t^MM'Sm-TL.    C>*H'*.    The  radicle  of  menthjlic  alcohd,  fte. 

Aalalt  of  Mmt^t,  Qi^tQ  \  0,  prepared  by  heating  menthol  with  atrong  acetic  acid 
to  120°  in  a  aealvd  tube  for  tan  or  twelve  honn,  then  waahing  with  carbonate  of  aodiam, 
and  drying  orer  chloride  of  calcinm,  ia  a  light  oil  which  boila  withoot  decomporilion 
b*tween222°and224''.  It  ia  highly  mfcactive,  and  levo-rolatory ;  [a j  —  —  11»°  Itia 
not  decomposed  by  water,  or  by  cold  acJntiona  of  the  alkalia,  or  b;  baiyta,  bnt  when 
healed  to  1S0°,  with  an  alcoholic  solation  ofaoda.  it  is  completely  reBolrad  into  aodic 
acetate  and  menthol    (Oppenheim,  Chem.  Soc  J.  iv.  26.) 

BntynOt  of  Maithyl,  (u^jqIO,  ia  prepared  by  heatii^  menthcd  with  bntjrio 
•dd,  in  a  aealed  tabe,  to  100°  tar  thirty  hour* ;  then  diatilling  and  collecting  the 
portion  which  paaaee  over  between  230°  and  210°.    Eotatorj  power  [■]   —   3S-S° 

CMoride  af  MentM,  C'*E'*CL  Obtained  by  treating  menthol  with  pentachloride  of 
..1. — 1 /m--i|.g^^  1^  ^[j,  concentrated  hydrochloric  acid  for  a  week,  at  100°,  or 


It  ia  a  very  pala  yellow  liqnid,  lighter 
an  odonr  like  t"-'    *  -  ■    ■■      - 


r,  heaner  than  alcohol,  and  having  an  odaoi  like  that  of  mace ;  boils  at 
abont  201°,  deoompoaing  and  tnrning  brown  at  the  Bama  time.  It  is  slightly  aolnble 
in  water,  more  aolnble  in  alcohol.  It  ia  rapidly  decomposed  by  potoaainm,  bat  atmng 
alcoholic  potaah  haa  no  actios  npon  it,  even  at  the  boiling  heat     (Walter.) 

Brvnide  and  Iodide  of  Mtnlij/i  are  obtained  by  the  action  of  bromide  and  iodide  of 
pboapbonta  on  menthol ;  the  latter  also  by  the  action  of  atrong  hydriodic  aoid.  Both 
componnda  are  decompoaed  by  distillation.     (Oppenheim.) 

MMM I AMTMUr.  I>'H*'0".— A  bitter  anbatane«  diaearned  by  Brandea  in 
backbean  (JVrRyonfAM  itifi/liald),  and  foitber  examined  by  Kromayar  (Zeitachr. 
AnaL  Chem.  L  Ifi ;  Jahreab.  1881,  717).  It  may  be  prepared  by  a  proceaa  aimiUr  to 
tiiat  deacribed  for  the  extraction  of  mornilnin  (p.  861).  It  ia  thna  obtained  aa  a  nearly 
colonrleaa  reainooB  masa,  which,  after  drying  over  snlphnric  acid,  is  amorphooa.  friabl^ 
permanent  in  the  air,  oeutrBl,  and  has  an  intense  and  purely  bitter  taste.  It  begins 
to  aoftsn  between  110°  and  6/i°,  becomee  qoite  floid  at  115°,  and  Bolidiflw  on  cot^ng 
to  a  hard  yellowish  transparent  mass.  At  higher  temperatures  it  girea  off  first 
aromatic,  then  pnngent  vapoun,  smelling  like  oil  of  moatard.  It  diasolTes  aparinglj 
in  cold  vtaltr,  easily  in  hot  water  and  in  aleaiol,  bnt  is  inaolnble  in  etier ;  alkaUt 
dissolve  it  apparanftj  without  alteration.  It  dissolves  with  various  ahadea  of  colour 
in  atrong  tmphuimu,  Kitrie,  and  hudrDoUorie  aeidt.  The  aqoBOiia  solution  is  not 
[oecipitated  by  tiutaUic  uiiU,  bat  form  with  gaUetamtie  aeid  a  precipitate  having  the 
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compodtio!!  C"H*>0'*    —    CH~0".2C*HK)*.      HsoTuitluD  ia  inmerio  wilh  pin!- 

picnn,  wiiich  it  tim  reaemblea  in  man;  of  its  propertiefl.    (Kromajer.) 

The  nuns  msojantliin  has  wlao  been  applied  to  a  nential  omyuceoDi  ■Dbatanca 
oontsined  in  biu^besii ;  probalilj  identical  witb  inolm  (p.  277). 

MBMIAWnOK.  An  oil;  body,  obtained  bj  distilling  men;>iitliin  iritk  dilnts 
■nlphuiiG  add.  The  reoidae  iu  the  retort  containe  fermentable  sagar.  It  ia  heavy, 
odoarieaa,  amella  like  bitter  almond  oil ;  has  a  faint  acid  reaction,  and  radnoea  ao 
ammoniacal  lilTar ndntion.    (Kromayei.) 

HMBflAVTAVBi  SiL^hjdntea  of  the  aluohol-radidea,  t.g.,  anlphydt^te  of  ethyl 
^^\a-    (8e*theBeTo™lAloohol-radiclB».e.y.,ETMi,u.S*7.) 

HMMOAnXSSS*  Componadafbnnsd  by  the  Bobatitation  of  metals  iar  hydrogen 
in  the  mereaptvu, 

Akmohuou,. 

TTMt"""*  *  ».*■  Xhe  ash  of  Mercurialu  perennu  (the  herb  together  vith  (he 
fhiit)  has  been  analysed  by  N.  Reitter  (Jahiesb.  leeo,  p.  MS).  The  aip^ried 
plants  yielded  M-1  per  cent  dry  reaidDe  at  100°.  The  ash  amonnted  to  11-6  per  sent. 
ot  the  aii-drisd  plant;  and  1809  per  «nt.  of  the  plant  dried  at  100°.  It  contained 
3T-H  per  oent.  00»,  9-18  CI,  0'98  SO",  08*  8iO',  2-7*  PH}*,  0-27  FeH>',  31o7  Cft*0, 
S-69  M^,  UZ6  KH),  e-Si  NaK),  with  a  tnce  of  copper  (loei  OCO). 

OKOnUO  ASBTSZSBi  STMZM,  Ae.     See  MBBCOBT-BiniCLia,  OKOUflC. 

MBkOinZDa.  This  torn  was  applied  by  the  alchemists  to  all  volatils  sabetanoee : 
thna  qniiAsilTei  waa  called  JUamtniis  twrnmuiM ;  alcohol,  Xfrmriju  vtgitabiiu.  At 
present  it  is  applied  only  to  qoickiilver. 

Mereuriui  duleit.    Syn.  with  calomel  (p.  8BS). 

ittreuriiit  cittereiii  Slaciii,  blackish-grey  merearial  prndpitate,  is  a  mixture 
of  mannroOB  earbooate  with  Menmriut  toiubilit  HainaaoHni,  obtained  tiy  precipitating 
nercnRflU  nitnte  witli  oarbooate  of  ammonium. 

MtrcHTiui  einirev  Motcati,  the  Hercsriut  toliMlit  of  the  Swedes,  consisla 
of  black  nuaeniaoB  oxide,  obtained  by  decomposing  calomel  with  cansde  potaah  or 

XeroMriut  eintrtuM  Baunderi.  An  almost  obsolete  phaimaceatieal  prepaia- 
lioD  coneistinB  of  chloride  of  mercnrasammonium  (Hhg'H*N)Cl,  obtained  by  decom- 
posing oolomeL  with  ammania.  (See  Mibcusi-basbs,  AiDioinACU:. ) 

JUercuriui  pheipialut  Fuciiii,  An  obeoiete  pieparsUon  obtained  bypT»- 
ejpatating  a  eolation  of  meicniy  in  nitiic  acid  with  phosphate  of  sodium. 

MsreuriaM  pracipHattit  aibtiM.  Evdrargyrvn  amido-hichlaTaiun,  Sffdrar~ 
mrwi»a7milit-miiniideum,BgdTXtt-gyrmnpractpUiUum  album,  Mereuriutecttmtti^^  Calx 
lu/droTyyii  al6a,  Lae  mavuriaU. —  WMtt  prKipitaie.  Of  this  mei-curial  pieparatiuii 
thus  are  two  rariedea,  distingnished  as  fusible  and  infoaible.  The  foiiner  con- 
sists of  Moridt  of  utereuramitoniwn,  HgH'NCI  or  Hhs''H■NKn^  obtained  by  pre- 
oipitating  ammonio-msrcnrio  diloride  with  potash,  or  by  dropping  a  solntion  of 
matcario  chloride  into  a  solution  of  sal-ammoniac  mixed  with  ammoaia,  as  long  aa 
the  prempitaU  first  farmed  is  redissolTed ;  the  kttei,  of  ehloriiU  of  dmenvr- 
ummndwoi  S^'S(^  ot  Bbg^lfCl,  obtained  by  adding  ammonia  to  mercuric 
chloride. 

Mtreiiriut  prisatpifaJus  ruber,  Oxj/ditm  AjHfrarypr^ciHit.  Merenric  oxide 
obtained  either  b;  o^idjaing  mercury  in  eontact  with  the  air  at  the  boiling  heat,  or  by 
heating  it  with  mtric  add.  The  produet  obtained  by  the  first  of  these  methods  is  also 
called  llereitriut  pracipUatitt  ptr  t  (see  p.  907}. 

ittreMriv.1  Molubilii  Bai»emaii«i.  Hydrarygrtm  oxydtdalam  nigno). 
ffitnu  anumwieut  own  oxgdo  kydrargyrioo.  Baeio  nitrate  of  mercorosanunonia.  See 
HaBouBr-Basas,  Amkokuou. 

Xermtrivi  violaetnt.  A.  farm  of  merenric  sulphide,  obtained  by  tntorating 
together  0  pta. melt«d flowers  of  snlphnr,  6  pts.  mercury,  and*  pti.  eal-ammoniaG, polrer- 
ising  the  oooled  maaa,  subliming  it  m  a  flask,  removing  the  upper  white  d^xiait,  conaiat- 
ing  of  suL-ammoniao,  and  resnbLmin^  the  lower,  heavier  sublimate  three  times.  The 
apperpart  of  tbeiablimate,tlinsobtamed,is  nsnslly  light  and  yellow  j  the  lower  besTy 
and  nolet.  The  latter,  after  it  has  been  finely  pouDOed  and  alcohol  bunt  upon  it, 
conatitntea  Mtrairiiu  tioloonii. 

Mereurivt  vil».    Powder  of  Algaioth  (o^'ohloride  of  antimony,  L  827). 
Jitreuriui  vivut.    Metallic  nmeoiy. 
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aujVMYt   Synonymei :  Quteitiiiitr,  Ifydrargi/rvm,  Argentmn  n'vum,  Iftnmrin* 

%niboU  and  Atomic  Weighta:  Hg  —  100;  Hhg*  or  S^-  200. 
s  meUl  has  beeo  known  &om  the  earliest  times;  cinnab&r  wu  need  u  a,  pigment 
a  ancienta ;   oaROsiTe  anblimAta  iraa  known  to  the  AnLbiim^  and  calomd  to  tha 

Heicazj  is  ottea  fband  natJTe,  in  globolM  diaBemin&tsd  through  its  ont ;  it  oecun 
slao  combinrd  with  »i'  >     --■      . .   i    .1     ■..*... ...._.-.  3, 1        1 
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neariT  all  th< 

le  of  Idris  in  Illjria,  and  of  Almaden  in  Spain.  At  Ahnaden 
It  IB  foond  in  reins,  often  nearij  flft;  feet  thick,  traversing  micaceoaa  schists  of  the 
older  tranrition  period  ;  in  myria  it  ia  diweminst^  in  l>edB  of  grit,  bitununonB  Bchiil^ 
or  compaiA  limestone  of  more  recent  date.  It  occors  also  in  the  l^varian  Palatinate, 
at  Horioviti  in  Bohemia,  at  Schemniti  in  Hnngary,  and  a  few  other  localitifla  in 
£nrope  ;  on  the  Unil  and  Altai  mountains ;  in  Chins  abnndantlj,  and  in  Japan ;  at 
San  Onofre,  in  Mexico ;  ^nndantlr  at  Hnanca  Telica,  in  Soatfaem  Feru ;  in  the 
NOTincs  of  Coqaimbo^  Cliile ;  and  fbnns  extenaiTe  minea  at  Kew  Almaden  in 
CaKlbniia. 

iVsjwraMiiR. — Bj  diatiUingmeicuiialorea  with  lime,  amithj-scalea,  or  simplj  in  contact 
with  the  air,  so  as  to  remoTS  the  snlphnr  b;  fJiFmatioii  of  sulphide  of  calcinm,  sulphide 
of  iron,  or  Bolphnrons  anhydride ;  partlj  also  to  remore  chlorine.  Id  the  Bavarian  Pala- 
tinHtd,  a  miitnifi  of  ore  and  lima  is  heated  to  redntsa  in  long  OBst-iron  bottles,  placed 
in  neari;  horizontal  rows,  one  above  the  other  in  a  long  fOnmce,  and  proTidad  with 
receiven.  At  HoizowitE,  in  Bohemia,  a  miilnre  of  ore  and  smithj-Mlea  is  placed 
in  iron  diihfB,  which  are  attached  one  above  the  other  by  the  centres  of  their  basea  U> 
H  vertical  iron  axis,  and  covered  over  with  an  iron  receiver,  closed  at  top,  and  dipping 
into  water  at  bottom.  The  npper  part  of  the  receiver  ia  unrronnded  tij  the  furnace, 
and  imparts  ita  heat  to  thedisLea,  &oni  which  themerctur  rises  in  vaponr,  and  collects 
in  the  water  contained  in  the  troogh.  This  process  is  culled  BtsHJlaHo  per  dttettuum 
At  Idria,  in  UlTiia,  the  qnicksilTer-ore,  coarsely  broken  np,  is  hud  npon  a  peifomted 
stone  Bnji,  in  a  turret-shaped  ftimace,  and  after  Uie  epertures  b;  which  it  is  introduced 
have  been  stDpped,  heated  to  redness  b;  flames  made  to  play  against  the  under  snrfhce 
of  the  aich.  The  aolpbui  is  burnt  bj  the  air,  which  is  admitted  through  channels 
eon9tmi!t«d  fbr  the  purpose;  and  the  mixtore  of  mercuric  vapour,  Bulpburoos  acid, 
and  smoke  from  the  mrnace,  ia  made  to  pass  through  a  horizontal  channel  constmcted 
in  the  upper  part  of  the  furnace,  then  op  aAd  down  through  seven  condensing  chambei*, 
and  Bnallj  throu^  a  turret-shaped  forge  into  the  air.  in  the  course  of  this  long 
transit,  the  mereary  condenses  in  the  chambers,  the  floor  of  which,  being  inclined  to 
one  tide^  enables  it  to  run  out ;  it  is  then  collected,  and  Btrsined  through  coarse  elcth. 
A  titoilsirpRMMa  is  followed  at  Almaden,  in  Spain,  excepting  that  the  vapours,  instead 
of  passing  thnnt^  condensing  chambers,  are  made  to  traverse  a  Series  of  tubes  made 
tip  of  ayundera,  called  Aludilt  (i.  M9),  open  at  both  ends,  and  fltdng  one  into  the 
other.  Tbeee  are  laid  upon  a  surbce,  called  the  Atadel-ialA,  flrst  descending  a  little, 
and  then  asoending,  and  Snail;  open  into  ihe  chimnej.  [For  details  and  figures  of  all 
these  forms  of  qipontus,  and  of  an  improved  process  suggested  b;  Br.  Ure  for 
pprfbrming  the  distilialjou  in  iron  retorts,  see  f/rrs  Dictionary  of  Art»,  &c,  iii.  S8]. 
Mercury  is  sent  into  the  market,  sometiiaes  in  leathern  bags,  sometimes  in  wrought 
iron  bottles,  which  an  afterwards  used  in  chemical  labotatories  for  the  preparation  of 


vaponr  or  1^  ipirtitig  daring  the  dnmitimi.  The  latm  of  theie  accidents  is  prevented 
ibj  tho  coating  of  uon-flli^ga.  3.  By  distilling  the  UKmarj  with  one-tenth  of  ita 
wei^t  ofeinDUar,  the  sulphnr  of  irtiich  retains  the  fbrsign  metals.    (Darfnrt.) 

3.  ^boiliiig  the  impure  Bwrcnry  for  some  honn  with  ^of  its  weight  of  menmioas 
nitrate  dissolved  in  water,  or  with .  a  small  quantity  of  very  dilute  nitric  add,  or  by 
digesting  it  with  either  of  these  liquids  in  the  cold,  the  mercuiy  being  placrd  in  a 
sKullow  dish,  so  as  to  expose  a  large  snr&ce,  and  frequently  agitated;  or  t^  agitating 
the  mercury  fbr  some  days  with  sulphntic  acid — which  must  be  stronger,  as  the  mar- 
eniy  is  mor«  impare — till  the  add  no  longer  becomes  turbid,  or  takes  Dp  any  Ibreiga 
subatanes  (Branch!,  Repert.  Fharm.  vi  77)- — *.  Ulex  (Ann.  Ch.  Phann.  Ix.  110) 
■gitatea  two  pounds  of  -meren^  with  half  an  ounce  of  aotatjon  of  feme  chlorid*^ 
8l  3 
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Due  diTinoD,  and  the  itdioii  on  the  foreign  meUu  is  accalerat«d  by  the  formation  of 
chLotide  of  mercury,  which  collpcia  between  the  drops.  It  is  student  to  afilate 
the  mBTCiiij  with  the  iron  wilulion  for  ten  minuted,  and  Oien  wa*h  it  with  water.  The 
mercniy,  after  drying,  is  easily  [rnniled  by  the  application  of  a  ftentle  heat — 6.  A  small 
quantity  of  mercury  may  lie  speedily  purified  by  plaoing  it  in  a  bottle  with  a  little  flnely 
powdered  losf-sngar,  the  morcnry  not  occupying  more  tban  one-fourth  of  the  capacity 
of  the  bottle  ;  the  bottle  is  tLen  closed  and  briskly  agital«d  for  a  few  minutea,  after 
which  the  atoppei  ia  withdiswD,  and  fresh  air  blown  into  the  bottle  with  a  pair  of 
bellows,  and  the  agitation  is  repeated ;  this  is  done  thrte  or  four  times,  and  the 
mercnry  ia  then  poured  into  a  cone  of  smooth  writing  paper,  having  a  pin-hole  at  its 
^lex.  The  metal  then  runs  through,  leaving  the  pounded  sugar  mixed  with  the 
oxides  of  the  foreign  metals,  and  a  oonsiderBble  ^nantitv  of  finely  divided  meicQir. 

Puts  mercniy  shoold  leave  no  residue  when  dissolTed  in  nitric  add,  evaporMfd  and 
ignited ;  or  when  fused  with  sulphur  and  snblimed  in  a  glass  flasb.  wSen  made  to 
niD  down  a  geDtly-iodined  surwe,  it  should  retain  its  round  form,  and  nal  drag  a 
tail;  aod  4beD  agitated  in  a  bottle  with  dry  sir,  it  should  not  yield  any  black  powiler. 

Ptvpertifi. — Meicniy  freezes,  aecoTdine  to  Hutchins,  at  —  3911°,  undergoing  con- 
ndenble  rontnctioo,  and  forming  a  tio-white.  dnctite  mass,  crystallised  in  octahedrons 
and  needlfla,  capable  of  being  cnt  with  a  knifr^  and  exhibiting  a  granttlar  fracture.  At 
ordinaiy  temperatures,  it  {brms  a  veiy  coh&tfut  hut  very  mobile  liquid,  which  adheres 
bat  slightly  to  glass,  and  has  a  density  of  13'6SS2  (EarstenX  13'J88B  at  i°.  and 
13'S3fiatSe°(Knpffer),  13668  (Cavendish  and  Brisson),  I3-fi7fi  tFahrenheit). 
13-613  at  10°  (Biddle),  13'fi9S  at  4°  (Kopp),  ISSSQ  (Regnaalt).  For  its  specific 
heat  see  Hbat  (f.  3D);  rate  of  expansion  (pp.  61-67);  latent  heat  of  fhsion  (p.  77). 

Hercniy  remains  unsltered  when  agitated  far  any  length  of  time  with  oxygen  gas. 
common  air,  hydrogen,  nitrogen,  nitrous  oxide,  nitric  oxide,  earhoQic  acid  gas.  or 
alcohol  I  hut  any  foreign  metBls  that  may  be  mixed  with  it  become  oxidised  by 
agitation  in  air  or  o^gen  gaa.  producing  a  grey  pulvarnlent  mixture  of  the  oiidea  of 
the  foreign  metals  and  finely  divided  metallic  mercurv.  On  the  other  band,  by  agita- 
tion with  water,  ether,  or  oil  of  turpentine,  or  by  trituration  with  snlphnr.  sulphide 
of  antimony,  angar,  grease,  &c.,  even  m  vacno.  mennty  ia  converted  into  a  grey  powder, 
XthioBt  per  te,  consiating  of  smsll  globulea  of  the  metal,  which  are  separated  by  in- 
tarpoaition  of  foreign  matter,  but  run  together  again  on  its  removal :  this  is  called 
the  Exlineium  or  ^adming  of  Mercvrv.  In  well  prepared  grey  mercurial  ointmeoW 
the  mercury  forms  nearly  nnifbnn  Blobnlea,  having*  diameter  between  ^  and  tslni  of 
a  line,  and  not  distinguishable  by  the  naked  eye  (Ehrenberg,  Pogg.  my.  10).  The 
deadening  of  mercury  was  formerly  attributed  to  oxidation.  According  to  BareD- 
sprnng  (J.  pr,  Ch«n.  I.  21),  some,  a(  least,  of  the  mercniy  in  grey  meMurial  ointment 
is  in  the  state  of  bkdt  oxide  (the  quanti^  being  greater,  the  older  the  ointmentX  and 
this  oxide,  after  the  &t  has  been  extracted  by  euer,  may  be  dissolved  out  by  water 
slightly  acidnlated  with  sulphuric  acid. 

Mercnry  boils,  aecording  to  Crichton,  at  346°;  according  to  Dalton.  at 
34B°;  according  to  Heinnch,  at  3S6°  ;  according  to  Dulong  and  Petit,  at  360°, 
and  is  thereby  converted  into  a  colonrlees  vapour.  Vapour  rises,  however,  from 
mercury,  even  between  +  15'iS°  and  27°  (but  not  at  —  87°),  both  in  vacuo  and 
io  spaces  filled  with  air,  as  shown  by  the  silvering  of  gold-leaf,  kept  for  two  monlhs 
in  a  vessel  over  mercuij  (Faraday,  7°).  According  to  Karsten  (Pogg.  Ann. 
Ixxi.  246),  mercury  at  temperatures  below  0°,  ^ves  off  sufficient  vapour  to  bring 
out  the  image  on  a  Dagaerreotypenlateheld  over  it.  Bramn  (Instit.  1819,  403)  finds 
tbat  anlphor  in  the  very  finely  divided  utricular  condition  (ulriea/tf  de  toufrt')  in 
which  it  is  first  precipitated  finm  the  state  of  vapour,  is  a  muui  more  delicate  test  tat 
the  presence  of  mercurial  vapour  than  gold-leaf  By  means  of  this  test,  he  finds  that 
at  12°  the  vapour  of  mercnry  rises  to  a  height  of  more  than  a  metre — that  even  at  8°, 
it  apppars  to  nave  no  limited  atmosphere — that  it  rises,  at  ordinary  teiuperaturea,  from 
amugama  and  mercurial  ointment — that  in  presence  of  air  and  sttlphur- vapour,  it 
diff^iaea,  according  to  the  same  law  as  Other  gases — but  that  ia  presence  of  air  and 
iodine-vaponr,  and  of  the  vapour  of  iodide  of  meronry  thereby  produced,  the  law  of 
diSilsion  appears  to  be  different.  (For  (he  tenaioB  of  metcoty-vapour  at  di&reat 
te^entutes,  see  Hb^t,  p.  tl.) 

The  density  of  mercnry-vapoor.  referred  to  air  as  unity,  is  ft'T  (Binean,  Compt. 
rend.  xlix.  799).  The  Uisoretical  densi^  is  100  refeired  U>  hydrogen,  or  6-933 
lefbrred  to  air,  as  unit^,  the  molecule  of  the  vapour  containing  2  a(.  Hg  (  ••  100)  or 
1  at.  Hbg  (  —  200V 

Acoordiog  t4»  Wiggers  (Poga.  Ann.  440),  msrcury  is  slightly  soluble  in  boiline 
fBottr.  WhJen  twenty  ounces  of  water  are  poured  upon  two  ounces  of  mercury,  and 
boiled  down  to  ten  onncee,  the  decanted  liquid  shows  no  particular  reaction  wittli 
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nporating,  the  residue  eihibiU  ■  slight  brown  tint  when  tie*t«d«ith  solphTdiia 
Anthan  liao  (J.  pr.  Cbem.  ir.  163)  fi>and  that  water  boiled  with  meiciii;  for 
'n  hams,  and  then  daaintAd,  wu  c^iftble  of  silTering  gold-leaf;  and  aflor  enpo- 
D  with  nitrio  Kcid,  gave  the  cbaracteiutic  roactioDB  with  sulphjdiic  eeid  and 
g  chloride.  Paton  and  FaTrot  (J.  Chim.  mM.  xir.  306),  in  Mpeating  the 
_^___ent  of  Wiggen  with  distilled  water  and  with  riTer-wiiler,  did  not  discovrr 
mercniy  in  the  water  after  evaporation  with  nitric  add:  Oirardin  sbo  (J.  ChisiL  mM. 
ix.  2S3)  found  no  mercniy  in  water  which  had  been  boiled  with  that  matal ;  he  did 
Wit,  howerer,  mix  it  with  nitric  acid  before  eiaporatJOD.  When  wsler  ii  poured  upon 
memr;,  boiled  down  to  one-half,  decanted,  then  left  to  stand  for  sereral  dajB,  again 
decanted,  and  thrown  apon  ■  thick  paper  filter,  anutll  quantitiea  of  marcurj,  anfflaent 
to  nlrer  gald-leai|  remain  oa  the  Alter ;  bnt  the  filtrate,  when  mixed  with  nitric  acid 
and  ernparated,  ihowi  no  bace  of  mercnij.  Ferhap*  the  qnantitj  need  In  the  ex- 
periment WW  too  small ;  bat,  at  all  evente,  the  experiment  ahcnrB  that  the  mere 
deontation  adopted  b;  Wiggen  ii  not  infScient  to  lepaxate  the  water  from  the 
meiciUT  mechameallj  mixed  with  it ;  to  decide  the  qneetion  completel;,  eiperinumla 
■honldbe  made  with  large  quantities  of  water.    (L.  Omelin,  Uandhook,  ri.  4.) 

Hj/dreeUorie  add,  eren  when  hot  and  concentrated,  baa  no  action  upon  mercniy. 
Wtric  aeid  slowlj  dissolrcs  it  in  the  cold ;  and.  if  the  acid  is  in  excess,  conTsits  it  into 
nesOal  metcarons  nitrate.  When  nitric  acid  is  boiled  with  excess  of  mercury,  the 
metal  ii  coa*eited  into  basic  mercnrona  nitrate,  which  cTTStallises  on  cooling.  If,  on 
the  other  hand,  the  nitric  acid  is  in  excess,  the  whole  of  the  mercur;  is  conrerted  into 
mermrie  nitrate ;  mercnij  heated  with  excess  of  mlromuriatK  acid,  yields  merenrio 
chloride  and  citrate.  Mercni;  is  scareelj  attacked  b;  dilate  ru^iurie  acid,  bnt  when 
heated  with  (he  eoaoentiated  add,  it  is  conrerted  into  solid  memiric  autphate,  with 
erolution  of  sulphoroaa  anhTdride.  If  the  solpharic  add  is  small  in  qnantity,  and  the 
heat  is  not  nuaed  qnite  to  the  boiling  point,  mercnrons  sulphate  is  obtained.  CUorint 
gas  passed  orer  gent);  healed  mereaij,  converts  it  into  meMnric  chloride. 

MercolT  fiinns  two  series  of  compoands,  via.,  the  mercnrons  oompounds,  in  which 
it  is  hemi-atomie  ei  monatomie,  and  the  mercuric  compounds,  in  which  it  is  moAO- 
or  di-alomie,  according  as  the  smaller  or  Isigsi  atomic  wo^t  of  the  metal  ie  adopted 
(has: 

chloride    .        .    Es*Cl     .  3 .  100     +     SSS     -     3S5-6 


HEgCl 


HercnroQS  oxide  .    Hg^      -  4 .  100     +     IS        -     *16 

ar    HhgKI    —  3.200     +     16       —     416 

Hcrcnric  chloride  .    EgCl      -        100     +     3S-5     -     1368 

or    Hh^'  -        300     *%.Z&i     .     STl 
Hercnrie odde  ■    Eg>0      -   2.100     +        1»     -     21S 

tg    Hhgb     -        20a     -f        16     -     216 
There  are  also  aereisl  compounds  into  which  mercun  enters  i«  ■  base  or  radicle 
belonging  to  the  tjpee  ammonia  and  ammoDinm,  e.g.  bromide  of  mercurammoniom 
u^JNBr;  chloride  of  tetramcrearanmoiiimn,  Hg*NCl  farimeioniamine^Hg^  isknown 
in  the  ttte  state. 

MSKOnKT,  AXUITB  or  AlKAXaAlgB  OV.  Merenrj  is  ei^ble  of  uniting 
with  most  other  metals,  forming  comfiomids  called  amalgams,  some  of  which  are 
liquid,  while  others  are  solid.  The  solid  smalaams  appear  to  be  for  the  moat  part  of 
definite  diemiisl  constitution;  while  the  liquid  amalgams  may  be  regarded  in  many 
instances  as  solutioos  of  definite  compounds  in  excess  of  mercury,  inasmuch  as  when  they 
are  pressed  between  cliamois  leather,  mercury  containing  but  a  small  qnautily  of  the  other 
metal  passes  through,  while  a  solid  amalgam,  &pqnently  of  definite  atomic  constitution, 
remains  behind.  Even  in  the  solid  """ig*"",  however,  the  Hffinity  bj  which  the  t<ro 
metals  are  held  together  is  but  feeble;  for  Joule  has  shown  that  many  of  those  which 
contain  equal  nambera  of  atoms  of  their  component  metals  may  be  partly  decomposed 
by  Butn'ecting  them  to  very  strong  prMsure,  put  of  the  mercury  bring  then  fbrced  out, 
and  an  stoalgam  conlainiug  a  Urger  ponion  of  the  other  metals  remaining  behind.  In 
most  instances  also  the  formation  of  smalgams  is  attended  with  little  or  no  contraction 
of  volume;  in  the  case  of  silver  and  Go|)per,  however,  the  oontraction  is  considerabkt— 
and  with  tin.  lead,  and  a  few  others,  it  is  perceptible^  The  union  of  meicniy  with 
potassium  and  sodium  is  attended  with  considerable  evolution  of  heat. 
The  methods  of  combining  menmry  with  other  metals  are : 
I.  BringiDg  the  mercuiy  inUi  direct  contact  with  the  other  metal,  dthtr  in  the  Mlid 
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■tatc  or  finely  diTided,  tbs  action  BomatiinM  taking  place  at  aidinaij  temperHtnrra, 
■omctimn  leqaiiin^  the  ■aBietann  of  heat. 

3.  The  iDtn>duction  of  metallic  mcrcuiy  into  the  solution  of  a  aalt  of  the  other  metal, 
part  of  the  msicuiy  then  pasaing  into  the  adotioii  and  preeipitiitiiig  the  otfaer  metal, 
vMeh  then  nnitea  with  the  rest  of  the  meicmy.  In  BOme  caaea  the  prscipitiition  duit 
be  more  eaailj  effected  b;  means  of  an  aniBlgam  of  a  highly  electro-poaitiTe  metat 
■odium  for  azampte.  A  sodiom-aalt  ia  then  fbnned,  and  the  othei  metal  ia  prodptated 
on  the  mracur;  and  uuitea  with  it. 

S.  Tha  introdoctioD  of  Tariaua  matala  into  aoliitioDa  of  mercuv-aalta,  copper  lor 
example.  In  Che  eaae  of  ailver,  gold,  or  pUtinnm,  which  do  not  directlj  precipitate 
meicnrr  from  ita  aolntiiiiia,  the  action  most  be  aasiatad  hj  immenring  a  piece  of 
aine  or  iron  into  the  aolutian,  and  bringing  it  in  contact  with  the  other  metal,  ao  a>  to 
fbrm  a  mltaic  eircoit :  Hina  a  drop  of  nlouon  of  mareurie  chloride  laid  on  a  piece  of 
Kold  will  not  amalgamate  it ;  bat  if  an  iron  wire  or  a  key  be  placed  in  contact  with 
Uie  wetted  narfaee  of  the  gtJd,  a  white  apot  of  ■"■■Ig""  la  immediately  fimned  at  the 
point  of  contaot. 

4.  By  nlafing  the  metal  to  be  amalgamated  in  oontact  with  macnty  and  with  s 
dilute  acid,  a  Toltaie  oiranit  being  alao  farmed  ia  thia  caae.  That  when  a  boc  platn 
ia  wetted  with  dilate  eolphnric  add,  and  mwearj  poured  upon  it,  the  aino  ia  immedi- 
ately amalgamated. 

Serenl  amalgam*  aMOsed  in  the  arts.  Tin  amalgam  ianaed  for  'ailvaring'  mirroTa; 
amalgama  of  gold  and  ailnrin  the  pOOTaace  of  gilding  and  sUTeiing  by  heat;  cadmium- 

^^w,^^  teeth;  an  iTnafanm  (tf  ainc  and  tin,  aometi™*"  ™i*t  .jj:*;.^...  .j  u;«»..4.l  ;- 
>r  ooating  the  labbara  of  dectiical  machinea. 

Aluninivnt-amalgaml—^lmvei  (Add.  CL  Pharm.  z.  391)  found  thatpotas- 
aium-amalgam  laid  on  a  lump  of  alum,  deoompoaed  it,  the  mercuir  taking  up  a  con- 
■iderable  qnanti^  of  alamimmn.  Biittger  (J.  pr.  Chem.  i.  SOS^waa  not  able  to 
obtain  an  amalgam  of  aluminium  in  thia  manner ;  and  according  to  QeTilla,  matallia 
alumioiam  ia  not  aoaceptible  of  amalgamation. 

According  (o  Cailletet  (CompL  rend.  xliv.  I250X  alumirinm  (also  iron  and 
platiuom)  may  be  anpeiAdally  amalgamated  by  contact  with  ammoainm,  or  aodiam- 
fit"  *'([*?"  and  water ;  alao  when  it  is  immeraed  in  acidaijU«d  wat«r  in  oontaat  with 
mftulie  menury  forming  the  negative  pole  of  a  roltaio  batteiy, 

AmmoHivm- amalgam.    See  i.  188. 

Antimang '  amalffatn  ia  aaid  to  be  formed  by  trilnrating  3  pta.  of  heated  mercury 
in  contact  with  1  part  of  Aued  antimony  ;  or  ^  triturating  S  pta.  of  antimony  in  a 
mortar  with  a  amall  quantity  of  hydiochlarie  acid,  and  gradual^  droppiiw  in  1  pt.  of 
mercury.  It  ia  soft^  and  ia  decompoaed  by  cootact  with  air  or  water,  the  antimony 
aeparating  in  the  toem  at  a  black  powder. 

Arienie-antalgam. — Bergmann  atatM  that  a  COmpmlDd  Mtitainiitg  5  pta.  mar- 
euiy  to  1  pt  anenic  ia  produced  by  heating  and  tritnratiiig  the  two  metala  together. 

'better,  periiapa, 
_  im-amalgam.    I 

a  aoft  paaty  maea,  in  which  a  few  aandy  graina  ma^  be  fall    It  ia  ra^udly  decompoaed 
by  water,  and  must  therefore  be  kept  under  rock-od. 

Bitmiith-amalgam,- — Marcnry  amalgamalea  biamuth  eren  at  ordicaiy  tempera- 
tum ;  bat  the  amalgam  ia  more  quickly  farmed  1^  pouring  2  pta  of  hot  mercmy  into 
1  pt  of  melted  bismnth.  The  amalymi,  which  la  aoft  at  flret,  gradually  become* 
cryBtallo-gianular.  Bodinm-amalgam  id  contact  with  moiat  neutral  nitmte  (^bismiilli, 
or  immeraed  in  a  aolntioii  of  that  aalt,  forma  a  compact  amalgam,  with  erolation  of 
hydrogen,  and  aeparatioD  of  black  pulrcnlent  biamnth(Bottger).  A  small  qaanti^ 
of  biamath  takea  away  but  little  of  the  fioidity  of  roncnry,  and  ia  therefixe  naed  fin 
adallerating  that  metal ;  according  to  Lucae,  howerer  (N.  Tromnud.  i.  196),  merrury 
adollerated  with  only  njei  Pt>  "t  biamuth  forma  a  blade  powder  when  agitated  in  tba 
air.  1  pt  of  bismuth  disaolved  even  in  1,200,000  pta.  of  mercury  nay  be  detected  by 
the  addition  of  potaesiam-amalgam  ejid  water,  the  biamuth  being  then  raised  by  the 
galTanie  action  in  the  form  of  a  black  powder,  and  attadiing  itseU  to  the  aidea  <i  tha 
TeaaeL    (Serullas,  Ann.  Ch.  Phye.  [S]  ixiiT.  192.) 

Cadmium-aMalgam. — Mf rcury  coiribinee  readily  with  cadminm,eTen  at  otdinaiy 
temperaturee,  forming  a  ailvn -while  granulsr  amalgam,  conaiating  of  octahedral  cryatala ; 
hard,  brittle^  heavier  than  mercury,  and  melting  at  76°,  When  the  mercniy  ia  com- 
pletely aatnrated  with  cadmium,  the  amalgam  containa  7S'38  pta.  mercury  to  Sl'74 
pta.  cadmiom,  agreeing  with  the  fbiTDula  Hg'Cd  (Stromeyer).  Sodinm-Bmalgam 
mtrodacediDtOBBolntion  of  cadmium  ia  converted  into  cadmium-amalgam'  (Bo  ttgcr,) 
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CateiMm-amalgam. — BndoMd  hj  the  actum  of  »  powuM  ToItAic  batte^  on 
b;drmte  of  calcium  id  contMt  with  maeoij ;  alao,  accoiduig  to  Elansr,  bj  the  adioa  of 
KKJiiuD-aiiuiigam  on  caldnm-ialti. 

Cohalt-analgan  a  not  eaul;  papand  bf  the  acdoD  of  >odinin-»m«lgMn  on 
ooliBlt-nlatiaiu,  iaamiiucb  u  a  conaidBiablB  quautitj  of  cobalt-oxiila  h  thgrebj  jna- 
cipilateil.  DunoQF  immerMa  an  ^Twl^m  of  6  pto.  nieiearj,  and  1  pt  nno  in  an  acid 
Kiludon  of  cobalt- chloride  ■apenatiiiBt*d  with  ammonia;  poun  the  liquid  off  after  a 
lew  daya,  and  decompoeas  it  with  &«ah  portiooa  of  rimsitmalgam  M  Cms  aa  any  ^u 
ia  thncl^  evolTed ;  and  lastly.  remoTea  ths  eicHM  tA  dnc  hi  dilate  nlphoiic  acid. 
The  cobalt-amalgam  thoa  obtained  ia  nlTci-white,  «aft  and  dollj  ia  attiacted  I:;  the 

t  even  when  it  eontaina  --  -  ""   ---■  ' '  — "-  >-'--•-  — ' '— ■ 

id  cohalt  when  axpoaed  to 

Copper-amalgam  may  be  formed:  I.  B;  immardng  apieoa  of  oopper-fbil  in  a 
Bolntion  of  nitnte  of  mercuiy. — 2.  By  tiitiualing  mercatj  with  common  aalt  and 
TCcdigiu. — 3.  B;  tritnratitig  i  pta.  of  marcoiy,  3^  of  Yerdigria,  and  1  of  oommon  ult 
with  ■  small  quantity  of  heated  nnegar,  which  mnat  be  renewed  aa  it  erapontee,  and 
purifying  the  amalgam  by  washing.— 4.  By  mixiog  1  pt.  of  flnslf-diiided  copper — ob> 
tuiiied  by  reducing  the  oxide  with  hydro^o,  or  by  predpitatioa  from  the  aulph)^  by  dnc 
or  iron — withafewdn>paofmrrcurouaaitrai:e,andthen  tritnntiog  with  3  ptB.  of  mcrcoiy, 
a  light  red  amalgamii  farmed  (Beraelius). — A.  Mercury  plapod  in  contact  with  the 
mgstiTe  pole  of  a  voltaic  battery,  and  corered  with  aolutioD  of  cnpric  sulphate  into  which 
the  poaitiTe  wire  dipa,  beoomes^«rfectly  saturated  with  copper  (Qro to,  PhiL  Mag.  [3] 
zv.  63).  According  to  Jon  le  (CLem.  Oai.  1S60,  p.  33e),tlie  amalgam  thw  obtained  baa 
the  compooitiDn  CuHg ;  aad  the  eame  d<!flnil«  oompound  is  obtained  by  disaolviug 
copper  iu  mercury,  and  removing  the  aicew  of  the  latter  by  Btiong  preome  (Chan. 
Qu.  1860,  p.  339).  When,  hoirerer,  the  preamie  la  reiy  ations,  oz  ii  continued  for  * 
long  time,  the  reaultiog  """Ig""  eontama  mora  than  1  at.  (£  to  1  at.  Hg  (Jonle, 
Cbem.  Soc  J.  xtL  382), — 6.  Co|^er  """Ig""  may  also  be  formed  biy  Imafiiijj  a  aoln- 
tion  of  cupiic  sulphate  with  aodinm-amalgam  (ElanerVor  mne-amajgam  (Damonr). 
SodiQm-amalgam  immersed  in  a  mixture  of  cupric  solpnate  and  aal-ammoniac  fbnna  a 
reddish  or  golden-yellow  amalgam  of  cojiper  and  ammonium,  which  aooa  decompoaea. 
— T.  A  coppei-anudgam  naed  by  tbe  Fansian  dentists  fbr  stopping  teeth  is  prcpanid  \ij 
triturating  mercnroua  sulphate  (obtained  by  heating  together  ID  gnus,  of  meFcoryand 
10  gruuL  of  strong  sulphuric  acid)  and  flnely-dirided  copper  (obtained  by  precipitating  a 
solution  of  23'fi  grms.cupric  sulphate  in  10  or  13  times  its  weight  of  water,  withmetaSie 
iron).  The  mat^ials  are  triCuriLted  toother  nndaihotwBter  for  SO  or  30  minutes;  the 
water  then  ponred  offj  and  the  trituration  repeatad  with  tnA  qnaoCities  of  watn  as  long 
•a  the  water  exhibits  any  blue  colour.  The  amalgam  ii  than  dried,  again  biturated,  thtn 
vdl  kneaded,  and  formed  into  small  cskM,  wbieh  become  qniU  haid  in  H  to  48  hoar^ 
TbeanialgamthosprodncedcoDtainaSpU.  eoppat  t«T  pU.  m«ieni7.  Aneaoermodeirf 
preparing  it  is  to  mmstan  ths  predpitMed  cohkc  with  eolatioii  ot  msEcimiia  nitrate, 
then  poor  hot  water  mion  it,  and  incoiporale  the  required  qaanlilj  of  mercuy  liy  tii- 
tonhon ;  the  null*,  which  ii  bliltla  at  flnt,  gradnally  softens  ander  the  piiiisilia  of  the 
patl& 

This  ^_     _._ ,        ,    „  „  ,  —  .- 

perty  of  softening  and  acquiring  the  conaiBteiice  and  elasticity  at  clay  by  continued 
ponndiog  or  kneading,  And  reooreriiiK  its  hard  erystallins  character  when  lefl  to  itself 
for  a  few  hoon;  it  may  then  be  polterised,  exhibit!  a  grannlo-oyslallins  fraetuze, 
and  is  hard  enough  to  eograTe  upon  tin.  When  heated  it  awella  up,  and  email 
globulea  of  mnrcury  show  themselTes  on  its  surface,  sinking  into  the  mass  again 
on  cooling.  On  triturating  the  warmed  lumps  in  a  mortar,  the  amalgam  is  again 
obtained  m  the  form  of  a  Mghly  plastic  almost  unctuous  maas.  IU  density  is  the  same 
in  the  soft  as  iu  the  hard  stat<^  so  that  it  does  Dot  einuid  or  condact  in  hardening  and 
therefore  fills  cavities  lur-ti^t  when  hard,  into  whicb  it  has  been  pressed  in  ths  soft 
state.  It  is  on  account  of  this  prcfMrty  that  the  amalgam  is  need  for  sbmping  teeth ; 
but  the  coi^ier  which  it  contains  rcmders  it  decidedly  objectiODabls  for  that  nupose. 
It  may,  howerer,  be  advantageonsly  used  for  sealing  bottles,  glass  tnbe^  tfo.,  in  casss 
where  other  plsstic  substances,  oork,  &&,  cannot  be  used. 

Iridium-amalg am  is  obtained  as  a  eemi-flaid  man  by 
tiated  solution  of  sodio-iridic  chloride  with  sodiom-amalgam. 

Oold'amalffam. — See  Qou),  Allots  or  (ii  S2T). 

Iron-amalgaPL — Mercury  and  iron  do  not  nnjt«  readily.  ^ 

however,  obtained  by  immening  ladjum-amalnm  containing  1  per  cent,  sodium  in  a 
dear  saturated  scdntion  of  femns  snlphate.  In  am«ll  globules  it  is  attracted  by  the 
magnet,  and  whm  alowly  heated  on  «  watch-f^aso,  eihibiu  the  vivid  iyTtr''"y  of 
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«Tnnlg«in  is  fonttfld  Tiy  the  action 

sDftmoar  it  c*aiiot  be  {vodoeed 

in  thii  wajT  Joni*  (Obem.  Ou.  1869,  p.  839 ;  fibem.  Soc.  J.  rri.  378)  hu  obtained 
»m»lgriiii«  1^  iron  by  tha  elnctzolvue  of  >  eolntion  of  ferroiiB  ndpbile,  the  negative 

(nlebemg fanned  M  mtcenij.      The  fullowing  table  exlubita  toe  o 

I^jiical  chuaeter  of  the  oompouida  thni  produoed. 


No. 

JJ^ 

..... 

M«<HT. 

IroD. 

1. 
3. 
S. 
4. 
B. 

e. 

7. 
8. 
9. 
10. 

100 

O-liS 
189 
8-9r 

11-8 

18-3 

*7-5 
1270 

H-7* 

79 

losa 

lVl9 
lOl'l 

Pmfectly  fluid. 
Floid. 
Semi-fluid. 
Soft. 

Solid :  good  metaUio  iDatie. 
Solid:  frable. 

j     the  Hmi-flaid  unilgam  b;  hud. 
(CompreMd  rapidlj.  and  with  a  force  of 

Lead- amalgam. — Se«  Lbui,  Aixozs  or  (p.  534). 

Magnitium-anatgasi Magnesiam  eombinee  with  meFcniy  only  when  heated, 

and_fbrnu  a  aolid  amalgam,  even  with  large  ooaatitiee  of  the  latter  (Bnaaj). — 
"  ■  ■oljaia. — 3,  By  coTering  pataBsiuni  or 
I.  Ch.  Pharm.  I. 
ilgam  thua  obtained  oxidises  ilowlj  in  pure  water,  qnicUj  in  acidulated 
water.     {H,  Davy,) 

Xanganete-umalgam  is  obtained  t>y  the  action  of  godimn-AniBlgain  OD  a  alrong 
■olntion  of  mangaaoaa  chloridB.  It  ia  vtseid,  with  nragfa  blackiih  anrfiu-e,  and  when 
heated  in  contact  with  the  air,  gires  off  meranrr.  taznuhes,  ia  converted  into  a  stiff 
paate,  and  finally  leaves  bnwn  manganoao-maiiganie  oxide. 

Niektl'amatgam  is  obtained  like  cobalt-amalgam.  Itia  aolid;  ia  altmet«d  br 
the  magnet;  dMomposee  when  eipiMed  to  the  air,  the  nickel  gradnally  oxidiping  till 
nothing  bnt  mereuiy  ia  left ;  may  be  mixed  with  a  larger  quantity  of  mercury ;  givea 
Op  itB  nickel  1«  hydrodilorjc  and  <lilnt«  aulphorie  add. 

Oimium-araalgam  ii  tbrmed.  according  to  Tennant,  by  decomposing  aqneons 
onnic  add  with  tnatallic  mercniy ;  it  in  more  or  leai  fluid,  aconding  to  the  proportion 

...»  ■  ""■ 

itaining  Pd'Hg  ia  a  grey  powder,  whidi,  according 
rcnrv  ^low  a  white  heat 
-Flatinamin  the  compact  state  does  not  take  up  mercury,  but 


eicMS  of  mercury.  The  amalgat 
to  Beneliui,  does  not  give  off  ' 
Platinum-amalgi  "" 


spongy  ptatinnm  onitM  with  it 


when  the  two  are  triturated  together, 
,  Qtity  of  acetic  add.  The  amalgam  of  plaUnun 
formed  by  immersing  aodinm-amalgiuu  containing  I  per  cent  aodiom  in  a  cot . 
aolulioD  of  platinic  chloride ;  aodium-amalgHm  also  converta  chloroplatinate  of  ai 
monium  into  pUlinum-amolgam,  with  eToIntion  of  ammonia  and  hydrogm.  T 
amaJ^m  ia  silver,  and  does  not  gire  off  mercniy  below  a  bright  red  heaL 

Jonlo  (Chem.  Soc,  J.  ivi.  381),  by  electric  df^iomtion  of  pladnnm  on  mercnry,  h 
obtained  amalgams  exhibiting  the  ftiUowing  compoaition  and  charadfia  : 


Hercrr. 

FMn™. 

R|M>dftc(..T<tr. 

100 

IS'48 
21-6 

3476 

14'39 
14'S9 

Metallic  lustn  where  nbbed. 

Solid.    Dark  grey. 

Daik  grey;  no  metallic  lustre. 

An  amalgam  of  12  platinum  to  100  mercury  has  a  bright  metallic  Instre,  and  is  aoft 
and  graaay  to  tbe  toni^  Prewed  with  a  force  of  12  tona  to  the  aquare  inch,  it  leave* 
a  bud  button  of  dark  grey  amalgam  containing  43-2  pte.  platino"    '"   '"" 


Joule  intina  A^m  theee  results  ti 


t  the  aolid  amalgam  of  platinnm  containing  the 
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lug«>t  qtuntit;  of  mncurjr  bat  ths  eomporition  PtHg*.  A  think  paet^  smilgsni  of 
plsCianm  miy  be  obtaioed  bj  eipodng  mercaiy  tor  •Ame  time  to  the  action  of  plaliliie 
eUoride. 

Potailium-analgam. — 1.  Ths  two  metals  unite  even  at  ordinaiy  tempaiBtnrea, 
tlie  combination  being  attendrd  with  great  evolntion  of  hwt  (H.  Davy).  3,  When 
mennuy  is  placed  in  a  cup  connected  with  the  nt^tive  pole  of  a  voltaic  battery  of  at 
least  20  pain,  and  covered  with  a  strong  aolatton  of  potash  in  which  h  piece  of 
hjdrate  of  potiiBsiiim  is  immersed,  and  into  which  the  positive  wire  dips,  the  mercnr; 
takes  UDpotaSBiam  (Serielius).  1  pt  of  potauiam  forms  with  30  pte.  of  tnsrcurr 
an  anulgam  which,  (iter  coolins.  is  toteralily  haid  and  brittle;  with  70  pts.  mercury 
it  likewiwi  fbnna  an  ama^ani  which  is  solid  at  oidiniuy  tempeistDces,  but  with  mora 
than  70  pCfl.it  forme  a  liquid  amalgam  (H.  Davy).  According  toQaj-LuSBBC  and 
Thinard,  the  amalgam  is  solid  and  crjetalliue  when  itcontaina  from  70  to  96  pt&  of 
aereury  to  1  pt.  of  potassium,  but  liqnid  when  the  proportion  of  mercury  amonnte  to 
UO.  According  to  Biittger  (J,  pi.  Chem.  i.  303),  the  amalgam  ifl  perfectly  flolid 
when  it  contains  100  pts.  of  mercury  to  1  pt  of  potassinm ;  with  llO  mercury,  it  is 
very  hard  ;  with  180  mercoiy,  friable  and  pailly  cryetallised ;  with  300  mercury,  viscid. 
The  amalgam  crystallisee  in  cabea  (Berzelius  and  Pontin).  The  solid  amalgam 
ftuea  when  slightly  heated.  It  giv»  off  its  mCTCury  below  a  red  heat  (K  Davy). 
When  exposed  to  the  air  or  immersed  in  water,  it  is  resolved  into  mercury  and  aqneona 
potash,  hydrogen  gne  being  slowly  evolved ;  a  similar  change  ia  produced  by  aqoeonl 
adds.  In  contact  with  moist  amnooniacal  salts,  itie  reaolvedinto  a  potassinm-saJt  and 
ammoniacal  amalgam.  It  easily  gives  Dp  its  mercoiy  to  iron  and  platJuum.  (H. 
1>"J0 

Bilvtr'antalgam. — A  native  compound  of  mercui?  and  of  silver,  called '  amalgam ' 
by  mineralogistB,  and  having  ths  composition  AgHg*  or  AgHg*,  is  found  oyitallised  in 
Octahednma,  rhombic  dodeciLbedrons,  and  other  forma  of  ue  r^ular  ^stem,  with 
dodacahedral  cleavage  in  traces ;  also  massive.  Hatdnesa  —  3  ti>  3-5.  Spedflc  gnvity 
—  1  Of  to  14.  Colour  and  streak  silrer-white  ;  opaque ;  &actnre  conchoidal ;  brittle 
and  ^ves  aerating  sonnd  when  cut  with  a  knife.  Klaproth  found  in  amalgam  from 
Moeehellan^berg  in  the  Palatinate,  36  per  cent,  silver  and  B4  mercnry,  agreeing 
with  the  fonnula  AgHg*.  Ueyer,  on  fite  other  band,  found  in  amalgam  from  ths 
same  locality,  only  2fi  per  cent,  ailrer,  screaing  with  AgEo*;  and  a  apedmen  flum 
Allemont  in  Dauphin^  analysed  by  Coiaier,  ^Uiibited  nearlj  the  same  composition, 
via.  Z7'S  prx  cent,  silver.  Amalgam  also  occurs  at  Boaenau  in  Hungary,  Sala  in 
Sweden,  Almaden  in  Spain,  and  in  Chile.  A  native  silTer-amalgam  calkd  Arquerilt, 
occurring  in  crystals  at  Acqnsroa  Chile,  contains,  according  to  Domayko,  13'6  per  cant. 
diver,  and  BBS  mercoiy,  giving  the  fonnula  AgHg*. 

Mercnry  ia  taken  up  by  silver  slowly  at  ordinary  temperatnies,  but  quickly  when  the 
metal,  in  the  form  of  athin  lamina,  or  in  powder,  ia  introduced  at  a  red  heat  into  heated 
•mercury.  Metallic  raerctiry  immersed  in  a  solntiou  of  silver-nitrate,  precipitatfis  ths 
silver  in  the  form  of  a  crystallioe  amalgam,  caUed  a  silver  tree,  oi  Arbor  DCma.  Ths 
nlver-solation  should  be  somewhat  acid,  and  not  too  much  concentrated.  A  soft 
silver-amalgam  is  (brmed  by  the  action  of  sodium-amalgam   on  a  strong  solntion  of 

Artificial  silver-amalgam  varies  in  character,  according  to  its  composition  and  ths 
drcamBtODCea  of  its  tbimatioD,  being  sometimes  a  soil,  or  crystalline,  or  granolu  mass ; 
sometiniea  coasiating  of  ram  iflcations  of  prismatic  crystals  placed  end  to  and.  Jonls 
finds  that  the  amalgam  most  readily  formed  by  the  artdon  of  mercury  on  nitrate  of 

e  pole  of  a  ^^c  1 

Eresanre  of  72  toDS  on  the  sq 
ioatioD  of  mercuiy  and  sili» 
Bodiam^matffitin. — Sodium  combines  rapidly  witii  mercury  at  ordinary  tempera- 
tnres,  the  combination  being  attended  with  a  hiaaing  noise  and  vivid  combustion 
(Oay-Lussac  and  ThSnard,  BfcAmha,  i.  24B),  A  piece  of  sodium  forcibly  thrown 
npon  mercury,  is  thrown  oot  of  the  vessel  with  explosion,  in  consequence  of  t^e  great 
heat  produced  iSernllas,  Ann.  CL  Pbys.  [2)  xl.  32B).  To  form  the  amalgam,  the 
two  metals  slionld  be  triturated  tx^ethei  in  a  dry  mortar  fitted  with  a  cover,  and  the 
mixture  tmmeteed  in  rock-oil  as  soon  aa  the  combustion  is  over  (Bottger).  The 
amalgam  has  the  colour  of  mercniy.  When  it  contains  30  pts.  of  mercury  to  1  pi.  of 
sodium,  it  is  tolerably  hard  onderthe  file,  which  vears  it  away  in  the  tana  of  powder; 
it  exhibits  a  crystalline,  laminar  fracture.  When  it  contains  40  pts.  of  mercury,  it  ia 
still  solid,  but  softer  than  with  30  pts.  (Lampadius).  An  amalgam  containing  60 
pts.  of  moicury  to  1  pi.  of  sodinm  fumu  a  stiff  paste  at  21°  (Biittger).    64  pis.  id 
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memny  and  1  of  ■odium  form  a  compound  wtuoh  axhibita  a  conftued  OfttaS^a 
•tractnn  (Qsy-LaBsac  and  Thinard).  SO  pta.  meraiiy  to  1  sodiom:  paaty  at 
31°  (Bottger).  B6  mercniy  to  1  sodium:  a  masa  containing  nomennu  amall 
granular  erystala  (GayLnssac  and  Thinard).  100  meicui;  to  one  sodinm: 
Tisdd,  and  consisting  of  a  solid  and  a  liquid  portion  (Bottger).  12S  mereoiy  to 
1  Bodiom;  liqaid  (Bay-Lossac  and  Thinard).  Sodium-amalgam  exhibila  tlis 
same  rraetiona  as  potassium-amalgam.  It  likewise  amalgamate  iron  and  platinum 
(H.  Davy).  It  decompoafs  the  salts  of  barium  and  strontium,  and  many  heaTT 
metaUia  sal^  irhen  a  small  quantity  of  water  is  prrsent,  the  prodoet  b^ng  a  compound 
of  mercury  with  the  heavy  metal  (Bottger.  J- pr.  Chem.  liL  283).  It  is  now  much 
otri  as  a  redncing  or  hydrogenating  agpnt  for  eflbcCing  the  anbatitution  of  I^ydngen 
for  chlorine,  bromiue,  kc,  in  organu:  compounda. 

Jmalffam  of  Potattnim  and  Sodium. — S  pts.  potassium  and  |  pt.  sodium  melted 
together  by  heating  them  under  roi^k-oil,  form  an  alloy  which  is  flmd  like  mennnj  at 
9°  but  when  brou^t  in  contact  with  100  pta.  of  mercuj,  nnitee  tlumwitli  into  ■ 
TBij  solid  maSB,     (Bottger.) 

uttgam. — Prepared  like  Uiat  of  bsrinm,  which  it  leaembla^  but 
lickl;  under  a  mixtun  of  the  aolutioDi  of  chloride  of  strautiom  and 

_  _ ,  ■■  well  as  undei'  water.     When  exposed  to  the  air  for  eight  or  tan 

hours,  it  is  converted  into  eaibonadi  of  atmntiam,  with  separatioa  of  mercniy. 

Tillarium-amalgam, — Msrcury  and  trUnriam  are  said  1«  Uiite  dinetlj,  fbni>> 
ing  a  tin'oolonred  amalgam. 

Thallium- amal  J  am.  — The  two  metali  unite  readil/,  forming  a  ciTStalliDa 
amalgam.     (Crookes.) 

Tin-amataam Maieniy  and  tin  unite  quickly,  even  at  ordinaij  tampeiBtm««t 

still  more  quickly  on  pouring  mercury  into  mcTtad  tin.  A  piece  of  tin,  tim  lavec  and 
of  which  is  immened  for  four  weeks  in  mercury,  is  penetrated  throngh  and  Ihrouf^ 
by  the  merenn,  and  exhibits  cracks ;  its  lower  end  becomes  ntlenost^  by  aolalioo  d 
the  metal,  and  the  immersed  part  is  found  to  be  covered  with  eii-aded  tsblea,  soma 
of  which  float  about  in  the  mercury.  If  a  square  bar  of  tin,  whether  cut,  in  »  njnare 
fbrm.  or  hamioeTed  Or  filed  square  from  a  round  bar,  be  kept  for  a  few  dayn  onder 
mercury,  it  splits  in  directiona  proceeding  from  the  lateral  edges  to  the  oppodta 
diagonals,  thereby  dividing  itself  into  four  triangular  prisms,  easily  eeparated  bj  a 
knife ;  at  the  same  time,  a  four-sided  pyramid  is  formed  at  each  end  of  the  square  bar. 
If  the  piece  of  tin  baa  any  other  form,  cracka  are  produced  in  other  diiectiiKia 
(DaniBll,  J.  of  Boy.  Inat  i.  1).  Bodium-nmiilgnm  immerBod  in  a  concentrated  solu- 
tion of  ataiinoas  chloride,  yields  a  viscid  amalgaiii  of  tin.     (Bottger.) 

Tin-smalgnm  has  a  tin-white  colour;  and  S  the  mercury  is  not  in  too  great  exDM^ 
is  brittle,  ginnDls.r,  and  according  to  Daabenton.  cryatallisea  in  cubes. 

HnHg  and  HnHg"  do  not  fose  till  heated  above  lOB".     (Begnault) 

8n<Hg'  has  at  20°  a  specific  gravity  of  88218  ;  BaHg^  93185  ;  SuHg*,  10-SMT ; 
SnHg*,  ll'SSlO.  1  vol.  ot  tio  with  1  voL  of  mercuty  forms  an  alloy  whose  apeeiSa 
gravity  at  27°  ia  101729;  1  vol  tin  with  2  voL  merctuy,  11-4646;  aod  ItoL  tin  with 
3  vol.  mercaiy.  12'021S7.  In  most  casee,  therefbie,  condensation  takes  place;  in  the 
siagle  inBlance  of  1  voL  tin  to  2  vol  memry,  however,  this  condensation  is  BCandy 
perceptible.     (Eupffer,  Ann.  Ch.  Phys.  [3]  xl.  293.) 

The  compoDDd  obtained  by  fuaing  4  p(a.  o£  tin  with  1  pL  of  mereniy,  yields,  if  pul> 
Toised  after  cooling,  a  kind  of  moaaic  ailver,  which,  whan  mbhed  on  the  polishing- 
■toas,  acquires  Che  metidlie  lustre.     The  ailvtring  of  mimm  ia  likewise  an  *~*'|[*~ 

Joule  obtained  beaatifiil  erystoUine  amalgam!  by  making  mercury  negative  in  s 
solution  of  itannoos  chloride.  The  nmnlgjm  containing  100  mercuiy  to  61  pta.  tin, 
had  a  specific  gravity  of  1D'S18  ;  that  containing  100  mercury  to  44-1  tin,  a  KptaS» 
gravity  of  10-9*:  hence  the  combination  ia  attended  with  contraction  at  vofanMM. 
The  amalgam  of  tin  is  deoompaied  by  pressure,  the  mercary  left  after  loag-aontiiwed 
high  prnimirii  having  a  volume  little  more  than  one-eighth  of  the  eutiie  mas*. 

An  amalgam  of  tin  and  AiMiuli  ia  obtained  by  meltii^  together  2  pts.  of  tin,  3  ptK, 
of  bismuth,  and  1  pt.  of  mercmy. 

An  amalgam  of  2  pts.  fin  and  1  pt.  radmium  is  nsed  for  stopping  teeth.  The  two 
metals  are  melted  in  an  iron  ladle,  slighll;  warmed ;  mnrcnry  is  added ;  the  whole 
ia  ponred  into  an  iron  mortar,  and  mbbed  with  a  wooden  peatle,  till  it  acquins  a  aoft 
butteiy  consistence ;  and  the  excess  of  mprcoiy  ia  sqoeeied  ont  thningh  leather.  Hie 
residue  i«  almost  granular,  bat  becomes  soft  and  plastlc^wheu  kneadad  by  tie  hand. 

An  amalgam  i»  tin  and  Itad  may  be  formed  hy  introdndng  an  alloy  of  the  two 

AinrilpiTmt  containing  (is,  had  and  biaxtuih  are  described  under  lam  (p.  S37).    An 
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uulgam  of  8  jiU.  biimath,  B  lead,  3  tin,  and  7  or  S  met«ni7  u  nconusBiided  hy 
Bnme  fijr  couting  Uie  nibb«ra  of  electricul  maehinaa. 

An  amalgam  of  fin,  liliir  and  gold  is  also  naed  aa  a  MnuDt  tor  thn  teeth.  It  ia 
tovpand  b;  melting  together  1  pt.  gold  and  3  ptfl.  lilver,  adding  2  pts.  tin  ts  tbs 
melted  maoa,  pulrensing  the  resulting  alloj,  and  kneading  it  together  with  an  aqnal 
weight  oi  mercury. 

Zittc-amalffani Vbcn  linc-fllingB  are  tiitaiated  with  memuj,  at   ordinary 

temperature^  combination  takea  place  alowl;  ;  at  a  higher  lempeiatore,  still  somewhat 
nuder  the  boiling  point  of  marcnij,  the  metals  combine  easily,  and  still  more  readily 
when  iDBrGQry  ia  mixed  with  melted  sine.  A  bar  of  one,  immersed  to  half  its  length 
in  memuy  for  ten  days,  becomes  pointed  at  bottom,  and  covered,  especiaflj  on  the 
Opper  port  of  the  immeraed  end,  with  lii-aidr^  tables  of  the  amalgam  (Daniell). 
When  Einc  is  placed  in  contact  with  mercacy  and  a  dilate  acid,  a  galvanic  action  is  «et 
np  (ii  420),  and  the  sine  becomes  covered  with  metmiy,  which  then  penetraitea  into 
t£e  interior,  and  converts  the  whole  of  the  metal  into  an  amalgam.  As  soon  as  the 
one  is  completely  covered  with  mercniy.  the  evolutton  of  hydrogen  oeuee ;  bnt  it 
begins  again  on  bringing  the  amalgam  id  contact  with  iron,  copper,  or  platinnm,  to 
whicb  metals  the  menmcy  ia  then  transferred  (Diibereiuer).  Sodiam-smalgam 
immensed  in  a  ooDcentrated  solntion  of  solphate  of  udc,  forma  a  tisdd  »iii«lgmin  ^ 
line    (Bottger.) 

The  amalgun  ie  nsnally  prepared  by  cooling  mellfld  line  to  as  low  a  teinperature  as 
it  will  bear  withont  aolidifying,  and  then  ponring  in  the  mercniy  in  a  mie  atrean, 
keeping  the  liquid  conitaatly  stirred.  If  this  precaution  be  neglected,  part  of  tha 
meicury  is  converted  into  vapour,  aometimee  throwing  the  melted  metal  abcwt. 

8  pta.  line  to  1  pt.  mercury :  veiy  brittle. 

1  pt,  dnc  and  4  or  6  pts.  mercnry  form  an  unalgsm  sometimes  used  fi>r  coaliiig  tha 
rubbers  of  electric  machines  ;  it  is  brittle  aud  pulverulent. 

1  pt  line  to  6  pta.  mercury :  tin-white,  grannlar,  brittle ;  melts  at  (he  boiling  point 
of  olive-oil,  but  doea  not  give  off  metcuiy  till  raised  to  a  higher  tempemtnre.  At  a 
doll  red  heat.  It  decrepitatea  strongly ;  at  a  stronger  red  heat,  it  bums  with  greut 
brilliancy.  It  ia  permanent  in  dry  air.  Cold  dilute  nitric  acid  decomposes  it  re^ly, 
and  leaves  the  mercury  unaltered  till  all  the  line  is  dissolved.  Dilute  sulphuric  and 
hydrochloric  acid  act  on  it  bnt  slowly.  Ammonia  and  sal-ammoniac  also  msaolve  out 
the  zinc  very  slowly,  and  form  watu".  Zinc-amalgam  immeised  in  the  solution  of  a 
neutral  salt  of  chrominm,  uranium,  manganese,  or  iron,  merely  throws  down  the  oxide ; 
but  &om  Deutrsl  solntiona  of  cobalt,  nickel,  and  copper,  it  pcedpitates  the  metal, 
which  then  combinea  with  the  mercory.  (Damonr,  Ann.  Min.  [S]  zv.  41  j  ^so 
J.  pr.  Chcm.  ivii.  346.) 

From  an  amalgam  richer  in  mercuiy,  six-sided  laminae  conlainij^  3  pts.  nno  and  6 
mercury,  separate  out  on  cooling.  The  portion  wliieh  remains  liquid  is  a  solntion  of 
aiuc  in  excess  of  mercury.  1  pt.  of  lino  dissolved  in  8,000  pts.  of  mercury  may  be 
detected  by  the  black  powder  which  fiirma  on  the  siir&ce  when  the  mercury  is  agitated 
in  contact  with  the  air. 

Zinc-amalgam  immersed  in  caustic  potash  liberates  pure  hydrogen.  When  zinc- 
amalgam  is  immersed  in  aqueous  ferrous  chloride,  and  a  crystal  of  a  nitrate  is  placed 
upon  it,  a  black  spot  is  gradually  formed  on  the  surface  of  the  umalgam,  consisting 
of  n^uccd  iron,  which  is  immediately  taken  up  by  the  mercury.  The  presence  of 
■  nitmte  is  essential  to  the  production  of  this  efiect ;  chlorates  and  other  salts  do  not 
prodece  iL    (Bunge,  Pc^.  Ann.  iz.  479.) 

Joule,  by  the  electrolytic  method,  has  obtainedamalganu  of  zinc  haringthe  following 
composition  and  properties: 


Ifcrear,. 

Hac. 

SpKlflc  gnril,.    1 

100 

36-4 
1238 
134 -S 

n-34           ,Whit«  and  cyslalline. 
8-B36         1 

The  gpeeiflc  gravity  of  the  first  of  these  amalgams  indieatea  a  certain  eoDtraetion  of 
volume.  Pressure  appears  to  decompose  it,  mercury  being  expelled  till  the  amalgan 
consists  of  about  1  at.  Hg  to  S  at.  Zn. 

Amalgams  of  fin  and  einc  are  used  fbr  coatiog  the  mbbers  of  electrical  machinea, 
Kienmaysr  recommends  as  the  best  proportion  ;  1  pL  sine,  1  pt.  tin,  and  2  pta.  mercnij. 
Singer  reconunenda  i  pis.  ainc,  1  pt.  tin,  and  SJ  to  6  pts.  mmcury. 
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«  wiUi  aqneoufl   bromide  of  potia- 


manx    (Balurd).       When   pieparrd  bj    the  first  ptocnas,  it  foniu  >  flbiooa   man 

iLoirig) ;  loos  nEedlrs  wbich  are  jpllow  while  but,  but  become  whittBh  on  i»oliiig 
O.  Henry,  j!  Pbarra.  xv.  66).     Bj(2):  white  powder  (Balard);  ;ellowieh-wbite 


■  (0.   fieorj).     Speciflo   gravity    7'30T  (Kareten).      It  ii  tuteleaa   and    i 
odoroiu  ;   fusible,  and  volatilisee  undeoompoeed  at  a  low  red  hea^ 

When  heated  with  photphorut,  it  ia  resolved  ipto  bromide  of  phoBphonu  and  pliOB- 
phide  of  meromj  (Lowig),  Treated  with  cold  aqoeons  animonia,  and  than  waehwi 
with  water  containing  ammonia,  it  leavea  a  grey  powder,  whicli  eontaina  globulee  of 
mHTcnrr,  and  vheo  healed,  givH  off  BinmoDia,  and  yielda  a  anblimate  of  merenrj', 
mercnrona  bromide,  mdmprcurie  bromide  (Rammelsberg).  With  cansHi:  paCofli,  it 
yields  mercurone  oiide  and  bromide  of  potassium.  When  boiled  with  aqaeoua  bnymide 
or  chleridt  of  amnumium,  it  yields  a  solution  of  mercuric  bromide,  with  a  residue  of 
metaUic  mereoiy  (Lowig).  It  is  not  perceptibly  tolable  in  cold  carbonati,  eiloride, 
or  tucdnate  of  ammonium,  while  the  same  liqaids,  when  hot,  dissolve  it  with  tolerable 
{iieility,  leaving,  however,  a  grey-pslveralent  residue  [metallie  moreiuy];  it  is  not 
perceptibly  soluble  in  tiUphaia  or  nitratt  of  immoniion,  even  at  the  boiling  hwU 

r", — 1.  Mercury  noites  with  bromine  at 
I,  the  combination  being  attended  with 
if  light  (Balard).— 2.  The  same  compoond  is  tbrmed  by 
agitating  mprcury  with  water,  adding  bromine  as  long  as  its  colour  is  destroyed,  then 
boiliog.  EltBring,  and  leaving  the  solntion  to  ciysfallise. — 3.  By  dissolving  n '" 

■ubiiming  a 


crystallises  out,  and  punfying  the  product  by  solutioii  in  alcohoL  The  mother-liquid 
evaporated  to  dryness  leaves  a  residue,  &om  whi(^  boiling  alcohol  Itjll  eitncts  * 
noall quantity  of  the  compound.    (Lowig.) 

Mercuric  bromide  cr^tallises  from  the  aqueous  solution  in  soft,  aavery  lamiiue ;  from 
the  alcoholic  solution  in  white  needles  (Lowig.)  According  to  Handl  (Jahnsb. 
ISee,  p.  2261  the  crystals  ore  rliombic  prisms,  osF  .  oP,  deavable  paiallri  to  oP, 
and  having  the  angles  oP  :  ceF  _  83°  34'  and  111°  26'.  They  are  iBomoT(dionB 
with  Bublimed  meri-uric  chloride.  The  product  obtained  by  (fi)  has,  after  drying  at  a 
■trong  best,  a  epeciQc  gravity  of  5'9202  (Kareten).  Meronric  bromide  melta  and 
sublimes  when  healed.  It  dissolvn  in  61  pts.  water  at  S°  (Lassaigne)  and  in 
4  pts.  of  boiling  water,  the  greater  part  separating  as  the  liquids  cooL  The  aqueoni 
•olution  reddens  litmus.    It  dissolves  very  easily  m  aUxihiA,  still  more  in  ither. 

With  pioiphomi  it  forms  bromide  of  phosphorus.  Heated  with  aniiaiont/  or 
arsntte,  it  gives  up  its  bromine.  Its  aqueous  solution  exposed  to  aun-l^it,  or  placed 
in  contact  with  mfrcury  or  copper,  or  mixed  with  eupmui  bromide  dissofved  in  hydn>- 
bromic  acid,  deposits  mercDroas  bromide.  With  a  small  quantily  of  wit/phifdrie  add 
it  yielda  ■  white,  and  with  a  larger  quantity  a  black  predpitale  (H.  Rose). 
With  ammonia  it  forms  s  white,  with  flini  alkalis  a  yellow  precipitate  (Lowig). 
Hypochlorite  of  lodium  added  to  the  solution  throws  down  mercuric  oiychloride 
(Ram mels berg),  and  hypochlorotis  acid  converts  mercuric  bromide  into  mercurie 
chloride  and  bromste,  the  action  being  attended  with  evolution  of  chlorine  and  bromine 
^alard).  Heated  with  nilrie  or  lulpharic  acid,  it  gives  off  vapour  of  bnnoine 
(Balard);  but  according  to  H.  Bose  (Analyt  Chem.)  it  is  not  decomposed  by 
■nlphurie  add. 

Dottblt  Salts  0/  Ufreurie  Bromide. — Uercnrio  bromide  unitss  wit^  tbs 
more  basic  metallic  bromides,  forming  easily  soluble  double  salts  (called  by  Boiisdor8| 
bromohydrar^y'rates),  k«iiig  thereby  its  power  of  reddening  litmu*.  Those  con- 
taining tlie  bromides  of  the  alkali-metals  are  dystallisable. 

A7nmonium-ta!t. — Merouric  bromide  dissolves  abuudsntly  in  aqueoni  bromids  of 
ammonium.  Alkaline  carbonates  addsd  to  the  volution  throw  down  bromide  of  dimer- 
cnnnimonium.    (^Lowig.) 

The  iarium-ialt  crysUllisM  in  highly  Instrons  prisms,  which  daliqueaee  in  moist 
•ir.    (Bonsdorfl) 

Co^'ion-soff.— A  solution  of  bromide  of  calcium  saturated  with  meretirie  bromide 
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erapontioDB,  at  flnt  tetrahedroDB  and  ocUhednmi,  whi«h  hxTS 
V  decompoeed  bj  a  umall  qniuitity  of 

3atallise  oat  again  od  cooling.  U 
«a  an  obtaiiwd,  which  deliqneBce 
eyon  in  dry  air.     (Bonsdorft) 

The  iron-iall  [?  ferric  ot  ferroiu]  fbrau  jaUowtah  mrj  delioDtacent  piumi. 
(BoDBdorff.) 

JVa^ntriuiR-ulM. — A  aolnlioD  of  merenria  bmmide  and  biomids  of  tugneejom 
jicldi,  br  eraporaUon  over  oil  of  vitriol,  flnt  broad  thin  I""'"",  pBrmanent  in  Ihc  air 
and  probablT  containing  MgHg^r*?,  then  Tery  deliqnesc«nt  ciTatals  containing 
MaHgBr'.    (Boniidorff.) 

The  vumgaiutt-tall  cT^BlliMS  in  light  red  rer;  bygroscoptc  ^bsm. 

Polaitimineltt.—A  solution  of  the  aalt  EH^H  or  KBi.SHgBr  i«  obtained  bv 
ntnrating  a  cold  TDodscat«lj  conceutrstad  solution  of  bromide  of  potudnm  irith 
mercnric  bromide,  in  anlwdroiu  yalloir  octahedrons  (Lowig),  in  flat  rhombic  priBma 
permanent  in  the  air  and  containing  1  at.  water.  The  CFTBtola  melt  vhen  hpated, 
and  yield  a  sublimate  of  mercuric  bromide  (Liivig).  A  solation  of  eijaal  parts  of  this 
■alt  and  bromide  of  potaaaiiun  jields  Che  salt  K'HgBr*  (?)  in  prume  which  ars 
permanent  in  the  air.    (Bonsdorff.) 

The  todium-talt  cijBtalliaes  parti;  in  needlca,  partly  in  rhombic  piums,  and  deli- 

StTontium'ialU.—a.  SrEgBr*  or  SrBr.HgBr  forms  syBtsIs  aolable  in  water  in  all 
proportiouB.— fl.  SrHg^t*  or  SrBr.2HgBr.  A  aolution  of  1  at  bromide  of  itroDtiiua 
ID  twice  its  veigbt  of  water,  takra  np  dt  5<P,  3  at.  mercuric  bromide,  ami  the  Bolntionon 
coobng  deposita  1  at.  mercuric  bromide  and  then  yields  small  oj'Btiila  of  the  nit  8. 

The  tinc-talt  crystAllisea  in  prisma  and  tables  deliquescent  in  TDoist  air. 
(BonadorfE) 

MSB01TBT,  OHX^nUIMM  OF.  MerCMrj  forme  two  chloridea,  analogous  to 
the  bromideo. 

aCorcvTOaa  OUorlda.  Bg%l  of  migCl—BemKliloridi,  Dicldoridt,  SubeUoHd', 
I^iocMoTvii,  Sulnnuriate  n/ mtretiry  ;  Calomel  ;  laUtaum  Qiucintbmixydiil,  vtriiit- 
tter  Bublimat,  vtr^iuttt  Qutckiilbtr,  KaloTwl ;  Chioretum  hgdrarggri.  Hydrargyrum 
muriatieum  miU,  llenatmt  dukit,  a.  kidomdaniaa.  t.  lotievii,  Draso  tuiligatui,  Agwia 
nitigata,  s.  aiba,  i.  axUitU,  i.  Merctirii,  Fanaeea  mtreuriatu,  e.  caletiit,  s.  MtrcurU  ; 
ProiocAitrvre  dt  taeratre. 

This  componnii  ia  found  Dative,  as  Jlom-ffiaeAw'/Der,  in  dimetric  eryitiUa  eibibitingtba 
OombinMion  F  ,  sPixi ,  like  finm  227  (ii.  139),  also  with  ocP  ,  Pao  and  oP.  Length 
of  principal  aiis  -  I'Tii ;  P  :  P  in  the  terminal  edges  -  9B<>  7':  in  the  lateral 
edges  —  136°  60'.  It  occun  also  in  erystajline  costs  and  gtannlar.  Hardness  =>  1  to 
2.  Spedflc  gravis  —  S'482.  It  haa  a  dirty  white  colour  and  adamantine  Instre, 
vellow  when  Bcrstched ;  translncent  in  thin  Bpliaters.  Sectile.  Fracture  oonehcndaL 
it  is  found,  with  cinnabar,  at  Moschellandsberg  in  the  Palatinate,  also  at  the  qnick- 
■ilTer  mines  of  Idria  and  Almaden,  and  at  Hoizoviti  in  Bohemia. 

Mercvioua  chloride  is  produced:  1.  By  the  direct  combination  of  mercniy  and 
ddoiins,  alowly  at  ordinaiy  temperature*,  more  qnicUy  at  the  boiling  heat  of  mercnrv, 
the  combination  being  then  attended  with  a  jallowish  red  flame,  and  mercuric  chloride 
being  likewise  formed. — 2.  By  heating  mercuric  chloride  with  metallio  mercury. 
S.  By  the  action  of  aulphnious  acid  and  other  tedncing  agents  on  mercuric  chloride. 
t.  By  agitating  mercury  with  a  solation  of  ferric  chloride,  the  action  being  acceleTat«d 
by  Uie  presence  of  free  hydrochloric  acid. — S.  By  the  action  of  hydrochloric  acid  on 
mercurous  oxide,  or  by  preci[ntating  a  mercmons  salt  with  a  soluble  chloride. 

Prrptratitm. — Hercorous  chloride  in  the  pnlvrmlrnt  fbrm,  called  calomel,  is  ex- 
tensively need  in  medicine.  It  msy  bs  prepared  either  in  the  diy  or  in  the  wet  way. 
I.  In  tlu  dry  viay. — 1.  By  triturating  4  pts.  (1  at.)  of  mercuric  chloride  with  3  pis. 


(1  at)  of  mennry,  the  mixture  being  moistened  with  water  ot 

ration  oontinned  till  the  mercnrr  has  lost  ita  fluidity — then  gtanuauy  Heating  tOe 
.  glass  flask  IX  retort  till  it  snbliiues.   A  large  portion  of  the  mercuric  chloride 


is  convened  into  calomel  during  the  tritniation.     Trantwein  heats  the  deadened  n 
tore,  gently  at  flnt,  for  a  few  boon,  Mkd  pulverieea  it  once  more  before  sublimation. 
2.  By  inbliniing  an  intimate  mixtoie  of  eqn^  parts  of  meicnious  sulphate  and  common 
•alt: 

Hh^SO*  +   21Iaa  -  Vtf&O*   *■   SHhgCL 

Plan  ehe  (Ann.  Chim.  Ixri.  lS8)faritniBtc«Bptt.  of  mercuir,  18pta.of  dry  moDobMrio 
vercuric  sulphate,  and  6  pta.  of  water,  till  tlte  fluidity  of  the  metal  is  destnyed,  and 
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beata  tlie  naniltiDg  menmrooi  nilpluta  with  ma  eqnBl  weight  of  oiiDmog  stlt,  tni  • 
Bublinule  ia  obtained. — S,  By  deadeoing  2  at.  merciuy  with  2  at  coinmoti  nit  and  1 
at.  penazidB  of  iaaiigaii«fl^  aiid  heating  (ha  miitore  to  mblimstioD  with  3  at.  salphmia 

Hbj«  +  2N»Cl  +  MninO»  +  BH^O"  -  2HhgCI  +  Na'SO'  +  MmnSO*  +  2HW, 
4.  Bj  tritniatiiig  mtnuaj  with  common  Bait,  fRiric  aalphale,  and  a  amall  qoantitj  of 
water,  till  the  mntal  has  lost  ita  fluidity,  and  eubjectiiig  the  miitiini  to  aablimation. 
(SchaffhSntl,  Ann.  Ch.  PhamLzIiii.  2fi).  The  banc  farrio  nlphata,  often  occamng 
aa  a  waata  {ooduct,  may  be  made  tiTulable  for  thia  pmcMS ;  a  amall  quanUty  of  frarie 
ehloTide  may  inblime  together  with  the  calomet  (Sohaffhantl).  The  reaction  ia 
probably : 

Ffe*{80')'  +  «NaCl  +  Ehg"  -  8(Na^0*)  +  2Ffea'  4  2Hhga 
The  calomel  aet  free  in  the  form  of  vapoor  by  either  of  three  proceagee  (1 — 4),  ta 
either  sUowed  to  collect  in  the  form  of  a  dense,  flbniua  anblimala,  and  the  pradnet 
Cnrehlly  polTeriiied ;  or  the  calomnt  Tapour  ia  oooled  nain  auch  arcnTngtancea  that  it 
aolidifiea  in  the  form  of  a  aoft  powder  instead  of  a  aolid  cake.  This  object  ia  aUaJDed, 
according  to  Jewel  and  0.  Henry  (J.  Phann.  TiiL64S),  bjcanaiDg  the  calomel  Taponr 
to  paaa  into  a  chamber  into  which  vapour  of  water  ia  iqjeetnl  on  the  other  aide. 
Aocording  to  the  procea  now  adopted  in  this  country,  on  the  other  hand,  the  ealomel, 
or  the  ingredioDta  from  which  it  ia  prepared,  ia  heated  in  a  cut-iron  cylinder  2^  feet 
lone  and  1  foot  wide,  one  end  of  which  is  provided  with  an  iqieniog  eerring  to  intradnce 
and  remoTe  the  materiale,  and  closed  during  the  operation,  while  the  other  end  ter- 
minatea  in  a  contracted  neck  which  opena  into  the  upper  part  of  a  brick  chamber, 
4  feet  long  and  liroad,  and  S  feet  high.  In  thia  chamber  Uie  odomel  condenaea  in 
the.  form  of  a  soft  powder.  Am  the  iron  of  the  tube  decompo««e  a  portion  of  the 
calomel,  a  amBll  qoantily  of  mercuric  chloride  is  added  to  the  miitnre  (CalTert, 
J.  Pharm.  [3J  iii.  121).  Soubeiran  (J.  Phaim.  xxix.  £02)  adopts  the  same proccH, 
excepting  that  he  heats  the  materials  in  an  earthen  retort,  and  osea  a  large  earthen 
Teasel  as  a  condensiiig  chamber.  The  pnlTemlent  calomel  obtained  by  either  of  thaae 
eaaea  ia  washed  with  a  large  quantity  of  warm  water,  or  a  small  quantity  of 
n  alcohol,  to  &ee  it  &om  the  oomaiTe  anblimato  with  which  it  is  nanallj  coo- 
oated. 

6.  A  Mc  Met  IMS'. — 1.  By  precipilating  a  warm  dilute  lolution  of  mcrconnia  nibata 
with  aieeaa  of  common  salt  or  Bal-ammoniBc,  and  waahing  the  precipitate  thoronghly 
with  oold  water.  The  calomel  obtained  by  thia  pcoceaa,  flret  propoaed  1^  Seheele, 
is  in  the  form  of  a  remarkably  fine  powdra;  and  haa  eonaequently  aomewhat  more 
actiTB  medicinal  propertiea  than  the  ordinary  preparation.  Ita  mtat  eoeigetic  actioa 
nay  perhaps  be  partly  doe  t«  an  admixture  en  basic  menmoiu  nitiat^  or  meicuie 
oxide,  whicb,  accordii^toBnchner,  Mialbe,  and  othera,  are  aomatimea  fonnd  in  it. 
Thta  admiztore,  however,  doea  not  occur  if  the  solntion  of  memmrona  nitrate  be  laiKelj 
dilated,  and,  if  neceasary,  Altered,  before  being  mixed  with  tiie  soluble  chloride^  and 
if  the  common  aslt  or  sal-ammoniac  be  added  in  exceas,  and  the  liquid  heated  for 
Bome  time  in  contact  with  the  precipitate.  To  the  same  end,  Sefstrom,  Geiger, 
and  Trautwein  (Bepart.  Phatm.  xL  72;  xiL  IBS)  recommend  that  ■  little  mtria 
acid  be  added  to  the  mercurooa  solution  before  mixing;  and  CheooTix  adriaea  tha 
addition  of  hydrochloric  acid  to  the  solution  of  common  Salt.  In  that  esse,  howem. 
the  liquid  muat  not  be  heated  so  mnch,  aa,  otherwise,  part  of  the  calomel  will  be  m- 
diaaolTed  in  the  form  of  mercniic  chloride.  According  to  D  n  m  a  a,  the  calomel  obtained 
by  the  use  of  common  aalt  always  contains  more  or  leas  of  ttiat  substance,  and  cannot 


be  freed  from  it  by  washing;  the  raaannce  of  the  aalt  renders  the  oalomel  thus  prepared 
more  Bolnbie  than  that  obtained  1^  anbliokation  ;  bat  Mialhe  (J.  Ftiairn.  xiii. 
6S6]  foond  only  traces  of  oommon  salt,  and  no  difibrence  in  the  solnbili^.— 2.  Sul- 


2Ehga'  +  SO*  -I-  2H>0  -  2Hhga  +  2HC1  +  W 
The  fllterad  liqnid  still  oontaina  k  eertain  qaantityof  andecomposed  n 
and,  thnefbra,  atill  givea  a  precipitate  of  calomel  when  heated  witk 


.  ,     Eipitate  _  __^ 

to  the  bailing  point  (Wo hi  er,  Ann.  Cb.  Pharm.  zc  124),    According  to  Sartoi 

{Md,  xm.  S20),  the  daeompoaitum  ia  almoat  oomnleto  in  the  first  inatanoa,  provided 
the  aolotion  b  anffioiantly  dilnte  (1  pt  meronric  eUoride  to  80  water)  and  the  liqnid 
aatnrated  willt  ra^hnioat  add  ia  hiated  for  aotne  time  to  IV  or  SO".  Oalenlaliaa 
feqnina  a  prodnct  of  M  per  cent ;  eiMriment  gave  84-8  per  cent. 

lii^iiriite$aaidAd%Uinitioru. — I.  Mfr«arie  Moridt :  Cold  water  (v  aleobd  a^latnl 
with  As  powder  fbi  aome  time  and  then  filtered,  tnma  bniwn  on  the  addiuoo  of 
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■Dlphj^io  tteid,  lea,  3.  Baiie  mermreut  or  mereurie  nitrattt:  IU4  Aimw  ctoItmI 
on  heatiuf  the  labaCaDoe  in  a  flaek  oi  tube  till  it  BoblLmn.  S,  Melallie  mgrcaiy  :  Qrey 
coloDt ;  ^iobulsB  of  loerciuy  discemible  uudw  the  microseope.     4.  Pounded  Acav;/  ipar 


imihir  iinpiiritice  remuu  behind  on  anbliznation.  6.  Gum  and  otbar  otgAoio 
labatiincM :  Empjmmuklio  odooi  on  the  application  of  heat  \  aoliibilitj  in  water  or 
•Icohol,  Sm. 

Proptrliet. — Sqblimed  calomel  arfitalliBes  in  dimetiic  fiiima  lilte  the  natiTe  miniTRl, 
but  the  priBms  areseDerallj  united  in  flbtona  Quusea.  SpedAc  gntvity  of  the  artificiul 
prodnct,  a-esao  (Kaiaten);  T'llO  (P.  Bonlla;).  VapoiuHleiuit7,  according  to 
Mitaeheriieh'a  obaarration,  836;  by ealwJation. B-2S  (~  "^'^  ^^^    *    O-OSSs}. 


St  ordinaiT  tempentoice.  It  is  taitelesa  and  inodorous,  and  may  b«  regaTded  as  quite 
insoluble  m  w^er ;  for,  according  to  FfofT,  a  perceptible  pncipitato  is  produced  in 
a  solution  of  merranras  nitrate  b;  hydrochloric  acid  dilated  with  2C0,0l)0  pta.  of  water. 

DeeoTiipoiiliotu. — I.  Calomel  becomes  dark  grey  on  eipognre  to  light 2.  Heat#d 

in  a  current  of  piotpianu-^iapow,  it  yields  phosphita  at  mercury  sad  trichloride  of 
phoaphoros  (H.  Davy).  3.  When  hentod  with  a  small  qoantitT  of  ev^hur,  it,  yields 
cinnabar  and  mercnno  chlnide ;  with  a  larger  qmuitity  of  solphur,  the  pcDdocts  are 
ciimabar  and  chloiids  of  sniphnr : 

2HfagCI  +  8    —   HhgCl'  +   Hhga 
and  HhgCl   +  S*  —  EhgS      -f   SCI. 

4.  Wbtm  icrunersed  in  cold  aqneoua  nUphurovs  add,  it  tttnis  grey,  and  in  the  same 
liquid  at  the  boiling  hcAt  it  becomes  greyish-blsck.  from  loss  of  chlorine.  In  this 
greyish-black  powder,  no  metallic  meKUry  can  be  discovered  with  the  lens ;  but  when 
heated,  it  is  renolTcd  into  calomel  and  metallic  mercuij;  it  is  probublj,  therefore,  a 
snbchloride  (A.  Vogol). — 6.  Calomel  giTES  up  ita  chlorine  lo  many  wtoij,  both  in  the 
diT  and  in  the  wet  way.  On  boiling  it  wim  cowKr  and  water,  a  green  solntion  ia 
quickly  fbnned,  and  the  copper  beoomss  eorered  with  b  black  £lm,  from  which  hydro- 
diloric  seid  extracts  cupric  oxide,  leading  a  residue  of  metallic  mercury  (A.  Vogel, 
J.  pr.  Cbem.  viii.  107).^S.  By  aqneoue  itannout  chloride,  it  is  redncfd  to  the  metallia 
state,  after  some  time  st  ordinnry  tempprstnrps.  bat  qnickly  on  bailing  (A.  Togel, 
Kastn.  Arch,  xiiii,  78).  With  trimipAide  (minrral  kermti')  or  paitnmlphidt  of  an- 
ttm/my,  it  is  gradnaUy  conTeited  into  black  aolphide  of  mercury  and  trichloride  of 
antimony. — S.  Calomel  triturated  with  iodine  and  water,  yields  mercuric  chloridn, 
which  dissolves,  and  mcnmrie  iodide,  of  which  the  water  takes  up  a  amall  portion. 
(Plancbe  and  Sonbeiran,  J.  Pharm.  zii.  651.) 

2Hhga  +  P  -  HbgCl*  -I-  HhgP. 
9.  Calomat  digested  in  aqneous  solntioos  of  the  iodida  e/the  alJcali-metali.  ma^naiitm 
tine,  m  iron,  yielda  daA  green  meroarons  iodide,  and  an  aqueous  melaUic  ebloride. 
The  mBteutons  iodide  thus  jnvdnced  remains  undianged  for  a  long  time  in  the  du4i ; 
but  when  expoaed  to  lig^  it  first  becomes  yellow,  and  then  red  from  toes  of  mercury — 
fuses  into  a  black-lnown  liqnid — ^tcs  off  mercury  and  msnmriB  iodide — and  leaTcs  a 
white  reaidue  of  metallie  chloride,  together  with  the  excess  of  metallic  iodide 
emDlo^(Labonri,  J.  Pharm.  ii.  339).  10.  Hot  tu'Mc  neiEJ  disaolTea  calomel^  with 
erolution  of  nitric  oxide  gas,  forming  a  solotion  of  mereurie  chloride  and  mercuria 

SHhga   +   4^10*  -  aHhgO'   +   BHhgNO'   +  2HK)   +   HO. 
Cold  ndpiurie  add  neither  dissolTM  nor  decomposes  calomel,  even  aAer  a  long  time  ; 
bat  hot  anlphuric  acid  diesolvefl  it  (the  liquid  solidKyiag  to  a  white  nline  rn 


in  chlOTide  mixed  wiui  mercnrie  nilpha(&    (A.  VogeL) 

3Hhga  +   2H«0'  -  HhgCl<   +   HhgSO*  +   80*  +   2SK). 

11.  Calomel  immsned  in  aqneous  iydroeyanic  on^  yields  metiJlic  mercury  and  a 
liquid  which  confuna  cyanide  of  mercury  and  hydrochloric  acid  (Scheele^  Opusc.  ii. 
\V6).  Psit  of  the  calomel,  howerer,  remains  nndecompoaed,  or,  at  least.  ODdinoIred. 
sren  when  an  excess  of  hydnxTanio  acid  is  present ;  the  andinolved  portioti  is  not 
metallic  mercuiy,  but  a  black  powder  which,  when  hmted.  gires  off  calomel  rapour, 
together  with  a  imall  quantity  of  permanent  gas,  and  leaTea  a  carbanaceoua  powdsi 
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(SoDbeiran,  J.  PhaniLxv.623).   The  decoinporitionbf  Ii7i]ioC7BtiieBCid  tniHt  tha«- 
fon  be  moie  oamplicat«d  than  that  which  wonld  be  eiprened  hj  tlie  eqnatum : 

atlhgCT   +   2HC7     -     Hhg  -f  HhgCj'  +   2HC1, 
and  deurres  fntthn  examiiiation ;  to  the  medical  pnctilione]-,  it  is  impoKant  lokuoir 
that  the  mild  Bulstance  i^alomel  ia  coDmrled  by  hydrocyanic  acid  into  a  compcmEid 
irbich   acta   ao  TiolentJy  aa  cyanide  of  mercnry. — 1 2.  Calomel  heated  witb  diy  Jixtd 
aliaiia,  yialda  meioniy,  oi^gnn  gn,  and  a  cUoride  of  tlie  alkaii-metal : 

2Hlig01  +  2KH0  =  2SCI  +  Hhg*  +  H^  +  O, 
St  agneeut  fixtd  alkaiu  it  ia  coaverted  into  black  mennuona  oiide,  a  chloride  of  the 
alVali-metal  remaining  in  aolution.  Calomel  likewise  blackens  vhan  inuncned  in  aqoeona 
amfflonia,  not,  however,  by  mnTeraion  into  mereurons  oiide,  bnt  into  chloride  of  mei^ 
enroBBmmonium  (KH'Kbg)Cl.  The  anpemalAnt  ammoniacal  liqnid  conlaina  a  small 
quantity  of  mertnry  in  solution.  Carbonatt  of  atatnortiian  colours  calomel  grey  and 
quickly  dissolves  it,  with  the  exception  of  a  smatl  erey  residue  of  metallic  mercury. 
Carbonate  of  nu^iusiuni  exerts  no  action  in  the  cold,  even  in  the  preseoce  of  water ; 
but  at  the  boiling  heat,  carbonic  aDhjdridc  is  evoLved, mercury  separated,  and  ssolntioD 
fiirmed,  oontaining  mercuric  oxide  la  combination  with  mssnesia  (Bnchner,  Repert. 
Phann.  iii.  81 ;  iv.  289).  According  to  A.  Vog  el,  Jun.  (Repert.  Pbarm.  [3]  i.  34), 
calomel  heated  with  water  and  earbtmate  ofcaieium  (or  mugneaium)  is  convcited  into 
mercurouB  (and  mercuric  7)  oiide  and  metallic  mercury,  carbonic  anhydride  beiog 
evolved  and  chloride  of  calciam  formed.  Tbe  carbonates  of  baritcm  and  ttrontium 
act  in  a  similar  manner,  bnt  not  so  strODsly.  When  calomel  is  boiled  with  poandad 
gyptum,  cMocide  of  calcium  and  merconc  sulphate  are  formed;  a  simJUr  effect  ii 
produced  by  boiling  with  iviphaU  of  lodittm. — 13.  "By  aqutoia  vapour  and  boiling 
tBOter,  calomel  is  parti;  cooveited  into  metallic  mercoiy,  or  into  a  f!r^  compound  of 
mlomel  with  eiceae  erf  mercury  and  soluble  mercurio  ijiloride. — 11.  Boiling  lydn>~ 
clUoru!  asid  quickly  conTarta  calomel  into  mercuric  chloride  and  metallic  menurj. 
On  the  other  hand,  when  water  containing  hydrochloric  acid  is  boiled  in  an  open 
Teasel  with  calomel,  the  calomel  in  completely  converted  into  mercuric  chloride,  without 
Reparation  of  mercury. 

Chloride  of  potattiitm,  cMoride  of  lodtam,  and  especially  rUoridt  of  anmatBUM, 
oonvprt  calomel  into  nierciiric  chloride,  and  unite  with  the  h^ter  forming  doalde  salts. 
Hence  calomel  should  never  be  prescribed  for  internal  use  in  coi^unclion  witi  either 
of  these  alkaline  chlorides,  espeei^dly  BsJ-ammoaiae.  [Fur  farther  details  relating  to 
this  and  other  reactjout  of  calomel,  see  Gmdm'i  Smdbooi,  vi.  i8-63.] 

Compoujtdi  of  Mireurout  Chloride. — o.  With  Jfltmontd.  100  pta.  of  dry 
calomel  absorb  7'38  pta,  ammonia-gas,  forming  the  compound  NB^HbgQ.    The  ct 


ponnd  is  black,  but  givea  off  ammonia  on   axposure  to  the  air,  and  leaves  whit* 
mercnrouB  chloride  (H.  Rosf).    8e   " 
B.  With  Chloridt  of  aulphuT.   1 


mercnrouB  chloride  (H.  Rosf).    See  MaBcrsT-BASis,  AimoinacaiM 


ST  pts.  mercmic  chloride  and  6  pts.  washed  and  dried  flowen  of  Bulphur, 
healJDg  the  mixture  in  a  porcelain  dish  covered  with  a  glass  funnel :  it  then  ef 
in  slender  crystals.  These  must  he  taken  ont  afler  cooling  and  the  operation  repfOted 
as  long  aa  any  efflorescence  is  produced.  The  compound  may  also  be  prepared  by 
mixing  calomel  and  dichloride  of  sulphur  to  a  stiET  paste  in  a  retort,  and  gently  beating 
the  mixture  afi«r  it  haa  stood  for  twenty-foor  hours.  The  excess  of  sulphar-chloHde 
then  distils  over  flrat ;  afterwarda  the  mass  gradually  melts  and  acquires  a  red  colaur ; 
and  flnallj  the  salt  Bnblim«  in  right  rectanpiUr  prisms  with  rhombic  acamina- 
tioD :  they  are  yellowish  white  when  cold,  and  are  instantly  decompoeed  by  water. 
(Capitaine,  J.  Pharm.  xxv.  S2S  sad  S66.) 

7.  With  Plaiirunu  oxide. — This  compound  ia  produced  in  the  fbrm  of  a  biDWit 
powder  on  mixing  mercurous  nitrate  with  platioic  chloride.  On  heatJog  it,  meicnroas 
diloride  sahlimes,  andplatinous  oxide  remains  behind. 

1.  With  Stanruna  Ciioride.  2Hhga.8nCl'.— Prepared  hyintimatelymixingl  pl.of 
finely  pulverised  tin-amalgain  (3  pts.  tia  to  I  pt.  mercury)  with  24  pta.  ealomri. 
filling  a  retort  to  about  one-fbnrth  with  the  mixture,  and  expoetng  it  to  a  heat  gradually 
rieiag  to  iBO".  The  maw  when  cold  is  pulverised  and  heated  in  a  flask  to  StXP, 
whereupon  tJi«  double  chloride  sublimes  in  very  small  whit«  arboreacent  crystala,  and 
metallic  mercury  remaina.  The  crystals  are  decomposed  by  water.  (Capitaine,  J. 
Pharm.  xxr.  MR.) 

t.  With  Bulphvne  amligdnie. — Calomel  absorbs  the  T^ionr  of  snlphnrie  anhydride, 
forming  a  white  translasaot  mass.    (H.  Rose,  Pogg.  Ana.  iliv.  325.) 

Mmonrlo  Chlorld*.  HgCl  or  "Si^W—PTotoeUoridf,  BieUoride,  Mtanatt  of 
Mtnrary,  Corrotivt  BuUimatl!  atttmdtr  ^leclaOber-nMimat,  Arttn^mat,  Suilimal ; 
JJnUochlonmde  Hmun,  8iAlimioorro*if;  MtreuriiumiliDuiliu  ec  "  ' 

gj/mm  eorronmrn  atiuBt. 


nj-^c-vGoot^le 


UEBCUBT:   CHLOBIDES. 


Thii  Gompcniid  u  pndaoad : — I.  Bf  bmung  uai 
H.  By  dinolnng  meicnij  in  uiu  i<8i*  containu^  u 
ntiiig,  diMoIruig  Um  iMidnB  m  boiung  water,  and  J 


J  in  cixotw  of  ehlonna  g/u. — 
la  of  hydrochloric  add,  evapo- 

„ .  ^  .      ^         r,  and  luring  the  nit  to  cry»t«lli««  bj 

oooling. — S.  Bj  duKitTlng  meicnric  omde  in  hjdrodiliiric  acid,  mi  in  geneial  t^ 
double  deeonpontna  of  mereaiie  oxide  iv  kmarearie  nit  with  metallio  chloridrf. 

It  is  pnpucd  mi  Uie  luge  lede  I7  deoompoaing  merenrie  snlphata  with  chloride 
ofwdiom,  Anintimatemiztoi*  of  equal  part*  id  oammon  ult  and  mereoiia  nilphaM 
(pn^aiedbjboilingt  pta-msnuFy  with  fiptiL  itnuiff  nilphiiri«  aod,  tiU  the  mixtiD» 
u  rt^eed  t«  a  dij  ailine  man)  is  ezpcaed  to  a  grmdnally  inenaiing  bea^  in  a  glan 
flaak  baring  a  knw  wide  nei^  or  better  in  a  nunnr-DsekBd  l«ti»t;  mereniie  ddnide 
then  nblimai  on  l£e  cold  pait  of  the  Tesaal,  while  nlphate  of  eDdinm  lemaina  behind. 
On  aeeoant  of  the  extremelr  poiBonona  natnni  of  the  raponn,  the  praceu  moat  be 
performed  uidfr  a  chimney  haTing  a  good  drang^it.  He  merenrie  nlphate  frequently 
Gontaine  a  vmail  qoantity  of  mercuroufl  sulphate,  which  ie  conTerted  by  the  chlonde  of 
■odinm  into  ealomsl:  to  prevent  thii  oontaminatioi],  a  small  quantitvof  peroxide  of 
aungaDcae  is  added  to  the  mixture  ;  01  10  pta.  meicni?,  S  common  lalt^  S  peroxide  of 
9,  11  sulphorie  aod  and  8  water,  an  britnrated  together,  and  the  mixtnie  ia 


Hhg   H 


SFaCl  ■*  MmnO'  -1 


IH^BO*  . 


HhgCP  +  ITb'BO'  +  MmnSO*  ^ 


Another  rtrj  good  tnethod  ia  to  mix  a  boiling  oonoentnted  eolation  of  n 
nitiate  with  ooiuwDtnted  hydrochlorie  acid  aa  long  u  a  predintate  is  formed,  and  boil 
the  lattra  with  a  quanti^  of  hjdrochlorio  add  e^nal  to  that  whidi  wai  vead  fin  the 


l^e  BolutioD  m  cooling  deposita  the  mercuric  chloride  in  heaulihl  eFfitalti 

Mercuric  ijiloride  njntrillifira  in  two  forma,  both  belonging  to  the  trimetrie  ayat^m. 
The  (Tyatala  which  arparate  ftom  the   alcoholic  solution  exhibit  the  combination 

»P  .  Fco  .  oF  .  P.  Ratio  of  axaa  a:i:e-  0-72S*  :  1  :  1-06SS.  Angle  »P :  ibP 
in  the  mamodiagonal  principal  seetioD  •■  71°  65';  F<b  :  Fb  in  the  basal  principal 
section  —  63°  48'.— For  the  ciTetals  obtained  by  sablimation,  a  :  b  :  e  —  0-9347  :l : 
0'3396.     Angle  sF :  goP,  in  the  macrodiagonal  princiinl  section    ■>- gS°  ff;     oPS 

af  3  -  eO°  6' ;  P»  :  f  m  in  the  basal  prindpsl  section  -  37°  SO' ;  2Pib  :  Spm  in 
the  same  'S8°  22'.  The  ciyitala  exhiUt  these  bees  together  with  a,fo= .  Tbey 
are  whit«^  and  exhibit  variona  degreea  of  teanalncency  op  to  oomplete  tranapareney. 
Spedflc  gnnty  —  6-4033  (Earatan);  C-420  (BonlUy).  Vspour-danaity  9-8 
{Miteeherlioh):bye»lCTilatu>ii.9-*S(-  '^  +   2.U-5  ^  (,.f^^^ 

Mercuric  chloride  melta  at  ZSJ°,  boila  at  29£°,  and  Tolatiliaea  aomewhat  mom  eaaHy 
Qum  calomel,  eren  at  ordinaiy  temperatures.  It  haa  a  diiagreeable  metallic  taate 
and  iii  a  Terr  poveifiil  acrid  poiaon.  It  disaolTes  in  uaier,  t^cohol  and  tlhtr. 
Accorduig  to  Foggial^  190  pta.  water  at  difforent  temperaturea  diaaolTO  the  following 
qnantiti**  ot  nmenrie  ehlonde. 


ll'S4 


100 


QDUktStTOf  ■■ 

18-86  ' 
17-39 

24 -sa 

8700 
68H 


In  tUeoM  the  salt  ia  much  more  soluble,  reoidriiig  onlv  2}  pta.  at  ordinary  tempera- 
tarea,  and  1}  pta.  at  die  boiling  ptnnt  of  alcohol ;  and  it  ia  almost  eqoally  sotable  in 
tiAer.  Hence  lAen  aa  aqueona  aolulion  of  mercurio  chloride  ii  shaken  np  with  ether, 
the  ether  extraeta  the  greato  part  of  iL  Mercuric  chloride  Tolatilises  in  somewhat 
connderable  qnantitj  with  the  TKpoart,  when  its  alooholio  or  ethereal  solution  is 
boiled. 

Mercmio  chloride  diaaolTM  in  eonsidetabla  qnanti^  in  boiling  eoneentrated  Ivdn- 
ehiorie  acid,  and  the  aolatioii  ■olidifle*  on  «oolin^  to  a  crystsUins  maaa  hafuig  a 
mother-of-pearl  Isstn^  which,  however,  becomes  fluid  agais  at  the  heat  of  the  hand, 
Thia  mass  consista^  according  to  Boullay,  of  an  acid  MenmrM  or  iydromerairui  cJUoriifs 
2EhgCl'.HCL  Whenexpoaed  to  the  air,  it  effloresces,  gives  off  tbe  exceaa  of  acid,  and 
leave*  the  neotral  chloride.  Merenrie  ehloride  likewise  diaaolvn  with  great  &ciltty  in 
titfrtc  aeid,  and  eryitalliaes  from  the  (olntion  by  coolii^  cc  en^ontion.  Suiplmrit 
wai  haa  no  action  npon  it. 
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SffS  MERCURY :  CHLORIDES. 

Hanj  nietalB,  viz.  anmie,  antiniom/,  bimivti,  tine,  tin,  ttad,  inm,  tuelul,  ud  ceppir; 
•BccompoM  mercuric  chloride  Id  tlie  dry  way,  witMnwiiis  tia  half  or  the  vhole  of  ita 
•chlorine,  and  leparatjiig  calomel  or  metallic  merenrj,  which  Ikttei  forma  an  amiUgani 
■with  the  exceua  of  the  other  metal.  Artmu  forms  Iricbloride  of  arsenic  and  ■  browa 
'■ublimat*.  Aa  innate  mixture  of  3  pts.  antimony  and  1  pt.  corronve  sablimate, 
well  preased  into  a  ^aas.  becomes  hot  and  liqnid  in  tlu  conise  of  half  an  hoar,  and  ob 
•the  api^ieation  of  beat^  vields  bicMorids  of  antimony  asd  metallic  mtrciuy.  Tin 
heatad  with  manmrie  ehlorida  yialda  a  distilliile  of  itaimie  chloride,  and  ft  grvy  raai^ 
doe  coutaiiiing  ealomel  and  atannoiu  chloride.  Many  metala  alio  rednce  nuremj 
from  the  aqiMoaa  or  alcoholic  aolatioD  of  the  chloride.  Moat  metali  thiow  down 
calomel  together  with  tlie  memu; ;  bnt  rinc,  eadiMum,  and  iron  precipitate  Dothing 
bat  mercury,  dne  being  theieby  coDverted  into  a  aemi-floid  t^'lFiini,  and  i— ^minm 
fbnning  aa  amalgam  which  erystaUisea  in  beautifnl  tieedlM.  For  ue  other  leailiiiim 
of  mercuric  chloride  in  tolnlion,  aee  p.  900, 

Compound!  of  Mereurit  Cilaride.  «.  With  Avmama. — When  maBmrie 
chloride  is  gently  hea(«d  in  a  stream  of  ammoniacal  gas,  the  latt^  ia  absorbed,  and  the 
compoondfuges  bylhebeatBTolTediathe  combination.  The  prodact  was  fbond  by  Boaa 
to  contain  HhgCl'.NH*.  This  compoond  boila  at  £90°,  and  may  be  distilled  witfacmt 
loss  of  ammonia;  it  is  decomposed  by  water. — (See  Msbcubt-basbb,  AmioinAcu,). 

$.  With  other  eUoWiJu Mercuric  chloride  nnites  with  many  other  metallic  chloride^ 

fbnniDg  cryatalltsable  doable  salto.  The;  are  prepared,  fcr  the  moat  part,  bj  mixing 
the  aqoeOBS  soIntioDS  of  (he  two  salts  in  the  required  proportions,  and  crystaJlisiug 
bj  spontaneoaB  eraponitioD. 

AMMomum-talU.^One  of  these  doable  salts  has  long  been  known  m  t«l  aUmbreli. 
It  eiyatallises  in  flMtened  ifaombio  srism^  aWTTTl  mTgnii  TT«n,  ud  is  isomor^ons 
with  the  c<HTespondiDg  potiissium-salt.  Wben  Exposed  to  diy  air,  it  girss  off  ita  wstw 
wiChoat  diauge  of  form.  Kane  has  also  obtainea  NH'Cl.HhgCl*,  and  the  same  with 
^  at  water,  2(NH'CLHfaga>).HH),  the  flnt  in  a  rbomboTdal  tana,  and  the  aeeood 
in  long  silky  needles. — According  to  J,  Holmes  (Chem.  News,  t.  351)  a  solution  of 
2S  pts.  mercuric  chloride  and  1  pt.  sal-ammontsc  in  hydrochloric  add  deposita  erystata 
of  the  salt  2NH'CL9Hhg:Cl' ;  and  on  mixing  this  solution  with  a  TPry  large  excess  of 
hydrochloric  acid,  or  by  dissolving  in  that  acid  a  mixture  of  3  -gia.  mercuric  chloride 
«Dd  1  pt.  eal-ammoniac,  the  salt  2IfH'CL3HhgCI'.4H'0  is  obtained. 

The  c^iUc>ri(iM()/iartuinaiid>frDn(iuni  form  well-crystallised  compaunda with  mercoria 
dilorida,  rii.  BbaCl'.EhgCl'.iH^J.  and  8arCi'.2HhBCI".2H'0.  (Miriiie  <if  calcium  torn- 
binsa  in  twopiopoitiona  with  mercario  chloride.  When  the  latter  is  dissolved  to  eatoia- 
tion  in  ehlonde  of  caldom.  tetnhedral  dyilBli  separate  from  the  solation,  iriiich  an 
tdcnMj  persistent  in  the  sir,  and  contsin  Cc«Cl'.fiHhgCl*.8H*0.  After  the  depontion 
of  these  enHtin,  the  liquid  yields,  when  eraponted  b;  a  gentle  hi^  a  seanid  crop 
of  laige  pnsmatie  eryrtala,  CcaCl'.2HhaCl*.0HKi,  which  are  vtij  deliquescent 

The  chlorides  irf  eoiall  and  oapper  uao  fonn  oyslallisable  double  salts  ;  chloride  of 
lead  doea  not  q)pear  to  krm  a  doable  salt  with  msreurio  chloride. 

The  tnm-Mlt,  FfeCl'.HhgCl'.4HK>.  and  the  mmtgantte-wlt,  MmnCl*.Hh^*.4HH>, 
are  iaomtnpbous  and  enstollise  in  Aombic  prisms.  An  excess  of  mereanc  chloride 
dissolvM  in  the  latter  salt,  and  oystaUiaes  on  eoolins  in  laige  rhombic  OTStala. 

CUoridi  a/  inagnetiun  forma  two  double  salts,  with  mercuric  chloride,  ti*. 
M[BgCt*.SHhgCl.HK>,  andUmgCl'.HhgCl'.OHK),  both  daliqueseeDt.  dloridt  ofniekd 
givea  two  con^soonds,  one  of  wiiich  cryitnllisM  in  tetmWtrons,  like  tbe  eaUnn- 


I'.B^  ia  obtained  in  delicate  asb«etos-like  crystals;  'and  lastly,  i 
>f  potassium-chloride  heatad  to  SO"  and  saturated  with  menmric  chloiidB,  solidifiM 
w  ..Johns  to  a  mass  i^  slender  needles  haTing  the  oompositioQ  ECL2HhgCP.2H*(L 

The  todiunt-taU  ITaCl.HhgCP.2HK)  eryst^iWa  in  ni-aided  prisms. 

The  tine-iall  has  not  been  analysed.  An  aqoeooa  soluljon  of  dnc-chloride  contain- 
ing excess  of  mercuric  chloride  deposits  the  latter,  on  cn^Mnatinn,  in  laif^  beautifal 
crystsls,  after  which  a  doable  salt  slowly  separatee  in  very  deliquescent  plates  and 
needles.     (Bontdorff.) 

litrcvrie  Chloride  witk  Acid  CinrBUitt  of  Ammonium. — A  solution  of  aqnal  parts  of 
these  two  salts  yields,  by  concentration  and  cooling,  large,  shining,  rose-colonrcd,  ni- 
sided  prisms,  of  the  salt  Hhga'.fNH'CcrO'.CcrO'l.H'O  (Richmond  and  Abel, 
Cheu.  Soo.  On.  J.  iii.  202).  The  atJt  was  discovered  by  Darhy  (Mem.  Chem.  Soc.  i. 
24),  who  howerer  assigned  to  it  ■  different  tbrmala.    According  to  Zepharoricb 
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MERCURY:   DETECTION  AND  ESTIMATION.        899 

(WieD.  Akad.  Ber.  xxiix.  17]  the  ajtUii  tre  moDoelmia  and  exhibit  the  &gw  oF  . 
tnPai.  +iPa>  ,  -iPoo.  [?»].  [1P«]  ■  "P.  ["Pil  -  +P.  +iP.  Karioofsxes 
a  :  A  :  0  -0-G08T  :  0'S4e2  :  1.      Ai^e  of  i  and  o  —Vi"  3' ;  edP  :  o>P  in  the  dinodi- 


t^^ 


principal  nction   -  76"  *2';  oP  :  oiF  -  98°  41';  oF  :  [Pes    -117°  S';  oP  : 
-135^88'.     ~  ......       .^ 


[fP«] _  _.- 

The  BtoUier-liqDaF,  from  wfaiclk  thia  eatt  htm  amrated,  yialda  I^  fliithar  evapontioii 
beaotifal  red  needlca  of  the  Mlt,  Hhga'.[3(lIE<)K!crO<.CcTO^.  (Biehmondand 
AbeL) 

Heronrie  dikride  also  fbnni  double  aalti  vith  the  neutral  and  add  ohromatM  M 
potaaium,  ni,  2HhgCl*.E?CciO*  and  HhgCl'X'CciOVCciO^.  See  CHWiuiia  (L 
988). 


JKWtr«»fc  CWpWA  ■»«  BiMM  flyf»e  Jwtofit.  ^  ^/ |.0«.2Hhg"CII'.  Thia 
poond  is  pradoced,  according  to  Wohler,  on  mixing  the  solntiona  of  mraxnrie  <ii. 
and  nsntral  cnpric  acetate,  aatnrated  at  oidinaiy  tempentnrea.  and  leavingthe  mi 
to  itself  for  some  time :  it  then  separates  in  radiate  hemigpheric  gronp*  of  cr 
having  a  yerj  fine  deep  bine  oolonr.  It  ia  nearlj  ioaalable  in  cold  watar,  and  : 
ooi^oaed  by  boiling  -water. 

Herenrio  chloHde  also  nnitea  with  mlphida  of  etM,  fivming   llie 
(C^H*)>S.Hhga*,  alreadj  described  {il  Stfi) ;  and  inth  tvtpltidt  qf  metMnl,  foming  a 


je  end,  ate  decomposed  and  pre  off  metallic  merenry,  which  condenses  in  the  cold 

part  of  the  tube.  Those  meretuj-eompmuida  which  are  ToUtile  without  decomposition, 
the  chlorides  for  example,  mar  escqw  deeoniposition  bj  carbonate  of  sodinm.  In  this 
case  the  mixtote  mut  be  slightlj  moiatened  with  water,  the  water  expelled  bv  gentle 
heaUng  Orer  ttie  lamp,  and  remored  with  blotting  paper,  the  tnbe  being  held  horliOD- 
tallj  to  praroit  the  water  from  mnning  down  to  the  heated  part.  When  the  moistnra 
is  all  expelled,  the  blowpipe  flame  ia  apnilied  as  bafbre.  Ttua  is  an  eaaj  and  ceitain 
method  of  detecting  merciuy.  When  the  qoantitj  of  memuy  present  ia  Terj  small, 
the  tnblimate  which  fbims  on  the  ccdd  part  of  the  tnbe  maj  look,  to  the  nnaaaiated  eje, 
like  amnio  or  antimonj ;  but  examination  with  a  lens  inll  show  that  it  oaniiiatB  of 
minnte  Lqoid  globules. 

3.  Staotiont  in  Bolutien. 
f.  Of  Uerearona  salta.  Noimal  or  nenbal  mercarous  aslti  w  white ;  the  basic 
ssus  are  freqneotir  vellow.  Host  of  them  are  soluble  in  water,  redden  litmus,  have  a 
uetaUio  tast^  ana  ao  notaet  ytrj  nolentljonthe  animal  bod;.  All  solnbls  meicur- 
ons  salts  are  partialljf  deoranposed  by  water,  a  basic  salt  being  precipitated  and  an  acid 
■alt  left  in  sotntion ;  free  acia  lediseolTea  the  basic  salt. 

Sulpl^na  acid  and  nJpiid*  of  ammonium  form  with  mereurous  salt*  a  black  pre- 
dpilats  of  meieurouB  sulphids  Hhg*S,  insoluble  in  sulphide  of  ammoninm  and  in  mtiie 
acid,  soluble  in  nitro-mnriatia  add  and  in  sulphide  of  potaanum. 

^fdroeilorie  aeU  and  mbiUe  eiioridet  form,  even  in  Tery  ditnte  solntions,  a  whits 
pnapitste  of  mennrous  chloride,  which  is  insoluble  in  dilnts  acids,  and  is  bluiened  bj 
potash  or  ammonia.  Boiling  nitric  acid  dissolveH  it ;  boiling  h^nlrodiloria  acid  decom- 
pctss  it  into  mereqric  chloride  which  dissolna,  and  metallic  mercnrf,  which  remains 
as  a  grey  powder, 

Miit  ^potaniltn  form*  a  greenish-yellow  predpitats  of  meieurona  iodide  (always, 
boverer,  mixed  with  meicnric  iodide)  soluble  in  excess. 

(^/OHtdt  of  potauian  M^azaUa  metallic  mercnry,  the  metcorons  crsnide  Hhg*Cy, 
formed  in  the  flnt  inatance,  being  leaolred  into  merenric  cfanide,  ^igCy,  and  nu>- 

Ftrrocganide  efpefauium  fimni  awhita;  ferricyanide  of  potassium,  aTeddish-brown 
pndpitata. 

Phoipltait  of  tadiuBi  and  oaaHe  add  Ibrm  iriiite  predpitatea;  cAronu^s  <^ fotat- 
tium,  a  red ;  gaiUe  add,  a  biownieh-yellow  predpitate. 

Uercuioua  salts  are  Tedoced  by  metallic  vipptr  and  rinii,  by  ttannmu  cJ^indt,  fir- 
nu  ndphate,  tulplntrmu  acid,  and  pkotphonm*  aeid,  metallic  mercury  being  sepaiatal 
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0.  Of  Hereaiie  BAlts.  Normal  memtric  salts  {amlsming  3  it  «f  «t  tcai  radid« 
to  1  St.  Hbg)  an  colourlass ;  tlie  banc  sslta  are  mqoentl/  yeUow.    The;  an  noletit 

acrid  poisons,  and  hare  a  disagrasable  metallic  taal«.  The  noniul  aalts  redden  litmna. 
Most  of  thsm  an  salable  in  irater.  Thej  are  partiall;  decomposed  by  wat«r.  vith  ae- 
paration  of  a  basic  nit  requiring  free  acid  to  disHolTe  it  The  chloridf^  hovBTer,  dis- 
Wlrea  in  water  without  decompositiOD  ;  kence  a  solation  of  meimric  chlorids  diffbis  in 
•omeof  itsnactioDs  from  that  of  the  nitnlte  and  of  other  salts  vhkh  or  pSTtiaUj-  de- 
oompoiwd  hj  vat«T.  From  their  sqaeoos  soIntionB,  the  mercury  is,  for  (be  must  patrt, 
pmapitsted  in  the  metallic  slate  b;  the  same  snbstances  as  from  mercniona  salts ;  but 
the  comidet*  ndnetion  of  tha  mercun  is  often  preceded  bj  the  fonruttioD  of  &  mercs- 
lons  salt :  snch  tor  aKampls  is  the  action  ofjiAMpAoroHf  aad,  atdpharoui  acid,  ilanmna 
Moridt,  melallio  eoppfr,  tte,  Famit  ocursdncee  msrcoric  to  mercmoos  chloride,  and 
no  excess  ol  the  ras^ot  carries  the  redaction  fmther,  nnless  the  solution  be  heat«d 
nearly  to  boiling.  Gold  does  not  by  itself  redace  mereuiy  from  its  sails ;  but  if  a  dnjp 
of  a  mercuric  solntion  be  laid  on  a  piece  of  gold,  and  a  bii  of  dnc,  tin,  oi  in>n  be 
brought  in  oontact  with  the  moistenea  surface,  an  electrolytic  action  is  set  up,  and  the 
gold  becomss  amalgamated  at  the  point  of  contact 

Sutph/drio  atid  and  aHaUni  tilphidtt,  added  in  excess  to  mercuric  salts,  throw 
down  a  blad  precipitate  (^  menmnc  sulphide,  soluble  in  strong  nitric  acid.  It,  bow- 
arer,  the  nianti^  ^  the  reagmt  added  u  not  sufficient  for  complete  decompoaitiaii,  a 
whibs  wsa^tate  is  formed,  conusting  of  a  eompound  of  mercnrio  sulphide  with  tha 
originBl  salt,  and  often  eoloored  yellow  or  brown  by  excess  of  the  sulphide  ;  this  re*o- 
tion  is  quite  l>f™^'f■^  to  meraorio  salt*. 

^/dncUarie  acid  fonns  no  pradpitata  in  salntums  of  mercuric  adta. 

Atnmienia  sod  oarionai*  iff  anmtannm  form  white  precipitate^  generally  consisting 
of  a  mercarsmmonnun  sslt  Tha  Jutd  alialU  throw  down  a  yellow  preeipital«  of 
mercnrio  cside  (not  hydrated),  insoluble  in  excess.  J£,  however,  the  solution  eontaias  a 
large  qaantity  of  tree  acid,  no  precipitate  is  fitrmed,  or  only  a  oli^t  one  aftor  a 
Gonsidnable  tune. 

■Carbrmal*  of  potattiuM  or  todiitm  tlicDvs  down  nd-btown  merenrie  csibaoate ; 
bnt  if  any  ammooiscal  salt  is  {oneDt  in  the  solatiou,  tJie  fixed  alkalis  and  thair 
cartxmatea  throw  down  the  wblta  pradpitata  above  mentiousd.  Add  carionaU  qf 
wtasriitmorANfiimalsogiTSsB  tonni-rsd  predpitate  with  mercuiie  nitratf  or  snlphsta ; 
but  with  tha  dileride,  it  forms  a  white  {cedpitata  which  afterwsids  turns  rid.  Tha 
emioKoit*  of  hamtn,  sfrmMwa,  and  onlonwi  predpitala  mercuric  oxide  from  the 
•Dldttons  of  tb«  sulphate  and  nilrat^  but  not  from  the  efal<»ide. 

PltotpluUe  of  todiam  throws  down  iritita  mnenrie  phosphate  from  the  sulphate  and 
nitrate,  but  not  Aom  the  flhloride.  dmmaU  <if  fotattiim  fiums  a  yellowiah-red 
pred^tatc 

Oyofiiidt  of  ■potauinm  gives  witb  mereuric  nitiata  a  white  precipitate  aoluble  in 
exersa ;  it  doea  not  preci^tate  the  chloride. 

Ferrocyanidt  of  jwffusium  forma,  in  solutions  not  too  dilute,  a  white  predpitate 
which  gradually  turns  bluc^  prusaian  blue  bciug  fbrmed,  while  the  filtrate  ODUtains 
cyanide  of  mercury.  Frrria/anidt  of  potossiinn  gives  a  white  predpitate  with  the 
nitrate,  do  predpitate  with  the  chloride. 

Tincturtofi 
the  cbloride. 

iidt  <(f  p  ,  , 

IS  eithn  of  the  mereoriesalt  or  of  iodide  of  potassium, 

«.  Q«. 


Uetccn;  i*  generally  estiniated  in  the  netall 
mercnrio  sulphide  HhgS,  or  asmeronrous  chloride  KhgCt.  To  aepante  it  from 
its  oomponocb  in  the  metallic  states  it  may  b«  distilled  witli  jacUtmt  in  a  tube 
of  hard  glass  sealed  at  one  end.  Into  this  tnbe  is  intioduoed,  first  a  layer  of  carbo- 
nate of  aildum,  about  an  inch  long ;  then  the  mixture  of  the  substanca  with  qnicklima ; 
lastly  a  layer  of  quicklime  about  two  inches  long,  and  a  j^ug  of  asbestos  to  keep  the  lime 
tn  Its  place.  The  open  and  of  the  tnbe  is  next  drawn  out  into  a  narrow  neok.  utd  bent  at 
an  obtuse  angle.  The  tobe  is  laid  in  a  combustion-famace,  the  aime  as  that  which  ia 
used  tea  organic  aDilni%  the  neck  being  tnmed  downwards  and  msde  to  pass  into  a 
naiTOw-monthed  bottle  ooabuning  water,  so  as  to  terminate  juet  above  the  sorfiice  of 
the  water.  The  tube  !•  then  gtadnally  heated  by  laying  pieces  of  red-hot  chsmnJ 
lound  il^  beg^ning  at  the  part  Mar  Ue  VtA  inutainiog  Uie  pure  quicklime.  This 
portion  havilig  been  broaght  to  a  fyi  red  heal^  the  beat  u  carefully  extended  towards 
the  middle  pwrt^  to  decianpoaa  the  oomponnd  and  volatilise  the  mercnir :  any  portion 
of  the  compound  that  may  volatilise  undeoomposed  will  be  decompoaed  in  passing  over 
tiie  jed'hot  lima  at  tlM  end.    "Lt^j,  t^  bMl  part  of  the  tube  containing  the  eartwu- 
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U  pound  off  ■■  a 

crneibla;  tha  gwtar  part  <tf  t ,._. .. 

s-pi^fr ;  th«  oiTUg  cMnpl«t«d  orar  ■alphQiia  Kid ;  and  tli«  mwcuij  flnallj 


Uottina-i 

^% 
eiion 
than 

If  Um  mercniT  is  mixed  with  k  conadoBble  qnanti^  of  omnia  matter,  M  In 
of  maiciirial  pouonina  the  mganii  mattai  mav  be  deiitioTrd  Dj  InalmeDt  villi 
mnri&tie  acid  m  a  dinOlataij  apparatoa  (L  8U),  aod  the  liquid  mbjectfd  to  thft  i 


Mercni7  nuj  also  be  pracipitatod  from  it>  lolndoiia  is  the  metallu!  atate  by 
•JdorideoihjptotpiorotiM  acid  at  tampaiatuma  abora  flf  "" — '"*"' —  '""""  ' 
the  marcDiy  washed  with  water,  and  ^ied  in  the  mamu 

If  the  mercniT  is  mixed  witb  a  conadoBble  qnantj^ 

of  a  Toltaie 


eifonA  oi  bfpiliupilaroiii  octil  at  tampoatona  abora  40°  1  the  ednliOD  then  decanted  ; 

nademb 
mattaii 
tDs(L8( 

TbeprecipitatJoaof  maniicyinthefiffinaf  merenroae  chloride  is  b«et effected  b^ 


the  mercDiy  washed  with  water,  and  dried  in  the  manner  ii 

>of 

nil  mattai  may  be  dc 
aratDS  (L  SU).  »^  < 
>  pole  being  oompose 

, ianlata.  ai^mavbe 

befbra  aud  aft«r  the  expenmcDt. 


of  hpdrocUoria  add  and  fornuOt  of  ■potanhim  or  todiitm.  If  the  n 
contained  in  an  alloj.  the  alio;  moat  be  diHolTed  in  nitroronnatia  acid ;  if  it  is  con- 
tained in  eolation  in  the  fbrm  of  mercnric  nitrate,  hjdnchlcirie  add  must  be  added,  Ihe 
aolntion,  in  either  case,  nearly  nentraliwd  with  potash,  the  fbrmsla  then  added,  and 
the  whole  exposed  Ibr  some  days  to  a  tesipentore  between  60°  and  80°  (at  the  boiling 
heat  the  meicuir  would  be  rednced  to  the  metallic  state).  The  mercnnnis  chloiide  then 
predpitatea,  and  must  be  collected  on  a  weighed  DItar,  washed,  dried  ata  gentle  heat, 
and  WMghed. 

Aeco^g  to  the  latest  expanmenta  of  H.  Ttosa  (Fogg.  Ann.  ex.  fi29),  the  beat  of 
all  uethoda  of  estimating  mereiiry  is  to  ptvcipitate  it  as  calomel  fimn  the  eolation  of 
mareoria  cbloride  by  jiAoeplonnu  add,  either  at  ordiaarj  temparatmes  or  at  a  Terj 
gentle  heat ;  if  the  temperature  rises  aboTS  60°  metallic  meratrj  ia  precipitated 

Nereiiij  is  also  bvquentlf  precipitated  from  ita  soJationa,  as  a  snlpiiide,  I?  *u^ 
p)^KMo  add.  In  that  case,  if  the  [meimtate  consists  of  tke  pure  piotosalphide,  HhgS^ 
as  when  it  ia  throvn  dovn  from  a  stdntion  ot  eorroav*  sublimate,  the  predpitate  mar 
be  simpl;  collected  on  a  weighed  filter,  washed,  dried  over  the  water-bath,  wnghed, 
and  the  quantity  of  meicniy  thencs  determined.  But  if,  as  is  generally  the  ease,  the 
predpitate  also  contains  free  mlphnr,  as  when  it  is  thrown  down  tram  a  aolntion  con- 
taining a  ferric  salt  or  a  considerable  exeeH  of  nitric  add ;  or  if  it  be  precipitated  in 
conjunction  with  the  sulphides  (^  other  matala,  then  the  mercury  must  be  separated 
from  it  by  distillation  with  lime,  as  above  deeeribed  Or  again,  the  miitun  of 
enlphidea  ms^  be  converted  into  ehloridea  by  gentle  heating  in  a  stream  of  chlorine 
gas,  the  TolatQe  diloride  of  memry  paaaed  into  water,  and  tlte  mercury  pr«ci^tal«d 
from  the  eolation  by  Btannoos  efalonde. 

The  quantity  of  mereurons  salt  present  in  a  solution  may  alM  be  determined 
by  predpitation  with  hydrochloric  add.  The  aolntion  mnst,  howersr,  be  TBiy  dilute, 
and  be  kept  cool ;  it  must  also  contain  but  a  rerr  small  quantity  of  free  nitric  add,  aa 
a  larger  quantity  would  conrert  the  mereurons  into  mercuric  chloride.     To  determina 


t  predpitated  with  hydrochloric  add,  and  tha 
tuercory  by  stannous  chloride  or  snlphydric  add. 


VolmTuiria  vuUiodt.  C.  W.  Hempel(Ana.  1^  Fharm.  ex.  ITS)  estjmateamveun 
tha  form  of  mereurons  chlinide,  bj  means  of  a  standaid  solution  of  iodine  in  iodiU 
ptAaoaium,  which  dissolTsa  it  in  the  form  of  potassio-mercaric  iodide ; 


HhgCl  +  3E0  +  I  -  aKI.HhgP  -v  ECL 

The  quantity  of  iodine  used  is  estimated  by  a  graduated  solution  of  hyposn^ihite  of 
■odium  (i.  SSS),  and  the  quantity  of  mercury  ia  Uieuce  calculated. 

Anoth^  method  ^ven  by  Hempel  (Ann.  Ch.  Pharm.  rvii.  98)  consists  inaeitating 
ths  mereurons  chloride  with  dilute  eulphoric  add  and  ptraanganatt  ofmtiutmm  tiU 
it  is  dissolved,  and  estimating  the  quantity  i^  paniailganate  used  ior  the  purpoae  \ij 
meana  of  a  standard  solution  of  oxalic  add. 

When  the  meroary  ia  iu  aolntion  se  a  mercnric  salt,  it  is  precipitated  Mi  calomel  by 
tttrraa»  snlphato,  or  by  any  <d  tha  other  methods  above  pven. 

i.  Separation  of  Xertury  from  olker  XelaU. 

Usrmry  may  ha  separated  from  all  other  metals,  except  arsenic  and  anIimpDy,  W 

ita  superior  niatility.    When  it  exists  in  the  form  of  an  amalgam,  the  compound  is 

aim[jy  hestad,  and  the  quantity  of  menmry  determined  by  the  loaa  of  weight.    If  it 
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ID  oxidp^  chloride  &c^  combinad  with  eomponnda  of  othw  metsl^  it  may  be 

bj  distUlmtian  vitli  qaieklime,  as  abvTB  dMcribed.  Ifa  i^nratiDn  from  the 
id  earth-met  a  U,  uid  from  nraDinm,mBn^aneB^  nickel,  cobalt,  iron 
\ite,  andchromiam,  maj  aloo  b«  effected  bj pncipitBtion  wUh  mipki/iirie add.  From 
Dismath  and  cadmium  it  ma}r  t>A  sepoiated  bj  redncdon  with  ilannou*  ehioride; 
from  eoppar,  b7  miziiig  the  eolatioi]  with  ezeeas  of  cganide  of  poUa*nm,  aod  passiiig 
■nlphjdrie  acid  thiongfa  the  liquid,  wherel^  the  mexaaxj  ii  ptedpitated  aa  oolphid^ 
vhite  the  copper  remaini  diseotved;  fnim  lead,  \ij  predpitating  that  metal  villi 
lulpkuric  add,  with  additioo  of  alcohol  (H.  Boie),  tlie  BQlpbaric  aad  being  added  in 
eiceaa,  an  otherwise  a  baaic  mlphate  of  mnRnn  maj  be  predpitated  at  the  same  lime. 
From  arsenic,  tin  and  antimony,  meraaj  a  aepaTatad  b;  the  soiubilit; of  tlw  aol- 
phidee  of  those  metaU  in  mlpbide  of  ammoniam. 

Field  (Chem.  Soc  J.  lii.  82)  aeparatea  mfTeary  from  antimony,  tiy  duesting  the 
preci[)ita1ed  aniphides  with  moder^y  Strang  kydncUone  add,  which  ^soUea  tb* 
anlphide  of  antimony  and  leaves  (he  anlphide  of  msreniy. 

From  silTer,  raercnry,  if  in  the  fbiin  of  a  raercnnc  ralt^  ii  eaailj  sapantcd  by 
k/drocMoric  add,  which  precipilatee  the  allTer  alone  aa  chloride.  If  the  menniry  is  in 
the  tbrm  of  a  mercnroiu  nit,  the  two  metal*  are  pieopilated  togvUm  M  chltnidca,  and 
the  Hpuation  ie  th«  easily  ellbcted  hj  ammonia,  which  dtesotvea  the  chlraida  of 
■ilrer,  and  blacken*  (he  merconrai  chloride;  or  thejnuybe  ■eparsted  \rj  niirvmtiriatie 
Mcid,  in  the  cold,  which  diiwlTw  the  '*<"'■<■■  of  BwreiU7,  laanng  Ibe  Alm^ifa  of  rilm 
nndisaolTed. 
When  mereai  J,  eilver,  and  lead  oeeni  together  in  a  aolntion,  it  ii  beat  to  bring  all 

"'"  —  "   """     -----  ''  bf  lnHling  with  nitrio  aeid:  the  ailTer  may 

the  leadby  m^lKncaacf.  Or  the  Bepatatian 
may  be  eSscted  by  cyanidt  of  pataitiuni,  the  eolation  being  flret  nearly  neatrBlisBd  by 
an  alkaline  carbonate  and  cyanide  of  potasnnm  added  in  exeeoi.  The  additiiai  of 
nitric  acid  throws  down  the  whole  of  the  silrar  as  nanide,  leaving  the  mercury  in 
BolntiiHi  as  cyanide,  and  the  lead  ai  nitiate,  thim  which  tbe  lead  may  be  precipitated 
by  an  alkaline  carbonate. 

For  the  analysis  of  a  miztme  of  mercuric  oxide,  cinnabar,  and  red  lead, 
Wohler  recommends  the  following  process  :  The  mixture  io  digested  with  niiric  aeid, 
irhich  diswlTPB  the  mercnir  as  merctuic  oxide,  and  resolve*  the  red  lead  into  protoxide, 
which  diiaolTee,  and  dioxides  which  remsine  undisBolved  (p.  663),  the  cinnabar  being 
also  left  aodissalTed.  The  lead  i*  precipitated  ftom  the  eolation  by  dilute  iralpharie 
acid,  and  then  the  mermry  hy  mlphydric  acid  or  stanixnt*  ddonda.  The  residne  is 
then  treated  on  the  Alter  inth  a  mixture  of  warm  nitric  and  oxalic  aeida,  which  dia- 
snlvea  out  the  dioxide  of  lead,  and  the  residoal  cinnabar  i*  washed,  dried,  and  weighed. 
The  separution  of  mercory  from  gold  in  eolution,  may  be  effected  by  precipit«tiiix 
the  gold  in  the  metallic  state  by  warming  the  lolation  with  axalie  add  (ii.  S28^  and 
aftenrsrd*  adding  hydroiddoric  acid  to  r^issoUe  the  '"'I't"  of  mercniy,  [ovciiatated 
at  tbe  *ame  time.    If  the  hydrochloric  acid  were  added  at  an  earlier  stage  of  the 


6.  Atemieveight  af  Sttrevry. 
tomic  weight  Of  this  metal  was  tai  many  years  estimated,  accordins  to  tbe  ex- 
s  of  Sefstrom,  made  in  1812  (Schw.  3.  xxii  328\  at  101-2fl  for  H^,  or 
202'fi2  for  Hhg*.  Turner,  howeTer,  in  1836  (Ann.  Ch.  Fharm.  ziiL  14),  l^  the 
analysis  of  msrcoric  oxide  and  chloride^  obtained  lover  nnmbera,  via.  trata  SbO  to 
SOO'S,  and  his  results  hava  been  confirmed  1^  the  anieriment*  of  Erdmann  and 
Harchand  in  1B44  {OAd.  liL  216J.  These  chemiBta  decomposed  oareftilly  prepared 
and  dried  mercnrie  oxide  by  ignition  in  a  stream  of  dry  carbonic  anhydride;  absorbed 
the  liberatfld  o:^gen  (part  of  which  would  otherwise  recombine  with  the  mercmy)  by 
ignit«d  charcoal  and  copper;  and  collected  the  mercury  which  distilled  Over,  the 
escaping  gases  being  finiuly  freed  from  mercury  by  pHssing  through  a  tube  conlduning 
gold-le^.  In  Ave  experiments,  in  each  of  which  from  44  to  IIS  grma.  mercuric 
oxide,  HhgO',  were  decomposed,  they  found  from  92*594  to  92-604  per  cent,  mer- 
cury ;  mean  92-697  per  cent  Hence  the  value  of  Hhg  is  between  200-06  and  200-3! ; 
mean  200-14.  It  is  nsosl  to  take  as  the  trae  atomic  weight  of  marcnry,  E%  ~  100, 
or  Hhg  -  200. 

Tbe  vaponr-detiai^  of  mercnrie  chloride,  which,  aocording  to  the  obserratiana  of 
Hitecherbch,  is  S-S,  gives  a  condensatiou  to  I  vol  for  the  formula  EgCl,  and  of 
2  vols,  for  HhgCI'  {o.  897).  This  result  o&brda  an  argument  in  Avonr  5  the  larger 
atomic  weight  and  the  diatomidty  of  mercury  in  the  mercuric  compounda,  and  we  ahsJl 
presently  see  that  this  view  is  ftuther  Corroborated  by  the  eonetitudon  of  the  orgenie 
compounda  of  mercury. 
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.    See  MiBCDBT-RAMOLH,  OBOuno. 
BT,  TKiroxmBB  or,    Mervarj  fonni  two  fliuBides,  eotmpoMGng  in 

eompoeition  with  the  ebloridee. 

WteromoM  ^l«nlda.  H^'F  oi  HIigF.  Beneliu  obtained  this  compomid  u  a 
anblinute,  mixed  with  mercaious  chloride,  by  heatii>f  the  latter  with  fliunide  of  sodium. 
It  has  heec  farther  examined  b;  Finkener  (Fogs.  Ann,  ex.  U2),  who  obtains  it  by 
addina  recently  precipilBtM  calomel  to  a  Bolotion  ol  silver-fluoride  (prepund  bj  digest- 
ing auVerH»rboDat«  with  hjdrofiuorie  acid) ;  the  whole  of  the  silver  is  then  ^aduillj 
predpiUUd,  gjid  the  liquid  evaporated  orer  the  wster-bath.  yields  imaS  yellow 
eayetals  of  mfTConms  flaoride.  An  easier  mode  of  preparation  ia  Ut  add  recently 
precipitated  meicnrons  carbonate  to  hydrofluoric  aoid^  which  diswjvea  it  coatpletely 
at  ixet,  with  orolution  of  esrbonie  anhydride,  bat  on  addition  of  a  kiver  quantity 
depoaita  mercnroBS  flnorida  «■  a  heavy,  fight  yellow,  oystalline  powder.  From  a,  soln- 
ti<Hi  in  azcesaof  hydr(illaorie«eid,itia  depontedin  indistinct  (appareutlj  cubic)  raystals. 

Heienioiu  flooride  is  partly  diBtolfed  bj  water,  partly  decomposed  into  taercnnnu 
OStds  and  hydiofliunic  acid.  It  i*  blackened  even  by  moist  air,  espadsUy  if  exposed 
to  light.  It  ia  also  deoonposed  when  beated  above  260°  in  dry  ht,  mFrcoiy  aablimiDK 
and  the  riasa  vessel  beeoDung  corroded.     From    the   solution  of  the  compoond  in 

'— ' — " — ■'•*  sltui  throws  down  marcnrous  oiidB ;  ammonia,  a  bluk  precipitate 

:  mennry  and  quickly  turning  grey,  while  Ifaa  iUleired  liquid 
coouina  mercuric  oxide  and  soon  dapoaits  a  wtiite  mass  containing  nmcuiy,  amniMiia, 
and  Snorine.  D^  mercoroos  fluoride  is  decomposed  in  like  manner,  by  the  prolonged 
action  of  aqueous  anmonid,  into  metallic  mercnry  and  a  mercaric  compound.  It  slowly 
abaorb*  ammonia  ga^  *""'"»  black  and  bung  converted  into  flnoride  of  Btatnroa- 
■mmoninm  (NH^(^)F. 

Mtrcaraut  SilieefiuoriiU. — HhgSiF*.H*0  is  deposited  fH>m  the  aoluliotl  of  mer- 
corons  carbonate  in  hjdrDflnMtliaa  tai,  in  transparent  eolouriess,  primnatic  oystals. 
(Fl.k...r.) 

Marooila  noMido.  ^F  or  Bltg^.  KercnnB  oxide  added  to  hjdrofluorio 
acid  is  conveited  into  an  orange-yellow  powder,  eonsigting  of  an  oxyflnonde,  and  by 
repeatedly  treating  thia  otanponnd  with  hydrofluoric  acid,  mrrcurie  flnoride  is  de- 
poBitml  as  a  white  crystalline  mass  containing  HhgF'.SH'O.  Th*  same  product  is 
obtaiaed  by  adding  diy  mereurie  oxide  to  a  large  excen  of  aqaeom  bydromLoric  acid 
(contsinina  about  GO  per  cent  HF)  (Finkener,  Fogg.  Ann.  ex.  S2S).  Ac«»ding  lo 
Frimy  (Ann.  Ch.  Fhys.  [3]  xlvii.  S),  mercuric  flnoride  ia  obtained  in  long  colonriesa 
liydruted  neeedles  (frequently,  however,  contaminated  with  hydromercuric  fluoride  or 
mercuric  <nyfluoride)  by  slowly  evaporating  a  solution  sf  mercuric  oxide  in  ncess  of 
hydroflooric  acid,     finkmer.  however,  did  not  obtain  crystals  in  thia  manner. 

Hydratad  mercuric  fluoride  decomposes  at  £0°,  giving  off  hydrolaorie  acid  together 
with  water,  and  leaving  the  oxyfluoride.  It  u  permanent  in  diy  air  at  orSnaiy 
temperatnres,  but  is  decomposed  by  toaler,  yielding  mercuric  o^^ooride  and  a 
solution  of  hydrofluoric  acid  contiuning  a  small  qnautitjr  of  mctcBric  oxide.  A 
eolation  of  mercuric  fluoride  in  hvdrofluoric  add  mixed  with  a  dight  excess  of 
amfitiiini^  depoaita,  after  some  tinie  id  the  cold,  and  immediataly  when  healed,  a  white 
gelatinous  precipitate,  which,  when  washed  and  dried  over  sulphuric  acid,  consists  of 
•  mmonio-mercuric  oxyfluoride  SNH-.Khg'P'O.     (Finkener.) 

MrrcHric  Silioofiiioridt  and  ^ico-osyjtuoride. — A  solution  cf  mercuric  oxide  in 
hydrofluDsilicic  acid  yields  by  evaporatioa  small  pale  yellow  needlea,  which  were 
tegarded  by  Beixelina  as  mercuric  eilicofluoride ;  but  according  to  Fiukeoer  they  consist 
of  a  silicoKnyflnorida  HLg"ai"n'.Hhg''0.3H'0.  This  compound  is  reeolved  by  water, 
eren  at  ordinary  tempenturee,  into  a  soluble  acid  salt  and  an  insoluble  yellow  pul- 
Veralent  baaie  salt 

A  KdntiDU  of  mercuric  oxide  in  bydioflnosilicic  acid,  ccDcentrated  so  fa  that  oxy- 
silicofluoride  begins  to  separate,  and  then  Icdt  to  iteelf  at  a  temperature  below  1S°, 
yields  colourless  rbombohedral  Crystals  grouped  like  steps,  probably  consisting  of 
hydratad  mercuric  silicoflnoride  Ehg"Si''F<.6H'0.  They  are  very  unstable 
and  deliqnesce  when  slightly  heated,  but  effloresce  over  sulphuric  acid.     (Finkener.) 

A  double  salt  of  mercuric  fluoride  with  fiuondt  of  ammonium  is  produced,  acooiding 
to  Benelius,  by  treating  mercuric  fluoride  with  aqueous  ammonia. 

MMBOUBT,  ZOSXSMB  OV.  Kerenry  onitea  with  iodine  in  three  or  Ibur 
propoitioDB,  ftnming  a  tnercnroasond  mercuric  iodide  aoalogous  to  the  chlorides 
also  a  me  re  uroso -mercuric  iodide,  and  perh^»  a  period  ide.  The  two  elements 
unite  directly,  the  combination,  when  large  qnantitiea  are  employed,  being  ftttvided 
with  considmable  rise  of  temperature. 

■Uaworsna  l»dld«.  Hg>l  or  Hhgl.— Thia  wmponnd  is  prodnerd  by  tritoraling 
200  pta.  meicoty  with  127  pis.  iodine  or  464  pts.  memrie  iocUde,  with  addition  of  a 
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littls  ■Icohol,  Mid  tmnoriog  an;  taerenric  iodida  that  mtj  be  formed  in  tin  flnt  ituUan^ 
oi  nnuin  uucted  upon  in  the  eecood,  by  eolntion  in  ■loohol,  whieh  Wne  the 
mercDroai  iodide  nnduKilTed.  II  maj  ideo  be  obuined  bj  pncipititing  a  iiien;iiroai 
nit  with  iodide  of  potaaainm.  The  acetate  ii  beat  adapted  to  Ibe  porpoae,  jielding  at 
ODoe  pore  marcmoiu  iodide.  When  the  nitrate  ia  need,  the  precipitate  is  freqnentjj 
eontaminated  irilh  mercnric  iodide,  either  tbrmed  directl;  bom  mereurie  nitrate  in  Ibe 
■olotion,  or  b;  the  '"Mimng  action  of  &ee  nitric  add  in  the  eolntion  on  the  pncipitated 
merenrona  iodide. 
Mannioiu  iodide  ii  a  gieeniah-yellow  povdra  of  Kpeeific  gravitj  7'SS  to  T'Tfi.    It  ia 


■n;.  I      -      ,  .  .  ... 

•oWed,  dndcr  ranona  areunataniMS,  into  metnllu;  meicur;  and  mercuric  or  niercnroa[>> 
mercnric  iodide.  When  ktaitd,  it  jieldB  a  sablimate  of  mftaltie  marcorj  and  mercnroeo- 
mercnric  iodide.  Whantr«tedwiUii^ifni>^aM'({arwithBaluti<)nJofu>^ii^i>/»te«R'iini 
or  other  melaJlie  iodidee^  it  ie  reeolTed  into  mercmj  and  taercuric  lodidCt  which  onitce 
with  the  other  iodide,  forming  a  eolnble  lalL  In  the  moist  lUte  it  ii  decomposed  and 
blackened  bj  ezpoanre  to  ligal. 

Merenrona  iodide  il  used  in  medicine,  and  in  preparing  it  for  that  pnrjKwa  tha 
STcateet  caie  moat  be  taken  to  inanre  iU  perfect  freedom  traai  mfrcnrie  iodide,  whieb 
la  a  Tiolent  poiaan.  To  test  ita  freedom  &ina  this  admiztnre,  W.  Sqaire  (JahcMb.  1362, 
p.  Zt7)  heata  it  with  oniiiiM^  wherrapon,  if  it  coatuna  mercnric  ^didp,  me  well- known 
nugenta  colour  ii  ptodnced,  wlierea*  if  the  maccnroo*  iodide  ia  qnite  pnre,  no  colora- 
tion takw  place. 

Mwewi'MO  wwrlo  Xo414»,  HhgV  -  HhglHb^.— Prepared  bj  precipi- 
tating merenrona  nitrate  with  iodide  of  potaadnm,  the  pcempitate  not  being  collected 
till  it  hw  acqnired  a  jellow  colonr.  According  to  BouUaj,  it  ia  best  to  mix  the  eoln- 
tion of  potasaiom-iodide  with  }  at,  iodine,  in  which  case  mercmoso-mercnric  iodide  ia 
precipitated  at  once.  The  eranponnd  maj  alio  be  obtained  bj  triturating  mercoria 
iodide  with  one-third  as  mneh  mrrcnij  as  it  already  contains  (SHhgl  +  Hhg  • 
BEhg*!-). 

Marcoroeo-menjnnc  iodide  ia  a  yellow  powder  which  when  heated  tnma  red,  melts, 
and  maj  be  mblimed  witbont  alteration.  The  mblimed  crjiitals  hare  a  dark  carmine- 
red  colonrvbile  hot,  bnt  become  Tellow  on  cooling  (Inglis,  Colin).  The  eompooad  ia 
insoluble  in  waler  and  in  alcoirii,  the  latter  not  exCrscting  any  mercnric  iodida  from  it. 
It  remains  nnoltared  when  kept  in  the  dark ;  bnt  becomes  dark  oolonred  on  eipomin  to 
light.  Hgdriodie  aeid  and  solationa  of  iedida  flrat  reaolve  it  into  mentarana  and  mer- 
cnric iodide,  the  latter  nniting  irith  the  nliible  iodide,  ud  aftanrards  decompoee  the 
merconins  iodide  itself,  as  aiiote  docribed,  with  separation  of  metallic  mervnir. 
(Bonllay.) 

Meromto  XoAtd*.  Hgl  or  Hhg^. — This  annpoond  maj  be  produced  b^  tritn- 
rating  1  at  mercnir  with  S  at.  iodine  (200  pts.  memir^  (o  ZS4  iodine),  moistened 
with  alcoh<d  ;  according  to  Hohr,  howcTcr,  the  combination  of  two  elements  in  thia 
war  is  nerer  complete,  the  product  always  containing  a  certain  portiuQ  of  &ta 
iodine  which  escapes  dniing  Che  diTing  over  the  water-bath,  also  soma  mercnroaa 
iodide  which  ia  reaolTed  by  anblimation  into  mercnric  iodide  and  metaUie  mercnrj. 
Snblanc  ponrs  1  kilogramme  of  alcohol  on  100  srammea  of  meremy,  and  adds  124  srma. 
iodine  in  aacceaaiTe  portiona  of  10  grma.  eaui,  atirring  after  each  addition  tiU  the 
alcohol  bss  become  colonrleea.  After  the  last  1  g^ms.  of  iodine  hare  been  added,  the 
liquid  beiumes  permsneDtl^  colonred,  in  conseqnenw  of  tile  complete  eonTernoa  of  the 
uiercioy  into  mercnric  iodide ;  the  prodnct  is  washed  with  alcohoL  Meicmic  iodide 
is,  however,  beat  prepared  b;  precipitating  mercnric  chloride  with  iodide  ti  potasainm, 
or  iodide  of  iron:  a.  8  ptx.  mereurie  chloride  and  10  pte.  iodide  of  potaaaiDm  are  dia- 
■olTad  in  aepante  portiona  of  water,  the  solutions  mixed  and  the  leanlling  pradpitats 
collected  and  carenlly  washed.  A  3  at  iodine  immersed  in  water  are  eonrertad  into 
fermuH  iodide  b;  addition  of  iron-tnminsi ;  the  reanlting  solntion  is  immediately  mixed 
with  a  solntion  1  at.  merame  chloride  (Hhgd*),  and  Ae  pedpitated  mercnric  iodide 
ia  qnickly  aeparated  thim  the  liqnid,  to  prerait  it  from  being  eontuniuated  with  the 
basic  ferric  cliloride  iriiieh  ia  gradually  deposited  from  the  solntion. 

Hercnric  iodide  thtia  obtained  is  a  powder  of  a  aplendid  acaiiet  coloni,  very  aligfatly 
salable  in  uatfr,  more  soluble  in  akoiol,  especiBlly  when  hot,  somewhat  eolnble  also  in 
(der.  It  disaoWea  easily  in  aqaeons  iodidt  of  poUutitmi,  and  dyetalliaea  from  the 
solntion  in  beanCiM  red  qnadntia  oetahedrana,  also  in  the  eombinaCiona  P  .  oF, 
eoPtB  .  oP  .  P,  and  aP«  .  oP.  Length  of  principal  axia  -  l-ftST.  Angle  P  :  P 
in  the  termimal  edges  ~  W  24';  in  the  lateral  edges  141°  0'.  Clesiage  pcriect 
parallel  to  oP.  Specifla  gran^  -  62009  (Karaten);  8-330  (Boalla;);  691 
(Schiff ). — The  red  iodide  turns  yellow  when  ^ntlj  heated,  melts  at  a  higher  tempo- 
ratoNi  and  sublimes  in  bright  yellow  rhombic  prisms  exhibiting  the  combination 
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eoP  .  oP,  and  having  Qm  angle  vP  :  giP  •■  SS°  (Kop^i  KtyttaUegrapUt,  pp.  160, 
SfiT).  Hocnrie  iodid«  ii  thenfotB  duiior[dunu,  uid  eiliilnia  a  rad  cotonr  in  odd  of  iU 
forms,  B  jelloir  colour  in  ths  other.  Ths  red  modificsHon  ii  Diiieh  more  liable  than 
tbi-  jgllow  ;  in  bet  the  jellow  crTiIala,  ervn  irhe a  left  to  themselTn  at  ordinarj  («npat&- 


dniillj  npovBT  their  original  colonr  and  ajHtaUins  etmctnre,  beioff  conTerted 
iDto  BO  aggrmte  of  the  red  crjitali;  the  lame  change  takee  pbice  insUntfywben  the 
T^ow  c^at^  an  proaad,  mbbad,  or  ecrMched.      The  jelloir  iodide  r>'  ' 


eoloDT  LoiwaBt  vhen  it  ha>  Iwan  piaparad  Ijj  ml^ecting  the  pnlTsrisBd  red  iodjd*  U>  a 
modaiata  heat.  Tha  yellow  OTBtala  obtained  W  mblimatiou  oflan  tum  red  on  cooling 
in  eonaaqnenca  of  tha  friction  or  igiUtioD  reanlting  from  the  eontiadioo  of  the  ^sM 
Tenal,  or  of  the  ciTatala  thamaelTca  (Hitacherlich).  Marmrie  iodide  precipitated 
Ihim  tha  aolation  of  the  chloride  b;  iodide  of  potaannm,  ia  likewise  ^Ilow  at  tbe  flrat 
initant  of  predpilation,  bnt  quickly  tonu  red,  eren  while  inunenad  in  the  liquid.  In 
thia  eaae  Uie  oooise  of  ths  alteration  ma?  be  eesilj  watched  under  the  microacope — 
yellow  riiombic  laminn  being  obaerred  in  the  fint  instance,  which  ooDtinoallT 
diminish  in  bulk,  becoming  troncated  on  their  edges  and  anglea,  and  ultimately  di». 
appearing,  while  red  quadratic  oetahediona  appear  in  their  plaee  (Warington).  The 
ealabinni  of  mercnric  iodide  in  alcohol  ather,  aqneons  iodide  of  potassium,  ecc,  ara 
eolonrleas,  and  may  therafore  be  snppoaad  to  contain  the  rellow  modification  i  if|  how- 
erai,  the  iodide  separatM  slowly  from  them  in  crystals,  tneae  ciystala  are  red  ;  bat  if 
tha  aeparatiOB  take*  place  nq)idlT,  aa  Ibt  example  when  the  alcoholic  lolutiDn  >• 
poured  into  water,  the  iodide  ia  yeUow  at  the  first  instant  of  separation,  but  Tary  soon 
turns  red.  Aceonting  to  Beynoao  (Compt.  rend.  »»•'"  AM),  an  alcoholic  aolntion 
of  the  iodide  which  aaa  been  kept  fbr  aome  lime  giTea  immediately  a  red  preeipitBta 
•  with  water.  Schiff  (Ann.  Ch.  Phaim.  cxi.  371^  on  the  other  hand,  found  that  ta 
alooholic  solution  which  had  bean  kept  for  fifteen  mouths,  still  gara  a  yellow  precipi- 
tate with  walw;  and  tha  jellov  cryatals  which  formed  in  it  likawiie  lemaiDed 
unaltered  in  colour.  Bchiff  sJso  finds  that  tha  alcoholie  solution,  when  mixed  with 
water,  first  becomes  qnile  milky,  and  after  a  few  hours  deposits  shining  yellow 
rhombic  plates  with  angles  of  114°  80'  and  66°  SO',  and  exhibiUng  beautiful  coLoDnNl 
spectra  under  the  polaruiug  microscope. 

Pottuntmt  triturated  with  mercuric  iodide,  abstracts  the  iodine  with  ineandeaeenca. 
A  similar  sction  is  exerted  by  msny  of  the  hssTj  metals  on  tritnration,  either  alone  or 
with  water,  the  raoltinff  iodide  sometimes  uniting  with  the  iodide  of  meroni;  ta  form 
a  double  salt;  rinc  and  '<»  form  amalgams  with  the  liberated  meremy.  [For  the 
behavioor  of  the  indindual  metala,  see  Gmdm'M  Ibniibooi,  n.  S8.]  Wian  mercnria 
iodida  is  boiled  with  aqueous  poiiui,  mercuric  oxide  aeparatea,  and  a  yallow  solution  is 
fbrmed  containing  a  potaaaio-mercuric  iodide,  SKI.SHhgl* : 

inhgr  +  SKHO  -  HhgO  +  2EI.SHhgI'  +  H^, 
which,  on  cooling,  first  depoaita  mercoric  oiide,  and  then  greeniih-yellaw  needles  of 
KI.Hhgl*.  Alcoholie  potash  acta  in  likemanusr  and  more  easily.  Soda,  baiyl^  and 
ilrantia  likewise  act  in  a  similar  manner,  producing  double  iodidM ;  Umt,  earSonatf  of 
fufasrittm,  and  carbonatt  of  todium  do  not  decompose  meRuric  iodide  when  boiled  wiUl 
It  in  water;  but  if  alcohol  be  substituted  for  the  watn,  decomposition  lakes  places  the 
alcohol  qipesring  to  favour  the  action  by  its  solvent  power.  Mercuric  iodide  disaolTal 
in  sqneoiu  hj/pocUoriU  of  calciuta  when  the  solution  is  heated ;  and  as  it  begins  to 
boil,  deposits  penodate  (rf  calcium  in  the  form  of  awhite  jelly,  while  mercnria  chlorida 
remains  diesoSved  (Bammalsberg).  When  eUorini get  is  passed  into  water  In 
which  mercuric  iodide  is  snepended,  a  bright  yellow  solution  is  formed,  containing 
mercuric  chloride  and  trichloride  sf  iodine.     (FilhoL) 

Double  taltt  of  Mtrcurio  Iodide. — Mercnrio  iodida  nnitea  with  the  mon 
poeitive  metallic  iodides,  forming  a  series  of  double  salts,  Bonadorff's  iadohydrar- 
gyratee,  which  haTc  been  particularly  studied  br  Bonllay  (Ann.  Ch.Fhys.  [Z]  nxi*. 
346).  They  are  obtained,  for  the  most  put,  by  dissalting  mercnria  iodide  in  the 
solution  of  the  positiTe  iodide,  and  eTsporsting  the  ■olulion.  Herenrie  iodide  likewise 
forms  double  salts  with  metallic  chlorides. 

jtmmonio-meraine  Iodide,  (NH»)'Hhgl<.8HK),  or  2NH'I.migI'.3HK),  aeparatea  la 
yellow  needles  from  a  hot  eolution  of  mercoric  iodide  in  iodide  of  ammonium,  aft4>r 
pure  mercuric  iodide  has  bef^n  previously  deposited.  Whsn  healed,  it  melts  and 
soblimee.  partly  unaltered,  partly  decompoaed.  Watn  saparalea  marcnric  iodida  from 
it    (Bonllay.) 

Bari/lo-nirreurie  Iodide. — A  solution  of  mercuric  iodida  in  aqneoua  iodide  of  barinm, 
after  being  freed  th>m  excess  of  mercurio  iodide  by  cooling  and  dilution,  deposits 
yellow  Gtystali^  solnble  in  wat«r,  which,  according  to  Bonllay,  have  probablj  the 
com™  sition  HaHoP,  or  Bba-Hhg'T.  A  hot  saturated  solution  of  mercuric  iodide  in 
iodide  of  barium  drpoiils,  on  cooliiig  a  portion  of  the  mercuric  iodide,  and  the  mother 
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S"  udTieldalncyBpontiai^eiTstals&pparaiiUyconnitiiigof BLaHh^*  — Bb&P.SHhgl*. 
■  ciTiUJa  apcomposB  when  dried  Bt  a  hi^  Mmpentun,  or  vhau  diMolTsd  in  a  largs 
quuitity  of  inter,  mercnric  iodide  KpusUng.     (Bonllnj.) 

CadmuMHmntric  Iodide  in  obtainad  bj  tzitnrating  cadminm-fltiiigi  with  moist 
nsTconc  iodide,  and  exhausting  with  nter.  CrjitalUHB  in  una]],  TiUovish-whita 
TGI?  solnble  UminK.     (Berthrmot) 

Cakio-nercvric  Iodide.  Cail'.iHhgl'T — Obtaiocd.  like  the  anreapondiiig  barinm- 
lalt^  and  dnnnipoeed  in  s  ■Jmiliu'  nuuaer  bj  water. 

Ftrroto-aavune  Iodide.—  The  MCant*d  aolation  of  moieiiric  iodide  in  fnrom  iodid« 
Tieldi,  by  eTapontioo  over  nilpliimi:  acid,  yellow-brown  printu,  which  qnidilj  oiidin 
in  contact  wit£  the  air  (*.  Bonidorff).  A  hot  aatnnted  ■aoladcn  of  the  two  aalta 
jielda,  after  deposition  of  a  portjon  of  the  mercnno  iodide,  browniih-yellDw,  Te^ 
deliqneacent  needln,  which  am  deoompoeed  by  water,  and  diiwdTcd  by  itrDng  acetic 
acid  and  by  aleohcO.     (BerthemDt.) 

Jfo^iuMo-flunwrKi  Iodide. — A  hoc  aatmatad  aalntion  of  mereorie  iodide  in  iodide  of 
tnaginMium,  depoeita  mercnHe  iodide  on  cooling;  and  the  mmaining  liqoid  yielda 
gleeniah-yellow.  Deedle-afaapad  crfMi^  which  probably  eonaiet  of  HmgP.SHhgl',  and 
am  reMhod  by  wat«r  into  mercnrie  iodide,  and  a  lolDtioit  appaientlj  contaiiiiiia 
]b[«I'.HhgP.    (BonlUy.) 

Potaitio^atenvTie  Iodide. — A  coocentiated  aolation  of  Jodide  of  potaadum  takes  op, 
at  the  boiling  heat.  3  at.  Hhgl'  to  2  at-KI ;  and  of  tbe  3  at.  mercnric  iodid^  1  at  u 
depodtfd  on  cooling,  while  the  motber-liqnordeposita  the  compound  2(KI.HhgP).3H'0 
in  long  yellow  pinna.  The  cryetala,  when  heatnl,  flret  give  off  water,  end  then  mdt 
to  a  nd  liqnid,  tram  Mich  mercuric  iodide  eepuatea.  They  are  eolnble  in  sIooboL 
and  in  ether,  bat  water  decomposee  them,  eaparatiog  aboat  half  the  mercnric  iodide^  ' 
and  the  liquid  then  yielda  by  erapoiation  a  aaline  maaa,  which  ma;  be  rtgarded  aa 
SEI.Hhgl'  (Bonllay).  Dilate  acida  decompoae  the  ciTStala,  sepancillg  the  marcnris 
iodide.  Potanio-mercnric  iodide  in  likewise  caii^  prodnoed  by  boiling  a  BoliUion  of 
potaaainm-iodide  with  mercnric  oxide. 

Bodio-mtrcvTw  Iodide. — Iodide  of  nodinm  reacts  with  mercuric  iodide  In  a  similaE 
The  Bolalion,  after  depositing  1  at.  mercoric  iodide, 
non-erystallising  mass,  which  trans  r«d  wbso  mbbed 

1 1odide,  prepared  like  the  corresponding  barinm-ccBBponiid,  (bimi 
jenowish  needles. 


aatnrated  with  iodine.  It  forma  a  puiple-red  powder,  whidi  ia  resolved  into  mercorie 
iodide  and  free  iodine  by  heating  or  by  exposore  to  the  air.  Gmelin  regards  it  aa  a 
mixton  of  morcuiic  iodide  with  iodine. 

WtrnmaOK*,  ZOBOOKMiBIIWi  or.~-fiVl*Cl'.— Thk  eomponnd  is  imdaoed 
on  dissolTing  mercnric  iodide  in  a  hot  eolation  of  conoaiTC  sablinist^,  and  separates 
on  cooling  in  white,  jagged,  fem-like  lamina  (Liebig).  Acoording  to  Boallay,  a  hot 
satniated  solution  of  mercoric  iodide  in  cocrosiTs  anujoale  yidds  on  cooling  a  yellow 
powder,  Hhg'ICI ;  a  less  aatur&ted  aolntion  yields,  after  the  yellow  powder,  pale- 
fellow  crystals,  which,  as  well  a*  the  powder,  toon  tom  red,  from  aepanti^  of  menona 

na  or.    See  Msbitcxt,  BmavBtttma  or  (p.  VIS). 
Hi  OV.    Bja,  with  Sniphethylate  of  mercni^.    t 

9B  or>    See  S1bbccbt->ai>ioub,  Omuhio  (p.  sai). 

XHKOnrV,  MTTBZSB  OF.  HgV,  or  "^th^SP.  See  TuKaBCDSAHnn,  ander 
MaBccsT-nAiis,  Aichokuou,  (p.  917). 

II  WMiJVXW,  OXnkMK  aw,  Mennuy  nnites  with  oxygen  in  two  proportioDB, 
forming  the  meroarous  and  mercario  oxidsa,  analogous  in  composition  to  the 
chlorides. 

IC«ranraan  Oxtda.  Hg'O,  or  Eh^.  Block  oxide  of  mrmtry  (also  called 
dioxide  and  tuieridi  of  mercnrj).  It  it  produced  by  treating  manmoas  chloride, 
or  the  eolation  of  a  merccroaB  salt,  with  excess  of  caustic  alkalL  To  preserre  it  (tarn 
decomposition,  it  muet  be  vaebed  and  dried  in  (he  da^.  Donovan  suspends  flnefy- 
ditidsd  calomel  in  water,  treats  it  at  once  with  excess  of  potaah,  and  then  washes  and 
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diiM  th«  prodoGt  The  newnrona  oxide  thii*  obuiaed  jields  bnt  hir  glolmlM  of 
mercury  on  tritnrBtian  ;  bot  if  too  little  potiuh  be  itdded  in  the  flist  imnance,  th«re  ii 
bnned,  occonjing  to  DoDoTan,  ■  mercuroni  oiyctilonde ;  and  on  fbrtber  addition  of 
potuh,  ■miitare  of  mercuroDB  oxide,  menruric  oxide  and  metallic  mercniT.  A«»tdiiig 
to  Oaiboart  (Aaa.  Cb.  Phya.  [2]  i.  4S!],  it  is  impouible  to  obtain  this  oxide  pure, 
becanee,  during  washing,  even  in  the  dark,  it  is  partly  rosolTed  into  a  mixture  of 
DwKiiric  oxide  and  metallic  mercaij.  Ths  prodact  formed  by  tiitnnting  meicnric 
oxide  with  mercury  is  merely  a  miitnR. 

Herciuaua  oxide  is  a  brown-black  poirder,  destitnte  of  taste  and  smelL  Thespecifle 
gnvity  of  that  obtained  from  calomel  by  the  action  of  caustic  potash  is  Bi>508 
(KarBten),  1069  (Hciapatb).  It  is  Tsiy  unstable,  bring  resolTsd,  even  on  ennsnre 
to  di9iufld  daylight,  or  by  slight  tritnration  in  a  mortar,  into  mercuric  oxide  and 
metallic  marcory.  At  a  red  ieat,  it  is  resolred  into  mercury  and  oxygen-gas. 
With  aqnaooB  photphorotu  acid,  it  yields  mercuiy  and  phosphoric  acid.  By 
potiutium  and  tiidium,  at  aboot  the  melting  points  of  those  metals,  it  is  decompose!^ 
with  TiTid  ignition  and  slight  detonation,  yielding  metallic  mercury  and  an  alkali. 
It  detonates  when  stmck  with  phoaplionu.  It  is  slowly  dixompoMd  bj  phuphorttted 
iydnmn  gal  (Qrsbam).  When  boiled  with  aqueous  iodidt  of  potattma,  it  yield, 
met^c  mercmry  and  potanio-meiinirie  iodide ;  if  the  mercurons  oxide  ie  in  excess 
merenrons  iodide  ie  formed  at  the  same  time  (Berthemot,  J.  Pharm.  xtv.  189),  A 
concentrated  solution  of  lat-anammiac  decompoBre  it  in  a  ainular  manner,  ammonia 
being  CTolved,  and  mercury  being  separated,  together  with  meicniic  chloride  (Pagen- 
Btechsr,  F        '   ™  -    —    .   _.  ™ 

metallic  mercnry. 

Mercnroas  salts.— Hercnroos  oxide  dissolrn  in  acids,  fbrmin^  the  mercuront 
salts,  wbich  may  also  be  [oiiduced  by  dissolTing  mercun',  under  particular  conditions, 
in  certain  oxidiEing  acids,  such  aa  nitzic  or  snlphnric  aad ;  also  in  some  cases  by  pre* 

Tlie  normal  metcunms  salts  have  the  eompoation  ]^^A,  or  WnffK„  the  fymbcJ 
A,  denoting  an  n-atomic  acid  or  chlorous  radicle,  snchasKO*,  SO',  ftc,,andHg(  ^100) 
b^ng  hemi-atomic,  and  Hhg  (~200)  monatomic  in  these  salts,  t.g^ 
Hercnrons  nitrate        —        HgVO*      or  HhgNO' 
Mercnrous  sulphate      —        Hg\80*)"  or  Hhg^SO*)". 
These  salts  may  also  be  t«garded  as  compoonds  of  meronroos  oxids  with  Bnhydrid«s, 
or  acid  oxides,  i.g.  the  nitrate,  as  Hhg'0,N*0*. 

There  are  ijso  basic  mercnrous  salts,  which  may  be  regarded  either  aa  compounds  of 
ths  normal  salts  with  mercnrous  oxide,  or  aa  oxy-ults,  analogous  to  the  oiychlorides 
&c  ;  or  agUD  aa  fbrmed  on  the  type  of  two  or  mora  molecules  of  water,  in  which  more 
than  half  the  hydrogen  is  replaced  by  mercnry,  e.g., 

!lHhgK).NK)*      -      Hhg'0.2HhgNO'     -      Hhg-n^^)'     -    ^^^'lo*. 
8HhgK).]!TO«     -     2(HhgS).HhgIT0')    -      Hhg-j^^         -      |[^|o«. 

For  the  properties  and  reactions  of  mercnrons  salts  see  p.  899. 

Memnilo  Oxide.  He;*9  or  HbgO.  Red  oxide  of  mercury  {liao  t»&^hioxid*  »bA 
deuloxide  of  mercury).  This  oxide  was  known  to  the  Arabians  in  the  eighth  centni?. 
Oeber  and  afterwards  Raimnnd  Lnllinsshowed  how  to  prepare  it  by  ignitins  meicniy- 
nitrate ;  and  Bi^le.  towards  the  end  of  the  serentcenth  centuiy,  discovered  Uat  it  may 
be  prepared  by  heating  meiTnr;  in  contact  with  the  air. 

Preparation. — 1.  By  keeping  menury  for  a  month  or  longer  at  a  boiling  heat  in  a 
flaxk  filled  with  air,  and  haTing  a  long  Icxwely-Gtting  tube  adapted  to  its  mouth:  the 
oxide  thus  obtained  is  called  in  pharmacy,  Mereuriut  pracipHatm  per  s«.-^2.  By  ex- 
posing merRuric  or  mercurons  nitrate  to  a  high  and  gradually  increasing  temppratum 
in  a  crucible,  or,  better,  in  a  glasa  vessel  anmnuided  with  sand,  ss  long  as  nitrous 
Bad  IB  evolved.  To  save  nitric  acid,  the  nitrate,  moistened  vrith  water,  may  be 
previously  triturated  with  an  equal  weight  of  mercury,  till  the  latter  is  completely 
deadened :  this  preporotion  is  <^led  Merimriui  procipiiatKJ  ruder.  Care  most  be 
taken  not  to  raise  the  temperature  too  high.  The  oxide  prepared  1^  this  process  on 
the  small  scale  is  a  dnll  powder ;  in  commerce,  it  oecura  in  shining  OTStallinB  grains. 
According  to  Qay-Lnssac,  the  small  nnpnlverised  ciystals  of  mercurons  nitrate  yield  tlie 
second  form  of  the  oxide,  bnt  the  pnlveriaed  salt  yields  the  first  fbrm.  The  more  perfect 
crystdlliBal4on  of  the  oxide  prepared  on  the  luge  scale  is  undonbtedly  dne  to  the 
slower  rate  at  which  the  heat  increases. — 3.  By  precipitating  a  dissolved  mercuric 
salt  with  excess  of  p«ta«h,  and  washing  the  pndpitst*. 
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A^urflMt  oni  ^KlCeroMMu.— il.  Bute  f7untiH«  nitrate  wlica  tli«  Mlt  hM  not  bmn 

■oiBciatitlj  betted.  The  oxide  amtaiDing  this  salt  givra  off  nitroas  rapoDn  when  gmtlj 
he&tpd  in  ■  retoH-  It  ma;  be  parified  in  thU  msTuier,  or  bj  boiling  with  potaih-lej.  gc 
bj  wmshiiig  with  water.- — 2.  Nitrt.  Ma;  be  oompletelj  remoTsd  bj  boiling-water. 
— 3.  Minium.  Renuune  in  the  farm  of  fused  protoiide  of  lead,  « hen  the  mercoriii 
oxide  is  Btiongl;  heated  in  a  glasa  tube,  oi  in  the  form  of  peroxide  of  Uai, 
when  the  mercnrio  oiide  ia  diBMlred  in  nitric  arid. — 1.  Snet  duwl.  Benutina 
behind,  when  the  oxide  ia  ignited  or  diaaolTed  in  nitric  aod.^ — G.  Cinnabar.  Bemaina, 
when  the  oxide  ia  diaaolved  in  hydrochloric  add. 

Properlut. — Fun  meicuria  oxide  ia  senarallr  dratallO'^trainilar  and  acalj,  diining 
and  of  a  bright  biit^-red  colooi ;  bj  pulTerisatioD  it  aequiraa  an  onnae-jallow  colour, 
lighter  ■■  the  powder  ia  finer.  When  prepared  on  the  amall  aeale,  it  la  a  dull,  floccu- 
lent,  Hrthj  maaa  or  powder,  of  a  browniab  brick-red  eolonr.  Whan  obtained  hj 
precipitating  a  mercuric  aalt  with  an  alkali,  it  forma  a  light  orange-yellow  powder. 


SprciBc  grant;:  II'OOO  (PoL  Boulla;),  Il'07i  (Herapath),  IMSOS  (Earsten), 
11'3B  ■tl°iDTacwi(BojBr  and  Dnmai),  11136  (Plajfaii  and  Joule}.— When 
luated,  it  becomea  Termimon-ml,  aad  afterwards  violet  black,  but  recovers  its  origioal 


eolonr  on  cooling.     It  baa  ■  repolmve  metallic  tastf,  and  ia  a  violent  acrid  poiai   _ 

The  precipiUl«d  yellow  oxide  ia  more  readily  decompoaed  by  heat  and  by  chlorine 
than  the  red  oxide  obtained  by  the  Brat  or  second  method.  The  difference  is  aUribnted 
l7Felonie(Comptrend.xTlS0]  to  the  difference  of  sggr»stioii  of  the  two  varieties 
the  precipitated  oxide  being  amorphoiu  and  the  calcined  oxide  orilalline;  but  Oar- 

T ,.i.j  — .•  .»n.  I — 1. —  .1  .^  .t_  j:«. ijij   Jjjj  to  the  moraflnelj 

, lily  on  the  calcined  oxide^ 

beeaoae  the  amaller  anmca  prsaented  by  the  latter  quickly  becomea  covered  with 
menmrie  chloride,  which  impedea  the  ftirther  action  of  the  chlorine ;  hut  if  the  two 
varietiea  of  the  oxide  are  aul^ected  to  the  action  of  chlorine  under  water,  which  die- 
Bolvea  the  mercuric  chloride  ai  &st  as  it  is  formed,  no  difference  in  the  rale  of  action 
on  the  two  can  be  perceireil.     The  yellow  as  well  aa  the  red  oxide  ia  anhydroni. 

Hercuric  oxide  is  not  qnite  insoluble  in  water;  according  to  Wallace  (Chem.  Qai. 
1BG3,  p.  346}  1  pt.  of  it  diHolTee  in  200,000  pto.  of  cold  water  after  long  standing  and 
in  lSfi,OnO  pla.  after  boiling  and  cooling  of  the  liqnid.  The  eolntion  hai  a  strong 
tnetallio  taste  ;  toma  violet  jnice  green }  becomea  covered  on  expoenre  to  the  air  with 
shining  tUms  of  metallic  mercury;  is  tnxned  brown  by  snlphydno  acid,  and  milky  by 
ammonia.     (Ouibonrt,  Donovan.) 

D/ooMpntHioru. — Mcmnric  oxide  gradually  turns  blad  when  exposed  to  trnnMnl, 
being  soperBcially  decomposed  into  oxygen  and  metallie  mereuij,  according  to 
Guibiart.  or,  according  to  Donovan,  into  oxygen  and  mmwrous  oxide.  At  •  rtdltrat, 
it  volatiliBea  completely,  being  reeolved  into  oxygen  gas  and  vapour  of  moeniT.  Part 
of  the  mercnrint  vapour  again  takes  up  oxygsn,  and  the  oxide  thna  formed  eoUeeta  on 
the  snrface  of  the  mercury  which  passAS  over,  and  diminishee  its  fluidity.  With 
photphonu,  mercuric  oxide  detouatea  under  the  hammer.  Boiled  with  phoipboms 
and  water,  it  yields  phoaphide  of  mercury  and  aqueous  phosphoric  add  (Pells  tier}; 
at  ordinary  temperatures,  the  lame  mixture  yields  fluid  marcurr  and  jAosphoritt 
oxide,  no  phoephoric  or  phoaphoroni  add  diaaolving  in  Oie  wat«r{Braamcamp  and 
Siqueira).  A  phosphate  is  likewise  formed  at  the  saTiie  time  (Qmelin).  Aqueooa 
pfiotphorout  add  forms  mercury  and  aqocons  phosphoric  acid  (Braamcamp  and 
Siqueira}.  Mercuric  oxide  mixed  with  ttilpiur,  and  heated  in  a  retort,  prodncoe  a 
tremendous  explosion  (Proust).  Concentrated  mlphunmt  acid  boiled  with  this 
oxide,  immediately  converts  it  into  fluid  menmry,  with  formation  of  snlphnric  acid. 
At  ordinary  tempemturei,  ■mailer  quantities  of  snlphnrons  acid  produce  a  rise  of 
temperature  amounting  to  7'£°,  and  form  a  white  powder,  coniinting  of  mercnroos 
■olpDate,  part  of  which  dimolvea  in  the  liqaid.  An  excess  of  sulphurous  add  tnnu 
this  powder  grey,  and  reduces  it  very  dowly,  bot  completely,  to  metoUic  mercury.  So 
long  as  this  change  remains  incomplete,  the  liquid  still  retains  mertuiy,  but  ia  not 
rendered  turbid  t^  addition  of  common  salt ;  nevertheless,  it  gives  a  pneipitate  with 
sulphide  of  ammonium,  and  after  long  standing,  or  immediately  on  boiling,  depoeita 
metaJlic  mercury  in  the  form  of  a  a;rey  powder ;  the  precipitation  of  the  mercuiy  ia 
complete,  provided  the  qnanti^  of  anlphurous  acid  is  not  too  smalt  (A.  Vogel}. 
Potauiiaii  or  todium  heated  to  the  melting  point,  decomposea  mercuric  oxide  wilh 
vivid  combustion  and  slight  detonation,  yielding  metallic  mercury  and  alkali.  (Oay- 
Lnssac  and  Thinsrd.)  Zinc  and  (in  flllnga,  and  pulverised  onfinionji  heated  with 
mercuric  oxide,  likewise  occasion  fiery  decomposition.  Solution  of  ttannaut  ckhridt 
poured  upon  mercuric  oxide  reduces  it  to  the  metallic  state,  and  is  itself  converted  into 
stannic  chloride,  part  of  whidi  is  predpitated  in  the  form  of  a  basic  alt,  the  aiition  b^ig 
attended  with  a  rise  of  temperature  amounting  to  60^  (A.  Togel}.  Bj/dratrd  ferrom* 
oxide  converte  mercuric  into  mercnioua  oxide ;  so  likewise  do  Aurona  aalta  (Dnflo^ 
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Schir.  J.  IzT.  llfil 

(A.  Togel).     dioriiu  ga»  decomooH 

being  o^gn  na  and  nKTCnric  cUorids ;  tt.  Idwbi 

and  meicanc  cUoride  an  formed.    The  Utter  k 

oxid«,  fonning  nuacinic  cajdiloride. 

OomhinatioTa. — 1.  With  Ammoniki — Thinaid'i  falnatKttmg  mtnatry,  im  Mir- 
ODST-BABia,  Ammoxuiui,  p.  918. 

2.  With  Lime. — This  Gompoimd  is  obt&ined,  aoooiding  to  Bertliollet^  bj  boiliiig 
meieorie  oxide  with  lime  and  water,  wparating  the  aolntioii  &om  the  nndiBsalTed  por- 
tioD,  and  erapontiiig  the  liquid  to  the  ci;staIliBiiig  point.  It  than  npantei  in  jeUow 
tmupajMDt  enetala. 

3.  Mercnrie  Sklti. — Theoe  nits  are  formed  bj  dieaolTing  mermrie  oxide  in  acids; 
alao  bj  lie  action  of  "^'^^'^'''g  acida  aided  bj  heat  on  metallic  mBrcnry ;  alao  with 
— -•-■ • •-'   on  boiling  Tarioua  ammoninm-Balta  with  mercuric  oiida.     '^'-- 


Mercniic  nitrat*         .        .  HgyOi  or  Hhg"(SO*)*   ■ 
HeKDric  rdphate      .        ,    Hg^SOyc 


Hg\PO')"-HlVc:^')«   -  <^>'lo». 


aHhg'OJW     -     Hhg-0.Hh8-(lI0')' 


^ItNOV 


8Hhg"0JW   -   aHbg-O-HhOM^o-)-    -    rita-l'^^*"  -  c^lo* 

SHbg-CSO*      -    aHhg-O.HhgXS0r     -     hVJ*^''    -    (S'f-i^'- 

Normalnnmine  nlta  a>«,fci  llw  moat  pai^  eolanrleH ;  tlie  basic  aalta  yeOow: 
they  bav*  a  naoaaoaa  metallic  taat«,  and  are  Tiolent  acrid  potaoiu.  TW  an  deeom- 
poeed  b;  water,  espedallj  at  the  boOing  hnt,  with  separation,  geoeral^  of  a  baaio  aalt, 
bat  sometimea  of  nMrenrie  oxide,  as  fMn  the  nitrate,  the  solution  retaining  SMnMimeB 
an  acid  mercnrie  salt,  sometimee  a  free  acid.  Henco  H.  Bose  (Fogg,  Ann,  erii.  39B), 
regards  mmmric  oxide  as  the  weakest  of  all  basie  oxides,  no  other  oxide  being  preci- 
pitated from  the  BolationB  of  its  salts  by  water.  In  the  solution  of  mercnrie  chloride, 
water  forms  no  pmcipitBte.  either  of  oxide  or  basic  salt,  the  oxide  being  precipitated 
fromthis  solution  only  bjntroiigbasaH,  since  mercuiy,  like  the  other  noble  metals,  has  a 
stronger  affinity  for  cblOTine  than  for  oiygtm.  Conrersa^,  memiric  oxide  precipitates 
strong  basM  from  the  solutions  of  their  chlorides,  bnt  not  of  their  oijgen-salts.  Those 
oxides  which,  when  added  to  a  solntion  of  mercuric  chloride,  do  not  form  a  precipitate 
either  of  oxide  or  oxjehloride,  are  thrown  down  by  mercuric  oxide  from  their  solutions 
fnJiydroi^iloria  add ;  whereas  those  which  predpitata  mtrcnria  oxide  from  the  solution  of 
the  chloride,  are  not  thrown  down  by  that  (aide  from  the  Mdntione  of  thsir  own  chlorides. 
Thus  the  aikainu  wtrlAi  are  not  predpitatad  from  their  Mlntions  in  hydrochloric  add 
by  mercnrie  oxide.  From  solutton  c<  noMj^ioisaM  MoritU,  the  manganese  is  compleldj 
predpitated  aftfir  some  time,  >•  maManons  rand*  (man^Bons  so^phate,  on  the  Mux 
hand,  is  not  deooBpoaedX    From  so&ion  of  MoTid$  of  Ind,  menmric  oxide  throwa 


present  is  oot  sufficient  to  fbrm  an  oxychloride ;  and  the  insoluble  residne  eonusts 
of  mcrcurODH  chloride  toi  a  ferric  oxychloride,  produced  by  the  mction,  Eh^O  -f 
Tfe'Cl*  -  Hfag'Cl  +  Flie''OCL    From  firrw  ehlaridt,  mercnrie  oxide  in  exc^  thiowa 


toric  sulphate  ia  not  altned  by  it).  Fram  euprw  eUeride  it  throw*  down  all  the 
eopps  aa  enprio  oxidei  onpric  ndphata  is  dseomposed  by  it  aftsr  a  long  time  only,  tha 
mereniie  omde  bong  coorartad  *t  the  same  time  into  a  solid  lump  of  bade  nantttia 
■dphil*  ud  bane  oqria  aa^hate.    (H.  Boie.) 
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IHhg'O.Hhg'BH.'^Thu  compound  is  obtuned,  SMording  to  Lowig,  b;  boiling  mereoria 
oiida  uid  bnauide  tageth«r  in  «at«r,  or  bj  boiling  s  nolutioii  of  the  bromide  nth  ■ 
qauticy  of  potuh  not  Rofflcient  (o  precipitate  it  completely.  As  thus  prcpucd,  it  is 
a  ;ello«  eryatallina  powder,  and  cryitaliiHa  &Din  its  oqaeons  solahon  in  yelloir 
DsedleL  lUmmelsberg  obtAined  it.  as  b  daric-brown  povder,  bj  precipitating  menmrio 
bnmiide  with  carboaate  of  aodiani. — Hercune  oijbnimidn  ia  insalnble  in  cold,  somc- 
whst  sotnhle  in  hot  kni(^,  fasilj  solnble  in  abtotuir  alcoAol  (LSwig),  insolnble  in 
aqnrowi  alcohol  (R  a  mm  els  berg).  It  is  reaolred  at  aj^tle  heat  into  oxygen  gas,  a 
sublimate  of  mercury,  mercomns  and  mercuric  bromide,  and  a  Tcsidne  of  marcorie 


oxide  (Lowig).  By  boiling  foUak,  it  ts  couTerted,  acconling  to  Lowig,  into  pnre 
merenrie  oxide ;  whereas,  sccoraing  to  Rammelabetg,  it  lemains  unaltered.  Kitrie  aeid 
disaolTsa  mercuric  oxide  from  it,  uid  leaTee  the  bromide.    (Bammelsberg.) 

RT,  OXTOMtO»n>M  Or.  Heicuric  cblonde  and  oxide  unite  in 
irtions,  and  the  eoinpoiuids  may  be  obtained  in  Taiiona  ways :  as  bj  the 
■cnop  Di  mercuric  oxide  on  a  solnlion  of  tbe  chloride  |  by  incomplete  piecipttation  of 
tbe  latter  solution  with  caostic  alkalii  or  alkaline  carbonates ;  and  finally,  by  the  action 
of  chlorine  on  meicoric  oxide.  Accordina  to  HiUoo,  I  at.  mcicnric  chloride  onites  with 
2,  S,  or  4  at  mercuric  oxide;  but  it  ii  difficult  to  avoid  obtaining  miztarea  of  theee 
■ersral  conipotuida.  The  uaual  mode  of  preparing  them  is  tomix  s  soIntiDnoC  meres- 
ric  chloride  saturated  at  15°,  with  a  solation  of  perfectly  purs  monopoCaasic  ovbonate 
(EHCO*)  satnrated  at  the  same  t«mpeiBtimC  A  precipitaie  of  pure  o^chloride  is  then 
at  ODce  obtained;  whereas  if  a  nentral  alkaline  eaibonate  be  osed,  the  oxide  is  pred^- 
tated. 

«.  H^^*0*  -  Hhg*Cl'.2Hhg"0,  is  obtainod  by  mixing  1  pt.  of  the  solution  ot 
monopotaBsie  carbonate  with  S  to  10  pts.  of  the  eolution  of  mercuric  chloride,  stirring 
and  immediately  collecting  the  preciptate  in  a  filter.  Jt  is  a  brick-red  nou-crystalline 
powder  eoatainingyellow  mereuric  oxide,  which  may  be  separated  from  it  by  potash. 
when  1  pt.  of  the  eolation  of  the  acid  potassium-salt  is  mixed  with  3  or  4  pte.  of  tbe 
msrcuric  solution,  ttie  liquid  being  wall  stirred  and  then  left  to  itself,  a  bright  yellow 
precipitate  is  first  formed,  which  graduallj  tnma  red,  eBpeciolly  on  agitation,  aitfirvardJi 
acquires  a  tinge  of  purple-red,  and  altimatelj  of  Tialet  It  haa  exactly  the  same  com- 
position as  the  pt«mdiag.  When  1  pt.  of  the  potaaaic  eolation  ia  mixed  with  3  pts.  of 
the  mercuric  solntion,  and  the  liquid  a  briskly  stirred  with  a  gla«  tod,  black  ab«ak« 
begin  to  form  on  the  side  of  the  Teeael ;  and  if  the  contents  are  pound  out,  and  a  freah 
tare  prepared,  and  briskly  stirred,  a  ixA  precipitate  is  formed,  the  coloor  of  which 
lually  passes  into  shining  black.  It  hss  the  same  eompoaition  as  the  preceding ; 
int  when  treated  with  potash,  it  jrields  red  mercuric  oxide. 

fi.  H!fig>C1*0*  •>  HhgCI'.SHhg^.  Obtained  on  mixing  the  solutions  in  equal 
Toiumes,  and  leaving  the  mixture  at  rest.  The  liquid  then  becomes  filled  after  a 
irhils  with  shining,  golden-yellow,  dystalline  scales,  ftom  which  potaah  seperstea 
yellow  merenrie  oxide. 

7.  Hhg^l'O*  -  HhgCl'.4ffiig'0.— When  *  to  S  pta.  ef  the  polassio  stdntion  an 

mixed  witb  Ipt  of  the  mercuric  solution,  no  precipitate  is  formed  at  first;  bn^  after  ■ 
while,  carbonic  anhydride  is  gireo  0^  and  a  brown  cryrtalline  cmst,  hanng  tbe  com- 
position abare  given,  forme  on  the  surlbee  of  the  liquid.  The  same  com|i(nmd  is 
p«duall^  d«>oeit«d  from  all  the  liquids  filtered  from  the  preceding  oTychlondes,  and 
is  likewise  obtained  by  imperfect  precipitation  of  a  warm  Holution  of  mercuric  chloride. 
Fotaii  aeparaUa  the  red  oxide  &om  it.  All  the  other  oivchloridee  are  coDTsrtad  into 
this  componnd  when  treated  with  b(»ling  water,  the  liquid  thea  depositing,  on  cooliiLft 
shining  crystalline  scales,  also  egonating  of  the  same  compound,  but  containiDg  tha 
Tallow  modification  of  the  oxide.  The  same  compoimd  la  obtained,  according  to 
Tbanlow,  when  chlorine  gas  is  pasaad  into  water  in  which  merenrie  oxide  is  na- 
~'    '    ' ;  the  snalysii  of  the  compound  thus  nodnoed  doeii  not,  however,  quite  agres 


bntwh 


with  it,  and  then  left  tO  itself  for  a  considenble  time,  sstobI  UTohloridea  ^>peaito 
be  farmed.  A  lolation  of  mercuric  chlnide  boiled  with  tbe  oxide  deponts,  on  cooling 
a  miitore  of  tbe  several  oiychlcoides ;  and  on  decanting  the  liquid,  *a  soon  aa  it  baa 
cooled  to  90°,  it  yields  small  rhombic  cryatals  of  uw  compoond  Hh^fClK)  or 
aHhgd'.HhgO,  which  may  be  treed  ftom  ■(■l—'td  merenrie  dilorida  bj  abatdute 
alcohol.    (Boucher.) 

According  to  Boncber'a  latMt  axperimenta  (Ann.  Chim.  Phys.  [3]  zxvij.  3$S; 
Jahreeb.  1S4S,  p.  233),  the  compodtion  of  the  oi^cliloride  formed  In  tha  action  of 
mercuric  ddorioe  on  mercuric  oxide,  is  diffnent,  according  as  tbe  mi  or  the  yellow 
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modiiliBtioa  ot  the  oxide  U  oeed  in  its  pTOparotion,  and  Ukewiie  Tarira  with  tht  tern- 
perBtom  aJid  tha  natnra  of  the  BolTent.  At  high  temperaturoa,  vhatbsr  the  red  or 
yelloir  vaiietf  of  the  osidB  be  emplojed,  and  whetiiiir  the  chloride  be  naed  in  the  slate 
of  aqneoua  or  of  alcoholic  aolutioa,  thepmdaela  fbrmedAro  invariably  the  samfl,  TiE^t  B 
black  inaolublo  componndi  HhgCl*.2ahgO,  containing  the  red  oiide^  and  ft  whit^, 
vimcwbftt  solnble  ■abotance,  conaiatingof  SHhgCl'.EhgO.  At  ordinary  temperatnnB, 
the  yellow  oxide  always  piodacea  the  yellow  compound  Hhf^'.SHhffO.  The  red 
oxide,  dissated  in  tha  cold  with  exceaa  of  corioaiTe  anbliiiLal;*^  diaaolTsd  either  in  water 
or  in  alcohol,  fonna  black  HhgC1*.2HligO ;  bnt  when  the  oiida  ia  in  exeeea,  and  the 
chloride  ia  naed  in  the  atale  of  aqneona  aolutioa  and  &cqiieiitiy  renewed,  a  more 
energetic  action  takes  place,  and  the  compound  formed  is  HhgCI*.6HbgO.H'0 ;  by 
operating  in  a  similar  munner,  bat  naing  a  aomewhat  Urver  quantity  of  the  chloride 
aolntion  at  flrat,  the  anhydrooa  compound  HhgCl'.BHhgO  is  produced.  Finally,  the 
nature  ot  the  product  is  influenced  by  tritnration  :  for,  1^  triturating  the  red  oxide  in 
the  cold  with  acJntion  of  comaive  aablimata  renewed  at  shoit  intemla,  the  product 
HhgCl'.4HhgO  is  obtuned. 

^  the  mercuric  oxychloiidea  yield,  when  heated,  a  sublimate  of  mercuric  diloride, 
(»  are  further  decomposed  into  o^gen.mercaiouaandmercariachlorideB,  and  a  rteidiia 
of  msrcoric  oiid& 

■KMmODXX,  OXTOTAVXna  or.     See  CrunnxB  (ii  366). 

■camovmT,  oxrv&vomzBa  or.    Bee  p.  bos. 

MSBOmT,  OXron-BAXTB  or.  For  the  general  eharacten  of  these 
■alts,  see  pp^  8B9,  900 ;  and  fbr  the  special  deaenptiona.  aee  the  sacerul  Acida. 

mkomr,  OKr-XODZDB  or.  Auto  nereune  ioJidt.  ^ig'I'O'  " 
HhgI*.SHhg|0. — This  eomponnd  is  obtainnl  by  melting  the  oxide  and  iodide  together 
in  Uie  leqoinid  proportioDa,  or  by  heating  the  iodide  with  dilute  potuah-ley.  It  is  a 
;ellov)th-bT0wn  powder,  moctlj  mixed  with  excess  of  oxide.  [For  its  reactions  with 
ftmmODia,  aee  MBRCDBi-BUna.  AiotOHUoij,  p.  919]. 

■KMrnOUST,  rSOaPKISB  or.  This  eompaund  ia  formed:^!.  By  heating 
flnely-dind«d  mercury  with  li  pt.  phosphorua  (Felletier);  2.  By  digesting  2  pte.  of 
mercnrie  oxide  with  1^  j)hospnorua  and  1  water,  mercuric  phoaphate  being  foinwd  at 
the  aante  time  (Felletier) ;  3.  By  decomposing  heated  calomw  with  Tapour  of  phos- 
phoms  (H.  Davy);  4.  By  boiling  aqueous  mercuric  chloride  with  phospnoma 
(Boullsy)  ;  6.  In  the  decomposition  of  aqueous  mercaroua  nitnta  by  pboepboretted 
imlrwen  gas  (ThomBon);  fi.  When  pho^horetted  hydrogen  gas  is  passed  over  dry, 
sughth-heated  menmric  chlorida,  wheretqion  tb»  phosphide  of  mercuiy  sDblitocs. 
(W.  Boss.) 

Phosphide  of  mereuir  (1  and  1)  is  black ;  may  be  cut  with  a  knife ;  giree  off,  when 
distilled,  first  th?  phosphorua.  nnd  al^erwards  tha  mercury;  and,  when  exposed  to  tha 
air,  graduaUy  loses  its  phoephorui  by  oxidation.  That  prepared  by  method  (S)  ia 
brown  (H.  Davy),  brown-red  (Berielina);  according  to  Davy,  it  remains  solid  at 
the  boiling  point  of  meronry,  and  may  be  preserved  unaltered.  That  prepared  by  (6) 
baa  the  ibrm  of  dark-brown  flakes.  The  preparation  (6)  is  an  orange-yelloir  aubli- 
mata,  which,  when  somewhat  suddenly  heated,  is  reMlved  into  phosphoTDS  and  mercniy. 
(H.  Boss,  Fogg.  Ann.  xxiv.  S36.) 

BCBmontT,     WKomwrnocwoMMMami     or. —  a.   HiVf*CI'.3HK)   - 

Eh^I'.SHliz*Cl*.,<IH*0. — Formpd  by  pesaing  phoBphoretted  hydrogen-gaa  throng  an 
aqueoDB  or  alcoholic  solution  of  mercuric  ehlonde.  It  is  a  yellow  powder,  which,  when 
Aeafail  in  a  retifft,  yields  a  large  qnanti^  of  hydrochloric  acid-gaa.  77'G9  per  cant. 
metallic  mercury,  and  a  residue  of  phosphoric  acid.  Bj  boiling  with  Koter,  it  yields 
metallic  mercury  and  a  solution  of  hydrochloric  and  phosphoraus  acids  free  bom  mer- 
cuiT.  Caustic  jtotiuh  decompoeea  it  in  a  similar  msnnsr.  Heated  with  dilate  nilrie 
add,  it  eLminatte  nitric  oxide,  and  is  oonTerted  into  86'T7  pet  cent  of  eabmel. 
(H.  Base,  Fogg.  Ann.  iL  T9-) 

B.  'Eh^FHJl"  —  3HhgCl*.2PCl>.— Obtained  by  direct  combination  of  pentachlorids 
of  phosphorus  with  mercuric  chloride.  It  forms  easily-ftiaible  uendlea,  vrbich  Tolatiliss 
at  about  300°,  and  decompose  when  suddenly  beatocL  (Baodrimont,  Compt.  reud. 
Iv.  361.) 

MBBOVKT,  ■■UnmUi  or.  iterame  StliTtidi,  Hhg'Se,  may  be  produced 
artiflcially  by  direct  union  of  itii  elements  a(  a  high  temperature.  As  thns  prepared,  it 
forms  a  tin-whita  masB,  which,  when  strongly  heat«d,  aublimea  without  previous  fusion 
in  grey  metsUic-ahiniiig  lamina:.  It  obstinately  naJals  tha  action  of  the  greater  num- 
ber of  solvents,  bnt  is  diasolved  by  nilromurialio  add,  aa  mercuric  selenite.  Sitria 
add  produces  the  aame  oxidation,  but  only  after  long- continued  boiling. 
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BTERCURT:   SELENIDE— SULPHIDES. 


Tbe  Tilkraoda  minenl  mntuni  mIw  s  tnee  of  eoppar.    Vlim  itii  h«aledIwfore  th« 

"'  ■    )f  foreign  niBittor.mclading 

'o  tbe  niUtile  portion. 


Uoinape,  thegn>ttrputToUtiliMa,leaniia  ll-BSpO'cenL  of  fon 
10*S$pare«(it.fema  oxide).  The  preceding  anHlYns  appliwito 
If  th*  loM  Im  nekonad  u  MUniom,  the  minetml  bu  Teij  oei 
Ha'Bt  or  Hh'gSa,  The  uuIjm*  of  the  minenls  from  Zorge  and  ' 
e  fiwiniUa  Hbgfic^,  which  ii  tint  of  a  mercuimo-mpicuric  > 


SIig'BaL4Hhg*8&      It  ii  poanbla  howerer  that  tbne  minarali  may  nallj 
afiiHreiincMlBDideHh^^(£an       '   '         '    '"        ■'      '  --  ■■ 

re  MUnidei  c3  mamuy 


ide  Hh^^  {SLunaaltti eig' I Xintralclienu,  pp.  3fi,  1010). 
enidei  c3  mamuy  are  masdve  minenda,  with  compact  granular  textni* 
and  no  denage.    Haidneaa  —  2-B.    Spedflc  gravi^  —  T'l  to  7'37  {ot  the  ClanaLbal 


on).    lAsbe  inetalli&    S&eak  ibiiiing.     CDlonr^atoel  to  blackish  lead-grej'. 

Bdatidt  of  Utrewy  and  Lead  tOna*  the  minenl  LtJkriaeMii,  occomng  at  Tilkaoda 
<pp;  068,  S70V 

Stienide  ttf  Mtremy,  Lmd,  and  Copptr. — Minnala  having  tbia  oompgaition  oontr 
at  Tilkaiode  and  at  Ziuse  in  the  Han ;  they  are  intiniate  mixtona,  in  which  a  white  or 
minaral  e>7atalIiBed  in  imoll  enbei,  and  a  Tialet  minenl,  ma;  be  diatingniabed. 
^acimena  anoljaed  in  Banaelibeig'*  labonloij  g»e 
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*  {8penfle grtTitj BT4) .    . 

.    .    88-63 

26-36 

az-i8 

13-12      -      99-14 

fc(%^      .,      *M).    . 

.     .     31-19 

4S-06 

lT-*8 

3-61      -      88-34 

I     Onofritt. — A  minenl  ( „ 

with  othar  otca  of  mnreot;  nau'  San  Ono&e  in  Mexioo.  It  containi  according  to 
H.Boae'aaiial7aia  (F<^  Ana.  xItl  316),  6-411  per  cant,  •eleninm,  1030 aolpiiir,  and 
81*33  nUTCluy;  whence  It  uneaia  to  baa  componnd,  orperhapB  an  iaomoipbous  miztunt 
of  1  at.  Hh^a  and  4  at.  HhgB.     In  ita  pliTaical  eharactare  it  resemblea  meteuoo 

Del  Bio  (Fogg.  Ann.  zir.  182)  mentioned  a  grey  mimral  &om  Calabni  in  Uexioo 
oontaining  19  par  cent  adeninm,  1'6  anlphnr,  24  line,  and  19  mercniy ;  aba  a  i«d 
mineral  likewise  containing  eeleninm,  mercnry,  and  cin&  Subaaqnentl;  {Oiid.  xziix. 
626),  he  deaeribed  the  latter  aa  a  miitnm  of  aelanio-aalphide  of  mereurj,  aeUnide  of 
cadmium,  aalenide  of  iron,  and  free  selenium. 

Hereoiy  forma  two  snlphidea,  tmalagoaa  to 

Hg*S  or  Ehg^  Thia  ia  the  Uack  precipitate  formed  by 
■n^ydric  add  or  anlphide  of  ammoninm  in  aolutiona  of  marenroni  salts.  It  may  m 
pr^MTedbypaamngaoIphydrie  add  gaathiooghkaolotioi]  of  merenroaa  acetate;  if  the 
nitzate  is  used,  the  libmted  nitric  add  exerts  an  oxidising  action  on  the  preopitat^ 
The  beat  mode  of  preparation,  according  to  Beixeliua,  ia  to  drop  a  dJata  adution  td 
mercnnnu  nitrate  into  a  dilnt*  aolotion  of  anlphydrale  of  ammonium  or  potaidnm ;  or 
a  aolntion  of  dther  of  these  anlphydi«t«a  may  be  poured  upon  calomel  recently  pred- 
pitaled  and  itdll  moist. 

Heicuioua  aalphide  in  the  dry  state  ia  a  deep.bU^  powder ;  it  ia  reaotred  at  • 
gentJe  heat  into  mercnric  sulphide  and  metallic  mereuij,  which  remains  mixed  with 
the  sulphide  in  tbe  fonn  of  sma]!  globolea.  At  a  alzmger  beat,  it  yields  a  sublimat*^ 
fliBt ofmstsUie mercoiy,  afterwarda of dnnabar. 

Manmrle  SolpbU*,  Hg%  or  Hhg'S.  This  compound  exists  both  amosphona 
and  crystallised  ;  in  tbe  fbrmer  state  it  la  black ;  in  the  Utter,  it  has  a  fine  red  ndonr 
and  conatitiites  the  well-known  pigment  called  cinnabar  or  Term  ill  ion. 

a.  Amorpkoitt  Mir  curie  Sulphide. — Wlien  mercury  and  anlphnr  aretritnrsted 
together  fbc  a  long  time  in  tbe  proportion  100  mercniy  to  16  aolphar,  they  nnite  and 
fonn  black  msrenrie  solphide ;  tbe  product  thna  oMsined  ia  called  in  pharmacy, 
A^ume  mtuwaUe. — The  aame  compound  is  formed  by  heating  6  pta.  mercury  wiUi  1 
pt  annihiir ;  but  the  product  thus  obtaiaed  ia  of  rather  uncertain  compoaitioD,  owing  to 
the  Tofarilisatimi  of  a  portion  of  tbe  sulphur;  moreover  it  contaioa  a  eonaiderable  quan- 
tity of  dnnabar,  whidi  remains  uudissolTol  on  boiling  with  potiah,  whereas  good 
Atthiape  ia  irtudly  or  almost  wholly  soluble  in  that  liquid.— The  ami^hoiu  snlpbtd* 
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t^  bIbd  ^Fodaeed  b;  pneiidtatiiig  tha  wlatioD  af  a  memtrie  Mtlt  with  eie«w  of  nil[ih7> 
dric  add  or  a  aolnble  aolphidajbj  agitating  meicaiy  with  penUfolphide  of  «imiinTimMi 
or  potaauun ;  nod  bj  siponns  dnnabar  to  a  veiy  senile  h«*t  in  k  doM  TeoseL 

AmorpluMu  menjuhc  aalpMde  ia  a  rdTet-bls(£  powder  or  a  ^jTajriah-bladt  mala 
When  heated  aomewhat  etrood;  in  a  doae  *anel,  it  jrielda  a  eablimate  of  ejtuubar ; 
but  on  haating  it  in  contact  with  Che  air,  the  golphorbntna  and  the  mtirniTTTftUliliiinn ; 
whan  ignited  with  aiuttic  aikaiU  or  aikainw  carbonaici,  it  nvee  off  all  its  mennir;  and 
leaves  a  reeidne  of  alkaline  mlphide  (lirer  of  ■ulphni).  ft  withstands  the  action  of 
moatBolTen(B,bntiedei»nipDHed,  with  Bepatalion  of  anlpbnr,  l^verj strong  nitric  acid; 
dilat«  nitric  acid  baa  acareelj  anj  action  upon  it ;  nitromttriatic  acid  diiMolTaa  it  with 
tolerable  fOahtj.  It  ia  likewiaa  solnble  in  aqneona  tuh/^tdt  qf  potattitan,  and  the 
aolution  aolidiflea  on  evaporation  to  a  maaa  of  alender  colourleaa  needlea  conaiating  of 
potaiaio-mercuric  aulphide,  E'Hhg'S'.SHK),  which  ia  decomposed  b;  water, 
with  aepBiation  of  black  zoercaric  anlpbide. 

0.  CrgttalCittdmtreurie  tutphide.  Cinnabar,  Vtmi^tion,  Cinnabar  occnra 
native,  being  in  bet  the  moat  important  ore  of  meienrf :  its  principal  localitiea  have 
been  already  enomerated  (p.  B83).     Bj  for  the  greater  part  of  tike  vemuUioD  occurtil^ 

' i«  however  prepared  bj  BoblimatioQ  of  the  amorpboni  snlphida. 

and  preparation, — 1.  In  the  dry  teat/. — Memitr,  mercuric  oiid^  ot 
ilpbate,  sublimed  with  anlpbar,  jielde  einnabar.  Wheo  5  or  6  parte  of 
mercDiy  are  added  to  1  part  of  meldng  enlphnr,  and  the  mixture  is  heated,  with  eonatant 
Stirring,  till  the  enlpbnr  becomes  thick,  combination  takee  place  auddetdy,  attended 
with  evolntioDof  ligDt  and  beat,  and  with  violent  crackling  and  prqection  of  tha  maaa. 
The  resulting  compound  eihibits  a  blackiih-rpd  colour,  and  frequently  a  distinct  red 
Btzeak ;  it  may  be  regarded  aa  dnnabor  partly  mixed  with  black  snlphide  of  mercuiy, 
sad  putly  with  Dncombiaed  meicury  and  sulphur  in  a  state  of  minute  division.  Now, 
when  thia  crude  product,  after  being  pouDded,  is  mixed  with  a  email  quantity  of  sulphur, 
and  a  glaaa  task  half  filled  with  it  la  loosely  cloaed  with  a  charcou  stoppeTi  aniik  to 
two-thirda  of  its  depth  in  aand,  and  exposed  for  some  boon  to  a  red  heat  in  a  alow- 
drawing  wind-fomace,  a  aoblimate  of  pore  cinnabar  ia  obtained.  Tbe  eicena  of  anlpbnr, 
being  more  volatile  than  the  cinnabar,  escapee ;  foreigo  metals  remain  in  the  form  of 
lulphides  at  tbe  bottom  of  tbe  flask.  If  tbe  upper  port  of  the  floak  becomee  too  hot, 
s  portion  of  the  cinnabar  ma;  be  lost  by  Tolatilisation. 

(Xd  mtihod  nf  prrparation  in  AvuUrdatn.^no  ponnds  of  mercury  are  sradaally 
added  to  60  pouDOa  of  melted  sulphur  contained  in  a  esst-iron  pot,  tbe  materuda  being 
stirred  up  with  an  iron  apetula,  bat  not  so  rapidly  aa  to  give  nss  to  active  combustion 
— the  nuitore  is  poured  out  upon  as  iron  plate,  and  broken  into  pieces  after  cooUns — 
and  tbe&Bgmeata  are  put  into  haud-jara  capable  of  holding  14  pounds  of  water.  The 
Bobliming  Teasels  are  eaithern  cylinders  4  feet  high,  glued  within,  and  elosed  at  the 
bottom ;  they  are  sunk  to  two-tluids  of  their  depth  io  a  furnace  in  which  their  lower 
part  ia  heated  to  redoeaa.  A  few  hand-jars  full  of  the  mixture  ore  thrown  into  each  of 
theae  subliming  Tesaels,  and  the  contents  left  to  crackle  and  bom  till  the  greater  part 
of  the  ezceaa  of  aolphnr  votatiliees,  and  tbe  flame  diminishes.  Tbe  smooth,  level 
opetaag  is  then  covered  with  a  thick,  smooth  plate  of  cast-iron  ;  tbe  plate  removed  as 
soon  as  a  anfficient  quantity  of  cinnabar  has  collected  upon  it ;  the  cJnnalnr  which  has 
collected  on  the  upper  port  of  the  rossel  is  poshed  down  again  ;  a  fresh  plate  put  on, 
&e.  &e.  The  contents  of  the  cylinder  ore  stirred  up  from  time  to  time,  and  fresh 
material  ia  introduced.  The  cinnabar,  after  being  detached  th>m  the  plates,  is  ground 
•s  finely  aa  ponble  with  rain-water. 

Method  oj  preparation  in  Idria, — A  number  of  casks,  aach  containing  3  pounds  of 
ground  sidphnr  and  4S  ponnds  of  mercury,  are  made  to  torn  upon  their  axes  for  two 
or  three  hours,  till  the  contents  are  converted,  with  slight  evolution  of  heat,  into  a 
brown  powder.  100  pounds  of  this  powder  are  then  introdured  into  an  upright  cast- 
iron  CTbnder,  previouslj  heatodinaftimace;  the  cjlindpriscoverodwith  an  iron  capital, 
kept  down  bj  weights  till  the  crackling  of  tbe  mass  is  over ;  and  tbe  iron  capital  is  thaa 
replaced  b^  one  of  stone-wore,  having  its  beak  connected  with  a  tube  and  receiver,  and 
the  fire  is  increased.  The  best  cinnabar  collects  in  the  capita  which  is  afterwards 
broken  in  piecea  ;  that  which  condenses  in  the  tube  and  receiver,  if  mixed  with  excess 
of  Bolpbnr,  ia  added  to  the  quantity  intnidDced  at  tbe  next  sublimation.  Tbe  cinnabar, 
after  being  find;  gcound  with  water,  is  well  boiled  with  potash-I^,  sjid  washed  with 
boiling  and  with  cold  water.    (Mitscherlicb,  Lekrbucn.) 

Chineie  mrlhod.^1  part  of. sulphur  and  i  parts  of  msrcnry  are  sublimed  in  an 
earthen  Tenel,  to  whicQ  an  iron  cover,  kept  constanUy  moist,  is  Inted ;  the  fire  is  >ept 
up  for  fbnr^jid-twenty  hours  ;  the  vessel  broken  np  otter  coaling;  the  leaa  pure  gnbli- 
male  separated ;  tbe  purer  portion  pounded  up ;  tiis  powder  sifled  into  a  large  vessel 
filled  with  water;  the  water,  with  the  scum  floating  on  it,  is  poured  off  after  o  whil% 
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EniopMii  cinnabar,  wh«Uur  tfeparad  i: 
"    n  of  jellow;  the  Chuww,  irtueh  a  aii 


tuwe  of  J 
altfiongli 
limadon  oi  eomn „  _  , , .^ _,, 

Odnnabai  ii  obtiined,  vhieh  hodaaUK  btowa-iea  when  pnlrerued :  bat  if  it  be 
J  onmnd,  and  repeatedly  Ixnled  with  aolntiiHi  of  Urer  of  nilphnr,  Aen  tboronehly 
washed  and  digested  with  OTdiochloric  add,  and  afterwarda  woabed  and  drie£  it 
becomaa  Bxadtly  like  the  Chinne  Termillion.  bnt  of  a  Hill  flner  colour.  No  antimoBT 
can  be  del«!tsd  in  it.  '  (W vbrle.  ZeiUcAr.  piy;  v.  Wiu.iL  27.) 

The  princripal  point  to  be  attended  to  in  Uie  preparatioD  of  dimabar  bj  ndilimatao^ 
U  that  no  black  amoipboiu  solphide  ahall  get  mixed  with  it. 

i.  In  fit  uiet  viay, — The  black,  amocphon^  nilphide  of  mtrtrarj  obtained  b;  the 
action  of  aalphrdrie  acid,  rn  of  aLkalina  Bulphydratea  or  penolphidra  cm  laarearj,  ita 
oiidea,  and  aafu,  ia  oonTeitAd  by  contact  with  alkaline  peHolphidea,  alovl;  In  the 
cold,  bnt  quick];  when  boated,  into  the  red  mlphide. 

Ten  fine  cinnabar  may  be  obtjuned  by  inunoniiig  recenlly  precipitated  "  white 
preeipitale"  (p.  916)  in  a  solution  of  anlphydrate  of  ammoaium,  or  in  manoaalphide  of 
anunoninm  prsTioiuly  aaturated  witb  inJphar:  the  black  cotoor  which  tbo  praeipitate 
flnt  acqnirw  passae,  at  a  temperatnre  between  10°  and  £0°,  through  red-tuown  into 
the  beautiful  deep  red  of  Chinese  TermillioD,  the  change  taking  place  more  qnickly  u 
the  liquid  ia  more  concentratAd.  The  colour  may  be  rendered  Mill  brighter  by  mbs»> 
qaent  digestion  with  pottuh  M  a  gentle  heat.  (Liebig,  Ann.  Ch.  Pharm.  v.  289 ;  ni.  19.) 

Branner(Pog9.  Ann.iv.  &B3)  carefully  triturates  100  pta.  of  ntemu;  with  SSpU. 
of  flowers  of  Bulphur,  till  the  whole  is  converted  into  black  amoiphons  aalphide — a 
t>rooess  which  FOquir(«  three  honra  for  boibII  quantities,  and  twelve  hoora  if  the  quantitf 
amounts  to  a  few  pounds — and  heata  it  in  a  porcelain  basin  or  a  caal-iron  pot^  with  « 
■cJntion  of  2£  pta,  of  potaeeinm-hydrate  in  133  to  150  pts.  of  water,  keeping  the  tem- 
peratnn  uniformly  at  45°,  and  never  letting  it  rise  above  60°.  At  first  tha  mixture  ia 
continual^  stirred  with  the  peetle,  afterwarda  from  time  to  time.  The  watw  whidi 
evaporates  is  replaoed,  bo  as  not  to  allow  the  miitora  to  scqoire  the  thicknem  of  h, 
jelly.  Wheri  the  reddening  has  once  begun,  which  generally  takes  place  in  abont  ei^t 
hours,  the  heat  most  not  be  allowed  to  riae  above  46°  ;  and  as  soon  as  the  red  bos  *t- 
taiaed  ita  greatest  degree  of  brightness,  the  vessel  is  removed  from  the  Are,  or  else, 
which  is  better,  the  miitnie  ia  kept  for  soma  honis  expcoed  to  a  gentW  hea^  It  ia 
then  washed,  and  the  mercury  which  remains  metallic  is  separated  hv  lerigation, 
whereupon  it  yields  from  lOB  to  110  per  cent,  of  cinnabar,  bnt  little  inferior  to  Iha 
finest  native  variety,  and  &t  superior  to  that  obtained  by  sublimation.  The  ibova- 
mentioned  proportiau  of  the  ingrediBnts  gives  tba  laigest  amount  of  cinnabar ;  100  pts: 
of  mercury  yield  with  40  pta.  of  sulphur  and  40  of  potaasium-hydiate,  107  cinnabar; 
with  2S'3  sulphur  and  St  potanimn-hydrata,  81-2;  with  33  to  40  iDlphur  ana  90 
potassium-hydrstfl,  81'6  ;  and  with  SO  sulphur  and  SO  potassium-hydrate,  chiIj  47-3 
dnnabar.    (Brunner.) 

Dobereiner(Schw.  J.  IxLSSO)  gently  heats  maicni7  with  aaolatdim  of  pentasulpbide 
of  potassium,  triturating  it  contianally,  till  the  mercuiy  ia  converted  into  a  dark  red 

SDwder,  a  change  which  generally  takea  place  in  about  an  hour  and  a  half;  be  theo 
ecants  the  liquid  (which  oontains  piotosu' 

snlphttrmav  '     --•--'"•  '- -■- 

powder  with 
R<d  colour. 


decants  the  liquid  (which  oontains  protosulpbids  of  polasaiitm,  and  by  digestian  with 
sulphur  may  be  rendered  fit  for  another  preparation  of  cinnabar]),  and  tntniatea  the 
powder  with  a  small  quantity  of  dilate  potash-ley  at  40°  or  15°,  till  it  aequins  a  fieij 


a  protosulpbids  ol 
mother  preparatic 
powder  witli  a  small  quantity  of  dilate  potash-ley  at  40°  or  45°,  uU  it  aeqnins  a  fieij 
n<d  colour. 

If  the  cinnabar  has  become  brown  from  being  heated  too  long  with  snlphnr  and 

potaah-ler,  it  may  be  restored  to  the  state  of  the  flncet  Termillion  by  the  addition  of 

waterand  the  ap^ication  of  a  moderate  beat    (Storch,  B^xitt.  Fbanu.  z^cr.  LOT.) 

III.  if  artins  (Kastn.  Aroh.  X.  497)  idacei  tba  isgndient*  in  bottles  closed  with  GortB 

and  padcathmintoaboz,  whidi  is  &atened  to  the  npipeibeamof  asaw-miU.    In  24 


of  the  cinnabar  into  the  brown  stat^  which  is  to  liable  to  take  place  on  the  af 
of  heat. 

AdidUrationt. — BrtCiI^iut remainB  behind  oa  ignition. — Oxidtbf  iron,  the  same;  it 
may  also  be  dissolved  ont  b;  hydrochloric  acid. — Btd  laad  remaina  behind  on  ignition 
in  the  form  of  a  fused  protoxide,  and  yields  chloride  of  lead,  with  evolution  of  eblorint^ 
on  boiling  the  substance  with  hydrochloric  acid;  the  chloride  thus  formed  may  be 
extracted  by  boiling  water. — Smgoiii  Blmd  :  Empyrenmatic  odour  on  the  applioalicm 
of  beat ;  gives  a  red  colour  to  alcohol. 
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RvpcrUa. — NatiTe  ciiinsbar  uid .  man/  of  Uis  utifldal  vnistiea  fcim  heuihcdnU 
ci^stau  bdon^ng  to  the  hexagonal  BjBtem,  the  primarj  form  lieing  an  aante  rhombo- 
hrdron,  ia  which  tbe  length  of  the  prinripal  itxis  is  229,  and  R  :  B  in  the  tamiiiutl 
edges  71°  48'.  The  moat  oidiiuty  combination  ia  B  .  o&,  somewhat  lib  fig.  3S1 
(ii.  221) ;  alio  with  oR,  the  latter  aometamea  predomiaating.  CleaTage  parallel  to 
a>R.  Cijmabai  obtained  bjr  mUimatiDn  aasnmea  th«  fbrai  of  flbMna  maMee.  Speciflo 
gnritj  of  the  natire  BUUFral,  S'O  to  S-1 ;   of  a  devvabl?  variety  from  Ifenmarklel, 

""""    -'"-    ---- .Bd«)niponnd,8-0602(KarBten),8124(Pol.Bonlla7). 

imJ  —  a  t«  2'Sl  It  il  aectile  uid  haa  a  aubcoiMihoidal 
H  it  ia  oochineal  colonred,  tranaoanmt,  and  haa  an  ada- 
mantine liutre ;  ita  powder  ia  Botilat.  It  becomes  brownieh  when  gendj  heated ; 
qnite  broirn  at  2S0°,  and  black  at  a  hiahvr  temperatnn ;  but  if  the  heat  haa  not  been 
atrong  enongh  to  cause  it  to  TolatiliBe,  it  recovers  its  fine  acsrlet  eolooi  OQ  cooling. 

Pore  merctuic  Bnlphide  contains  Sfl-S  per  cent.  merciLiy  and  13'2  anlpbur;  native 
nnnabar  ia,  for  the  moat  parl^  neoilf  pure,  the  peieentage  of  mercni;  Tailing  from 
•bout  78  to  SB  pw  cent 

In  its  ohenuoal  ndatiOBa  dnaabac,  both  aataral  and  aitifldal,  lesemblea  the  amor- 
phona  nilpbide,  aiceptiiig  that  it  ia  still  lees  aaailr  attacked  by  aolveata.  Heated 
vith  inm,  tin,  antimony,  and  several  other  metals,  it  yields  metallif  meicni;  and  a 
•alphide  of  the  other  metaL  Catitie  alialit  sad  aliaHne  carhcmaltt  also  liberate  the 
mercniy  at  a  red  heat,  while  a  miitme  of  ntet«Uio  sulphide  and  snlfliate  MBuma 
behind ;  thoa  with  tint* : 

4H1«8  +  MeaO    -    Hhg*  +  aOeiS  +  C«aSO'. 
Ea«tad  with  ^retoiidi  of  lead,  it  givM  of  saJphunma  aahydride  and  maeory,  kariag 
very  pore  metallic  lead,  and  a  ftiaed  slag^  which,  if  ths  oxide  of  lead  ia  niA  in  nry 
great  excess,  contains  andecompoeed  dniiabar, 

■camcnntT,  arnVKOSSOMISB  OW.  B^hg'BHS*,  Hh^Br>.2Hh^  When 
■ulphyddc  add  gas  is  passed  through  a  solution  of  mPicuiic  bromide,  a  white  pncidi- 
tate  is  at  first  formed,  consisting  of  this  compound,  which  is  afterwards  transformed  by 
excess  of  sulphydric  acid  into  black  mercuric  sulphide.  The  eulphobroaiide  is  also 
produced  by  digesting  the  black  sulphide  with  I^e  aqueous  sotation  of  the  bromide. 
It  ia  yellowish- white  when  di^ ;  sputa  up  into  mercnrio  bromide  and  cinnabar  when 
heated ;  is  blackened  by  aUudia,  bat  less  quickly  than  tlla  comopoadiog  chlorine-com- 
poimd.  It  is  neither  decomposed  Doi  dueolved  bj  nitric  oi  lalphniic  add  at  the 
boiliiig  heat. 


vr.    ^hsfCltP.    Produced  by 
hobromide  «!:'''  ''  ""' 


Mmilw  to  those  shore  desaibed,  fbr  tJie  sulphobromide  which  it  leaembUB  in  ita  pro- 
partias  and  ia  moat  of  it*  leMtioiis.  Heated  in  »  etment  of  oblnrinB  gaa,  it  yield* 
chlonde  of  suJxibur  a&d  nennrio  ohloride- 

MBKODKT,  ■VBTBOaOBiim  OT,  ^fP8  -  Hligl'.HhgS.  Fndnecd  like 
the  preceding  compound,  wldeh  it  resemblea. 

xmrnaamw-M i> tvg,  AMMowx&OAX-  (C.  0.  Uitscherlich,  Fogg.  Ann. 
ix.  387i  zvL  41.— Kane,  Ann.  Ch.  Fhya.  [2]  Ixxii.  216.— Plantamour,  Hn.  Ch. 
Phaim.  xL  116. — Bammeleberj,  Po^.  *nn,  ]v.  248.— Millon,  *""  Ch.  Phys,  [31 
zriii  333. — Eirael,  Uebfr  dit  E^wirkMig  ia  Quiiiisilberoiaidt  anf  dai  Ammimtai 
tltid  di«  AiimiHtiai-iierbindimgen,  Leipmg,  18S2;  abttr.  *""  Ch.  Pharm.  lixxiv.  2fi8. 
— Schmiedet,  J.  pr.  Chem.  Ixxv.  120;  Jahreeb.  18S8,  p.  204.)— By  the  action  of 
ammonia  and  its  salts  on  msrciuT-compounds,  a  variety  of  subataoees  are  formed,  some 
of  which  were  origiiudly  regarded  as  oomponnds  of  ammonia  with  nennuT-SBlla ;  t^., 
■)n>wr»o->Hre«PK>  cMloruU  NH'.Hhg-Ol' ;  mvuniio-mtnuroiu  eUoridf,  NH'.mi^Cl; 
ammeme  mirenna  iodide,  JSH'.HhgT'i  Sac  Eano,  in  aooardaaee  viGi  hi»  ami^gso 
theoiT,  regarded  these  compounds  as  containing  amidt  of  tntrxrury,  NH'Hg,  com- 
bined with  other  mercury-  or  amidogen-compounds.  Hirzel  and  others  have  repre- 
sented them  as  containing  nitride  o/niflvurj',  NHc*,  as  a  proxiiiiale  coDstitnent.    Gsr- 


?B  or  lees  replaced  by  morcuij;  .     . ..   ._.^._.  ._ 

accordance  with  the  ammonium-theory,  these  compounds  being  supposed  Xa  contain 
ammonium-molecules,  in  which  the  hydrogen  ia  wboUy  or  partly  replaced  by  mei- 
cnty  in  the  ^opoition  of  100 1«  300  [rta.  mercury  1«  I  pt.  hydiogen,  acoofding  a*  the 
oompou&d  is  formed  from  a  mercnrie  or  a  marcBmoa  sal^  thus: 
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SiaumroBuunonliun      ....        lIH*(Bg*)' a  HH*H^ 

TrineMimmmoDiDm ITHEg*  cc  TI*H^E(![i^ 

TrimarcoTOMuanioiuQni NH(H^''  or  NHHIi^ 

TetnjnenMiiuiunDmnm NHe;  or  S'^tg' 

Voii«  of  the  merennunmoiunma  ixn  iMan  obttuned  in  ths  frM  itate ;  bat  tzimor- 

eonmiiie,  'H(^  otStiffS*,  ia  piodneed  bj  tha  udon  of  anmoiiu-guoii  diy  maicttiie 

KannummmMdmB.  ^jlT  oi  ^^tm— The  hromU*  ot  this  b«w, 
^|lTBior^?"|H<Bc',  (l>b<o>-q,>p.d21)  u  prodaeed b;  meUinfi  nurennc  bio- 
mide  at  a  gentle  beat  in  anmumia  gta,  tha  salt  than  taking  np  abont  3-4  per  csot. 
of  the  gaa.  Wat«r  exti«cta  bromiije  of  Bmnuniom  froni  tha  product,  and  laavea 
a  yelloir  powder  vhich  gives  off  ammonia  whoD  lfeat«d  inth  aqoeona  anl^iide  of 
■   in,Wr-'  -"'  ' -■- 


it  not  with  oeoatio  potiah. 


5pii 


Bronida  of  Mtrvitrj/  and  MtreuraaMenium.  lIH*.2HgBr  —  g^tKBr.HgBr 
M  ^f^ilT^r*.  HbgBi*,  ot  Sremdi  ef  Hyiregen  and  Dimerairamiiiennim 
H7.Ehg'3t*  —  ^^  >IT.HSr,0),iapiodni!iidb7B«tiiratingnien:nriebHaDide«ith 
a  wfaite  powder  inaolnbls  in  water  and  in  aloohol,  apaitagly 


adoble  in  ammonia,  and  ia  raBolved  W  heat  into  nitrogen,  amntonia  gas,  aqneoaa 
vapour,  [?  hfdrogen],  and  a  anblimstB  ot  mercniic  bromide. 

C%lorid«  of  Jl^<r<iBrai»M.on(uoi.— HH^JEgCl  -  ^JHOor  ^Ih»C1',(.). 
FatibUuiMte preeMtatt.  ObtainedbypredpitatinsasoIntionofamiiioiiio-nMrciiricdilo- 
nde  (olnninitl  toll,  p.  SOS)  with  potash(Wohler),  orbydroppingaaiilutionofmeKniie 
chloride  into  a  bcnling  eolatioD  of  aal-ammoniac  mixed  with  free  ammonia,  ai  kaw  astho 
reanlting  prrdpitate  redinoWea ;  it  then  Boparatce  on  cooling  in  gamet-dodeca&tdroiM 
(Mitaederlich).  At  a  gentle  heat  it  siiesoff  half  it^ ammonia,  leaTing  the  eompovod 
NH'.^fa^CP,  (A),  liliich  u  also  formed  b;  eentl;  heating  mereniie  chloride  in  aatrram  of 
smmonia  gaa,  or  hj  distilling  mercnric  onde  with  sal-BHuDoma.    (Hitscherlieh.) 

Ioiidt.—SS^Mgl-^tm  or  ^,'JNT,{i,).  Bed metcnno iodide abMrba am- 
monia saa  and  forma  thia  wlut«  componod,  which  howerer,  when  eipoaed  to  tho  ur, 
givea  off  ita  ammonia  and  in  reconvened  into  red  mercnrie  iodide.     (H.  Beaei) 

The  compound  NH'.Hhg"P  (t)  is  obtained  b;  drenchins  merCDrie  iodide  with  aqneoBa 
,  as  a  while  crj^talline  powder  wliich  diaHoIveB  in  exceM  of  anunonia,  leaving 

Ti  powder  coneisting  of  hjdnit«d  iodide  of  tetnuaercunjnmoniiun ;  on  er^Koat- 

ing  the  ammcnical  nolnuon,  the  compound  is  dapoaited  in  nnall  ajBtala.  A  qnicklj 
gives  off  it*  ammonia  when  eiposad  to  the  air,  and  is  Ukewiae  decomposed  try  «at(v 
and  by  acids.    (Caillot  andCorriol;  Rammelaberg.) 

!■.  The  elloride  of  thia  baae 
%!lT*Cl'(aar£^kDown  iDpharmaqfas  infnaible  white  precipitate, XferrKnn* 
prmc^pUabu  dbtu,  is  formed  \tj  adding  ammonia  to  a  aohition  of  mercuric  diloride. 
When  fiifltprodnoed  it  ia  bulk;  and  milk-iriiite,  bnt  bf  contact  with  hot  water,  or  bj 
KDoh  waahmg  with  cold  water,  it  ttmajreUow  and  ■•  converted  into  faydrated  dilorida 
of  tetranmniraumoninm,  H£g<irCl*.SBK>.  It  ia  readily  diuolved  bj  adda,  and  k 
Mp^dallT  diadngtiiBhed  from  calomel  bj  ita  bdiavionr  with  ammonia,  whioh  doe*  not 
alter  whito  preciintate,  whereas  calomel  ia  blackened  b;  il^      Kane  regarda  thia 


&■!» 


eompoond  as  an  amidixldonde  of  meratry,  HsE^.HgCL 


tetrammouinm  aalta  (p.  S18),  all  of  which  contain  water,  ma;  be  rt^rdad  aa 
._._    _.   J. ! —    jjj,^   with  mercnrio  oMde,  «.  o.   the   efaluid* 


^g<N>Cl*.2H*OorHlg*H<NKIl'.3Hh^O.  In]ikeBunner.(iMMw>nfii<»;(iir7<awN,lha 
■■It  podneed  by  the  action  of  ammonw  on  metcado  animate,  and  deaccibwl  at  p.  930 
aaa  mlphate of  tetrammmnuiiDioninm, (HEg<K*)S0*.2H?0, maybe rffaidedaaabaaia 
sulphate  of  dunercnrammoninm,  (E&g^'K*)aO*.aHhg'0. 

*  TIm  Oreik  htun  Id  tali  nd  Um  muowtaf  pantn^  iifer  to  Ih*  tald*  od  pafsSll. 


nj-.cStvGoOt^lc 
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A  aonblc  nlpkait  of  anmoNAm  and  ^mtmiraimanium  ^^^|SK><.SH«,(rX 

ii  ott«iii«d  by  kdduig  merenrie  oiide  by  imall  pordoiK  to  a  cold  aatnntad  toln- 
tioD  of  BulphaU  of  amnuitiiiiin,  muting  uoh  time  for  the  last  portion  to  ilivoln^ 
till  the  liqmd  bcgini  to  show  turbiditj,  fiom  Mparatlon  of  a  wMte  baaie  eompoDnd. 
On  leaTiug  this  lolutioa  to  evapomte  at  ordinal;  tempentoreB  (if  eTaporated  over 
the  vrater-liith,  it  again  depoailii  a  while  basta  compound),  the  double  aalt  crjital- 
liaei  bom  it  in  email  vhite  neodlen,  or  more  de&nite  colontlea  ihombic  OTetals, 
whidi  gire  off  their  water  at  116".  liie  salt  dieeotves  easilj  in  mlphate  or  nUorids 
of  ammonium,  also  in  hydrochloric  acid,  either  dilate  or  concentrated,  and  in  very 
dilate  aalphuric  or  nitric  add,  bat  is  insoluble  in  itning  nitric  acid,  and  in  complete!/ 
decomposed  bj  strong  sulphuric  acid  at  the  boiling  heat. 

The  double  aalt  is  completely  deixonpoaBd  by  water,  sren  in  the  tcM,  and  oanraTted 
into  a  heavT,  white,  earthy  powder,  oonaiitdng  of  the  basic  aalt,  3(^lig^<K'}SO*.3Bhg^O, 
(f),  which  likewise  separates,  whtm  a  solution  of  mlphate  of  ammonium,  aaCntsted  with 
nercnrie  oxids,  is  poured  into  wstac.  It  tcsemblee  the  sniphata  of  tetramercnr- 
■mmonium  {amnumiaoal  iutTielhuni)  above  mentiooed.  The  lattor  ia  also  Moduced  by 
boiling  the  flnely  tritnratwl  double  salt  with  water,  conliniially  renewed  a*  Jong  ■■ 
it  takes  np  any  sulphuric  add. 

Another  baaic  componnd  ia  obtuned  by  diiBolTing  the  aboV»4eaeribed  double  salt  in 
cold  dilute  sulphuric  add,  and  adding  Uie  soIutioD  to  an  aaona  of  dilate  potaah-ley ; 

lonia  is  then  given  o^  and  a  white  lubataiice  sepantea,  which,  whra  waahed  with 

r,  and  dried  at  1 16°,  haa  the  compomtion  tiIig^fN>fiO*.3Hlig'0,  or  (d!hgfH*)30<. 


Hhg'O.aHK),  {♦). 
Ihe I  ■    ■ 


le  eolation  tit  the  last  deeeribed  compound,  or  of  the  donUe  salt,  in  hjdrochlorio 
add,  poured  into  cold  dilute  potaah-ley,  kept  constantly  in  exceea,  forma  a  white  pre- 
dpitate  of  (lfiia^1P)Cl'.8Hhg'0  or  (rfigTf  )Cl'.Hhg"0,2HK),  (ff).  This  componnd 
disBolvea  in  boiling  aqueous  chloride  <^  ammonium,  giving  off  anunonia,  and  forming  a 
double  chloride  of  ammonium  and  dimnrcnimmmonium,  which  however  has  not  jetblen 
obtained  pore.  Finally,  by  boiling  the  lost-mentiooed  compound  withetrong  potash-ley 
till  its  eoloor  ehangea  from  whilo  to  yellow,  another  oiychloride  ia  obtained,  hating  the 
composition  (ri!hg^<N^>.«dhgO  or  H£g*K*Cl<.2Hhg"0.3H*0,  (a'),  and  by  con- 
tinned  boiling  fbr  a  day  with  freah  portions  of  potaah-ley,  more  and  more  chlorine  and 
nitrogen  tnsy  be  removed,  till  at  last  nothing  ia  left  but  pure  msrenrio  oxide. 
(Schmieder.) 

Trtmarommmliia  HgV  or  ^iig'N^     Tbia  compomd  ia  fbrmsd  by  passing  iij 
ammonia  gaa  over  predpitatad  merciuio  mide  previously  well  washed  and  dried  : 

SHhgO  +  2NH'  -  Ehg»N»  +  3H*0. 
The  exeees  of  oxide  being  removed  by  nitric  add,  the  trimercimmine  is  obtained  in 
the  form  of  a  dark  flea-brown  powder,  which  explodes  by  heat,  Mction,  percnnion,  or 
contact  with  oil  of  vitriol,  almost  as  violently  as  iodide  of  nitrcf  en.  When  cantimsly 
heated  with  hydrats  of  potassium,  it  is  decomposed  without  detonation,  yielding  am- 
monia-gaa  and  sublimed  mercury.  It  is  also  decomposed  by  hydrochloric,  sal^nric 
and  concentrated  nitric  add,  yielding  an  ammoniacal  and  a  mercuric  salt.  (Flanta- 
monr,  Ann.  CL  Fharm.  xL  116.) 

By  the  action  of  various  ammonia-ults  at  a  boiling  heat  on  moenrie  oxide,  com- 
ponnds  are  obtained,  which  maybe  regarded  as  eompaunds  of  trimummuaine  ivith  mar- 

enricialta:  thns  with  phosphate  of  ainmoninm,  the  salt  H£g^<.Hhg^P<0*.2HK)  (ft) ; 
nth  the  acetate,  the  Kanpoand  ±i^.C^'Hhg'O<.4H*"0  (X)  (Eirsel).  These  oou- 
pounds  may  also  be  regarded  as  aalta  of  teOameicaraaunonium  (p.  SIS). 

THuavnramXDOBlWD.   ^|h  or^|lT<.      The  only  known  wh  of  thia 
bsM  is  Oie  nUraU,  ^*  |  N*.(N0^.2HK},  (ji),  which  is  produced  sa  a  whit«  pre- 


^f  |H',(N0^,2Hh(f  0,  or  according  to  Mitscherlich,  as  s  btuU  a 
Bureury,  SNH'.BHhg'O.NK)*. 

TattMineranrkininOBtam.  Hg^  or  d^gfIT>.       Bv  sctins  on  mercnrie  oxida 
with  a^ueoni  ammonia,  a  brows  eotnponiid  is  wtained,  tne  lo-cslled  mereDramin<^ 
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vhich  ma;  be  n^udad  u  ahjdrotedozideof  tetmmercimnunaiiiim]^  [  O'-HK). 
It  LB  a  itiaog  bue  aai  fame  dc&iita  mIU,  frdmirhicli  it  ii  s«pant«db;  uidi,  withinit 
deeamposition,  at  cudmaiy  tetDprnttime.  It  naj  aJao  b«  raguded  OB  ozid*  of  dimer- 
cnrHDiiiioDiQin  combined  vi'tb  merenric  oiide,  viz.  as  Bhg*H'NK).2HLg'0,  and  iU 
Balta  repweented  by  ooireaponding  formultE,  tbit  is  as  oomponndB  of  mercorio 
oxide  mth  the  chlorids,  iodide,  acutale,  &a,  of  dimercurammonitmi,  of  they  mnj  be 
formuLiUd  as  corapoonda  of  mercuric  aalU  irith  trimercaraiaiiie  (p.  917).  The 
tetnimmoniUm  salts  are  alao  raoduced  hj  the  iratrr  of  ammonium-aalta  on  mercuric 
oiide.    (Hirzel,  Ixiziv.  2M),  and  in  otner  reoctiona,  aa  will  be  piwaentlj  mentioned. 

Aettatt  of  Tttramereur  ammonium.  CBH^i^W)'(y.iWO  (A).— C>7at>lliwd 
oomponnd  obtained  bf  treatios  mercuric  oxide  with  acetate  of  ammomum.  When 
dried  at  100°  it  leavea  a  jellowiah-white  powder. 

The  arttnatt  it  ft  whits  aalt,  obtained  bj  boiliug  memria  oside  witii  aiaanata  of 


Sromatt.  (^iig'N*)Bt*0*.2HV,(<).—TIliB>aItseparales  slowly  from  an  aqneoiuao- 
Intion  ofmenmcicbromateslightiy  ■uperaatiiiated  with  ammonia,  bromate  ofammoniam 
remaining  in  solution.  When  heated  in  a  glaas  tube,  eren  in  Teiy  small  quantity,  it 
detonates  willi  great  violence,  metallic  meccuiy  being  scattered  about.  (RamnietB< 
berg.) 

Carbonate.  (Mi(rtP)CO«.*HX){xV— ObtdnBdlyp»»i"K'»Tb<'''*CsddgB«th«ra^ 
WbIot,  in  which  hydrcta  of  tetiwnBicnTsmiiiODium  is  nupandsd,  al  a  pale  yellov 
powder,  which  may  bo  washed  with  Cold  water  withont  dooomposition  (Millon), 
Hirael,  by  boiling  flaelj-diTided  mOTCurio  oiide  with  eicese  of  carbonate  of  ammonium, 
obtained  a  salt  having  the  Bune  compoaitian,  bat  with  \  at  water  mwe.  It  was 
yellowish-white  when  dry,  turned  gr^  when  exposed  to  light,  was  not  dsoomposed  by 
potash,  but  gaTS  off  all  it«  nitfo^sn  as  ammonia  when  boUed  with  agoeoBB  iodide  or 
sulphide  of  potassium.  By  treating  mercuric  oxide  with  an  excess  of  cold  aqneona 
oaibonote  of  ammonium,  Siixel  obtained  a  white  pulTsrulent  Bait  oontainjog 
(tibg'}n)CO'.HK)  (w) ;  when  sxpossd  to  ligbt  k  qoiokly  deeoropMcd,  —"""'"g  a  pay 

Uillan's  earbonota  of  tsCnmsounmrnaniuni  mv  be  wisbsd  wiUi  wkter  withont  d»- 
oompoaition.  When  perfectly  diy,  it  may  be  heat«d  without  alteration  to  ISO",  bnt  at 
higher  tempars.tnres  it  aires  offa  considerable  quantity  of  water.  At  145°  it  aasumes 
a  Sight  brown  tic^  not  nowem  giving  off  any  more  water  at  that  ttrnperatnre ;  bat  if 
the  heat  be  nused  to  IBO-SOO",  more  water  is  given  off  together  with  a  laive  qnantity 
of  ammonia ;  the  reraiine  haa  a  deep  yellow  colour  and  contains  a  consideratjle  quantity 
of  c&rbonic  acid,  but  does  not  eflbrveoes  with  odds.  This  residue  is  decomposed  by 
BttODg  hydrochloiie  acid,  which  eliminatea  a  gM  IKim  il^  wiUi  decrapitation, 

CMoridt.  tfltg*H*CI'.2HK)  (■).— Obtained  by  salgecting  chloride  of  dimercnr- 
ammonium  (infiiaible  white  precipitate)  to  prolonged  washing  with  cold  water,  ot 
better  by  boiling  it  with  water : 

atfhg^TPa'     -     hVnKJP  +   2H'HCI; 
also  by  tieoting  die  chloride  of  dimercorammoninm  with  potash  or  soda.     It  b  a 
heavy  gnumlar,  yellow  powder  which  tunu  white  again  whoi  treated  with  aal-amno- 
niaa    (Eane.) 

Clromate.  (d)ig*NVCcrOVSHH),  (u). —A  solution  of  chnnnatfi  of  ammoBium  does 
not  act  on  mercuric  oxide  in  the  cold;  but  converts  it  at  the  boiling  heat  into  a 
compound  of  chromate  of  tetromercurammoainm  with  3  at.  mercuric  cbromats 
(Hbz'CcrO'),  which  when  boiled  with  aqueous  iodide  or  sulphide  of  potassium,  givei 
off  tul  its  nitrogen  in  the  form  of  ammonia,  and  when  drenched  with  ammonia,  is  con- 
Torted  into  a  lemon-yellow  chromate  of  tetramercursmmoninoi  having  the  composition 
above  indicated. 


Bydratt,  '^^  >0',  (9). — This  compound  is  obtained  either  by  treating  met- 
onrie  oxide  wilh  a^eons  ammonia,  or  by  beating  a  salt  of  tetTamerenrammminm  with 
a  cstlstic  alkali.  lellow  mercuric  oxide  obtsined  by  precipitation  is  lapidly  acted 
on  by  ammonia ;  the  red  modification  but  slowly ;  the  product  of.  the  action  of  am- 
monia on  the  latter  retains  the  crystalline  ohsracter  of  the  oiido  itaelf.  By  washing 
the  hydrate  obtained  by  either  process  with  water,  then  pressing  it  between  bibulous 
pejier,  and  drying  it  over  oil  lU  Titriol  in  a  vacuum,  or  oxpoamg  it  to  a  tampeia- 


DQ'izctffcvGocit^le 
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toH  of  ISO" ;  it  ia  obtain»d  aa  &  bwwn  powder  oontBming  ^^?''[  C.H^,  (e).  By 
drjiiig  it  ovar  qnickliiM  ludar  ft  bdl-jw,  U  U  obMined  IB  a  jdloT  rabslaiiiM  eoDtaining 
"^^'jc.iHK),  («),  TIiapR)diiatpnpu«dfromtlie7«UoiraKidep«tiTithttimter 
much  mora  readil;  Hum  that  obtained  from  the  T«d  ozids. 

The  dark  brown  eamponnd '^%  !0*.HV(the  wolledoni^iifvuiflumiramfM), 
which  may  also  be  repreeented  as  a  oamponnd  of  oxide  of  dimaRnuammoniiun  witll 
mercuriB  oxide  H%g>H'R)0.2Hhg"0,  or  aa  a  hjdonraiiie  (L  197)  oontakli^ 
^f'l^ia  not  alwrsd  by  eontact  with  the  air.  ThejoUow  mora  hi^y  hydrattd 
componnil,  on  the  other  hand,  abaorba  earbonia  acid  rapidly  from  the  air  and  tenia 
white,  being  converted  into  carbonate  of  ti' 

boilinztoK  .,_.  .  ._.  ,. 

with  hadrait  of  potauitmt  into  nitrogen,  matallic  mareniy,  and  n 

Hy Jrate  of  tetrameronnunmoniam  disaolvH  vetT  easily  in  aeidt,  fbnning  the  salte  of 
tetnunmoniam.  It  eipela  ammonia  Tcry  madily  from  ita  aalta  Bke  lime.  It  disialTM 
Tsry  easily  with  brisk  erolotioD  of  «"■"""'«  gai,  in  a  hot  aolntion  i^  nUratii  of  am- 
tKontan,  and  the  aolation  depoaiU,  on  coolinf^  a  conaideiable  qnauti^  of  white  OTatftla, 
which  ate  decomposed  hj  water,  yielding  a  greenish-yellow  powder.  It  dissoliea  alao 
with  equal  Cunlity  in  a  hot  aolntion  of  4ai-aamomae,  with  erolntion  of  ammonia,  and 
aeparauon  of  a  white  powdtr  insolable  in  inttr, 

Iodalt.—Bj  digndng  mercoris  iodate  with  ammaoia,  Hillon  obtained  ft  salt  of 
Tariable  compoatti<»i  which  dtcranpoaed  at  aboot  180°,  with  detonation  and  finmstion 
of  meteoiie  udide. 

Iodide.  S^g'HTI'.ZHK),  (■). — Thia  compound  maybe  formed  in  aeTeral  wsya. — 
I.  By  heating  meraniio  iodide  with  ezc«M  of  ammonia : 

4±igX»  +   8HW  +   2WQ     -     riiig^NTI»2H»0   +   BH'NI. 

Iodide  of  hydrogen  and  dimeicnismmoniitm  is  fomwd  at  tb«  same  time  and  diasolrra 
in  the  hot  Lquid,  while  the  iodide  of  tetramercnmiuDOiiJani  mnsine  in  the  form  of  a 
brown  powder.  To  obtain  it  pnm,  Hm  liquid  must  be  deoantad  before  it  begins  to  de- 
posit oyatala,  and  the  bcirwn  rendne  again  boiled  several  times  with  fresh  ammonia, 
tiU  the  filternl  liquid  no  longer  deposits  OTstals  on  cooling. — 3.  By  paaaing  ammonia- 
gaa  oret  mercniic  oiy-iodide : 

riV^O"  +   2H"N     -     H£g'N*P-2HK)   +  H^. 

3.  By  digesting  the  chloride  of  tetrameKmsmmoiunm  in  ftqueoas  iodide  of  potassium 
(Bammelsberg) ;  adding  ammonia  to  a  solntion  of  iodide  of  menniry  and  potaaainm 
mixed  with  caostio  potash  (Nessler,  Chem.  Osz.  ISfiS,  ppL  i4S,  463): 

4Hhg^T  +  mrs  +  6KH0  -  BVlfP.aHTO  +  14KI  +  4^0. 
This  last  reaction  affords  an  extremely  delicate  test  fbr  ammonia.  A  solatJon  of  iodide 
of  mercnry  and  potassinm  is  prepared  by  adding  iodide  of  potaaaium  to  a  solutioa  of 
corroelTe  sublimate  till  a  portion  only  of  the  resulting  red  r^ecipitate  ia  rediasolved, 
then  filtering,  and  minng  the  flltiate  with  oanstio  potash.  The  lipoid  thna  obtiiined 
t)roducee  a  brown  precipitate  with  a  Tory  small  qnonti^  of  ammonia,  eitller  free  or  in 
the  form  of  an  ommoniacal  salt.  The  precipiEata  ia  aolobla  in  asceaa  of  iodide  of 
pol»,™.     (K...I.,.) 


Iodide  of  tftmmercurammoninm  ia  a  powder  of  a  brown  colour  inoHning  to  purple- 
red.  ItpTesoff  a  small  quantity  of  water  at  128°,  and  if  more  atrongty  heated  out  of 
contact  with  the  air,  it  melts  to  a  dark  bcown  liquid,  and  is  then  decomposed  with  a 
blue  light  and  Tiolent  eiplosion,  yielding  water,  metallie  mercitry,  mercuric  iodide, 
ammonia,  and  nitrogen,  without  leBTJng  any  residue.  Heated  wiUi  aqueous  tuipiida 
of  baritim,  it  gires  off  all  its  nitrogen  in  the  fbim  of  ammoma.  In  a  abeam  of  ^dro- 
fM>He  acid  gat,  it  turns  yellow  in  part^^Tea  off  white  fumes,  and  at  a  higher  tempe- 
rature yields  a  sublimate  t£  ammonio-mercuiio  iodide,  mercnria  chloride,  chloride  of 
ammauinm,  and  iodide  of  ammonium.  It  dissolTes  easily  in  warm  hydroMorie  acid, 
forming  a  colourless  liquid,  which,  whoi  oonoentnted,  dntositson  cooUng  red  crystals 
of  metcniie  iodide,  anayeUownrysbtla  of  meivurieiodochloride. 
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Kltratt.  H£g<N^^NO■)^^HK>,(lilfll).— ObUiuedb]'iiuxiDgKliotdilDt8Baliitioii  of 

meTcuiic  oitnitu  with  u  alight  eicesa  of  ammaiuB,  u  &  white  graDoIai  powdar,  whidl, 
when  hedtrd,  taiaa  jcUow,  give*  off  nitcogaii  and  unmonia,  Ihen  nitioQi  icid,  utd  ftaallj 
DijKen  and  mercor;.  It  is  altered  bj  boiling  poUiah  ;  dissolTfs  in  cold  iB/droeUaria 
ncid,  and  is  vepanLt^  from  the  solution  bj  w&ter  ;  disflolyes  flparinglj  and  witbont  d^ 
composilioQ  in  nitrie  uid  nJjiAuric  ofi'if j  /  dIssalTce  also  in  ananonia,  And  it  partiBll; 
pKCipitat«d  from  the  solution  bj  water.  (SaubeirKD.) 
A  yellow  ci;««lliii«  double  nit  toanBdug  oi  mtralt  of  ajmntmium  and  tetramtnur- 


SfiTIo 


[  ()I0*)*.2HK)  ({),  is  obtained,  according  to  MitMbeiUch,  bj  ninng 

nitrate  of  trimercnmnmoniiUD  (p.  917)  with  exoen  of  ammonia,  and  adding  nitrate  of 

ammoniBm,  which  disaolTea  a  portion  of  the  aalt.    Aa  the  solution  oxili  ajod  the  tm- 

monia  erapoiate!,  the  doable  aalt  leparatea  in  crjatalliua  platea. 

Oxalal:   C^Blig*N^0'.2E*0,  (r).— Obtained  b^  dimtingmeieniia  oxalate  with 


...      igthe  pnidnet  till  the  hquid  no  longer  exhibits  any  alka- 

lillon);  or  bj  dimting  meFCnric  oxide  in  the  cold  with  ox^te  of 
: — 11     i>  ii  a  while,  ]^M^  •moiphoos  powder  Wdl  explodes  when 


.%-r 


Bulphati.  (B^K=)SO<.aHK),  (*).— Jfltm0iniii>i>Jft»])cUHm.  Thii  salt,  first  ob- 
tained by  Fonrcroj,  and  sabeeqnently  analysed  by  Eon^  a  prepared  by  dissolTiug  mer- 
entic  ndphate  in  anunonia  and  piedpicating  the  nilation  with  water.  Ammonia  takes 
up  a  very  large  quantity  of  mercurio  snkthate,  and  when  a  perfectly  saturated  solatiOD  ia 
left  to  evaporate  in  the  air  or  over  ou  of  vitriol,  ita  ei2rfii<»  becomea  covered  witli 
njvtalline  croBts,  conaiating  of  email,  hard,  highly  lustrona  crystala  of  ammooiaeal 
tnrpethum  (Hillon).  The  salt  may  also  be  obtained,  according  to  Ullgren,  \rt 
digesting  basic  mercuric  nlphate  (nururoj  tar^Ouim)  with  folphate  tS  ammoninm  tiU 
the  inscdable  portion  beoomes  white. 

Snlphate  of  tMnunercniammoninm  ia  a  white  heavy  powdw,  yellowiah  iriien  dry, 
when  nsated  it  turns  brown  and  is  resolved  into  water,  nitrogen,  a  smaU  qoanti^  of 
ammonia,  and  mercnrons  solphate.  Sy  nlphydrie  acid  it  is  cooverted  into  mercnric 
snlphide  and  neotral  sulphate  of  ammoninm.  It  dissolvn  in  bydrochlorio  and  ia 
uibio  add,  very  slightly  in  water. 

Some  of  die  basic  salts  already  described  as  produced  by  the  deoonpoaition  of  ml- 

tnoninm'Salls  (see  p.  SIT). 


•."Wis 


IttreuretammoBtufM.  ^^  <  N.— The  chloride  of  tbis  base,  Hbg^K CI,  is  the  blaA 
fabatanee  formed  when  dry  calomel  is  exposed  to  the  action  of  ammouia-Bas.  Whan 
exposed  to  the  air,  it  gives  off  ammonia  and  leaves  white  meronrons  chlcaue. 

Dmureurotanmonium.     ^^|lf/— Tba  eiloride,   (Bii^B^)Ci,  is  fbnnad  try 

digeetins  calomci  in  aqneons  ammonia^  aal-ammoniaa  being  formed  at  the  Batne  tune : 

SHhgCl  +  2HTT    -    {Hbg'HnOCl  +  HTTa 

It  a  grey  when  qnite  dry,  and  is  not  altered  by  boiling  water.    Kane,  whoanalyaed 
this  eompooiid,  regarded  it  as  mereurota  amido-ehloridi,  HhgCl.HhgNE'. 

SitrattofDimereuTotammonitim.  3(Hb^H*N)NO*.H'0.  'niis,acoartUnfftoEan^  la 
the  compoeition  of  the  velvet-black  precipitate,  known  as  EakiimatwCt  twMt  nereiay, 
which  is  produced  on  adding  ammonia  to  a  solntion  of  mercurous  nitrate.  According 
to  Q  Q.  Mitscharlich,  on  the  otiier  hand,  the  precipitate  thus  formed  has  the  com- 
poeition 8Hhg%.K*0'.aNH*,  which   is  that  of   a  nitiate  of  trimeic ' 

S(Hlig>HN)l!I0'.2H^>. 
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A.  cleaNT  Tio*  of  the  compodtion  ud  relatKuia  of  tlie  unmoaiaeal  mtitmj- 
eompoimdi  ii  afibided  hj  the  toUawiag  method  of  dusiflcation,  suggeated  bj  lir. 
O.  C.  ¥oatar,  in  «4iich  the  gFnttm  uumber  of  these  compoimde  aie  represented  M 
bydonuniiiet  (i,  187),  th*t  ia,  u  bodies  formed  on  tie  mixed  type, 


represeutet 

•5*1  ..J 


thr  Qreek  letteia  placed  nnder  the  fonDnls  ei 

«f  tlu  componnda  in  the  precmliiig  pages  (elB-SSO) : 


mponnds  a  eilubited  in  the  fbllowing  table,  in  which 


lb  thoae&Ctitehed  to  the  n 


^^!S 


"&"is 


^g't^ 


«-!( 

»-«! 


^i.  *te  -'Is; 

(NO')'j "     (so'r)     (CK)'r ) 


(SCO-)'' 

(corJ° 


Tfpensa 
oH-O 

'hs  msKsntna  oompoonds  m^  Iw  foniMilattd  in  •  ranilir 
Chloride  of  HeKmosammoiiiani  .... 

Chlotidfl  of  Dimezciiioeunnioniiu&       ... 


E£g*{N 
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■.■■■   ._-JIT- 

lixii.  381.- ,   .  ,  ,,  .  . 

«xix.ST.— BuektoD,  Ann.  Ch.  Fbarm.  criiL  103;  eix.  218 ;  Cbem.  8cn^  J.xvL  17.— 
f  ranklftud  and  Dappo,  ibid.  xiiL  115.) 

HecGUi;  nnitM  witb  alrohal-rodidea  of  the  aeriea,  C*H^^*,  tii.  iii?Ui;I,  nth^I,  and 
HDjl, — &bo  vith  oUjl  C'H*,  — formiiig  compoondi  into  vbich  it  enters  u  a  diuEomia 
element.  These  compounde  maj,  in  &ct,  ba  regarded  aa  tanned  &om  inorgaaie  menmrie 
compoonds,  each  aa  the  ehloride.  bromidci,  ftc,  hf  inbatitDtion  of  an  aloo£ol-imdiele  bi 
aitba  the  half  of  the  whole  ot  tlie  chkcine,  &&, :  Uiu 

Msinirte  ehlortd*.  HaTcarle  ehturrtkUg.  Itamte  itltMa. 

When  both  atoms  of  chlorine,  ftc,  at«  completely  replaced  l^  an  alcohol-radicle,  the 
product  i>  an  indilTerent  compoond  (a  neutral  mercuric  ether)  incapable  of  uniting 
villi  adda  or  acid  elements.  Bat  when  onl;  half  of  the  ehloriae,  or  Other  chlcnona 
radicle  ii  thua  replaced,  there  reaolta  a  aalina  eomponnd,  that  is  to  aa?.  a  nibataDce 
wbicb  eaaUr  nndergo«e  double  decompoaitioo,  and  in  vhich  the  residue  united  with  tha 
chlcniDe  (Hhg'CPH*  for  exmnDlel  plaja  the  part  of  a  monatomic  radicle. 

The  two  kutdi  of  compounds  here  eonaidwad,  are  in  fact  related  to  raercurj,  in  thn 
same  manner  aa  mercaptan  and  elhjlic  aolphide  are  reU(«d  to  sulphur, — metcuric  ethide, 
for  example,  being  the  ethylic  ether  of  numniic  chloretfaide,  just  aa  inlphida  of  ethjl 
ia  the  elhjlic  ether  of  mercaptan. 

HerapUn.  Bihjik  .ul[*Hl..  I  Jhlo^^S^.  "whW? 

H    r  CH'r  I  CI   i™^  CH'j^^ 

Then  ia,  faowerar,  thia  diffircnce  between  the  two  AlM»»  Ot  oomposnd^  that  in 
meicuiii!  ehlonthida  and  ita  analognea,  in  which  only  1  at.  chlorine  &c.  ia  replacfd  \>j 
an  alcohol  radkle,  the  remaining  chlorona  atom  ia  moat  eaail;  replaced  b;  another 
chloioua  radicle,  whereas,  in  the  eormponding  anlfJiiir-Mmpoiinds,  the  remainijig 
hTdrogen-atom,  being  basjloas,  ia  moat  eaail;  replaced  hj  metals  or  other  ba^loas 

If  the  mercnrj  id  these  componnda  ba  regarded  aa  monatomic,  those  vbicib  contain 
onl7  mercQiy  and  an  aloohol'Tadlde  mnit  be  ropwonted  hj  fbrmtthe  of  the  type 
HgC*H^*'iBiidtho«ewbieheontainiadina,  chlorine,  &c  as  componnda  of  these  radicles 
Witt  iDBMnric  iodide  ohkdde,  &C.;  «;^.  Hg<?H*,  m^rcunfM  or  ^$>irar^e%4/ HgHT^*^ 
or  HgCS>JHe^  toijidf ,  or  rather  ««r«iiH«if(d<,  a/ mereuKfi^  &^ ;  bnt  the  bnoer  iiu)^ 
of  repreHutatJon  affioda  a  mnch  sin^tlra  and  mora  aatl^ctoiy  Tiew  of  their  idations. 

Formatio*  cf  lit  JJcoiolie  Xereurv-^ompoundt. — These  componnda  may  be  obtained 
by  fonr  diffiicnt  pTocMses ; — 1.  By  the  action  of  mercory  on  the  iodide  ot  an  alcoh^- 
tadicle,  nnder  the  influence  either  of  difhsed  daylight  or  of  direct  snnahine ;  oom- 
binatioD  then  takes  plitce,  and  an  iodo-mercoric  oompoood  is  produced  (Frankla  ad, 
atrecker): 

Hhg-  +  OH*+'I      -     HLg-j'^^''*' 

S.  By  the  action  of  mCKurie  diloride  on  a  line-componnd  of  an  alaohal-radide,  the 
product  being  an  organo-mercnric  compound,  oontaiuins  either  2  sL  of  the  sloihol- 
radide,  or  1  at.  alcohol-radicle  and  1  at.  chlorine,  accoiding  aa  one  or  other  of  the 
reagents  is  in  excess  (B nekton): 

Hhg-Cl*  +   Za,-{OB?'*'y     -    Hhg-(CH»*')'  +  Zm-CP, 
3Hhg"Cl'  +   Zm^OH**')*     -     ^[Hhg"!^^**']   +  ZaTCP. 

i.  Bt  (lie  action  of  mercuric  (ddoride  on  the  or^;ano-!lismutli  compounds  oontaining 
3  St.  of  an  alcohol-radicle ;  thus  bismulho-triethide  (L  6M)   treated  with  mcccuiic 
chloride  yields  biHmntho-dichlorethide  and  mercuric  chlorathide  (Diinhaupt): 
fli(CH')'  +  2Hhg"01'  -  tiiS;<?H')Cl«  +  3Hhe-(CH')CL 

4.  By  the  action  of  sodium-amalgam  on  the  iodides  of  the  alcobol-radiclea  in  preaenee 

ofiKetiaether(FranklaDdand  Duppa).  The  reaction  is  represented  by  the  equation : 

aCH**'!  +  Na*  t  HhsC     -     Hhg"(C'H**')'  +  2NaI. 

The  acetic  ether  appears  to  take  no  part  in  the  reaction,  but  remains  in  undiminiahed 
quantity  at  the  end  of  the  process.  Nerertheleas,  the  presence  of  thia  or  a  Bimilar 
ether  (tie.  methylic  acetate  or  ethylic  formate)  ia  easential  to  the  sncceaa  of  the  process, 
ioBsmnch  as  sodinm-amalgam  doea  not  act  on  the  alcohohc  iodides  when  ainqily  placed 
in  contact  or  heated  with  than ;  neither  is  ths  reaction  induced  by  the  pteaenM  of 
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ethylic  ether,  bnt  oa  adding  a  few  drop*  of  acetic  ether,  it  taliea  pUea  imme- 
diatelj.  The  proportioD  of  aodiom  in  the  amalgam  nmst  be  ver;  udaII,  not  ex- 
ceeding I  pL  to  600  of  mcmuj.  If  a  aolid  or  aemi-aolid  «Tnnlg»m  in  oMd,  the  reactiOD 
proceede  in  quite  a  different  manner. 

This  ie  bj  tar  the  best  mode  of  preparing  the  alcoholic  mecpnry-compoimdB,  Tidd- 
iog  in  a,  abort  time  Uc^e  qnantitiee  of  the  methjl-,  ethjl-,  and  amfl-componnds. 
Mercuric  iodethide  and  iodometliide  are  obtained  with  tolerable  bcility  bj  the 
fint  method  aboTe-meationed ;  bnt  the  correipocding  tuajl-compomid  whs  obtained 
in  Hiia  vaj  onlf  in  qoandtieB  barely  sufficient  for  its  ideiitiflcBtion.  On  the  other 
hand,  to  obtaio  meicuric  ethide  and  metbide  bj  the  eeoinil  method,  requires  the  preTiooa 
preparation  of  very  Ui^e  qnantities  of  the  corresponding  zinc-compoiinils,  and  the  pre- 
paration of  mercunc  amjlide  has  nsTer  been  attempted  bj  a  iiimilu'  process,  on  account 
of  the  great  difflcnlt;  of  pc<^)aring  zinc-amjL     (Frank land  and  Dappa.) 

The  mercnrj-compoonds  coDtaming  2  atL  of  aji  alcohol-radicle,  are  eaulj  converted, 
by  the  action  of  bromine  chlorine  or  iodiui^  '^^  compoondi  containing  only  I  at. 
of  an  alcohol-radicle,  e.  g.  : 

Hhg'CCH')'       +       Bt*      -      Hhg"(CH')Br       +       (?B*Br 
Hareu/lc  oliide.  Uercurlc  bnM-  EtbrHo 

A  fimilai  aetdon  is  eurt«d  by  kdda.  s.y.  l^hydrobiomioadd: 

Hhg-fCH*)'       +       HBr      -       Hhg"((?H')Bi       +       i?H'.H, 
tlHcoric  ithU&  Hwuitc  tmm.  Bcfailla 

Mhldi.  bjiiUt. 

Vfitk  snlphnia  acid,  in  lib  nmrnor,   the  prodaeta   are   marcoric  8alpbatetliid<^ 

hVIJ^Y?'  and  ethylio  hydride. 

A  precisely  similar  action  ia  exsstM  by  certain  salts.  When,  fiirexanmle^  memno 
chlonde  acts  iroan  mfficnrio  ethide,  the  hrtter  gives  np  half  its  ethyl  for  haU  Ihs 
chloriae  of  the  feniBer,  joodnaiDg  2  at.  meieiuia  cnlorathide : 

Hhg'lCff)'      +       HhgXl*      -      3Hhg-(C'B')CL 

On  the  other  hand,  the  mercniie  eomponnds  oontajning  only  I  at.  of  an  aloohol- 

radicle  an  eaaUj  nrnverted  into  others  containii^  2  at  of  an  alcohol-radicle:  thns, 

meicnric  iodethide  and  linc-etl^l  act  upon  one  onothei  in  asch  a  manner  as  to  yield 

mercuiic  ethida  and  iodide  of  sino  : 

2Hhg"(Cra')I       +       Zm-CCH')*      -       iSh^(iyS*y       +       ZanT. 

alcohol-radiole  ore  converted  int* 
h  excess  of  flnely-grannlatad  ana 

Hhg"(OH**')'       +       Zm"       -       Zni"(C'H*t')'       +       TimTHig 

Sttrenrie  laiallj/lidt,  Ehg*)  j  .— When  iodide  of  allyl  is  ^tt*t«dwitli 
nmcni7,  a  yellow  aystalline  mass  is  formed,  &am  which  the  merenrie  ioduUylide  may 
be  extracted  by  hot  alcohol  or  ether.  The  iCcoholic  solation  deposits  it  on  cooling  is 
silvoT  scales,  which  tnm  yellow  when  eiposad  to  li^t,  especiJly  on  drying.  H  is 
spuingly  soluble  in  ccld  alcohol,  nearly  insolable  in  water.  It  sublimes  at  100°,  in 
white  shining  rhombic  plates,  melts  at  135°,  and  solidifies  on  cooling  to  a  yellow 
crystalline  mass,  If  more  quickly  and  strong  heated,  it  decomposes  for  the  moetpsrt^ 
leaving  a  carbonaceous  residue,  and  giving  on  a  yellow  sablimate. 

The  alcohoUo  solntion  ia  decomposed  by  nitrate  of  silver,  the  whole  of  the  iodine 
being  separated  as  iodide  of  silver ;  oxide  of  diver  likewise  decomposes  it,  fbrmitig 
iodide  of  silver  and  a  strongly  alkaline  aolntioii  which,  on  evaporation,  yields  a  syrupy 
Strongly  alkaline  moss,  soluble  in  water,  and  forming  salts  with  acids.  This  product 
is  probably  meicuiic  allyl-hydtate,  or  hydrate  of  marcntallyl,  Hhg"S^5'.  (Ziain, 
Ann.  Ch.  Fharm.  icvi.  S9g.) 

Merenria  io(UllyUde  is  easily  decomposed  by  hydriodio  sdd  and  by  iodine.    Hi*   ' 
fbllowii^  equations MipresHit  reapeetively  the  action  which  takes  place  m  each  ease: 
(I).    HhgCH'l  +  m     -     HbgP  +  (?H' 
(2). 
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todintn-ftTn  nlgim  on  iodide  of  unjl,  in  premnca  of  acetic  ethsF.  6  pts.  b;  wraght  of 
mmjlic  iodide,  and  1  pt.  acetic  ether  an  sgibitrd  with  aodi  nm-amalgnm  in  B  vessel 
extcnudlj  cooled ;  Che  product  ia  distilled  OTsr  a  irater-batb  to  wparate  the  ae«tic 
ether,  and  a.  correut  of  ateiun  than  passed  into  the  retort  until  about  half  the  heavy 
liquid  has  distilled  over.  The  reaidoBl  liquid,  after  washing  with  water  and  dicing 
over  chloride  of  ctdcinm,  conaista  of  pnie  mercuric  amjlide. 

This  componnd  is  »■  colourless,  trasaparect,  mobile  liquid,  of  apedfic  giavi^  1-6SS3 
at  0°.  It  has  s  very  faint  amjlic  odour,  and  leaves  a  persistent  tute  npon  the  palate^ 
reaembliog  tlist  produced  b;  other  organo-mcrcurial  compoonda.  It  cannot  be  dis- 
tilled, even  in  vacuo,  without  partial  decompoeitioQ.  It  can  bear  a  temperature  of 
110°,  bat  long  before  its  boiling  point  is  reached,  mercery  separates  &om  it  in  con- 
ndereble  quantity.  It  may,  however,  be  distilled  with  water  without  deeompositioa. 
It  is  insoluble  in  mater,  and  very  slightly  soluble  in  alooiol,  but  diesalvee  readily  in 
ttitr.  Exposed  to  the  air  it  auS^  no  oiidatioEi,  but  when  allowed  to  fall  into 
eiloriiu,  it  icunediatelj  produces  dense  white  itamea  of  mercuric  chloro-amylide. 
Brought  into  contact  wiib  solid  iodim,  it  hinnnn  like  red-hot  iron  immersed  in  water 
The  reaction  with  bromine  ia  still  more  violent.    (Frankland  and  Dnpps.) 

Mirouric  Chlorami/lide,  Hbg"!  ~  ,is  readily  obtained  by  tioaliug  mer- 
curic smylide  with  alcoholic  solution  of  mercuric  chloride  in  ezceos.  It  closely  re- 
sembles the  iod-amylide  [vid.  it\f,)  in  its  properties,  is  ineoluble  in  water,  but  very 
freely  solnble  in  hot  alcohol  and  ether.  From  its  alcoholic  eolntiou  it  cryatallisea  in 
beautiful  hair-like  needles,  which  can  be  soblimed  at  a  gentle  heat  without  deeompo- 
sitioa. It  meltA  at  86°,  and  has  the  appeanuce  of  a  h^vy  oil,  perfectly  limpid  and 
colourless.  It  retains  an;  eicesa  of  oorrosive  sublimate  with  the  greatest  obotjnacy, 
repeated  washings  vrith  iJcohol  and  water  not  being  snfficient  to  remove  it.  It  may, 
however,  be  punfled  by  dissolving  it  repeatedly  in  aloobol  and  reprecipitating  with 
water.    (Frankland  and  Duppa.) 

Mtrturie  lodamytide.  Hhg"j  j  . — An  ethereal  BolutioD  ltfm«n!nIieBtnylid^ 
treated  flnt  with  aleoholio  solution  of  iodise,  and  then  with  solid  iodin^  neariy 
•olidiflee  to  a  crystalline  mass  of  nennirio  iod-amylide,  iodide  of  amyl  being  at  Om 

""""'^"'wigS'"   *   !■   -   Hl8-j'=-f   *   OT.1. 

On  wBihing  the  erode  product  with  weak  alcohol,  pieaeing  between  folds  of  blotting 

'  recrTstaUising  from  hot  alcohol, '       '         .-i    ■     .        -..-... 

>■,  miich  are  not  very  soluble  ii 

few  iopa  of  alcoholic  potash  are  added  t_ „ „ 

theM  emtals,  and  tbo  liquid  left  to  cool,  no  cirstals  appear  for  some  time ;  bnt 
tdtimatelT  large  peariy  plates  are  deposited,  which  have  tlie  some  oomposition  as  the 
lU  acsly  dystals  above  mentioned,  and  reproduce  them  when  washed  with  water 

'      '  ■       '    '    '      " -'t  iod-amylide  is  slightly  eolnble  in  boiling  aater, 

minute  eryatals  which  appear  as  an  opalescent 
',  and  on  cooling  solidifies  to  a  white  dystalUne 
mass,  having  the  appearance  of  stearin ;  at  140°  it  b^ins  to  turn  yellow  &om  fbnna- 
tion  <ii  marcnrouH  iodide.  In  a  moderately  heated  current  of  air,  it  ma;  be  sublimed 
withont  ebauge.  It  is  bnt  partially  decomposed  by  aleohotic  palaih:  Heated  with 
(inc  to  130°  Ui  ■  mbImI  tube  it  yields  linc-amyl  and  lino-amalgam.  (Frankland 
and  Dnppa.) 


Streaker,  by  acting  OD  iodide  of  ethyl  with  mercnry,  obtained  the  compoaDdHg*CH*I 
or  Ehg'C^'I,  originuly  deeignated  as  iodide  o/ mtrtmrttM,  oi  iodide  o/ igdrargrtl^il, 
.  but  DOW  called  tiurcttrie  iodtthide.  Dunhaapt  obtained  tiie  eomqxnidiDg  chlorine 
and  biomine-componnds,  by  decomposing  biamutho-triethide  with  mncunc  chlcnide 
or  bromide,  and  prepared  therefrom  several  of  the  other  salts.  B  uck  ton  obtained  mer- 
corie  ethide  Hg^tTH*)"  or  Hhg*((?H')',  by  the  action  of  line-efhyl  on  mercuric  iodetbide 
oronmen:aricchloride(pp.  921,  022);  and  Isitl;  Frankland  and  Buppa  have  shown 
that  this  compound  ma;  be  woi«  easily  obtained  by  the  action  of  sodiom-amalgam  on 
iodide  of  ethyl,  in  presence  of  aoetic  etLer. 

Utrevrie  Bromttkidt.  Hhg''(0^*^.— Obtained  by  the  action  of  mercnria 
bnuoide  <»  bunmUio-tiietludB,  <a  bj  Ueating  mercuric  hydnv.ethide  with  hydrobrania 
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acid,  OT  an  aleoholio  BolnliiHi  of  llic  hTdro-etUde  vith  aleohdle  ImnniiHi,    It  ntemblca 

the  chlonthids.    (Dnahanpt.) 

Afereurie  Carbonttkidt.  Carhotiait  of  mtnnavthsl, — Pnpsnd  b;  d«eompoang 
the  ehlornthide  with  earboiute  of  nlver  ti,  a  gnails  hsat.  It  crjEt^listH  with  dimcnltf 
uid  is  easily  decomposed  b;  heat.  Adda  &eompoM  it,  with  evolution  of  carboniG 
anhydride.    (DunhaupL) 

Mercuric  ChlortiMdt.  Hhg"(C7H*)CL— Obtained  bj  the  action  of  tueicnria 
chloride  on  biBmutho-triethidefDiiiihanpO;  byprtcipitatingtheaqnaonssolntioaofthe 


nitrethide  with  chloride  of  soinm  (Stracker);  and  by  treating  mercnric  ethide  with 
alcoholic  Bolntion  of  merenric  chloride  in  eicom  (Frankland  and  Duppa).  T'  ' 
nearly  insoluble  in  mater,  dIssolYeB  sparingly  in  ether,  and  in  cold  alcohol,  but  ti 

in  boiling  alcohol,  luid  cr^atalbeed  there&om  in  light  iridescent  lamina-  ^ — ' '^' 

luatre.    When  heated  to  tO°  it  mblimea  in  thin  lamiiue,  without  pi 


ijling  alcohol,  and  cr^fltalbeed  there&om  in  light  iridescent  lamina,  having  a  ailve^ 
B.    When  heated  to  tO°  it  mblimea  in  thin  lamiiue,  without  previoaB  fosion,  bnt 
at  100°  it  melts  to  a  dear  oily  liqoid,  and  then  evaporatfis  eom[letely.     Heated  OD 

Elatlnnm-foil  it  bnins  witb  a  &int  Game,  di (faring  a  very  unpIeasaDt  odoor.  (DSn- 
aupt.) 

Mercuric  Cyanethide.  Hlip*(CH')Cj. — Fonned  bj  aatnrating  an  aJaiholie 
■olation  of  mercuric  hydrathide  with  strong  bydrocyanic  add.  CngtalliBM  nwdily. 
Very  volatile ;  when  heated  in  •  tube,  it  emits  a  Taponr  which  has  an  extremely 
repulaiTe  odoor,  sttacke  tJie  respimtoiy  organs  stron^riy,  and  appean  to  be  highly 
poisonoQB ;  a  carbonaceons  nwdne  is  left  in  Uie  tabe.  The  cyanida  diasolve*  teadily  in 
alcohol  and  ether.    (Dnnhanpt) 

Mtrearia  Eihidi.  Hhs;"t(?H'J'.--Th£i  compound  IB  prepued:— 1.  By  tha 
action  of  rinc-ethyl  on  mercuric  iodethide.  Dry  pulTerised  mcrcntic  iodethJde  it 
added  by  Email  qnantitiai  to  linc-ethyl  contained  id  a  retort  through  which  a  atwatn 
of  coal-gaa  ii  paasing.  the  mixture  being  incorporated  hj  itirring,  and,  as  soon  as  the 
tine-ethyl  is  satnnled — which  may  he  known  by  the  stirring  t^  ceasing  to  tame  on 
Miposareto  Che  air — thepiodnct  is  distilled  till  nothing  but  gasee  pass  over.  The  distil- 
lale,  which  is  a  heavy  liquid,  mixed  with  a  little  ether,  is  then  redistilled  with  a  slight 
excess  of  Einc-ethyl,Co  posuie  complete  decomposition  of  the  iodethiile,  then  washed  with 
hydrochloric  add,  and  afterwards  with  water,  and  rectified  (Buckton). — 2.  By  beating 
Eiuc-etbyl  with  mercnric  chloride,  avoiding  an  excess  of  the  latter,  as  otherwiss  mer- 
curic cbloretbide  will  be  formed:  the  slight  excess  of  zinc-ethyl  is  decomposed  by 
water,  and  the  separated  oxide  of  dnc  dissolved  out  by  dilate  hydrochloric  acid. 
(Buckton.) 

a.  A  mixture  of  18  pta.  by  weight  of  iodide  of  ethyl  and  1  pt  of  aoetie  ether  is 
poui«d  upon  Bodium-amalgsm,  the  flask  bring  alternately  agitated  to  promote  the 
reaction,  and  plunged  into  cold  water  to  moderate  the  rise  of  temperature.  The  oom- 
pletion  of  the  reaction  is  known  by  the  subsidenco  of  the  temperature,  and  the  absence 
of  more  than  Waoes  of  precipitatid  iodine,  when  a  few  drops  of  the  clear  liquid  re- 
maining in  the  flask  are  boued  with  nitric  acid.  When  the  quantity  of  iodide  of 
Bodinm  formed  has  been  increased  so  fiir  as  to  render  the  I'thereal  liquid  pasty,  thereby 
eating  a  Eoffldently  intimate  contact  with  the  amalgam,  it  is  advisable  to  place  the 

:  in  a  water-bath,  and  distil  off  the  more  volatile  portion  of  the  contents,  to  he 

again  acted  on  by  freah  amalgam.*  If  this  distillation  be  deferred  till  the  residue  has 
become  decidedly  thick  and  pasty,  it  will  not  be  necessary  to  repeat  it,  as  Che  distillate 
will  remain  soScicntly  flnid  up  to  the  termination  of  the  reaction.  The  prodnet  mixed 
with  water  separates  mto  two  layers,  the  ethereal  liquid  eitlier  Boating  or  sinking  in 
the  aqueous  solution  of  iodide  of  sodinm,  nccordinz  to  tie  degree  of  concentration  ot 
the  latter.  It  is  then  BocceseiTely  treated  with  alcoholic  potash,  vrashod  with  water, 
dried  over  chloride  of  calcium,  and  rectified.     (Fib  nkl 

4.  Budrton  likewise  obtained  mercuric  ethide  by  the 
on  the  iodethide : 


filskii 


H'>I   +   2KCy     -     Bhg(C^)'  +  Hhg  +   Cy*  +  2KI; 

but  thii  mode  of  preparation  is  not  advantageous,  being  attended  with  conaidenible 
loss. 

Mercnric  ethide  is  a  transparent  colourless  liquid,  having  a  &int  ethereal  odour, 
insolnbls  in  viatir,  epanngly  soluble  in  alcohol,  easily  in  eiitr.  Specific  gravin  =  2-46. 
Boiling  point  lfia°  to  leo^  (Buckton);  1690  (Frankland  and  Duppa).  Vapour 
density,  obs.  =  B-97 ;  calc  (2  voL)  =  8*. 

Mercnric  ethide  bnms  with  a  smoky  flame,  giving  off  a  large  quantity  of  menmrial 
vapour.  When  ponred  into  chlorine  gtu,  it  burata  into  flame  and  is  almost  entirely 
*  '  '  Ita^violently  also  vrithtniifis  or innxtw,  fbrming  mercnric  iodethide  or 
I ;  if  the  action  be  eondncted  under  water,  e^yl,  or  its  products  of  decom- 

iparulon  of  mmuric  MnTlId^  (p.  9»),  Itili  intimn 
afai  luSdmt  llnLdllj  to  illaw  tlM  icllon  tn  CDaplM; 
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poatioBBnelimfnated:  but  if  Uieliqnidislupteoo1bja£meiit^miztaie,t]ianwMiit 
ethyl  uiiitM  iritii  the  brominej 

Hhg({?H')'  +   Br*     -     HhgC^'Br  +   CH'Br. 
Vith  exeeaa  of  Blooholia  mtirvuric  cUoridt,  it  jiKlda  mercuric  eUorathide  (p.  923). 
With  hydTochlarie  or  mdpkurio  acid,  it  yields  hydride  of  ^yl  uid  mermric  cfalor- 
ethide  oc  anlphatethida : 

2Hhg((?H')'  +   WSD*     -     2(C'H'.H)  +  Hhg'K'^*'. 

Sodium  slowly  dwonipoieB  merenrie  ethyl,  ftpnning;  a  bol^  grey  spongy  mau;  irtu'ch 
Ib  very  li&ble  to  Piplode  from  Bligbt  canseB,  and  lastantl;  taJieg  Rre  on  ooming  Id  con- 
tact with  the  air.  On  upplyins  a  gentle  heat,  a  violent  evolatian  of  gaa  takes  place, 
consifltiog  of  ethyl  and  nydride  of  ethyl,  aodium-etbjl  being  probably  formed  in  the 
first  instuice,  aad  then  decomposed  by  the  heat.       (B  nekton.) 

Heated  with  excess  of  finely  granulated  fine  to  100°  in  a  sealed  tube,  it  yields  rinc- 
eOiyl  and  rinc-amalgun.  Heated  with  bitmtith,  it  yields  in  like  manner  bismuth- 
ethyl,  bat  the  deeomsosition  is  not  complete.  Cadmiitm  heaeld  with  mercurio 
rthide  to  1D0°-I30'',  becomes  amalgamated,  and  forms  a  considerable  quantity  of 
cadmimn-ethjL  (hild  likewise  become  amalgamated,  bnt  (brma  no  trace  of  an  oigano- 
metallic  compound.  Mercuric  ethide  is  likewise  decomposed  when  heated  to  abont 
160°,  with  copper,  iron,  op  tSuer,  tbe  copper  becoming  slightly  amalgamated,  and 
inflammable  gas  being  eiven  off;  bnt  tbe  deeompoaitiou  appears  to  be  doa  to  the 
heat  alone,  indepeodent^  of  any  specific  adiOD  of  the  metaL  No  organo-mstalUo 
compound  is  fOTmad  in  eilliercase.    (FranklsndandDnppa.) 

ItereurioElhjfl-^ydratt.  H'lg'jJ^*)-  Ss/dralt  <tf  MeramthgL—abUioBd  by 
decompomnf;  a  boiling  alcoholie  solution  of  the  chlorethide  with  oxide  of  silveT,  thsD 
filtering,  distilling  off  the  alcohol,  and  av^ioratiiig  in  vacno.  It  than  remains  as  • 
colourless  oil,  which  is  strongly  alkaline  and  Uistar*  Die  skin.  It  daaoiDposM 
ammonium-eailt,  bat  not  the  salta  of  potassium  or  magnennm, 

with  ths  salts  of  o/ufluniuin,  st'nc,  tin,  iwpp«r,  wM,  and  pfofiBU?]  .  ^.  . 

ot tulphi/dricaaid,itfi>niiK  St  ^hite  predpitatewhichafler awhile  tomsyellow, blown,  wid 
black.  Witb  metallic  sine  it  forms  zinc-ethyl,  and  amalgam  of  zioc.  It  dissolres  in  aeidt, 
forming  ciystallisable  salts,  Tii.  mercnria  chlorethide,  nitiethide,  Sk. 

Mercuric  lodethidi.  Hbg'CC^*)!— This  componnd  is  obtained  by  (he resctjima 
above-mentioned(pp.  921,  ess),  or  by  mixing  an  alcoholic  solntion  of  the  etbyl-hydnte 
witb  a  slight  excess  of  alcoholic  iodine.  It  is  insoluble  in  motsr,  bnt  soluble  in  bailing 
K^hohot  and  ethtr,  and  separatee  on  cooling  in  white  sbiniiw  laminte.  It  dissolreB 
also  without  decomposition  in  caustic  ammonia  and  potiui.  It  subL'mes  at  100° 
without  decomposition,  bnt  lequiiee  a  mucb  stronger  heat  to  melt  it.  It  is  decom- 
posed br  direct  tum/dru  :  hence  in  preparing  it  by  the  action  of  merciny  on  iodida 
of  «tliyl,  the  veoel  must  be  eEposed  only  to  diStased  dnli^t.  (Diinhanpt 
Strecker.) 

Merettrit  yitrithidc  Ehg-j^I.  JNtratt  qf  Mereiireai/L—mrttt  rf 
•Utcc  added  to  a  solution  of  tbe  iodethide,  forms  a  pireeipitat*  td  iodide  of  iQtw, 
and  a  solution  of  menntio  nitrethide,  which  yields  ooloniiess  prioni  by  enpnmtion. 
(atrecker.) 

Mtreurio Pkotphalefhide,  oc Piotpiaie qf  Mereiirtll^,iB ohtaiiiei'\>j tzm,1iBg 
the  chlorethide  with  pho^bate  of  silver.  It  is  vety  soluble  m  water,  and  remains  en 
evaporation  as  a  viscid  dufihonons  mass.     (Bfinhaupt.) 

I'VSO')'-      ^'J'***'  "/  3f»reitr»%i.— Pre- 
pared by  decomposing  the  chlcaetliids  with  salphste  of  sUtst.    dystalliiei  tram 
alcohol  m  shining !»"""» 
Jlt«reurie  SvlphtfUdt.     tfh|^Jt^T— This    compound    sepontea    ••    » 

yellowish-white  pulverulent  predpitate  on  adding  sulphide  of  ammonium  to  an 
alcoholie  solution  of  the  chlorethide.  It  is  very  soluble  in  aleoliol,  elhtr,  and  ittlpUdii 
of  amtncnium,  and  separates  from  the  ethereal  solution  in  the  crystalline  stale,  but 
^ways  mixed  with  snlphide  of  mercury.  The  alcohcdic  sidution  is  also  decomposed 
oy  evaporation,  depoeibi^  anlphide  of  mercury. 


ir.o  lodomeikidi.     Hhg"(CH*)I.— This  eomponnd  wm  discovered   by 
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of  mwoDij  Ml  iodide  of  metlijl  in  nmahiiiB.  In  aboat  &  week,  the  liquid  MilidiSei  into 
K  i»Ioiiri««  cijTitalliue  man,  and  bj  tnataug  this  mua  with  etnei,  the  meicajria 
iodathide  is  dissolred,  end  ma?  ihni  be  aepanted  from  the  leinainiBg  metallie  mcrcnir 
and  the  noall  qoaDtity  of  iodide  of  memuj  tbimed  at  the  aame  time.  Vety  Uttfe 
giu  u  giien  off  daring  the  reaction.  HeKorie  iodcouethide  ii,  how^rer,  more  eaailj 
obtained  bj  the  action  of  iodine  on  an  alcoholio  aolntion  of  metcnne  methide. 

Heccnric  iodomelhide  is  a  white  solid  bodj,  insoluble  in  teater,  but  disaolvinE  pretty 
nadilj  in  common  aleoM,  man  eaailj  in  nuthylie  alcohol,  and  Teij  eatilj  in  tlher  uid 
in  iodiib  of  inet\^.  Sj  qiontaneona  eTutontion  of  either  of  these  aolatione,  (be 
iodide  ia  obtained  in  nn^l,  nacreooi,  cfjstalline  lamioB.  At  c^dinaiy  tempentnres,  it 
in  slightly  volatilB.  emitting  a  peenliar  and  nnpleasant  odour ;  the  rapomr  when  inhaled 
leavea  a  nanaeoue  taate  on  Uie  palate  whii^  huts  fbr  aereral  dava.  At  1(HI°,  the 
iodide  ii  aueh  more  volatile,  the  eiyitali  dieappearing  completely  when  exposed  to  a 
Cnrrent  of  air  at  that  temperetm^.  At  143°.  it  melts  and  snblimea  without  decom- 
position, eondenaing  in  extremely  thin,  shining,  crystalline  l«'"''"» 

Mereurie  MtlMde.  Hhg"(CH*)'.  Merevromtlksl  Hydraryomethyl.  Dia- 
corered  by  Backton  (Fioc  Boy.  Boc.  iz,  SI),  wba  obtained  it  1^  distilling 
mercuric  iodomethide  with  cyanide  of  potassium,  hydrate  of  potassium,  or  lime.  The 
beet  product  is  obtained  with  the  cyanide.  A  mixture  of  this  salt  with  mercuric 
iodomethide,  after  being  well  triturated  in  a  mortar,  is  distilled  by  small  portions  over 
a  lamp.  Oaaeous  prodncta  are  then  eroWed ;  iodide  of  potassium  ia  formed ;  cyanogen 
is  set  free  and  remains  in  the  (brm  of  paracyanogen ;  and  mercuric  methide  paasea 
over  in  the  form  of  a  hea^  liquid,  which  may  be  purified  by  washing  with  water  and 
rectification  OTer  chloride  of  cudnm.  The  essential  part  of  the  reaction  is  represented 
by  the  equation : 

2Hhg(CH')I  +  HKCy  -  Hhe(CH')'  +  2E3  *  Hhg  +  Cy". 
Frankland  and  Dnppa  pnfiare  mercuric  methide  by  the  sctioa  of  eodium-amalgam  on 
iodide  of  methyl,  in  presence  of  aeetje  ether.  The  mode  of  preparation  is  exactly  the 
same  as  that  already  described  (p.  92S)  for  the  preparation  of  mercuric  ethide,  a 
small  Liebig's  oondanser  being,  however,  attached  to  the  nedc  of  the  flask,  to  arrest 
the  vapour  of  iodide  of  iDelhyl,  which  would  otherwise  be  carried  away  by  the  eaeqiiDg 
gas.  At  the  end  of  the  operotjon,  the  residues  in  the  flasks  are  mixed  with  water 
and  distilled  in  an  oil-bath,  the  temperature  of  which  need  not  be  raised  above 
110°,  and  the  ethereal  distillate,  after  separation  bom  the  water  which  accompanies  it, 
is  ablated  with  akdiolie  potash  to  remove  »c«tu  ether,  and  finally  purified  by 
wtuhing  with  water. 

Mercuric  methide  is  a  eolonriea^  strongly  refracting  liquid,  having  a  faint  and 
snmewhat  nmwkiah  taate.  SpoeiSe  grarity  3-06S,  Boilingpoint  between  93°  and  96°. 
Vapour  density,  obs.  —  829  ;  eale.  —  7*97.  It  is  insoluble  in  aater,  vary  solnble 
in  alaiiot  and  m  eiiir,  disaolvee  pluttpiorvt,  eacuteiove,  and  raim  easily,  swpAur  in 
small  qnauti^. 

Mercuric  methide  is  very  inflammable  and  burns  vith  A  brif^  flame,  ^ring  M 
v^onr  of  mercury.    It  does  not  unite  direetly  with  oxvgen,  eilmnt,  or  other  elMtro- 

!_.   .T._  —   i_.        _...    ,  ..>_  3 iposed  By  tiiem.    laditu  and  bnmme  act 

uiyl-gaa  and  forming  mercuric-,  iodo-,  or 

2Hhg(CH')«  +   P     -     aHhgCHn:  +   (CHy. 
It  bIki  forms  mercuric  iodomethide  when  heated  with  mtrevrie  iodidt. 

With  lUnmk  eUoride  it  ibnna  a  (systalline  compound,  which  is  decomposed  by 
water,  wilt  formation  of  marcnric  ehloromethida  sJid  a  soluble  tin-salt.  With  strong 
tuipkmic  at  hgdrovliiorie  uoul,  itacta  likemeronrio  ethide  (p.  926^,  giving  off  manh-gaa, 
and  forming  crystHlsof  mercorio  diknwaethide  oiaulpbatomethiiie.  With  dUuii  mid* 
and  metallic  «ne,  it  yields  metallic  mercury  and  gaseous  products ;  its  salts  (mercm^e 
iodomethide,  &c.)  are  deconipoaed  in  like  manner(Buckton).  Heated  with  metallio 
cine  alone,  it  yields  zinc-ethyl  and  Eine-amalgam  (Frankland  and  Dnppa).  With 
MeUoridt  of  pioepiorut,  it  forms  mercuric  ebloromethide. 

Mercuric  Nitromethidc  ^8"]hoi-  lll'tTaUof  Hy^argomethyl. — Obtained 
by  treating  an  alcoholic  aolntion  of  mercuric  iodomethide  with  nitrate  of  rilver,  and 
evaporating  the  filtrate  in  vacuo.  Crystallises  in  nacreous  laminee,  containing 
2Hhg(CH')N0'.H'0,  very  soluble  in  uattr,  smringly  in  alcohol.  At  100°,  it  melts  to 
a  oolourless  liquid  which  solidiflea  in  a  ctTSlalline  mass  on  cooling.  Its  solutioQ  is  not 
precipitated  by  potath  or  haTytatBoter.  HydrooUorie  acid  and  soluble  chloridee  pre- 
cipitate DMTCtirie  ohltsonwlhide  ia  OMieous  lamioes.  (Strecker,  Ann.  Ch.  Pharm. 
xmi7B.) 
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MEBOXENE— MESITIN-SPAB. 


„      .  g  ft  bint  jeUoiriBh  cokrar, 

uid  a  pecnliu'  uid  moet  intolerable  odour.    (Frankland.) 

MBK&OOMXO  AODt.  C'B*0'.  £Unii!artw  neU  (Gottlieb,  Ann.  Ch.  Pharm. 
IxxriL  268;  Febal,  ibid.  InfiiL  129;  Banp,  iitd.  lizzL  96). — An  add  obtained  by 
botliikg  a  weak  Bolution  of  tdtneanie  acid  far  ball  an  htrai  villi  tboot  the  nzth  of  ita 
Tolnme  of  nitric  acid.  The  reaction  takrm  place  quietlj,  and  on  cooling  the  add  ia 
dppoaited  in  a  porcelain-like  masa.  A  certain  qnautitf  of  a  nitroHjomponnd  ia  pn>- 
docedat  theMme  tuu^ftomwlueb  the  acid  dw;  be  pnrifltdV^notmnit  with  animal 


Meaaconie  add  toimu  a  maaa  of  flue  Inatioiu  needlea,  difBenltly  nlnble  in  ocJd,  bat 
Tpadilj  ao  ID  hot  aaitr,  and  also  in  idxhoi  and  in  tihtr.  It  mclu  at  200°  to  a  dear 
liquid,  which  aolidifiea  to  a  OTBtalline  maaa.  It  reddena  litmna  and  dBCgmpoMe  car- 
bonate*. Healed  witii  concentrated  kadriedie  aeid  to  liO° — 180°,  it  aepaiatea  iodino 
and  forma  pjrotartarie  acid;  itiaaMo  DOnrarted  into  thia  add  hj  tadtmm-anuilgaiii. 
With  hrondnt,  at  flO°— S0°,  it  fonna  mBaodibromo-pTtOtartaric  add,  <7H<Bi>0'. 
(KekoU,  Ann.  Ch.  Pharm.  Sappl.  ii.  86.) 

Meeaconic  acid  is  dibasic,  iUaaltBhBTingthaftemnleOQ'M^  and  CfEVO*.  ThfT 
are  almoet  all  crTataUiaablo. 

The  ruutral  banum-talt,  CH'Ba'O'.iHK},  ia  obtained  b;  aatnrating  the  add  with 
Cvbonate  of  barinnu  It  forma  monoclinic  priama,  which  are  nnalt^iHble  in  the  air, 
and  giTc  off  the  greater  nut  of  Iheii  water  of  OTBlalliaation  at  100°.  The  aad, 
barium-talt,  CE*BiiO*.H'<^  forma  hexagonal  plates  of  a  pearl;  tnstf^  which  panistantlr 
retain  an  eiccH  of  acid,  from  which  thej  are  freed  with  dmcnl^.  The  neuiral  eat- 
ciunt^ali,  OH'CaHl'.HV,  fiinni  small  agglomarated  needlea  aolnbie  in  16  pta.  of  water. 
The  neuiriU  tiiiier-iall  ia  a  oystalline  predpitAte,  diSealtl]>  aolnbie  in  water.  The 
aeid  lUvfr-tatt,  C*H*AgO',  ia  obtiuned  m  needlea  bj  diaaolring  the  oentral  aall  in 
Kilntioa  of  meaaconic  add  and  evaporating.  K.  A. 

ma^fJOWXa  aXKam.  CH"©*  -  C*H'(C'H*)'0*.  OhtMnedbydirtOling 
a  miitore  of  meaaconic  add,  lulphuric  add,  and  olcohoL  It  ii  a  colonrless  mobile 
liquid,  with  an  agreeable  ftnity  odour  and  bitter  taste.  Its  denn^  ia  I'043.  and  it 
distils  at  220°  withoat  alteration.  It  ia  not  attaAed  bj  unmonia.  Bdled  with 
baiyta-water  it  jielda  alcohol  and  meaaconata  of  barium.  £.  A. 

11 MITM.  An  ozjeenated  oil,  Jtrj  mobile,  boiling  abore  70°,  and  aolnbie  in  3  pta. 
of  water,  said  to  be  oMamed  b^diatallinglignone  with  anlphnric  add.  (Wiedemann 
andSchweiasf.) 


WITTO  AKOOSOb    A  natae  ipvm  to  acetone,  on  the  snppMitioD  that  it  ia 
an  alcohol  conttuiiing  the  radide  VKtiiyl,  VB.*,  isomeric  with  alljL 

xaBXTXO  AUBSKY9&  (?H*0.  A  bodj  isomeric  witli  aero 
together  with  trinibDmesitjlene,  b;  heating  acetone  with  half  ita  bulk  of  strong  n 
acid.  The  adion  ia  extraneljr  violent,  ao  that  it  ia  neeeeaary  to  cool  the  veaael  as 
aa  efflrvcacence  begins,  then  heat  it  again  and  repeat  this  treatment  several  ti 
When  the  adion  ia  conflated,  an  oil  sepanUei^  conaisting  of  mentic  aldehjde  s 


Mrntio  aldehjde  ia  ligjiter  than  water,  has  a  awMt  pnngent  odour,  ia  veir  slightlj 

aolnbie  in  water,  bat  diiuolTea  inataDtl;  in  canatic  potash,  yielding  a  yellawiab-t:TOwn 
liqnid.  It  absorbs  ammonia  gaa  with  ^reat  avidity,  forming  a  brown  reainona  maaa, 
which  diasdvee  in  wat^r,  the  solution  yielding  by  spontaneDua  evaporatjon  oyataJa  of 
vittitK  aldekt/dt-awmoTiia.  Nitnl?  of  silyE'r  added  to  the  solntion  of  these  crystals, 
forms  a  yellow  precipitate,  which  blackens  when  heated  i  the  redudion  is  accelerated 
by  the  a^idon  of  a  few  drops  of  potash.     (Kane,  Fogg.  Ann.  xli.  10t.) 

1.  with  Dichloiacetons.    (See  Acnrox^  L  SO.) 
Syn.  with  Oxide  of  Mesityl.    (See  Kbsitti,  ) 

xaamV-SPAa.  (Hg;Fe)<CO' or  (U^Ffe^COi.  Bmmnerile,  PitionMitt.— 
This  mineral  oecDra  in  riiombohedral  cryxtala  isomoirdioiis  with  spathic  iron  on  and 
magnesite.      B  :  B  -  107°  23'i   oK  :  B  —  136°  62*.      Length    of    prindpal    i 

„^,,^,      r.,. J  _i -n    —JR.     Cleavage  rhombohedral,  pr  "— - 
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MESITTL.  929 

rine  grmvity  =3  to  3'88,  ColoDrlea,  vhltisb,  jellowieh,  and  oftan  brown  on  t«po«oi*. 
Transparent  to  snbtranalncent.  Briltlo.  The  mineral  may  be  r^arded  w  a  miiture 
of  the  ioomarphooi  carbonal«s  MmgCO*  and  FfeCO*,  the  proportion  of  the  former 
TBiying  from  887  to  *2-7  per  cent.,  and  that  of  the  latter  from  61  to  i7-2  per  cent 
Some  Rpedmens  aUo  contain  small  quanUtiea  of  calciom  and  manganese.  UeaitiD- 
■pai  occurs  in  ehlorito  alate  at  St.  Qothacd ;  also  in  the  Zillnthal ;  at  Hall,  and  else- 
where ID  the  Tjrol,  and  at  TraTcrsella  in  Redmont.  The  apeoiea  inclndes  mnph  of 
the  so-called  broum  ipof.    (Dana,  ii.  413.) 

OTKfTTfc  A  hjpothetical  monatomie  radicle,  supposed  bj  Kane  to  ezist  in 
acetone  (regarded  as       g  F  O),  and  in  certain  prodnds  obtained  fnnn  it 

Cklaridt  o/  attiilyl,  CWCI,  is  prodnoed  by  pawing  hydtoohltOTO  add  into 
acetone,  which  abeorha  it  in  large  qnantity ;  or  bettor  by  adding  2  pto.  of  penta- 
cblorida  of  phoapborua,  by  email  portioDS,  to  1  pt.  <^  acetone,  properly  cooled,  then 
adding  water,  iniicfa  separates  the  chloride  of  mesityl  in  the  form  of  ao  oily  liquid 
heaTisr  than  water.  It  is  reeolred  by  heat  into  hydroeMoric  acid  and  meaityleue 
Alcobolio  potash  ooDTVita  it  into  oxide  of  meaityL    (Sane,  Pogg.  Ann.  zUt.  47S). 

as/draleo/Ufftitgl.  ^^*(o.    8yn.  with  Acetone. 

Iodide  o/  Xetitut.  Oily  liquid  inaolnble  in  water,  obtained  by  diatilling 
acetone  widi  iodine  and  phoephoras.    It  has  not  been  analyaed.    (Kane.) 

Oxide  of  Xeiilyl  or  Xeiitie  tther.  (CH')^).— Prodneed :  1.  By  the  action 
of  alcoholic  potash  in  excess  on  chloride  of  mesityl.^ — S.  Together  with  many  other 
[vodacts,  by  the  acUon  of  strong  sulphnria  aeid  on  acetone  (Eane). — 3,  By  the  action 
of  lime  on  acetone.  Acstooe  Ult  fbr  si^Hcal  weeka  in  contact  with  qoicUime,  and  then 
antyected  to  fracdonal  distillaUon,  yields,  between  100°  and  250°.  a  miitnre  of  oxide 
of  mesityl,  boiling  at  about  129°,  and  pborone.  t?H"0,  boiling  at  200°,  which  may 
easily  be  separated  by  reetificaUon.    (Fit tig;  Ann  Cb.  Pharm.  ex.  23.) 

Pore  oxide  of  mesityl  is  a  colonrleos  oil,  smelling  like  peppermint  Specifle  gravity 
0'S43  at  23°.  Boiling  point  (corrected)  131°.  Taponr-detuily,  obs.  —  3'S7  ;  cak.  3'3e 
(Fit  tig).  Itboma  wito  a  Teiy  bright  flame  (Kane).  It  ia  inaolnble  in  BTrtter,  mixes 
in  all  proportjona  with  alnahol  and  ether;  iaconTerted  by  nitru  aeid  into  a  brown  rrml- 
nona  mass,  and  by  cioritu  into  a  hwvy  oil,  which  appears  to  have  the  composition 
(?H'C1'0.    (Fittig.) 

J^ttityl'Aypaphotphoroai  aeid, — An  aeid  contained,  according  to  Kane,  in  the 
syrnpy  reddne  obtuned  bydistillinffaoetoneirithiodine  andphoaphoms.  Thisresidue 
salidifles,  on  cooling,  to  an  amaranthine  mass,  and  yields,  by  satomtion  with  carbonate  of 
barinm,  a     "'  *  '       -  -  ■    •  >  .. «  , 

Eane  dedi 
baryta). 

jfitityl-photpkaria  acid. — Ail  add  produced  by  treating  aeetons  with  phos- 
phoric add.  The  resuldng  liquid  neutralircd  with  bases,  yielda  soluble  salts.  The 
aodivm-^iUt  forms  small  raomboidal  laminee.  which,  when  exposed  to  the  air,  become 
Ofoqne,  and  give  off  part  of  their  water.  When  heated,  they  melt  in  their  water  of 
errataliisation,  and  ultimately  Imve  a  white  mass,  which,  at  a  higher  tempemiture, 
swelU,  bla^ms,  and  buma,  leaving  phosphate  of  aodinm.  The  salt  was  found  to  oon- 
tain  48'S  per  cent,  aodic  phosphate,  and  290  water,  agreeing  approximately  with  the 
formnU  PNaO'.CH'O.JH'O,  whieh  requires  49'9  sodic  phosphiite,  and  2S'21  wattr. 
(Kane.) 

Mttitylo-mlpXiiria  acidi, — Kane  fbnnd,  among  the  prodoeta  of  the  action  of 
Volphnrie  add  upon  acetone,  two  adds  analogona  in  composition  to  eth^l-snlphnrie  add. 

1.  When  acetone  ia  mixed  with  twice  its  mlnme  of  strong  snlphunc  add,  the  liquid 
beoomes  reiy  hot,  assnmei  a  dail:  brown  colonr,  and  ^ves  off  a  large  qnaoti^  of  sul- 
phoTons  anhydride ;  and  if  it  be  mixed  after  cooling  with  2  or  3  volomee  of  water  and 
nentcalised  with  chalk,  a  delioncscent  mass  is  obtained,  in  which  small  prisms  may  be 
distinguished,  yielding,  according  to  Kane's  analyaia,  70'fi  per  cent  (4lde  snlphate, 
18'S  carbon,  3-3  hydrogen,  and  7'B  ongen,  numbers  which  Kane  representa  by  tha 
fonnuUC^'O.Ca^O'. 

I.  ^y  treating  2  toL  acetone  with  1  toL  snlphnric  add,  and  dilntiiig  with  wator  when 
cold,  Kane  obtained  another  add,  the  caldnm-salt  of  which  was  found  to  contain  23-7 
per  cent  limis  30-8  carbon,  and  4-4  hydrogen,  and  may  be  rapt«eent«d,  aocording  to 
Kane,  l^  the  fbrmula  SCH'O.at'SO'. 

Oerhudt  made  aeretBt  attempts  to  obtun  these  odds  by  the  proceMss  above  de- 
■ciibed,  bet  did  not  obtain  a  trace  of  either  of  them  ;  he  eondders  it  probable  that  tha 
only~acid  produced  hj  the  action  of  oil  of  vitriol  on  acetone  is  )netlvl-«ulphurie  ad<t 
ITraM,  i.  704.) 

Vol,  nr.  3  0  ' 
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MESITYLENE. 

«K.    CfTT'.    (Kin..  Pog»  Ann.  ri.  It.  47*.— 

Hofmann,  Cham.  Soc.  J.  ii.  104 Cahoars,  Compt.  rand.  ziIt.  26S;  Chem.  Soc.  J. 

'"  xvii.)— A  hjdrccarbDn,  Uomerio  irlth  cmueiie,  prodoced  hj  tbe  actioD  of  ndphnrie 
d  upon  acetoiie.    To  prepare  it,  2  *oL  kcctwns  an  diitilled  <riUi  1  toL  strong  lol- 
'    tad,  ths  heat  beuig  cueAUly  tegnlatad.    Two  l^en  of  liquid  then  collect  '- 

'■'gntmj! ^^1  — -   -_j.t.. —:_.-. 

r , mliog  ao , , .    .    . 

layer  ii  rectified,  flnt  OTer  th«  irU«r^th  to  >eniBt«  nndecompMcd  acetost^  and 


leat  being  cuenuly  tegmatad.    Two  l^en  of  liquid  then  coDect  in 
upper  oansiating  of  Ten  impnie  medtyl^c^  and  tiie  lower  coataining 
aaiphomui  and  acetis  adds,  mraltiDg  from  a  aecofiduT-  deoomporition.     The  nppar 
'*"   '   '  Bt  OTer  the  irattr^th  to  aeniate  nndecompMcd  acetosE^  and  then 

. Bnt  the  jprodoct  thm  obtained  does  not  exhibit  a  constant  boiling 

poiot,  and  reqainB  to  be  pnrified  by  mimerouB  tectifinlioiu  (Hofmaan),  and  Onal 
distillation  orer  phosptionc  add.     (CahouiB.) 

MesilyleDe  ii  a  Teiy  light,  colonrleu  mbatanee,  haTing  a  alight  alliaeeona  odonr. 
It  boils  betvren  lfifi°  and  160°  (Hofmann),  between  163°  and  161°  (Oahonra), 
Vajwui-denHity,  obs.  -  4-315  to  4-282  (Cahonre)  ;  calc.  -  4-180. 

Meaitylens  bnmB  with  a  bright,  bat  veij  amahj  ftame.  It  diwolvei  iodine,  tansuag 
a  dark  bmwn  liquid  which  is  not  altered  by  eiposun  to  sunshine.  With  brimdne  and 
chlorint,  it  forms  cnatalline  subAitntion-produetB.    Bailing  nitrie  add 


(Cahaara).    It  is  likewise  decomposed  by  atroi^  aalphur 

alkalis   (Kane).      Fuming  snlphDiio  add  conTerta  it  IDtO  mBsiLyiene-saipaaria 

acid  l?H"80<.    (Cfthonis.) 

Dtrivatitui^  Matitt/laiit. 

TrtbromonaaltTlaD*.  CH'Br'. — Whan  bromine  ii  added  dfop  bj  drop  to  meai- 
tylene,  vvtiug  eaoh  time  (ill  the  heat  evolved  has  subsided,  and  takjjia  care  to  keep 
klie  meaitjlenB  in  excess,  a  while  cryataUine  compound  is  formed,  which  may  be  &eed 
from  bj^bmmtc  acid  by  waahiiig  with  water,  in  which  it  is  perfectly  insolabl&  Two 
or  three  nystallisationB  Dvm  boiling  alcohol  render  it  absolutely  pore.  It  forms  white 
Qe^dlee,  which  volatilise  wilhoob  decomposition,  and  arc  not  changed  by  boiling  with 
potaeh  or  ammonia.     (Kofm-nnn.) 

TrlobloraBiaBttTlaD*.    CH*C1'. — To  prepare  (his  oomponnd,  dikaine  gaa  ia 

Cssd  ihtongh  mesitylene  till  the  liquid  sohdifies  in  an  adcnlar  mass,  which  is  then 
lolred  in  hot  ether  and  ciystillised  by  cooling,  the  undeooinpDSed  menitylene  re- 
tnainiDg  in  the  mother-liquid.  Tlie  product  is  purified  by  reeiystalliBation,  and  ths 
eryatida  dried  between  paper,  but  not  in  contnet  with  the  air. 

It  forms  white,  shining,  fbur^ided  priatos,  resembliog  sulphate  of  qoinint^  volatilis- 
ing only  at  a  strong  beat^  but  without  deoompoeition.  They  may  also  be  anbiimed 
-witbont  alteration  in  Hxj  anunoniacal  gaa,  aad  ore  not  deoomposed  by  alcoholic  potash. 
(Kane.) 

WnaamiemlX^iBn*.  CH"HO<. — Formed  by  treatins  meai^Iene  with  flunin^  nitric 
add,  not  in  excess,  and  eareftdl;  cooling  the  mixtTire  during  the  action.  This  Dam> 
pound,  when  treatpd  with  on  alcoholic  solalion'of  potash,  beoomes  heated  and  evolvea  two 
products  on  distillation.  One  of  these  is  a  liquid,  which  is  produced  in  very  small 
gnaatity  only,  and  exhibits  the  prapartiea  of  an  alkaloid  ;  the  other,  which  is  solid, 
disBolree  very  readily  in  alcohol,  and  st^sratea  team  it  by  spontaneous  evqioiatMa 
in  vei7  fins  tabular  mystala  i  it  is  ieomeno  with  nitzomesitylene,    (Cahours.) 

BlBlteomaM^rle^i-  CH'^KO')'— Obtained  by  boiling  mnitjlane  with  mode- 
rately strong  nifric  add.  After  a  few  distillatioos,  the  wbtde  of  the  medtylene  i*  «cn- 
verted  into  a  crystalline  eonmound,  which  may  be  porifled  by  waahing  with  water  and 
reeiyatallisation  from  alcohoL  With  dilnte  nitnc  add  a  leas  defioitengalt  i«  obtsined, 
the  nuaitrlane  being  converted,  after  repeated  distillation,  into  a  yellow  ul,  which 
shows  a  tendency  to  crystallise,  but  appears  to  bo  a  mixture. 

This  ccmponnd  dystallisee  in  fine  needlea,  often  several  inobes  lon^  aod  in  ■n>eBr- 
■nee  resembling  those  of  trinibomeaitjlene  (vid.  itif.).  It  volatilises  wilhont  dseom> 
podtion,  and  dissolvw  with  great  fadhty  in  sJoohoL    (Hofmann.) 

MttMUMMlB*.     C^>>HW  -  CH"(MO>}N.     (Haale,  Chan.  ao&  On.  J.  ii. 
110.) — A  base  obtained  by  the  action  of  sulphjdrio  odd  on  dinitiomoBitylBne: 
<?H"NK)'   +   BH«     -     CH'IT'O'  +   aH^   +   9". 

When  an  alooboUc  solution  of  dinitromedtylene  is  lubmitted  to  the  action  cf  anUh- 
ydria  add,  the  liquid  aanunes  a  do^  colour  and  depooita  gnduoUy  a,  Urge  qnautitf 
of  snlfAnr,  the  odonr  of  the  sulphydric  acid  being  at  the  same  time  deatr^ed,  Ttoa 
treatment  ia  continued  for  several  days,  till  the  sdlphydric  acid  is  no  longer  decom- 
posed. On  the  addition  of  hjdrochlario  add,  aalphnr  ia  again  predpitated,  and  oa 
separating  this  by  filtration,  a  clear  liquid  is  obtained,  which  whan  mixed  with  potash 
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MESOXALIC  ACID— METACETONE. 

(?H*0*,   (LiebigandWOhUr,  AiiiLCli.Plmpm.xxTi. 

S98. — Svanberg,  Ben.  Jahrab.  mii.  161!.) — An  tai  formed  whra  nllozan  or  allox- 
uiie  acid  u  b^sd  irith  aqaeonji  oUuklii,  htm  being  aimultuieoiuily  prodoced: 
CH'tiK)*  +   HK)     -     CHW   +   CHfPO. 
AIIoudIe  icHl.  HaoiiUcKld.         Tim. 

^e  oddii  obtcined  bj  decomponngthe  buinm-ealt  b;  Bnlpbniic  add,  ortbe  Ind-sUt 
b;  lolplijdTic  add.  It  is  cmtiOliKable,  and  baa  a  rer;  aooi  taste,  and  a  stnnig  add 
Teoctton.  It  is  T017  lolnbla  m  watar,  and  ita  solution  is  not  deoomposed  by  boiling 
Ita  'Funeons  sohition,  whsn  BvatraJued  iritJi  ammnnik,  gires  with  laha  of  barinm, 
strontium,  and  caldmn,  irhita  precipttatea,  (olable  in  adoa,  or  in  ■  Luge  qnanti^  nt 

Meeoxalio  acid  i*  dibasie.  The  barittni-itlt,  CBaK)*,  is  prepared  bj  boiling  a  bot 
satoiBted  •olndon  of  aMojuiata  of  buiam :  a  mizttue  of  sUoiuiate,  mesoxalate.  and 
CarbonatA  is  ^««ipitat»d,  and  Uie  soliition  pelds,  on  eT^nration,  crystiillina  enulB  of 
ore*  and  neaoialate  of  bsriiuii,  the  l&tter  of  iriiicti  is  remared  bv  WHaliiiig  with  aleobaL 
The  (tit  llRma  jellow  laminat,  vhieh  are  anhJdJ^>lu  at  90°,  and  at  100°  ars  paitiallj 
deeon^osed.  ueb^;  and  Wohler  found  fiS'M  per  cenL  barium  in  the  salt ;  the  oUm- 
latod  percentage  is  6S'49.  The  eateiunnait  forms  thin  tabUe,  which  at  OV  contain 
S  at.  wata' ;  at  H0°  thej  toae  1  at.  water,  and  above  that  temperatore  am  deoompaMd. 
It  is  mocb  more  aolable  than  the  barinm-ealt  (Svanberg).  The  Usd-tidt,  obtatDcd 
br  dropping  aqaecnu  alloxan  or  allozanic  add  into  a  bailing  solntion  of  neutral  icMate 
a  lead,  appears  to  be  a  basio  lalt,  containing  4  at.  lead.  It  ia  decomposfd  when  gantl; 
heated  in  the  ur,  pnr«  oxide  of  lead  remnining ;  hot  nitric  add  conTerta  it  into  ozalata 
of  lead.  Aeoording  to  Uebig  and  Wohler,  the  normal  lead-ealt  ia  fonned  bj  adding 
mewMcalie  add  to  neutral  acetate  of  lead.  The  lUwr-talt  is  obtained  aa  a  jellav  pn- 
dpitate  when  mesoxalie  add  and  ammonia  an  added  to  nitrate  of  silver ;  it  ia  probably 
abaaioaall',  as  it  is  entirely  decomposed  by  heat  into  carbonic  anhydride  and  metallic 
«ilTa,  perhaps  thns,  CA^  +   lg>0  ■»  SCO'  +  Ag«.    {LiebiR  and  Wohler.) 

When  meeoialie  add  is  compared  with  earbonie  and  oxalic  adds,  it  will  be  seen  that 
the  three  adds  may  be'regaided  as  containing  reipactiTely  the  diattnnia  radicln  carbcmyl 
CO,  o^l  CK)*,  and  me«>ia]yl  CO*. 

Carbonic  add CHW     -     CO.H'.O*. 

Oxalic  add '       .        .    CffO*     -     CW.H'.O*. 

Meaoialie  add CffO*    -    CKJ'.H'.O'. 

The  deoompoaition  of  oxalnric  and  alloxanie  adds  into  mea,  oxalie,  and  meaoialic  adda, 
tespectivBly,  ahows  that  tllnjum'ff  bears  ta  oxalnric  add  the  aame  relation  that  meaox- 
alic  doea  to  oxalio  add,  and  from  l^iia  point  of  Ti'ew  alloxanie  add  maj  be  regaidcd 
aa  mesoialurb  add,  A  similar  relation  i«  erident  between  alloxan  and  pambauic 
add.  P.  T.  a 

MMilTA  mMX&.  Thk  plant,  which  grows  in  India,  yields  a  flxed  oil  haring 
a  densityof  0-Sfi4,ache*tnnt-bn>wne(Jonr,sndBolLdifnDgBt't-5.  (Lepine,  J-Fhaitt. 
[8]  xL  16.) 

mTAOBTAXKXBSi    Syn.  with  pBOPioHAMiaa. 

BKXTAOaTXO  AOXlk     Syn.  with  Paonoi'IO  AciD. 

xar&CMXOVS.  C^'K)?  (Primy,  Ann.  Ch.  Phja  [2]  lix.  9.— Gottlieb, 
Ann.  Ch.  Fharm.  liL  127.) — A  aobatanee  ocenrring  among  Uie  products  of  the  dry  dia- 
tiltstion  of  supr,  atarch,  gnm  ormasnite,  with  lime;  it  has  abo  been  obtained  Ir^  th» 
distilladon  of  lactate  (^  i-nli-inm^  and  occurs  among  the  Tolatils  oils  fnmed  hj  Om» 
distillation  of  wood. 

¥iimy  prepares  metacetone  by  genUy  heating  an  intimate  mixture  of  at  least  500 
gims.  of  ingar  with  8  limea  ita  wdght  of  i^uickbme  in  a  eapadoos  ntort,  withdrawing 
Uie  fire  after  a  while,  beonue  the  water  disengaged  fhun  the  sugar,  coming  in  — * — ' 


with  the  lime,  raiaea  the  tamperatore  bi^  enough  to  complete  the  reaction  wilhont 
further  uplieatioD  of  external  best  If  the  mixtttre  has  been  well  made,  aearcely  any 
inflammable  gaa  is  erolved,  and  a  complex  oil  pasaee  over  into  the  receiver.  Tlua  oal 
is  shaken  np  with  wnter  lo  remove  tbe  acetone  which  it  contains,  and  the  rendne, 
which  floats  on  water,  is  rectified  till  it  exhibits  a  constant  boiling  point.  It  is  dilG* 
colt,  however,  to  obtain  a  pure  product  According  to  Qottlieb,  it  is  beat  to  nae  only 
S  pts.  lime  to  I  pt.  sugar,  sad  to  keep  the  receiver  eool.  Metacetone  ia  obtained  in 
the  same  manner  trota  stiiTcli,  which  indeed  appears  to  yield  rather  more  metaeetme 
than  Boetone:  gum,  on  the  contmiy.  yields  a  comparatively  larger  qnanticy  of  aeetcoe. 
Urtacetone  ia  a  eolourleaa  oil,  having  an  agreeable  odoor,  insoloble  in  (nafrr,  yeiy 
■ohible  in  alcaiBi  and  tihte.  Boiling  point  Si°.  It  contains,  nccording  to  the  mean 
of  Frimy's  analy■el^  73-!  per  cent  carbon,  and  101  hydrogen.    Ilie  IbrmnU  C^"0, 
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vUdi  repnsetit*  it  w  uomario  wHh  mdda  of  nmitTl  ukI  odds  of  ftllyl,  nqnim  73'S 
cubon,  lO-S  hjdroBen,  and  163  oiijrgBn.  Wliai]  di'stillad  viUt  acid  etriimatg  iff  potato 
nun  and  Strang  ttaphaic  add,  it  Tieldi  Arbaaic  uihTdridB,  acntic  scid,  and  propionid 
■dd.  Aa  these  prodiicti  are  the  MmB  u  tboM  obtaioed  bj  the  oiid«tioD  of  propionic 
natacetone  ia  Bonutuaaa  i«ardad  W  iinpiire  picpione  (Qm.  ii.  10B).     (Pore  propionr^ 


B9-S  carbon,  and  IrS  h^dragan.) 
ijttnib  of  polonium  dutili  Ota  n. 
tncea  of  pn^donic  add.     (G-ottlieu.; 

Ehrn.  witli  FaonoHio  Aom, 
-  _     _  BjlL   with  PBOnOHTTBIIA  oc  CTunDX    o>  ErHTt. 

(IL  211). 

tKWT^OMIMMXTMt  A  foliated  ooltunaar  mineral  from  tlie  Bfichenberg  near 
Elbiogoioda  in  the  Han.  It  luu  a  vitnoiu  to  pearly  Initrs  and  dull  leek-gceeu  colour. 
HudnCM  •■  31.  OelatiiiiiMi  with  adda.  COIltaiIU^  aeconiiag  to  Lilt,  2377  per  Cent 
■ilica,  1 6 '4 3 'alumina,  10'3S  farric  oiida,  S'lO  raagneeia,  0'7i  lime^  I'ST  potash,  0-M 
aoda,aiid  137B  water  (-99(10),  whence  the  fbrmnla  3(3M'O.SiO').2<Al<O*.8iO*).10HK) 
or  4(U:>O.SiO*).SH<0.2AI*0').8H*0.  [BannMUttrff-i  Jltneralehmie,  p.  Sll.) 
SB.  See  CHBoimnf,  Oxmn  or  (i.  940). 
"     ~  It  (I  980). 

Hie  modification  of  fenic  hjdmte  obtained  fay  Ptea 
de  St.  Oillee  by  boiling  the  ordina^  yellow  hydrato  in  water  (p.  MS). 
Bee  FuBTOXOi;.  (iL  7S3). 
,    See  GiLLin  Aem  (ii.  790), 
See  TTudo  Acid. 

IKSTAX.  ATiteK  JWftoI.  XSTAXXOZD.  MetaOdtd.  MttOiXd*.  The  term 
metal  has  long  been  oommonly  applied,  in  tschnieal  and  popular  UnKoage,  to  a  number 
of  ■nbataneea  which  agree  in  predentin^,  in  Tariona  degrees,  a  oombinalioa  of  certain 
weQ-deflned  phydail  charaeten,  by  which  many  of  them  are  eaailj  distjngnuihable 
tram  moat  other  anbotanoM.  Gold  and  lilrer  were  formerly  regarded  aa  the  typical 
rapreasntstdTea  of  thii  daaa  of  lubatance*.  Theae  chancters,  howerer,  are  sot  by  any 
means  ahaalntBly  diatdnctiTe  of  mrtala ;  for  there  are  many  subatancea  which  are  not 
metaUic,  and  wbich  nererthelesB  poaseae  in  a  hi^  degree  aome  of  the  physical  cha- 
racters of  metall.  At  btctt  early  dat«^  attempta  made  by  Basil  Valentine  (Cbn- 
elunontt),  FatBealana  (loS9),  and  Boerhare  (1732),  to  adopt  a  system  of  eluri- 
fieation,  which  would  ieparate  the  more  eharacteriatic  metala  from  substancea  poascasing 
certain  metallia  characters,  such  aa  line,  antimony,  bismuth,  antimriny-glanee,  pyrit«s 
and  galena,  which  were  termed  semi-metala  or  bastard  metals.  In  1735. 
Brandt  propcaed  to  make  the  presence  or  Bhspnce  of  malleability  (he  prind^  of  this 
cUsaiflcatlon,  and  upon  thia  ground  he  sepaiBtsd  mercury  from  the  metals.  Tihe  same 
view  waa  adopted  hj  Toeel  {1766,  IntUttUiomlnu  CHrmia)  and  Buffon  (178S, 
Bi*lMft  naturiUt  da  Xituranx).  Subaeqaently,  when  Branne  had  obaerred  th« 
BalidiacatioDDfmercurybyeoldinI709-SO,  andthiahad  been  eonfinued  byHutcbitia 
and  Cavendish  in  I7B3,  the  malleabili^  of  thii  substance  became  known,  audit  waa 
claased  among  the  metala. 

llie  insnfSdenCT  of  the  distinction  which  had  bean  drawn  between  metali  and  semi' 
inMats  WM  pointed  ont  by  Fourcroy  [nSi.EUmiiudBiiMrtlltamtlU  eldeCSkmif, 
IL  S80)  B«  Mng  evident  from  th«  hct  that  "between  the  eitieme  malleabili^  of  gold 


and  the  singular  fragility  of  arsenic,  othcc  metals  preeent«l  only  imperceptil^  gtMl«- 

* '  '  .•       -       irobab^  no  greater  difirenc«  bSwM 

,       ^  .  h  waa  considrred  to  be  a  mettL  th> 

a  between  lead  and  dnc,  which  was  classed  among  aemi-metal^  while  in  tl: 


tioDB  of  this  diancter,  and  becanaa  there  was  probab^  no  gre^iar  difiranc«  between 
the  mailMbility  of  gold  and  that  of  lead,  which  waa  considrred  to  be  a  mettL  than 


•ubstances  intermediate  between  dnc  and  araanio  tha  dillmnces  wrre  sluht." 

Ihfl  distinction  between  metals  and  semi-metals  was  MMl  afterwanS  abandoned, 
Bnd  at  the  time  when  the  existing  system  of  chemistry  waa  ealablished  bj  Lavoisier, 
the  claaa  Metal  comprised  ssvraiteen  substancea.  Their  chemical  telatioiis  were 
than  little  known,  and  they  were  clasdfled  together  as  malals,  chiefly  on  aocount  of 
their  analogy  in  physical  i±aractaie,  and  because  they  were  regarded  aa  chemically 
nmple  or  ekinuntary  substances,  Since  that  time  a  great  number  of  other  simple 
substancea  have  been  discovered,  irtiich  posaeas  more  or  leas  the  phyaiaal  dioractert  of 
metals,  hot  wbieh  do  not  possesa  them  m  that  degree  which  waa  forauriy  oonsidraed 
to  be  tha  distiuctiTe  pecnhaiity  of  a  meUL 
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tained  as  to  then'  metallic  uatuni,  and  il  waspiopoMd  to  diatmgnuh  tbera  from  neUb, 
on  acconutoftlieir  peculiar  physical  charattan,  Slid  to  t«TmtJimB  metaUotde,"  a»fomee^ 
ing  onljBOiQB  resemblance  to  metals  (Ernaa  and  81  mon,  1808.  Gilderfi  Annaitn, 
ixviiL  121).  Thiipropoealva*  not  adopted,  and  in  1811  BeFzeliofl  qnjied  the  tnrn 
iMialliAt  to  diatingniflh  the  non-metallic  elementary  nibstancee  froHi  tbe  metali,  in 
wbich  leaM  it  haa  been  commonly  used  ap  to  like  present  time,  chiefly  in  icUtiou  to 
Kibataiieea  which,  like  the  metala,  bun  not  beeo  nulled  into  lepante  conauCsenl^ 
and  which  are  conBOqnently  r^arded  as  elpmentaiy, 

A.  high  degree  ofdenaitywaabngconBidered  to  be  a  peculiarly  dirtlnctiie  character 
of  metallic  mibelances;  bot  the  diacoyeiy  of  the  earthy  and  alfealine  mttula  ebowcd 
that  thia  is  not  the  oaae,  and  that,  in  regard  to  this,  as  welt  as  other  physical  chaiacten, 
the  term  metal  has  only  a  relative  application,  and  should  not  be  conaidercd  as  repte- 
■entiog  a  class  of  BufctitancM  entirely  distinoC  from  those  tanned  motalloids. 

This  fiict  haa  been  rendered  stUl  more  apparent  by  the  advanced  inveedgaliOD  of  iJia 
chemical  characters  and  relations  of  metals  and  other  aabstancea;  for  while  some  rf  the 
substances  posaesaing,  in  a  marked  degree,  certaia  of  the  physical  charae1«B,  hitherto 
wgarded  as  diatinguiahing  metals,  do  not  passess,  in  an  equal  dagroe,  the  chemitalcha- 
taetera  of  metals,  there  are,  on  the  contrary,  substances  poasessing  few  or  none  [if  the 
physical  characfJTS  of  metals,  bnt  manifesting  in  their  ciemical  charadeia  and  i^a- 
tions  the  moat  marktd  ensic^  with  well-defined  metnls.  Thns  for  bslance  antimony, 
roolybdannm,  arsenic,  titanium,  4c.,  form  compounds  with  oiygen,  sulphur,  Ac,  which 
are  the  analognes  of  snlphurie,  phosphoric,  nitric,  and  silicic  acids ;  wMJe,  on  the  other 
hand,  the  electropositive  consbtuentB  of  the  earths  and  alkaliB,  also  hydrogen,  am- 
mooiiim,  and  some  of  the  hydrocarbon  radicles,  correspond  cloaely  with  the  electropoaitiTe 
metals,  in  their  general  chemical  ftmctions,  and  form  with  oivgen  and  sulphur  &t 
compounds  which  are  in  the  higheiC  degree  analogoos  to  the  baraeeottponndi  of  ^rer' 
lead,  iron,  &c.,  with  oxygon.  ' 

Id  a  strictly  chemical  sense,  therefore,  the  term  metal  must  be  regarded  as  repreaeDt- 
ingBD  ideal  type,  to  which  a  number  of  subatancea  approximata  more  or  less,  indepen- 
dently of  their  physical  characten  and  of  their  simple  Or  compound  natar*. 

The  elementary  Bobstances  generaUy  regarded  as  metaUic  are  mosfly  solid  at  the 
OTdmnn  temperature,  the  only  exception  being  mewury  (p.  938).  With  the  amp- 
tioD  of  arsenic,  they  are  ell  capable  of  becoming  liquid  at  various  (emperatom 
peculiar  to  each,  and  some  of  them  are  capable  of  being  conrerted  into  vapour  by  heat. 
In  tbe  solid  and  compact  state  they  are  in  a  high  degree  impervious  (o  light.  Amass 
of  metal  is  absolutely  opaque ;  but  very  thin  laminte  of  some  metals  allow  certain  rajs 
to  penetrate  through  them,  as  for  instance  gold-leai  which  transmits  liaht  of  a  ereen 
colour.    (Faraday,  see  pp.  636,  342.)  " 

In  consequence  of  this  impenneability  b;r  light  aad  the  aeeompanying  high  reflectiva 
power  of  metals  in  the  compact  or  liquid  states,  they  possess  a  pamliar  lustre  or 
brilliancy,  which  may  be  developed  b^  polishing  their  BoH&cm.  The  coloor  of  most 
metals  is  a  peculiar  my,  with  a  varying  tint  of  blue  ;  but  some  few  are  yoUow  or  red, 
ns  gold  and  copper,  brass,  bronze,  &c  {see  Lioht,  p.  Ml  e<  «».),  the  colour  haine 
due  to  ao  unequal  power  of  absorption  fbr  different  rays,  and  varying  accordinjr  to  the 
angle  which  the  incident  rays  form  with  the  surface  ,if  the  metal  When  this  angU 
is  very  small,  tbe  whole  of  the  rays  are  reflected,  and  all  metals  appear  quite  colouriesa. 

One  of  the  characters  which,  in  combination  with  those  already  mentioned,  has 
been  regarded  as  most  distinctive  of  metallie  substances,  is  an  internal  mobiU^  in 
virtue  of  which  the  shape  of  a  mara  of  metal  may  be  altered  bj  pressure,  hammering 
6r  by  other  mechanical  means,  without  disintegration  or  disruption  of  the  mass.  Thm 
character,  which  is  presented  in  various  degrees  and  modes  by  different  metala,  ia 
eipresspd  by  the  terms  Bia«fa4i7i(jf— denoting  the  capiibility  of  aaltaning  or  spreadiur 
ont  nnder  the  hammer,  or  between  rollers— end  duclili  iff— ieaotbig  the  capabilihrS 
becoming  longer  and  thinner  by  drawing  through  a  hole  of  lessarea  than  the  tnuuveiM 
section  of  the  piece  of  metal. 

For  individual  metallic  substances,  the  degrees  of  malleability  and  dnctilitT  are 
by  DO  means  equal ;  many  meule.  which  are  in  a  high  degree  malleable,  as  tin  and 
lead,  cannot  be  drawn  into  Tory  fine  wire,  while  others  which  ace  leas  malleable,  aa 
iron,  coppOT,  gold,  possess  tn  greater  ductility.  Both  characters  are  oonaiderablv 
influenced  by  temperature.  Within  certain  limits  they  are  geoeiaUy  greater  at  high 
than  at  low  temperatnres.  The  mechanical  working  of  a  metal  ia  slsa  prodncljvoof 
an  alteration  in  its  molecular  condition,  attended  with  diminution  of  maUaubility  and 
aui^Vity  {kamiaer-Aardcned  ;  fcrout).  Ia  such  cases  those  ohamcteia  may  be  restored 
to  the  metal  by  heating  it  and  allowing  it  to  cool  slowly  (niiJiai^-Bj/aniiMw;  recuire). 
■  From  fiintijur,  nwt*!^  and  JIk ,  Ikkeneu, 
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Some  netela  peasMa  ao  little  malleabili^  or  ductility  tliat  tluj  cumot  Im  idled  into 
^eetB,  oc  dnirn  into  wire. 

Ibnacify,  or  the  naietance  to  fonMi  whidi  teod  to  teai  unnder.  either  by  teiuioa, 
enuhing,  or  VTenEhing,  it  another  chuacter  which  metals  posanB  in  reiy  unequal 
dsgneo.  It  ii  intimately  conaected  with  molecular  condition,  and  ii  in  eome  way 
related  to  moUeBbilitj  and  dnetility.  It  ie  largely  iaflneneed  in  particular  metali  by 
the  pmeBM  or  absniM  of  eeitain  admixtiiree ;  by  the  manner  in  irtiich  they  haTO 
been  worked  iuto  tb^ie,  and  by  tanperatnre.  Ill  general  it  i(  reduced  by  increaee  of 
tHnperatora;  bmt  IB  BOiae  omm  it  ia  inereased  within  a  certain  limited  range  of  tem- 
penture,  m  in  the  caM  ofirra  (aee  OoaHroM;  L  1078).  Scone  metal*  pooseaa  but  a 
vecy  slight  degne  Ot  tenad^,  and  aia  than  tennsd  tnittle — u  laue,  antimony,  and 

SaHicifg,  OF  the  capebflity  of  a  bar  of  metal  to  reeorei  its  OTigioal  shape  and 
dimoieioiii,  after  being  bent  ta  itretdied,  ia  alsv  a  character  oonnected  with  t«nacil|y 
•Dd  tntcnial  mobility.    It  Ttriea  nmch  in  different  metala. 

Metallic  aabetancee  differ  rery  widely  in  the  d^ree  of  hardneu  thf^  poaieia,  or  are 
o^ble  of  acquiring  by  sadden  cooling  or  otherwiiM  Some  are  eo  >dt  aa  to  admit  of 
being  kneaded  like  wsi  (potaaaiiuii  and  aodium),  othcie  are  capable  of  acratching 
qoarti  or  even  diamond  (ateel,  cbronuom).  Hie  preeeuce  of  iidbII  amonnta  of  rarioot 
aabatBDcee,  ani^h  as  oubon,  ailicDn,  &C.,  in  motale,  often  commmiicatee  to  them  eon- 
ajderable  bardneea.  As  a  gentml  rale,  a  metal  ia  more  bdttle  in  proportion  to  it* 
degree  itf  hardnese. 

Metala  are  eatable  of  aaniming  a  eryilalliru  rtnictvre,  gm^ttUj  beJonging  to  the 
cube,  oetahedrm,  or  eome  other  fbrm  of  the  n^nlar  ayitem ;  antimony  and  aiBeaie 
ciystallise  in  rhombohednma.  MetaJa  ocooiring  native  are  frequently  oyBtatlised.  The 


of  oryitallice  atraetnre  in-  a  metal,  conaiderubly  influences  lU  tenacity, 
generally  accompanied  br  an  incieaaed  degree  of  brittlenesa,  and  those  mi^tala  whieh 
are  most  easily  OTStallised  are,  aa  a  general  role,  the  moat  brittle,  Cirstalline 
struetore  is  sometimea  aiaumed  by  metals,  while  ia  the  solid  state,  under  tbe  inSueni» 
of  long  continued  heat,  of  percoasiOB  or  of  ribntion,  and  other  mechanieal  actiniiB,  and 
the  change  thus  induced  is  often  of  importance  in  relation  to  technical  applications 
(aee  Ibok,  onfr,  p.  327).  Vetals  may  often  be  crystallised  b;  slowly  cooling  them  in  a 
mailed  state,  and  when  partly  solidified,  pouring  off  the  remaining  liquid  metal  (sea 
KsiccTH,  L  MIO;  LuD,  liL  478).  UeUIs  often  asanme  a  crystalline  structure  when 
slowly  deposited  from  sohitiona  of  their  saline  componnds,  and  some  an  be  Crystallised 
bj  sublimation  (siac,  arsenic). 

Melsla  and  metalloida  in  general  present  a  marked  diflfereBae  in  their  power  of  con- 
ducting electricity  and  heat ;  the  condnctiTity  of  metala  Ibr  electricity  is  greater  than 
that  of  any  other  substances.  It  varies  considerably  in  different  motaU,  and  to  some 
extent  in  the  indiridoal  metala,  according  to  their  molecular  condition,  tempeTsture, 
and  the  presence  or  absence  of  foreign  admizturee.*  The  purer  and  softer  the  metal, 
the  greater  its  conductivity  :  the  highR  the  temperature  of  the  metal,  the  leas  its  Con- 
duotiyity.  The  amdnctivity  of  some  metalloids  is  increased  by  elevation  of  tenperatore. 
(See  Wiedemann,  Lrhra  Don  Gaivanuraiu  mid  SedrOTiuignrtitniiU,  L  ISO. — 
Matthiessoo,  IBM,  Proc.  Hoy.  Soc.ii.ClB.) 

Metals  and  metslloids  diSer  m  their  electrical  relations,  the  farmer  bein^  as  a  class, 
electro-positive,  the  latter  electro-oepBlive.  The  distinction,  however,  is  only  one  of 
ds^ree,  and  metals  present  similar  diffiireneea  among  each  otiier.  (See  ELECTBicnr, 
iL  432.) 

MrMs  differ  widely  in  their  capacity  far  beat.  Hie  speoille  heat  of  sodium  amounts 
(O  nearly  ten-fold  that  of  binnuth,  lead,  mercury,  or  gold.  The  conductivity  fbr  heat 
^so  diflen  greatly,  though  metals  generally  posaeas  a  comparatively  high  degree  of 
eoudoctivity  for  heat.  (See  Desprets,  Com^  rend.  xnr.  MO.— Wiedemann  and 
Franz,  IBfil.'Ann.  Ch.  Phys.  ili  lOT.) 

The  following  table  presenta  some  of  the  principal  physical  characters  of  the 
beet  known  elenentaiy  metals  aod  met^lf^ds,  so  fiir  at  they  have  been  deter- 
mined. In  some  cases  the  numbers  given  are  only  approximative.  It  must  also  be 
remembered  that  the  existence  of  theeo  eharaetan,  and  the  degrees  in  which  they  are 
presented  by  particular  substancea,  are  sometimes  due  to  the  molecular  condition  of  the 
substance,  ratbcr  than  to  any  inherent  peculiarity.  This  is  more  especially  known  to 
be  the  eaae  with  the  metalloTds,  several  of  which  are  poljmoiphic,  as  sulphur,  phospho- 
rus, carbon,  bormi,  silicon  &o.    (See  DnoarEiBJt,  iL  331.) 

italnfranMstthUiiaii  'i  «riMriitiimti  (nilL 
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METALS  iHD  METAILOIDS.  9S7 

Od^  ft  fcir  meUls  oocor  natin,  vii.  gold,  pladanin,  palladinm,  iriiliuni,  and  ihodinm, 

irbich  are  almoflt  alwi^  found  in  the  melamc  atet«— dlTer,  copper,  mareui^,  binaatti, 
uaemo,irliiehareOTtenftniiidin  the  Dutallu:  Btata — iron,  ontimon;,  Isad  7  ima  F  which 
lir«  TBiy  rarely  ftmnd  in  that  st»t«. 

For  the  most  p&rt,  metals  occur  natnrallr  aa  Gonstitaenta  of  variooB  minerala,  in 
which  th^  are  eombined  with  oijgen,  lolpanr,  ehloriiie,  or  arsenic,  &&,  in  vaiioua 
proportiooa  and  modea. 

Of  the  metalloTila  onlj  three  occur  native  to  any  eonaiderable  (atenC,  via.  nitrogen, 
oij^en,  and  aulpbor.  Carboa  and  lelemum  occur  bat  rarely  in  ftn  isolated  etate. 
It  is  doebtfnl  •rbether  fluorine  has  yet  tnen  obtained  in  the  free  date,  eren  arti- 
flciaU7{seeii  673}. 

Id  the  chemical  chanctna  and  tdataoni  of  mttala  and  of  metallolda,  there  ar* 
dl&renccs  aa  great  as  io  their  phyidcal  chancteiu.  These  diSbrenoea,  howerer,  an 
manifeited  mor«  in  the  ftuctiona  vhidl  the  aubataneea  of  one  or  other  elais  perfbrm, 
in  their  eompoonds  with  other  lubsUncea,  than  by  the  cspahili^  of  direct  eombiaatioa 
vith  each  other,  which  ia  cooaiderKbly  influenced  by  Tariona  physical  conditjona,  auch 
«■  temperatare,  Btate  of  aggregation,  &a. ;  hence  also  thie  mode  of  chemical  action 
■hoold  prolnbly  be  regarded  merely  aa  a  phase  of  aome  moic  general  dynamic  pro- 
perty, rather  than  aa  the  eierciae  of  a  peculiar  farce,  inherent  in  the  different  elementary 
mbstancea.  (See  Cmoccu.  ArrroiTT,  i.  8S0  et  teq.)  But  in  any  case^  the  eziEtence 
of  chemical  compoanda,  and  tbeir  chanctera  in  relstjon  to  other  labitances,  moat  be 
legaided  aa  teaulta  of  the  aame  mutual  actiTity  which  determiuee  chemical  combina- 
tiinL  Probably  all  elementary  mbstancea  are  more  or  leas  capable  of  eziatinff  in  a  state 
of  chemical  combination  with  each  other ;  but  thone  possaaaing  thia  capability  in  tlie 
highest  degree  are,  aa  a  rule,  either  the  moat  oppoaite  in  their  general  chemical  rela- 
tiona.  OF  elae  c&pable  of  aaanming  special  functions  in  relation  to  certain  others.  The 
elementary  enbatancea  posseasing  the  most  uniTersal  capability  of  existing  in  combina- 
tion with  others,  and  of  direct  combination,  an  fluorine  ?  ozygnn,  sulfur,  chlorine, 
bromine,  iodine,  and  some  of  the  metala. 

Hydrogen  and  oxygen,  which  present  the  most  decided  difibrences  in  their  general 
eheniical  relations,  may  be  taken  aa  typical  of  the  two  daases  of  elementary  substances 
— metals  and  metalloids— the  one  representing  the  basylons,  and  the  other  the 
chlonius  constitueDta  of  compounda.     (Graham,) 

The  bat^loua  or  chlorous  characters  of  the  elementary  suba  tancea  are  not  howeTHC  abso- 
lute, except  perhaps  in  the  case  of  fluorine  and  niygen.  On  tbe  contrary,  they  TBiy  ae- 
cordios  to  the  kind  of  substances  existing  in  combination.  Tboa,  for  instance,  chlorine 
and  snlphnr  are  both  baeylous  in  relation  to  oxygen,  but  chlorons  in  relation  to  hydro- 

Cand  most  other  elementary  subatancea  ;  again,  among  the  metals  which  ace  generally 
rlous  in  their  relatious  to  other  substances,  aome  are  ctuiable  of  existing  in  combt- 
natioD  with  others,  is  relation  to  which  they  on  then  feebly  chlorous. 

In  compouad  substances  oonsisting  of  two  elementary  radicles,  tbeir  chemical 
characters  and  relations  to  each  other  generally  approximate  to  the  bartons  or  chlorous 
condition  more  or  less  in  propottion  to  the  relative  preponderance  of  one  or  other  of 
those  characters  in  one  of  the  conatitpaents.  Thus,  tm  example,  in  water  the  relatirely 
basylons  and  chiorons  chaiactere  of  hydrogen  and  oijgen  are  so  nearly  balanced 
that  It  ia  almost  deatitute  of  any  chemical  actiTity  aa  an  independent  aubstance.  and 
that  which  it  does  exhibit  is,  according  to  drcumstances,  sometimes  baaytons,  aa  in 
hydric  anlphata,  nitrate,  ftc,  and  vometimes  chlorona,  as  in  potassium-hydiate,  caldnm- 
Iq'drate,  &c 

In  hydrochloric  add,  howerer,  the  chlorous  character  of  chlorine  relaCiTely  to 
hydrogen  ezceeda  that  of  osygen,  in  such  a  degree  that  this  eabstnBCe  is  decidedly 
cMoroos  in  relation  to  those  substances  with  which  it  can  exist  in  combination.  But 
in  hypochlonniB  acid,  though  chlorine  ia  basylons  relatively  to  oxygen,  that  substance 
is  feebly  chlorons  in  its  compounds.  In  soda  and  sodium-cblonde,  on  tbe  cootiary, 
the  Inayloos  character  of  >o£um  exceeds  that  of  hydrogen,  relatiTPly  to  Diyaen  and 
chlorine,  in  such  a  de^^ee  that  the  former  is  highly  basylons,  and  the  latter  slightly  so. 

The  cjiemical  activi^  of  compounds  as  independent  substances,  is  not  by  any  meana 
proportionate  to  that  of  tbeir  constituents ;  thus,  for  instance,  nitrogen  is  one  of  Ihe 
most  indifferent  sabstancee,  but  its  compound  with  hydrogen  is  a  powerful  alkali, 
and  some  of  ila  compounds  with  oxygen  are  powerful  acids. 

The  proportion  in  which  two  elementaiT  sabstancea  an  combined  also  influences 
the  chemical  characters  and  relatione  of  the  compound.  Thus,  in  sodium-peroxide, 
containing  twice  aa  much  oxygen  as  aoda  does  in  proportion  to  sodium,  the  basylons 
character  disappears,  and  thia  compound  is  destitute  of  any  chemical  activity  aa  an  in- 
dependent Buhetance.  Again,  manganons  oxide  ia  highly  l^jlone,  and  manganic  oxide 
aligbtly  so,  while  the  peroxide  is  indifferent,  and  the  higher  oxides  are  chloroua.  In 
like  manner  the  compounds  of  nitrogen  and  of  chlorine,  bromine,  iodine,  &c  with 
oxygen,  are  more  decidedly  ehloroiu  in  proportion  to  the  amount  of  oxygen  they  contain. 
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The  diended  fOnctkHi  of  maiigBMM  In  muiganimi  oxide  ii  ««s«Dti>]Ij  difflrent  from 
tb>t  which  it  exerdiMfl  id  nuDgviie  or  permui^anie  acids.  Id  the  former  cue  the 
IDfltal  coirnpooda  with,  and  is  ehemieal^  eqmraletit  to,  bjdrogen  in  wxter  ;  in  the 
Utter  case  it  coireepoads  with,  and  is  equivaleat  to,  cfalorins  and  nitrogea  in  chlorous 
and  uitraas  sdds,  and  to  chlonnfl  in  perchlorii;  add.  (See  CiJLannCjiTioR,  i.  1007 ; 
and  EqciTAiiSnTs,  ii.  491.) 

Certaio  componDds  of  elemenlsij  sabatances  present,  in  their  general  chemical 
Klaliani  and  nnetioiis,  a  very  dose  anaJon  with  Ule  metals  and  metidloids  ;  as,  for 
hutanea,  CTanogen  (see  iL  276)  and  the  hydrocarbon  radicles.     (See  Ruhclxs,^ 

CompoinMls  are  nsnallj  named  genericallj  according  to  their  dilorooft  constitnents, 
and  BpeciAcally  accoiding  to  their  basjloos  constituents ;  thus  compoands  in  which 
oiTKen,  snlphnr.  oi  chlorine,  &c.,  are  the  chloroos  constitaentB  are  termed  axidrt, 
Bulfhidri,  cUoridtt,  &c.  (see  NonKCLAnma).  In  the  case  of  componnds  in  which 
the  rebitire  basyloiu  and  ehlorons  functions  of  the  eonBtitnenta  are  less  marked  or  not 
easily  detenuinablf,  names  of  a  more  arbitrary  natore  are  omnmanlj  used ;  thus,  fur 
instancF,  the  compounds  of  metals  with  each  other  are  tanned  ottiiyf,  and  those  idloys 
in  wbii!h  one  of  the  eonstitnents  is  mercmy  are  termed  amalgiHM. 

Since  the  speciflc  dpscriptions  of  paiticnlar  compounds  wHl  be  fbnnd  under  their 
reapectiTe  heads,  it  does  not  come  within  the  scope  of  the  present  article  to  do  more 
than  point  out  the  leading  eharactciistic  features  of  the  most  important  abuses  of 
compounds,  Tiz.  oxides,  sulphides,  i^a. 

Oztdaa-  All  the  elementary  tnbstances,  except  fluorine,  are  capable  of  Bxisting  in 
combination  with  oxygen,  in  one  or  several  proportions. 

The  physical  cbaractera  of  oxides  ore  generally  vary  different  from  those  of  tbeir 
constituent  basylous  radicles.  Among  t^e  metalloidal  oiidce,  some  affl  gafleons  nnder 
ordinary  conditions,  as  corbonie  oxide,  carbotiic  acid,*  some  of  the  citiogen  oiidea, 
snlpburons  acid,  &c  ;  some  are  liquid,  as  nitrons  acid ;  othan  are  aotid,  aa  nitric  acid, 
sulphuric  acid,  silica,  &e.  Among  the  metallic  oiidM,  all  of  which  are  aolid,  some  are 
Tolntilisable,  aa  antenioua  acid,  antimonious  oxide ;  the  others  are  fixed  and  mostly 
infuaible  and  inaoluble  in  water.  Formerly  metallic  oiidea  wore  called  calces,  luid 
their  prodoctioD  was  termed  calcination.    (See  Qaa,  ii.  77t.) 

Hsny  oxides  occiv  nntive  in  great  abundance  ;  thus  among  those  of  the  melalloTds, 
cftrbonic  acid  is  a  conntitucntof  the  atmosphera  and  of  a  o«at  number  of  mineral  sub- 
stnnces.  Silica  also  la  verj  abundant  both  in  the  states  i^  quaitz,  flint,  sand,  tm^  and 
as  a  constituent  Of  nnmeroua  ininerula  and  rocks.  Solphunc  acid  occnis  freqaenlly  as 
a  constituent  of  Torioos  mineral^  oa  gypsoni,  aelenite,  heaTj  apar,  &c  :  boracic  acid 
occuTfl  in  the  lagoons  of  Italy,  and  in  some  minerHia  :  pboaphoria  acid  ia  very  widely 
distributed  througbont  the  mineral  kingdom,  in  amall  relatiTB  qoantily,  and  it  occora 
iibundantly  in  plants  and  aniniala.  Among  the  metallic  oxides,  water,  the  eortha,  and 
the  alkalis  are  probably  the  most  abundant ;  eiiating  aa  eonatituenla  of  Tariona 
minerals  and  rodu.  Among  the  compoands  of  the  heavy  metola  with  oxygen,  the 
oxides  of  iron,  manganese,  and  sine  are  the  most  abundant,  either  aa  auch  or  in 
combination  with  carbonic  acid,  silica,  tm. 

The  chemical  rslationa  of  the  oxidoa  are  as  diTene  U  those  of  elemental;  snb- 
Stances.  Among  the  metollotdal  oxides  containing  the  smallest  pioporf  ions  of  oxygen, 
some  are  characterised  by  their  chemical  indi^rence,  aa  indiTidnal  subatancea,  in 
relation  (o  most  other  sabatancos,  aa  for  inatance  carbonic  oxide,  nitrona  oxide,  6c. 
Those  containing  Luver  proportions  of  oxygen  are  possessed  of  conaiderable  chemical 
acting  ;  and,  in  their  componnda  with  otiier  oxides,  tliey  preaant  relationa  which  are 
genendty  of  a  more  or  less  decidedly  chlorous  chancter,  as  for  instance  solphuric,  nitiie, 
and  carbonic  adds. 

The  metallic  oxides  containing  the  smallest  pnq>ortionS  of  oxygen  are  aometames 
characterised  by  their  chemical  indiflbrence,  as  for  instance  suboxide  of  lead  ;  but 
they  more  generally  present  relations  of  a  basylous  nature  in  their  compounds  with 
other  oxides,  as  for  inetmice  potash,  soda,  zine-oxidtk  silTer-oxidc^  &c.  Among  thoee 
containing  larger  proportiana  of  oiyg;en,  some,  bucIi  aa  ferric  oxide,  alumina,  ftc, 
present  ttia  cbarocter  in  a  less  marked  degree,  and  in  some  of  their  componnda 
they  are  chlorooa,  as  in  potaah-alnminate,  Ac  Other  metallic  oxides  containing 
still  larger  propnrtions  of  oxygen,  aofh  as  manganeae-peioiide,  &e.,  are  meetly 
indifferent  aa  individual  Bubetances  ;  but  the  oiideB  containing  the  largest  proportions 
of  oxygen  are  in  many  caaea  deddedly  chlorous  in  their  compoands  wiSi  other  oxidee ; 
OB  for  inBlance,  manganic  add,  permanganic  odd,  atnnnic  acid,  chromic  add,  Ac. 

The  chemical  relations  of  compounda  conaiating  of  two  diffarect  oxides  nn-  ^.uerally 
of  a  nature  oorresponding  to  those  of  hydrochloric  acid  and  potaaaium-cbloride  to 
other  chloridee,  and  the  mutual  relatioDa  of  their  eonstitnents  correspond  with  thoBf>  of 

■  Thiword'-uid-iBthlivUclaUuHdlaUiesa 
•«WCO»;nltftc,(MNtO',»c.  •—■«"•" 


^dbyGooglc 


METALS  AND  METALLOIDS.  939 

hydrogen  and  diloiui«  in  lQ<dw«hlorie  acid.    (9ee  Sujb  ;  and  Acqm,  L  39 ;  Axx^u, 
i.  11£;  Bu«,i.  619.) 

Hanj  oxidei  containing  tiw  Uigait  proportioni  of  o^gen  an  dacomposed  at  rarioai 
temper&tniai  bj  the  actum  of  beat  alone,  yielding  oxygrn-gai  and  lower  oiidea. 
Eii^pting  nitric  acid,  irhieh  is  readily  decomposed  by  hunt,  moot  of  tbp  other  lugher 
oxides  of  the  metaHcada  vhich  are  knovD  in  a  scfiante  state,  an  ci^ble  of  aappomng 
bij^  deoreea  of  temnnttnre  witbont  decompraition.  The  lesqniozidefl  and  perozidea 
(^  metUB  an  geneially  decompoeed  by  heat  into  onsen  and  lower  oxides,  and  all  the 
osidea  of  ailTar,  gold,  p'*''"— ".  &&,  aie  deoompoaed  by  moderata  degreea  of  heat  into 
oxnan-gaa  and  the  leipectiTe  metala.  Some  ozidea,  on  the  eontra^,  eombine  with  a 
taiOiat  qnantily  ot  oxygen,  either  at  the  oidinai;  temperatnre,  aa  &ir  instance  man- 
pnoDfi  and  fenons  ozidee,  oi  when  heated  in  contaot  with  oxygen  or  atmospheric  air, 
•s  ptmaboca  oxids.  This  change  takes  place  most  readily  in  lome  cases  when  tb* 
oxide  is  in  combination  with  nnttT,  or  whan  water  is  pFesent. 

Most  oxides  may  be  decompoeed  to  a  greater  or  less  extent  by  the  simnllADeoas  action 
of  heat  and  of  Mnne  other  eabatance  capable  of  tombining  with  oxygen,  utd  of  abstract- 
ing it  bom  the  oxide  operated  upon,  ao  as  (o  f«m  an  oxide  of  greater  stability  under 
Um  circamstances.  This  reduction,  as  it  is  termed,  is  complete  when  the  whole  of 
the  oxygen  is  sepoiated  from  the  basyloos  isdicle,  and  partial  when  there  is  only  a 
lower  oxide  prodaced.  The  most  powerM  redninng  agents  are  the  alkali-metals, 
h^idrogao,  ciu%oiiia  oxide,  and  carbon.  Eveii  carbonic  Oxide  is  decomposed  by  potas- 
sium or  Bodiom  wiUi  the  aid  of  best.  The  oxidea  of  the  metaU<nda  are  moetlj 
snsceptibls  of  redaction  by  carbon  with  the  aid  itf  heat.  Among  metallic  oxides  those 
of  iron,  copper,  lead,  bismntb,  &c.,  are  completely  lednaed  by  hydrogen  at  a  red  heat ; 
the  oxides  cd'  manganese  and  nroniom,  &c.  are  bnt  partially  ledneed ;  oxide  of  line  with 
difflcnlty ;  wbile  the  lower  oxides  of  chromiimi,  manganeaa  and  nraninra,  and  the  oztdes 
of  the  earthy  and  alkali-metals  are  not  affected  by  hydrogen.  In  the  reduction  of 
metallic  oxides  by  means  of  carbonic  oxide  or  carbon,  the  metal  eliminated  often 
contains  carbon  in  a  state  of  combination  with  it.  At  Teiy  high  temperstnrea,  carbon 
rednces  some  oxides  which  are  not  a&cted  by  bydrt^n,  as  for  instance  soda  attd 
potash  at  a  white  beat. 

When  the  radnction  of  a  metallic  oxide  by  carbon  ia  efiM«d  at  a  compaiatiTely  lo<ir 
tempemtnre,  carbonic  acid  is  formed  |  bnt  when  it  takes  ploM  only  aA  a  Teij  high 
temperatnre,  carbonic  oiida  is  prodoeed. 

"Ae  rednctioa  of  metallic  ocdea  may  alto  be  effected  by  heating  them  with  metAla 
vhoes  oxides  are  lees  readily  reduced.  Thus  potassiom  rednces  several  metallic  oxidcB, 
and  amongotheiB  ferric  oxide  at  a  red  beat ;  but  at  a  wbi1«  beat,  potash  is  decomposed 
bj  iioiL  The  W— It  in  this  latter  esse  may  be  dne  to  tbe  Tclatilitj  of  potassium  at 
that  temperature,  and  the  consequent  removal  of  small  poitioni  redncoil  onder  the 
influence  of  a  ptepooderating  mass  of  iron,  so  that  this  action  takes  place  repeatedly 
until  the  whole  of  the  potash  is  decomposed,  and  witboot  any  possibility  of  action 
between  the  potassium  and  oxide  of  iron. 

By  the  HCliOD  of  beat  and  redadng  agents  apon  componnd  oxides,  such  aa  sulphates, 
pbospbatea,  &e.,  there  may  be  produced  a  compound  of  the  metal  with  tie  cblorona 
tadicle,  as  sodjion-salphide,  by  heating  to  redness  a  mixture  of  the  ooireapoDding 
■ulphato  with  carbon.  If  the  radicle  of  the  oblorous  constituent  of  the  eompouod  doe* 
not  combine  with  tbe  metal  under  the  cfnnuastancea,  it  may  be  ToJatilised  in  the 
state  of  a  lower  oxide,  bb  in  the  redaction  of  nitrates. 

Some  componnd  oxides,  such  as  carbonatsB,  nitrates,  Ac,  are  decomposed  by  the 
mere  ai^on  of  heat,  the  acid  being  eliminated  either  unaltered  or  decomposed,  and 
the  metallio  oxide  remaining  either  in  the  aame  state  as  it  existed  in  t^  original 
compound  or  in  a  higher  state  of  oxidation ;  thus  ferrous  carbonate  yields  by 
ignition,  ferroso-fbrnc  oxide  and  a  mixture  of  carbonic  oxide  with  carbonic  acid. 

Certam  metals  and  metalloids  do  not,  under  any  known  circumstances,  combine 
directly  with  oxygen ;  for  example,  gold,  jJ»tin"Tn  mtrogen,  chlorine,  bromine,  iodine,^ 
Ac  All  the  others  are  capable  of  combining  directly  wilJi  oxygen,  some  of  them  e^ 
very  Ion  temperatnres,  as  for  instance  sodium,  potoBsimn,  &c ;  others  like  copper,  irt 
carbon,  inlpbnr,  pbosphoms,  &c,  when  healed  to  tempeiaturea  differing  for  each.  „•  ^ 
all  eases  the  direct  combination  with  i^gen  is  attended  with  eToluCion  of  heal  j?  i 
if  it  takes  place  rapidly,  it  is  also  attended  with  evolution  of  light.  (See  Coien^^^^ 

Tbe  physical  condition  of  subetances  capable  of  combining  directly  wit'v 
in&aeiKes  vecy  much  the  facility  with  irtiich  the  comUnation  takes  place.      ^  oifame 
minnte  sabdivision  is  most  feToucsblet  while  a  compact  coodilioa  i»  most  '^^' 
combination,   eifpedalij  when  the  resulting  oxide  is  inflwttde  at  the*****  '•  """  **? 
prodaced  by  the  combination,  and   ibrma a ptotactiog  cnirt  Oyer  the^"^*?'     "™ 
rabstanoe.    ThnspulTerulent  copper,  heated  to  ■tioitt4eO°C,  takes  fl-  '"  phosphonii  u 
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■ad  >■  emnpletvly  eoDTeTted  into  oitde;  bnta  plate  of  coj^iccTiodarUie  sameconditioDa 
merely  beoconn  corered  with  a  eniat  of  oxide.  On  the  conliuy,  a  red-hot  iron  wire 
eonCinoea  to  bom  ia  o^gea  gai,  because  the  Rwolting  oxide  ii  melted  at  the  tsmpera- 
tnie  prodoced,  and  thus  a  &eeh  metallic  mataot  ia  ezpoaed  to  the  actioo  ra  tha 
gaa. 

The  indinct  ondatioo  of  metali  UKl  metalloKla  may  be  effected  by  beatiiig  tbem 
with  (obstaDcei  which  erolve  oxygen  vhen  heated,  euch  a>  uitiatH,  cblont^a,  &c- 
Some  metals,  mich  aa  iron,  one,  &i,  decompose  water  in  the  preeeucs  of  addi,  and 
fbrm  oxides  which  combine  with  the  add.  Others  deeompoea  water  alone  at  the  ordmary 
lemperatDTP,  tike  sodium,  or  b;  the  aid  of  heat,  like  aluminium,  maKDemam,  iron,  Ac. 
Othen  again  decompose  water  in  the  presence  c^  an  alkali,  and  withes  aid  of  heat,  like 
alnminiom  and  aiac  The  behaviour  of  iron  with  wster-vapoor,  and  that  of  ferric  oxide 
inth  hydrogen,  present  a  atrikinE  iltuatiation  of  the  influence  of  drcnmstances  on  the 
exemiaa  of  chemical  affinity.  The  production  of  ferric  oxide  in  the  one  case,  and  the 
redaction  of  the  sama  sabstance  in  the  other,  are  moat  probably  dne  to  the 
reapeetiTe  preponderance  of  watei^rapour  relaCiiely  to  hydrogen,  and  of  hydragen 
relatively  to  watet-Taponr,  and  alio  to  the  constant  remoTal  of  the  hydnigeD  and 
the  vater-TapouT  which  ar«  produced  in  the  two  cases  b^  the  action  taking  place. 
A  similar  influence  is  sJjw  manifested  in  the  redaction  of  iinc-<aide  by  hydrogan. 
(Deville.) 

The  beility  with  which  diffirent  metals  combine  with  atmosphenc  oi^gee  ander- 
ordinsTT  cimunstances,  Tariee  T«iy  mnch.  While  lie  alkali-metals  are  rapidly 
oxidised  even  in  diy  air,  neither  gold,  silrer,  oor  platinum  is  at  all  affected  m  any  case. 
Some  metala,  nich  as  Lron,  however,  which  remain  perfecll^  bright  in  dry  air  or  even 
oxygen,  rapidly  become  oxidised  in  moiet  air,  and  covered  with  a  coating  of  oxide.  The 
pmence  of  acid  vapours  in  the  atmosphere  fiuilitates  this  ac tioo  npon  most  oxidaUe 
metals,  but  in  the  CMe  of  some  it  does  not  extend  beyond  the  sorbca.  Tims,  Ibr  in- 
stance, zinc,  when  suprrticially  oxidised  by  expoeiuw  to  the  atmosphere,  does  not  nnderg^ 
ftirther  oxidation,  the  portions  underlying  the  crast  of  oxide  being  in  fact  arotected  by  it. 
In  the  case  of  iron,  on  the  contrary,  the  oxidation  progresaee  until  the  whole  of  the  metal 
ii  converted  into  Oxide,  or  as  it  ie  termed  rust,  and  it  even  proceeds  with  accelerated 
rapidity  after  the  fint  oxidation  of  the  surface  has  taken  place :  fiir  tbe  eledroposiliTe 
rektion  of  the  iron  to  oxygrn  is  augmented  bj  its  contact  with  the  ferric  oxide,  and  its 
combination  with  oiygea  is  thereby  fkcilitated  so  much  that  the  metal  ia  capable  of 
decompoaing  water. 

X  different  application  of  the  same  principle  may  be  made  the  means  of  preventing 
tlie  oxidation  of  iron.  Thus  if  the  metal  is  placed  in  contact  with  ■  substance  whidt 
lenden  iron  electronegative  in  relstion  to  it.  Ilia  affinity  of  iron  for  oxygen  is  reduced, 
and  it  becomes  lees  liable  to  oxidation  than  it  would  otherwise  have  been.  This  fiict 
has  been  pactically  applied  in  the  galvanising  of  iron,  which  consists  in.  coating  iron 
with  a  thin  layer  of  cine  which  becomes  electmpceitive  in  relation  to  iron,  and  £ou^ 
the  zinc  is  thus  rendered  more  hable  to  oxidation,  it  still  protects  the  iroo,  since  the 
oxidation  of  the  linc  is  only  vnperflcial,  and  the  production  ot  a  thin  film  of  oxide  npon 
it  prevanta  fntther  acticm. 

■niplildea.  Thrwc  bnn  a  nty  munerons  dass  of  ■obetaDces,  which,  oonsistentlf 
with  the  chemical  snal^ry  between  salphnr  and  oxygen,  present  in  their  general  rela- 
tions considerable  eimilari^  to  the.  oxides.  They  contain  varioUB  proportiona  of 
Bolphnr,  and  are  accordingly  t«nned profs-,  tttqui-,  at-,  tri-  and  pmla-SQlphidee.  With 
tbe  exception  of  carbon-disnlphide,  which  corresponds  to  isrtionic  add,  the  snl- 
phidee  of  the  metalloids  are  but  little  known :  there  appear  to  he  several  sulphides  id 
phoaphonis,  and  probably  mors  than  one  snlphide  of  nitrogen.  (Faraday.  Qnait. 
Joum.  Sci.  iv.;  Soubeiran,  Ann.  Ch.  Phys.  [2]  IxviL  Ixil) 

The  sulphides  are  capable  of  forming  compoonds  with  each  other — eulpbo-salta — 
analogous  to  the  oompounds  of  oxides,  in  Which  the  sulphides  of  the  most  basylons  el». 
mentJiry  radicles,  and  those  containing  the  imalleM  proportionB  of  anlphnr— the  a  ul  pho- 
bases— are  basylous  in  relation  to  sidphides  containing  lai^er  proportiDcB  of  sulphur 
and  less  basylous  radicles — sulpho-acids.  Thus  potaBsinm-snlpbide  combines  with 
carbon- disulphide  and  with  arsenic-pentosulphide,  forming  potaaaium-sBlpho-carbonate 
and  potaasiDm.ealph-aT«esate^  The  anlphidea  of  the  a&ali-metala  were  formei^ 
called  livarofsnlphur. 

Many  sulphides  combine  with  water  and  some  other  oxidei,  as  well  as  with  ehloridea 
and  iodides,  &e. 

The  physical  characters  of  some  metallic  sulphides  cloaeTj  resemble  thoas  of  the 
metals  m  certain  particulars,  such  as  the  pecnliar  opadtj,  lustre,  and  density,  eepedally 
when  they  are  in  a  ayBtalline  condition.  They  are  generally  crystalUsable,  brittle, 
and  of  a  grey,  pale  yellow,  or  dark  brown  colour.  Tbe  sulphides  <k  the  alkali-metals 
are  sdiiUe  in  water,  most  of  the  others  ore  insolnUe.  Theyus  mtoe  freqnentfyflwbla 
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tbuillMeoneRKiaditigoiidea,  •sdanneueToUtnuMble.unieRnuj-anlphide,  ai 
mlphiile.     CarbOn-digolphidB  u  t,..f...-i   -.  .  .  .■    - 

Hetallio  sulphides  occbI'  Dati 
blende,  and  glance.  The;  ai 
w  le&d,  copper.  Ac,  are  extiacMd. 

Miuj  BDlpliidFB,  *heD  heated  out  of  coDtact  with  atDMipherie  air,  do  not  undergo 
any  deeomDositioD ;  thia  ia  the  ease  chieflj  with  thoae  containing  the  amaUest  propor- 
tioQs  of  Bniphor,  such  aa  the  pratosnlphiiua  of  iron  and  line.  Sulphide*  conlainiiw 
larger  propoitiaDH  of  aolphtif  are  paitiallr  deoompoaed  bj  heat,  liMdng  part  of  their 
anlphnr,  and  being  iwnTert«d  into  lower  niI[dudeB,  or  partial^  redoced,  aa  in  the  caae  d 
uon  diBDlphidft.  The  aulphides  of  sold  aiid  pl«riTinm  an  eompletelj  redaced  b;  heaL 
Some  salphidca  may  he  decompoaedbr  the  simtdtaneons  action  of  heat  and  of  aabataocei 
capable  of  combining  with  sulpniu.  Thus,  for  inManc«,  ailier,  copper,  biamnth,  tin,  and 
antimony  aolpbidee  are  radoced  by  hydrogen ;  copper,  lead,  marcnry,  and  antimony  ml- 
phidea  an  ndnced  by  heating  wiUi  iron ;  but,  in  this  caae,  aome  of  the  aulphid^  eacapea 
deeomporilioD,  and  combines  vttJi  the  iron-anlphide  produced,  forming  a  gnlpbo-aidt. 

Sniphidea  which  are  not  rcdncad  hy  heat  alone,  are  always  decompmed  when  haatcd 
in  oontACt  with  o^gsn  or  atmosphenc  air.  Those  of  the  alkali-  and  earth-metalv  are 
coDTetted  into  nilphates  by  thia  means.  Zinc,  iron,  manganese,  copper,  lead,  and 
bismttth  Bidphidee  an  conTerted  into  oiidee,  and  mlphatODa  acid  is  produced ;  bnt 
when  the  temperatnre  ia  not  above  didl  redneis,  some  salpfaate  is  formed  bj  direct 
oxidation.  Swcniy  and  iJlTer  anlphidM  are  eom^letdly  raduoed  to  the  netallio  state. 
Some  native  snlphidM  gtadoally  Dndai]p>  alteration  by  mere  exporare  to  the  atmo- 
■pheie,  but  it  is  then  eenerally  hmited  to  the  prodaetiDa  of  mlphatco,  anleaa  the  ozidfi- 
tion  ti^ea  place  so  npdl  j  that  the  heat  generated  ia  sufficient  to  decon^xiae  the  solslutte 
flrnt  produced.  In  (he  production  of  some  metals  for  ase  in  the  aits,  the  aewation  of 
saJphur  from  the  native  minerals  ia  effected  chiefly  by  means  of  this  action  in  the 
''  IB  of  roastius.  (See  Mxtuxitbot.) 
'  "'   Bulphidi  ..:....  3 


Some  metallio  sulphides  are  also  decomposed  by  heating  Ihi 
rapour,  with  pioduotion  of  metallic  ondea  and  aolphnretted  h 

and  mercury  sulphides  are  but  partially  or  little  affected,  and  the  sulphides  of  atkoli- 
■'         ■  ■  -    ^ into  ralphat       ■    ^  '    "        ■■    ■     -    . 


r,  with  piodnction  of  metallic  oxides  and  salphnretted  hydrogen :  lend,  antimony, 
ercury  sulphides  are  bnt  partially  or  little  affected,  and  the  snlphid        -    "    " 
enrth-metala  are  conveitPit  into  inlphBtee,  hydrogen  being  eliminated. 


Metallic  anlphidea  are  decomposed  in  like  msnnor  when  beated  with  metallic  ozides 

in  suitable  propc    '  -..--..  i _  .  ■.       ...         .  .     _ 

and  oxide.  Met 
propoitionB  of  n 
substances  reacting. 

Many  BwtsUic  snlphidea  are  decompoaed  by  adds  in  the  preirace  nf  wnter,  salphnr- 
etted hydrogen  being  evolved,  while  me  met^  enters  into  combination  with  the  acid 
or  the  chlorous  radicle  of  the  add.  Nitric  acid  when  concentrated  decompoeea  moat 
ROlphidefl,  with  fbrmatjon  of  metallic  oiido,  ndphuric  add,  snlphnr,  and  a  lower  oxide  of 
mtrogan.     Kitromnriatic  add  acts  still  more  energetically  in  a  limilar  manner. 

Most  of  the  metals  and  metaLoids  are  capable  of  combining  directly  with  snlphnr 
when  heated  witli  it  nnder  gnitahle  ooaditions.  Gold  and  sine  do  not  combine  directly 
with  sulphur.  The  combination  of  metals  with  anlphur  is  attended  with  great  evola- 
aon  of  heat,  and  also  of  light  when  it  takes  place  npidly,  being  in  fact  a  tme  ease  of 
combnstion  in  which  sulphur  takes  the  part  of  oxygen. 

Snlphides  are  also  produced  by  the  action  of  metals  npoQ  sulphydric  add,  both  elowly 
fit  the  ordinary  temperature,  and  more  rapidly  by  the  aid  m  heaL  Metallic  oxides 
heated  with  ex<'ees  of  solphiir  yii-ld  sulphurous  add  and  sulphides ;  sometimee  a  com- 
pound of  aulphide  and  oxide,  as  in  the  case  of  manganese.  The  alkalis  and  earths  do 
not  yield  eulphutous  add  in  this  way,  but  hypoeulphurous  or  snlpfauric  add,  which 
remains  in  combination  with  a  portion  of  the  base— liver  of  anlphur.  MetolHo 
sulphates  hest«d»ith  carbon  arerednced,  carbonic  acid  or  carbonic  oxide  and  snlphidea 
being  produced.  Hydrogen  gaa  eierdaea  the  same  reducing  action  with  producbon  of 
water.  Metallic  oxides  heated  in  contact  with  inlphurettad  hydrogen  or  vapour  of 
carbon-disulpbide  are  converted  into  BUlphidee,  with  simnltaneons  prodnctLOn  of  water 
and  mrbonic  acid  or  carbonic  oxide  according  to  drcnnutances. 

Solutions  of  metallic  compound*  yield  precipitates  of  metallic  tulphide*  when  mixed 
with  solution  of  lulphydric  add,  or  of  solnble  snlphidea.  In  the  case  of  metals 
whose  snlphidea  are  daeompased  by  dilute  acids,  the  snlphidea  are  not  predpitated 
unlets  there  is  an  alkali  added  to  neutralise  the  add  of  (he  metsllie  salt. 

Metallic  sulphides  ore  also  produced  by  the  reduction  of  sulphates  by  organia 
subxtances.    Many  native  sulphides  have  no  doubt  been  formed  in  this  way. 

VboapUde*. — These  compounds  ore  but  little  known  in  a  definite  stat« ;  but  they 
appear  to  b*  in  general  analogous  to  the  sulphides  in  their  chemical  chamcter*.  The 
metallic  phosphides  are  mostly  brittle  and  fosible,  and  the  presence  of  phoqjioms  in 
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meUiU  lendet*  Ui«m  hud  and  brittle.     (See  Copfhb,  ii  TS ;  Isov,  iii.  827, 8M,  iw ; 
Lbab,  iii.  flS7.) 

Tbe  phoBptudea  of  tlie  alkali-  and  earth-motala  sre  decmnpoeed  bj  contact  'with 
water,  yielding  oxidea  and  phoepboratted  hydragea.  Some  of  the  phoapi^clea  are 
converted  by  ignition  in  contact  with  aii  into  basic  pho^hatee,  put  of  tbe  pliai[^nia 
being  TolatiliBed. 

Mettdlie  pboaphidea  majbe  pndnced.  either  b;  beating  the  metabwitli  tJlosphonu, 
b;  tbe  reduction  of  phoaphatea  with  carboo  or  bjdrogen  gaa,  or  by  tbe  action  <a  ^boa- 
phorett^  hjdnseii  apou  Bolntionii  of  metKllic  eompoonda.  Some  metala  cannot  be 
combined  with  pboaphorua  bj  anj  of  the«e  metboda. 

CUorldasi — All  thi)  el  emeDtary  radicles,  excepting  flnorine,  areknomi  tobecspnble 
of  ezieting  in  combination  witb  cMorine.  The  compotinda  of  cUorine  tritbthe  metala 
fteQeretlj  correspond  to  tbe  tmdea.    (See  Mbtuxic  Chlokidbb,  i  894  tl  am.) 

Among  tbe  cbloridea  of  the  metaUtHldB,  sDiDe  cOTreepond  in  their  oompoaitioii  with 
tbs  napectiTe  oiidea,  anlpliidea,  &&     (Se«  L  SS9,  7U,  iii.  3BS.) 
BramMaar— (See  L  S72  el  leq.) 
ZoOldM^See  iiL  28i.) 
n«DriaW-{See  ii.  B70  et  »eq.) 

XUrUtm, — Witb  tbe  exception  of  tbe  nitiide  ot  carbim  (uie  CrtMocmt,  iL  S76), 
these  compaands  are  but  little  known.  Tbe  titaniDm-nitxides  ue  among  tbe  moat 
remBrkable.  Several  other  metals  and  metalloids  appear  to  form  definite  eompoonda 
with  nitfogen  in  leTenl  proportions.  (See  OxBBUon,  i.  7S7j  Boaoir,  Vnanm  or, 
i.  S3S  ;  CoFpaa,  ii.  87 ;  laoH,  iii.  391 ;  itxatasitni,  iii.  764 ;  also  MiritoaBit.) 

Oartddaa. — Several  metals  appear  to  be  capable  of  forming  compounds  witb  earban, 
but  their  ehemicaJ  biator;  is  little  known.  The  most  important  are  the  inm-carbijes 
(iii.  371  and  329;  also  Coffbb,  ii.  Si).  Uanganese  probablj  forma  eotnponnds  with 
carbon  uulogous  to  the  itoB  carbides. 

■iUoiaaa. — The  compounds  of  silicium  with  the  metals  are  still  less  known  than 
the  carbides.     (See  Iboh,  iii.  834,  and  MsjiaunsB,  iiL  S16.) 

AUoj*. — Most  metaU  are  probablj,  to  Bome  extent,  capable  of  existing  in  a  state 
of  combination  with  each  other  in  definite  proportions ;  but  it  is  difficult  to  obtain 
these  compounds  in  a  separate  condition,  since  thej  dissolve  in  all  proportions  in  the 
melted  metals,  and  do  not  geneiall;  differ  so  widel;,  in  their  meltmg  or  solidifying 
points,  boiB  the  metals  the;  may  be  mixed  vitb,  as  to  be  separated  bj  ciystalliaatian 
in  a  definite  eonditioD,  Exceptions  to  this  srs  met  vith  in  the  cooling  of  argent iferoos 
lead  (iii  604  tt  xq.),  tbe  crystallisatian  of  biasa  (see  Corrxa,  ii.  IS),  and  ot  gun 
netd  (ii.  it). 

Some  metals  cannot  be  made  to  mix  or  combine  witb  each  other  when  melted 
together,  except  in  very  unequal  proponions.  Thos  lead  retains  only  IS  pec  cent,  sine, 
nndEinconl7l-Sparcent.lead(seeUatthiessenandv.Bo8e.  1861,  Proc  Boy.  Soc). 
Even  when  metals  are  misdble  in  all  proportions,  it  is  difficult  to  say  whether  there  is 
actual  ehemical  combination,  as  in  the  case  of  potassiam  and  sodium,  tin  and  antimony. 
Tbs  chemical  force  capable  of  being  exeited  between  different  metals  may,  ns  a  rule 
be  expected  to  be  very  feeble,  and  the  consequent  state  of  combination  would  therefore 
be  very  easQy  disturbed  by  tbe  influence  of  other  forces.  The  stability  of  such 
metalhc  compounds  is  hovever  greater  in  proportion  to  the  genenl  chemical 
dissimilarity  of  the  metals  they  contain.  But  in  all  cases  of  combination  between 
metals,  the  alteration  at  physical  ebaracteca,  which  is  the  distinctiva  fbatum  of  chemi- 
cal oombination,  doee  not  t^e  place  to  mj  great  extent.  The  most  unqneationable 
compounds  of  metals  are  still  metallic  in  their  general  physicsl  cboracteiB,  and  there 
is  no  such  transmutation  of  tbe  individnality  of  their  constituents  as  takes  place  in 
the  combination  of  a  metal  with  oxygen,  of  sulphur,  or  chlorine,  fee  Tbe  alteration  of 
ehamctdta  in  alloys  is  generally  limited  to  tbe  colour,  degree  of  hardness,  tenacity,  &c, 
and  it  is  only  when  the  conatttuent  metals  are  capable  ot  assnming  opposite  chemical 
relations,  that  these  compounds  are  distinguished  by  great  brittleness. 

The  formution  of  actual  chemical  compounds  is  indicated  in  some  cases,  when  two 
metals  are  melted  together,  by  eeveraJ  phenomena,  via.  the  evolution  of  heat,  as  in 
the  OA«e  of  platinum  and  tin,  ra^iper  and  zinc,  &c.  The  density  of  alloys,  also  dif&rs 
from  tbatofmeTBmixtnnattf  the  metals.  In  tbe  solidification  of  alloys  the  temperature 
atationaiy  at  paitieiJar  degrees,  which 

„ __„  , >  compounds  then  cryBUIIising.      Tin 

lead  melted  toc^ther  in  any  proportions  always  form  a  compound  which  solidiflea 
at  187°  C.    The  m  Jting  point  of  an  alloy  is  often  Teiy  different  fram  the  point  of  solidi- 
flcat:on,and  it  i*  genenlly  lower  than  the  mean  melting  point  of  tbe  constitnent  metals. 
Hot  tliough  metals  m^  combine  when  melted  togeUur,  it  is  doabtfol  whethar  the; 
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..  .  in  range  of 

tfmperatnre.  MatthieEsen 
(Brie  Ass.  Kepoits,  I8t3, 
p.  37)  regiuds  it  as  piobsbls 
that  the  condilioD  of  m  alloj 
of  two  metals  in  the  liquid 
«tal«  maj  be  either  that  of.— 

another;  2,  Chemical  com- 
bioatiaD ;  3.  Mechanical  mix- 
ture ;  or.  4.  A.  solution  or 
mixtnra  of  two  or  aU  of  the 
abore ;  and  that  similar  dif- 
ferencea  may  obtain  as  to  its 
Mmdition  in  the  aolid  itate. 
He  coDBiden  that  the  con- 
ducdvity  tbr  beat  and  eleo- 
triiity  are  among  the  cha- 
rcten  beat  calculated  to 
indicats  the  chemical  nature 
of  alloja.  In  nwpect  to  eleo- 
tric  condoctiTit;,  he  dividea 
metaU  into  two  ckaoeH,  Tii. ; 
A-  MetaU  which,  when 
alloyed  with  each  other,  con- 
dnut  eleclriciCy  in  the  ratioa 
of  their  relative  Tolumee — 
lead,  tin,  lin^  eadmium. 
B.  Metah  which,  when 
^oyed  with  eai^  other,  or 
with  a  metal  of  claaa  A,  do 
not  conduct  electricity  in 
the  ratios  of  their  refatiTe 
Tolnmee,  but  always  ia  a 
lower  degree  than  that  cal- 
culated ftom  the  mean  of 
their  volumes — biamath, 
antimony,  p  tat  inum,  pal- 
ladium,irau,alnmiIIiaII^ 
gold,  copper,  silTer.  &c 

The  curves  repreenntaDg 
the  conductivity  of  diArent 
aeries  of  alloya  have  the  re- 
lation shown  in  the  accom- 
panying diamnma 

Qroup  L  Those  belonging 

to  the  alloys  of   metab   in 

elasa  A  are  almost  straight 

linos.    That  of  the  lead-tin 

alloya  is  given  as  the  type- 
Group  IL  The  corves  of 

Blloya  of  metnls  in  chtss  B 

show  a  rapid  decrement  on 

both  sides  of  the  curve,  the 

taming  pointe  being  con- 
nected  together   by   nearly 

etniight  lines.    That  of  the 

gold-ailver  alloys  it  given  ** 

Group  m.  The  onivst  of 
alloys  of  metals  in  class  A 
with  those  in  class  B  show 

a  rapid   decrement   on   the  ,„     „   -u     „   ,™     ™     .-    i-,     ~    i™ 

side  beginning  with  the  metal  belocgisg  to  class  B,  then  turning  and  going  in  > 
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■tnuilit  Hna  to  tlie  other  lida,  bepnmng  with  Uib  metal  belimgjiig  to  elui  A.  That 
of  ths  dn-CDpper  ailojt  it  given  u  the  tjpe. 

In  regard  to  the  B.U0JI  of  the  first  group,  if  tlieij  Were  mechuiinl  miztnna,  th6 
metftla  mmposing  thsm,  nolen  their  specific  grsTities  wen  the  sune,  would  sepnnta 
iato  two  lajen  when  melted  and  hIowIt  cooled,  u  in  the  case  of  the  laid-sinc  b11o]w 
(Malthieasen  uid  T.  Bose.  Feoc.  B07.  xL  410).  Bat  the  aUoji  of  lend  and  tin, 
lot  exnmplp,  da  not  separate  in  the  same  waj  as  lead  and  odc.  HoraoTsr,  homogeneous 
wircH  cDidd  not  be  obtained  hj  pressing  if  theoe  alloTS  were  mechanical  mixtoras ;  but 
wirei  of  the  same  alio;  have  been  proved  to  have  the  same  conducting  power,  whether 
taken  from  the  pren  at  the  beginning  or  the  end  of  the  operation. 

On  the  olhsT  hojid,  the  agreement  between  the  theorebo  and  act;aal  eondnctivi^  of 
these  allojs.  ma  well  as  between  the  calcalaled  and  actual  percentage  deereraant  in 
eondnctiTitj  between  0°  and  100°  C,  indicalM  that,  in  the  solid  Btal«,  the;  are  not 
chemical  componnda.  In  regard  to  these  particnlata,  the  following  lav  has  been  fonnd 
to  obtain  for  all  allojs  6t  the  first  and  second  gtonpa,  as  well  as  (i»  some  of  those 
belonging  to  the  third  group : 

71u  actual  perntniagi  dteremmi  in  eondveHvUy  bet>Btm  0°  ayid  IDC*  C.  it  to  lie 
eaJeulaltd  dnmnenf,  u  t/uactiudiMlallkecalcutaied  conduetieity.  (UatthiesBen  and 
Vogtv  Proc.  Boy.  Sot  liL  Bfi2.) 

Autong  the  alloja  of  the  Kcond  groap,  some  may  be  ngardnd  as  mechanical  mix- 
tares.  Silrer  and  copper  fused  and  well  itirred  together,  oeparate  when  slowly  cooled, 
HO  that  the  mass  contains  diff(0«nt  amounts  of  the  mslala  at  diifereot  parts 
(LsTol,  Jonm.  Fharm.  zrii.  111).  Bat  these  alloys  &ra  eiceptJonal,  and  most  of  tha 
alloys  of  this  group  may  be  regarded  as  solidified  sidotiona  of  sllotropic  modifleatioDB 
of  the  metals  m  each  other.  The  cnrm  representing  the  condnctiTily  of  the  dii&ront 
serifB  of  these  alloys  all  have  the  typicsl  fbrm ;  and  the  decrement  in  condoetivity 
between  0°  and  100°  C.  soreea  with  the  theoretical  amount 

In  the  third  group  of  alloys,  the  rapid  decrement  in  the  candnctiTity  of  those  aQoys 
of  the  several  series  which  contain  but  very  small  amounts  of  a  metal  belonging  to  clan 
A,  eanuot  be  sscKbed  to  the  existence  of  chemical  compounds  of  the  metab.  For,  in 
the  first  place,  the  amount  of  one  of  the  metals  in  the  allays  corresponding  to  tha  tom- 
ing-points  of  the  curves repmeDting  the  ooudoctivity  of  ths  series  is  too  small,  as  will 
be  seen  by  the  following  instances : 


Bismuth-lead.  lead  . 

saver.  tin  ...  3-8 

Again,  the  great  similarity  of  the  curves  representing  the  condnetiTity  of  series  of 

alloy!  belonging  to  this  group,  is  opposed  to  ths  existence  of  ohemical  conq»nnds  in 

the  solid  alloys. 

Uoreover,  the  relation  between  the  amount  of  difi!^rent  metsls  belonging  to  dosa  A, 
and  the  detTcment  in  conductivity  of  the  alloys,  is  eqtmlh  oDpcaed  to  su^  a  view  of 
their  condition.  Thus  in  ailver-Iead  and  silvst^tin  alloys,  toe  decrements  in  condurtivity 
cocreepondine  to  0*9  per  cent  lead  and  D'7  per  cent,  tin  I^  volume  are  eqnal,  snd  in 
bismuth-leadaiid  bismnth-tin  alloys,  the  decrements  Corretponding  to  0'4  per  cent  voL 
lead  and  0-63  per  cent,  vol  tiu  are  equal  (See  Hstthiessen,  FhiL  ]>ans.  1660, 
p.  171.) 

The  infiuence  eienneed  upon  the  condnctivitj  of  metals  by  the  preaence  of  small 
qnantitiea  of  other  metals  does  not  appear  to  be  in  g>nv  way  determined  hj  the  altera- 
tion of  crystalline  fbrm  or  tendeniT'  to  OTitalliBe  which  are  known  to  be  influenced  by 
that  circumstance.    (See  Matthiessen  and  Vogt^  FhaMag.  1862.) 

If  it  be  assumed  that  the  metals  belonging  to  clasa  B  undergo  a  molecular  change 
when  alloyed  with  one  another  or  with  metals  belonging  to  elsss  A,  and  that  in  each  on 
sUotropie  condition  is  induced  by  a  small  amount  of  other  metsls,  varying  according  to 
the  different  metala,  then  man;  of  the  phenomena  characteristic  of  alloys  may  be 
exfJaiced.  Thns,  for  instance,  the  curve  n^ireaanting  the  conductivity  of  rinc-copper 
■lloyi  has  the  same  form  as  those  of  other  alloys  belongiog  to  the  same  group,  and 
the  percentage  decrement  in  their  condoetivity  between  0"  and  100°  C.  is  exactly  what 
is  indicated  by  the  law  above  stated.  Hence  it  may  be  inferred  that  solid  aUoys  of 
zinc  and  copper  are  only  sohdifled  solutions  of  cine  and  of  oUotropic  oopper  in  each 
other.  The  different  actJon  of  reagents  opan  alloys  and  npon  the  metals  nanstituting 
them,  when  in  on  isolated  ststc,  may  also  be  referred  to  the  existence  of  such  allotiopic 
modifications  when  they  ore  alloyed,  as  well  as  to  the  existence  of  chemical  compounds 
of  the  metsls  in  the  aUoys. 

In  the  Un-gnld  series  of  sltnys,  the  curve  representing  the  conductivity  hns  not  the 
Epical  fbrm  of  this  group  of  ^oy^    Beginning  from  tin  there  is  a  gradonl  decrement 


METALS :  ALLOYS. 


teganled  as  isdiasling  that  ike  allocs  corresponi&iig  to  tha  tDraing-poinU  of  the  ciure 
are  chemiod  compoandn,  for  Che;  have  definite  eompoaitiou ;  the;  contain  Uige 
mmoODta  of  balh  Dietal« :  Sn'Au'  —  60  per  cecU  ;  BnAa  bi  S7  percent. ;  aDd8DAa*»  13 
per  cent,  of  tin.  TheD  the  apedflo  smTit;  of  the  alio;  Sa'An  is  Almost  equal  to  th&t 
calculated,  vhile  SoAn  expands  and  SoAn'  coutncta  more  thiu  anj  of  tlifl  other  tin- 
gold  allo;8.  HoreoTer,  the  percentafe  decrement  in  the  condoctiTit;  of  these  allojra 
between  0°  and  100°  C.  does  not  conform  to  the  Uw  above  stated  (p.  813).  Tin  and 
gold  aiao  dissolre  in  each  other  Teir  readil;,  with  evolntion  of  heat. 

Matthieosen  thna  daisifleB  Uie  stdid  allojs  composed  of  two  metala  according  to  their 
chemical  nature. 

L  Solidified  BolntionsofoMmeUl  in  anotliet^— lead-tin, cadminm-tiniEine-tiD.lMd- 

2.  Solidifiol  Bolntiona  of  one  metal  in  the  allotiopia  modiflestioD  of  another — lead' 
hismnth,  tin-1>innnth,  tiD-co{q>«r.  ainc-copper,  lead-silTer,  and  tin-silTer  allon. 

3.  Solidified  aolatioQi  of  allotropic  modifications  of  the  metals  in  eaoa  other— 
bisinath-gold,  Ijiamnth-ailTer,  paUadiDm-silTer,  platinom-cilTer,  gold-ci^per,  and  gold- 
nlrerallDjn. 

4.  Chemical  compounds  of  the  alloyi  corresponding  to  Sn'An,  Sa'An  and  An*8n. 

t.  Solidified  solntioDS  of  chemical  componnds  in  each  other — the  aUoya  intermedial 
betwem  those  conr^ionding  to  tlie  above  formnlai. 

5.  Mechanic*!  mixtores  ^  solidified  solationa  of  one  metal  in  another — alloys  of 
lead  and  one  oiHitaining  mors  than  1-2  per  cent.  lead  o:   ~  ' 

7.  Hechanical  mixturea  of  solidifled  solationa  of  one 
eatian  of  another— allo;B  of  dbc  and  blamnth  containii 
or  more  than  2i  par  cent,  biamuth. 

8.  Mechanical  mixtnrea  of  aolidified  solationa  of  aHotropic  modifications  of  the  two 
metals  in  each  other — most  of  the  allver-coppei  b11o;b.  (Matthiessen,  Brit.  Asa. 
1%S3— Beporl  on  tie  CltaaKai  Naturt  qf  Ali^  p^.  S1-iB) 

Id  accordance  with  the  rule  genersll;  obtaining  m  respect  to  chemical  comhinatioo, 
the  mdala  which  prcaent  the  greatest  difference  in  their  general  chemical  characters 
aie  the  most  capable  of  eiiEtinz  in  anDbination  with  each  other,  aod  of  fbnmng  de- 
finite Gomponnds.  Thus  arse mc,  antimony,  &c,  which  are  the  most  diloions  (»  tha 
tnetala,  form  nnmeroos  definite  componnda  with  the  more  basylona  metal* — ailreT, 
oopper,  iron,  nickel,  cobalt,  &c.,  man;  of  which  eompounda  occur  native.  (See 
AsamnDns  and  Ahtikohidis,  i.  316,  370,  £91,  1041 ;  iL  41  j  iiL  368,  632,] 

Some  arsenides  lose  arsenic  when  heated  out  of  contact  with  air ;  bnt  b;  heatJn|;  in 
contact  with  air  the;  are  (onveited  into  oxides  or  basic  arsenates,  while  aiacmous 
acid  is  volatilised. 

These  compounds  are  ofton  formed  in  metallni^cal  opentaoas  with  aneoical 
minerals  containing  cobalt,  nickel,  or  iron,  and  collect  in  a  separate  layer  between  the 
reduced  metal  and  the  sulphides. 

The  phjaical  characters  of  allo/a,  though  the;  alwa;*  retain  the  prominent  cha- 
racters of  metals,  an  in  some  reepecte  very  diSerent  &om  those  of  the  metals  the; 
contain,  and  which  render  these  LittHr  usefiil  in  the  arts.  Thna  the  alloy  consiating 
of  copper  with  half  its  weight  of  sine,  ia  macb  harder  than  pure  copper,  anil  at  the 
same  time  sufficiently  dnctSe  (see  Bbuss,  iL  47  ft «(.)-  The  alloy  of  copper  with  one- 
ninth  its  weight  of  tin  is  much  harder  than  copper,  ia  well  calculated  for  casting,  and 
has  Buflicient  tenaci^  for  the  constmction  of  ordnance  (sea  Brokes,  ii,  43  et  seg,). 
The  alloy  of  copper  with  one-ninth  its  weight  of  aluminium  is  haid,  tenacious,  and 
malleable  (see  ALTntiriwii  Bbokzx,  i  166).  The  alloy  of  oopper  with  one-foorth  its 
weight  of  tin  is  veij  hard,  and  beinghighly  sonorous  is  well  suited  for  bulla,  4o.  Tha 
■Uo;  ot  oopper  with  half  its  weight  o(  tin  ia  whit*,  and^apable  of  receiving  such  a  high 
polish  as  to  be  suitable  for  the  reflectora  of  telescopes.    (See  Spacin:.tiii  hbtai.,  ii.  43.) 

The  alloy  of  lead  with  one-foorth  its  weight  of  antimon;  is  readily  fusible,  much 
harder  than  lead,  but  not  brittle  like  ontimony-biBmntb  or  sine,  and  is  well  suited  by 
these  characten  for  type-foonding  (sea  Ttfi-utal,  i.  316  ;  iii,  p.  G32}.  Other  allcgv 
will  be  foond  described  under  the  heads  of  the  several  metals  they  contain. 

Thecbemicalactionof  reagentsaponalloysissametimesTerydifi'erent&om  their  ac- 
tion opon  metal*  in  " ..-..--.  .1 1-.-- _i 11.     .a      t 

dissolved  h^  " "'  ' " 


n  metal*  in  the  ssparate  state ;  thnsplatinum,  when  alloj-ed  with  silver,  iareadilj 
d  b;  nitric  acid,  W  is  not  afibeted  hj  that  acid  when  unai]o;ed.  On  the  eoni 
trarr,  silver,  which  in  a  separate  stat«  is  readH;  disaolred  b;  nibric  add,  is  not  dis- 
solved by  it  when  allo}red  with  gold  in  proportions  nmcb  less  than  ons-fonrtli  of  tlu 

alio;  h;  weight. 
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S46  METALLUEGT. 

AxtJflU  of  AUoff*. — The  numbK  of  metali  vhicli  oiitM  into  Uie  compomtion  of  tlw 
TBrioiu  mllojs  died  in  tlie  irto  is  not  Terj  conndenbla,  and  in  most  (adiutj  eaam 
the  fblloinug  «jBt«m>tic  mode  of  teetiiig  aHoy  nil  Mrra  to  tllbnl  indicatiotis  of  That 
mataJs  thcj  cor'' 

—  <-« 

ii  atidaUd  bj  the  application  of  a  gontle  I 

I.  No  natUim  laia  plaoe,  and 

A.  The  nilMtance  nmain*  mmltoad.  Indicating  0»  probable  abasnm  of  all  metali 
bnt  said  and  plaWwin 

n.  A  rtaetiou  taiet  plmt,  red  nitroiu  J^uma  btitiff  tpolved ;  and  in  thjacaae: 

■■  Solnlion  of  the  snbatance  Ukeii  place  witbont  any  nsidae  being  lef^  indicat- 
ing the  absence  of  a«U  (plattovmf),  saUnkMir  ud  tfaa. 

1.  The  •olatioD  ma;  contain  all  the  othrr  metali  tikelj  to  b«  praaent  in  tOaj^  Ik.  ; 


Oi  The  aolntion  ii  naitial,  and  the  reaidne  is — 

2.  XtlaBie,  or  a  buei  ponder,  indicating  the  preoenoe  of  goMi  pl&tbmm,  and 
pCThace  —tlnwtMT  and  On  in  small  proportions. 

3.  wate,  indicating  the  presence  of  (Uttttmamy  or  Ub,  and  peihaps  cold  and 
ylBtlMUB  in  small  tmpottiona. 

9.  ITo  Bolation  takes  place,  indicating  the  absence  of  all  metals  bat  c«Ua  pl»t^ 
aanta  antlmonr,  tlo,  and  peihaia  aOt^r  and  lead  in  small  proportiona.  ^le 
tMridne  maj  be — 

4.  WaU,  indicating  the  nma  at  S. 

The  Botntian,  1,  is  in  all  cases  to  be  treated  in  the  same  manner.  When  a  naidne 
nmaina  ondissolved,  it  is  to  be  eeparatfld  hj  deea&ting  off  the  deaf  liquid,  or  b; 
filtratian  after  the  eaeeaa  of  acid  has  been  removed  hj  boiling  the  liqnid.  The 
metals  aie  then  to  be  tested  fbr  in  the  dear  solation.    Bee  Akixtsi^  i  316. 


When  the  snbstanee  is  not  acted  npon  bv  nitric  add,  and  whra  it  ie  bnt  paitiallj 
dissolved,  the  lesidacv  S,  oithe  nnallaied  snbatanFe,  is  to  be  tzeated  vith  a  nuxtnre  of 
three  parta  hjdioohloric  add  and  one  part  nitric  adid. 

The  mnit  r£  this  beatment  maj  be  either — 

6.  Pnrfial  tolutim  and  the  separation  of  a  white  insdnble  powder,  chloride  of  BilTar, 
CO'  (Ims  probable)  cUorids  of  to*d> 

6.  Oontpltit  leltUion.  Both  in  this  and  the  previous  aaae,  the  melals  belonging  to 
this  groQp  A  will  be  diasdved,  and  the  solation  may  contain  cold  and  r'ti^iT*"! 
vhich  should  be  tested  br  in  the  naoal  manner.  (See  Aiiai.tiis,  L  316,  and  Qold, 
iL  928.) 

The  chloride  solution,  S  and  S,  may  also  contain  matab  whidi  an  only  putiaUj' 
diseolved  Irr  nitric  add  when  alloyed  with  gold  or  platinum.  B.  H.  P. 

XXT&]U.irKOT.  Biitteniimdt.  JV^<aUu>^— Theartofeitractinginetahi&om 
thevariooB  mineraU  fbimd  iu  the  earth,  and  of  converting  them  into  fonoB  auilable  tai 
the  purpoMw  of  the  aria,  which  constitutes  metallurgy  in  its  widest  range,  comprises 
a  number  of  opoiaciDDs  which  are  of  a  purdy  mechanical  nature,  and  which  do  not 
come  within  Ibe  pnvince  of  this  work.  8«t  many  of  the  most  important  qicntion*  of 
metallurgy  inrdvo  proc^Ms  which  ars  nnswntially  diamical,  and  it  is  to  llie  eoiuid«B«- 
tioD  of  the  genenl  principles  upon  which  these  operations  depend,  that  attention  will 
be  directed  in  this  artide.  Information  (m  tfaa  mechanical  sections  of  Hetallu^y  will 
be  found  in  Ur^>I>ktiottaryoX.^i',Slain^aeturtt,mtdliititt;aitii:iMlSxiAiA.rBeT, 
MiNnto,  and  Onis,  Dbcbsiko  or. 

The  metals  which  are  largdy  used  in  the  arts,  via.:  Iron,  aine,  copper,  lead,  tin, 
antimony,  bismuth,  nickel,  mercury,  ajlver,  gold,  platinum,  are,  with  tba 
exception  of  the  last  two,  chiefly  found  in  the  state  ofchemical  combinatian  with  other 
subetancu,  constituting  a  nuiety  of  minerals,  among  which  those  containiiv  a  suffl- 
dently  considerable  amount  of  the  several  metola  to  admit  of  their  being  profitably  ax- 
tiscted,  are  called  or  ca,  whrai  thev  occur  in  snfBdent  abundance  far  metallotgic  porpoaea. 

The  production  of  the  alkali-  and  earth -metals,  which  is  now  camsd  on  mora 
extendvely  than  it  was,  Is  a  branch  of  industry  appertaining  rather  to  the  chemical 
mannfaeUrr  than  to  metallnrsy ;  this  is  also  the  case  with  rward  to  the  ptodoction  of 
the  compouida  of  cobalt^  cnrominm,  and  arsenlo  which  are  Tnannfactored  from 
the  orss  of  these  metals. 
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The  tnetallie  eompoundt  vhich  ue  moat  freqaeot  u  orftB  are : — 

1.  Oxida.  Eithgrsiiiiple,  BachnsBtaaaiooiideui  tdii-Mcne,feiriacrxii]eiiib«DiBti(e, 
or  compouDd  oxid^  sacSi  aa  f^iroeo-fflmc  oxide  in  magoetio  iron  ozv,  and  BonM  ulme 
compoDndB,  aa  cafbonatto,  aod,  in  email  qnaotitf,  silici^es,  anlphalM,  &e. 

2.  Bidphidet.  Eithpi-  simple,  lucb  aa  galena,  blends,  gre;  antimony ;  or  eoB^onnd 
mlphidee,  rach  aa  copper  p7Tit«a,  nnkenile,  iiaiaiKniI«. 

S.  Artemda.    Oenenll;  in  nnall  qnonCit/,  ana  miifd  with  oOua  Orel. 

These  Gompoimds  nrelj  occur  in  a  Eeparata  BtBt<>,  but  an  more  or  leM  mixed  vith 
othnc  mineisle  in  vliieh  thej  an  imbedded.  Qang  (Gaitfftie;  garyarf),  oamtitnting 
maaaee  irhieh  are  lituated  in  mora  or  lee*  hoiitontu  or  Taitical  poeitiona  ralatirdy  b> 
the  locks  they  are  aasociatsd  with,  and  am  aooordinglj  distinguished  bj  tlis  terms 
bed  (Lager  ;amaji),oTiode  (Banff ;.fiion). 

The  admiztunfl  genraally  met  with  in  o 
metala  than  that  of  the  ore  they  are  associated  witii. 

not  contain  any  of  the  metahi  commonly  nsed  for  technical  pnrpoeas,  as  lor  iTi«r*T»»* 
qnarts,  soma  one  of  the  nnmerona  mineral  ailicatee,  felspar,  h«TiibIeild«k  mica,  tee. ; 
eaAoBMtet,  calc'BpBr,  bitter  s;«r,  limestone,  &c. ;  solphates,  heaTy  spar ;  flooridea,  lee., 
and  portions  of  the  locka  adjoidin^  the  lode  or  bed.  BoniMiffles  thaaelattOT  adamtaw 
are  oseful  in  the  operatiooe  by  which  the  metala  are  extncted ;  jometimes  ther  require 
to  be  separated  mechanically  by  vaiions  preKminair  opei^ODS.  (See  Ous,  DsBSsma 
o»;  Ur^$  Dictionars  of  Art*,  lianVifactara,  and  Mina,  iii.  312.) 

Wtien  the  ores  of  a  metal  contain  admixlnrea  in  amall  proportion  of  other  metal' 
lifatons  minerals,  the  operationa  by  which  the  metal  ia  eitraclad  are  in  some  caaea  eon- 
■iderably  modified,  with  the  view  of  eflbcting  a  sepaistian  of  the  foreig;n  metala ;  either 
on  acconnt  of  their  Talus,  aa  in  the  case  of  ai^enti&rons  lead  and  copper  ores,  or  becanss 
of  Ihdc  pr^dicial  inflaence  npoa  the  qualities  of  the  metal  to  be  obtained  from  the 
ore.     (See  CoFFBa,  il  32 ;  La^,  iii.  904  ei  wq.) 

The  physical  characten  of  the  metala  which  it  ta  ths  olject  of  matallnrgical  opera- 
tions to  obtain,  Tander  it  neceamy  that  in  most  caaea  they  ahonld  be  malted  befbr« 
beiiu  used  fbt  iwaetica]  purposes,  and  the  chemical  nators  of  their  ores  is  so^  aa  to 
reqnu*  the  infliienen  of  poiwnrftil  dicmieal  agenciet  to  <4bM  the  saparatioB  of  the 
'  *   *        "la  ■nbatancca  thay  an  eombiaed  with.    Pta  theae  leaaons,  the  action  of 


angmsniing  the  ehemioal  aetivi^  of  aabataaees  has  been  had  reconns  to  in 
..     ,..._.; ..___  ._,^^^j^  ^   _  .    .    .  .._.,, 

,  npon,  an 

thetefbre  been  Donunonly  termed  smelting.    Bnt  then  an  other  methods  by 


aetalinrgic  operationa  br  which  ehemkal  changes  are  to  be  efibcted  li- 
the ores  or  other  materiali  opantad  npon,  and  the  extraction  of  metala  from  tbdr 
oreshastherefbnbeenoanuno^y  termed  smelting.    Bnt  then  ar> 
whlehmanj  metals  maybe  eitneted,  and  by  which  oeitain  of  them 


wilhcmt  the  aid  in  beaL  According  to  these  metfaoda,  the 
fliat  operated  upon  in  snch  a  manner  aa  to  convert  the  metal  they  contain 
un.  .  ^mponnd  solnble  in  water,  and  from  the  solution  the  metaJ  is  separated 
either  by  the  action  of  another  metal  npon  the  aolutioa,  or  by  galTanic  action 
(£La)mo-M>uu.DitOT,  Br^t  Diciioiuay  of  Art*,  Uottufactura,  and  Miat;  ii.  88). 
The  influence  of  elecnicity,  howenr,  ia  childly  a[^ed  in  the  woridng  of  certain  metalB 
for  particnlar  porposea,  as  ia  electroplating,  and  has  not  yet  been  ren^ired 
available  in  the  extraction  of  the  ordinary  metals  from  their  ore*,  A»>nnir  t}iB  ntJi» 
metfaoda  of  extiaetiag  metala  fiom  their  orea  in  the  Wet  Way,  the 


(ii.  36)  and  the  extraction  {^  lilTer  from  its  area  'bj  nuana  of  •odinm-chloride^ 


after  the  silver  in  the  oree  baa  been  conTarted  into  chloride  (see  Altbb),  as  wellastha 
working  of  platinnm  and  oold  ores  by  nitto-hydrDchloric  acid,  an  the  only  methods 
of  this  kind  which  are  earned  on  to  an  extnnt. 

In  metall(iigieaMnlirai^coi>dneted,aais usually  t^easc^  in  thadr;  way,  or  with- 
out the  trOMnoe  of  water,  and  with  the  aid  (rf  a  high  temperature,  than  are  two  modes 
in  wUeh  diemical  altentions  an  broDght  about  in  the  on  o  " 
upon,  Tic.  melting  and  roastiug.    Inthi 

(tubstanoe  whidl  dNompoMi  it,  wliaD  one 

heat.    ThM,  tar  Mumple,  galena  and  metallio  iron  mdlad  tosetha  yield  "  ,  _„ 

and  iion-milphida.  when  galana  is  melted  witfc  lithargo  or  lead-snlpiiate  in  snitebia 
prt^MBtions,  then  are  imdiiosd  metallie  lead  and  sulphutatia  add  (see  anU,  p.  482). 
A  aimilaz  leaetion  takes  place  when  cnpric  aulphide  and  euprio  o^e  am  malted 
together.    (See  Copras,  ii.  23  sf  ttq.) 

^  the  other  operation,  Tii.roaBtincr,  the  on,  or  other  material,  isnliieoted  to  the 
joint  action  of  heat  tmd  of  a  gaaroua  snbslAnee  Mpsble  of  prodncdnR  a  ch^nical  ^er^ 
tion  calculated  to  binlitate  a  snbaeqnent  opraatian.  Thna,  for  instancy  to  ooppn 
■melting,  the  area  consisting  irf  nlphidea,  an  roasted  in  contact  with  atmospheric  aJF 
'  BO  aa  to  eonrert  them  to  a  ^eat  extest  into  oxidea,  and  in  the  snbaeqnent  melting 
operation  the  enprous  oxide  u  again  eonraited  into  fulphide  I^'ieactioQ  witlt  the 
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iMn-mlphlds  ramaining  mumdiaad,  uid  ia  thus  wpuBt«d  floni  tbt  fenlG  aiid0 
piDdocsd  in  the  roMtingi  Id  the  Euueltiiig  of  Ind  also,  the  galsna  ii  flnt  routed  in 
ooDlsct  with  atmoapheric  air,  sad  ie  thmi  partial!;  coDrertcd  into  oxids  aod  nilphat«, 
vldch,  in  the  anbeeqneiitmeltiiigopentioa,  react  with  the  remaining  nlphide  «•  abore 
Indicated. 

Id  BOiiie  nnf  the  i^nMioD  of  melting  la  eondncted  with  the  nsw  of  eflbdug 
wridalion,  ai  in  tb«  aapamlion  of  antimoDvlhim  gold,  ot  of  lead  from  gold  aod  nlrer 
in  cnpelLttion  (aee  anie,  p.  SOft  tt  ttg.)-  noaating  also  is  nmetimea  oondnoted  with 
the  o^ect  of  emx^ng  re&etion,  a*  in  the  oocTenion  of  metaUio  sa]phat««  and  anenatea 
into  impMdea  and  araenidea  t^  bmhb  of  carbnTctted  puma,  Bnt,  aa  a  general  rnle^ 
the  chief  oltimate  emct  prodneed  by  Hiaating  is  oiidatian,  or  some  cfHrreponding 
change ;  while  the  nltimatc  gEb:t  pnidnced  hj  meltiag  is  miMt  fMqoentl/  ndoetian. 
These  opantions  an  in  aame  wbv  iqtoIthI  in  the  eitraction  of  all  metala  &om  theii 
a  deacription  of  the  genend  conditiona  under  which  the;  an  conducted,  and  the 

il  fsatnree  of  the  chemical  proceaaea  which  take  pliice  — '  —  -•- '--^ ■" 

bre  exhibit  the  chief  chemical  prindplea  of  metulnrgj 
tun  will  be  fiond  nnder  Iha  he«d*  of  the  napectiTe  metala. 

Rouniwo  OT  Onas  us  Mruixcsaia  PBODucra. 

Ona  and  int«imediat«  prodnota  aie  roaat«d  dthra  in  the  atate  of  eoane  powder,  i^ 
M  large  Inmpa,  according  to  their  natnre.  The  d«;Fee  of  heat  applied  ia  not  in  an7 
case  aafflctent  to  Caoae  nuion,  or  aggregation  of  the  maaa,  and  aometimea  it  ia  necn- 
•arjr  to  keep  the  material  opented  apon  Rirrad  abont,  so  aa  to  azpoae  Anb  aniftcea  to 
the  action  of  the  gas  by  which  chemical  alteration  is  effected. 

Roasting  ia  eondncted,  aiunstimes  in  kilns,  sometimes  in  rererberatoij  ftmacea  spa- 
eiallj  oDnstmcted  Iot  the  purpose,  and  aometinea  the  materiala  are  merely  piled  up  in 
heaps  witb  alternate  lvr«i*  of  fbel,  which  are  igmt«d  and  allowed  to  bmii  alowly  until 


air  made  to  paaa  over  the  material  at  a  enitable  tcm^iersCore.  The  chemical  change  pn>- 
dnced  by  routing  ia  either  a  mere  combination  with  oxygen,  la  in  roastinB;  magnetic 
inn  ore,  which  is  tbiu  converted  into  ferric  oxide ;  or  it  may  he  attended  witS  the 
■spanttioa,  more  or  leas  complete,  of  some  eonatitnent  of  the  material  oposted  upon, 
as  in  roasting  snlphidea.  when  a  portion  of  the  ml^hnr  i*  coQTaited  into  cnlidioioiis 
acid  and  TolaCiliaed,  while  the  metal  is  oonTettod  into  oxida,  and  aootlm  portion  of 
the  sn^htir  is  addiaed  into  sulphuric  add,  which  remains  combined  with  the  metallic 

The  diffctent  metallia  sulphides  preaant  Tary  diflbient  characters  under  these  coitdi- 
tions:  thns — 

Iroit-protonil^ltide  is  partially  conTerted  into  femns  sulphate:  this  a 

1 #1 — .»  ._  J— — "-^  into  sulphur *— ^  ~v;-u  :..  .»i.,^i:..j  -_j 

.    Atattmh 


■ed,  jriejdlng  at  last  (biric  onde.    In  operationa  on  the  large  aale,  faov- 
it  ia  reij  dillenlt  to  dRet  the  oatire  sepantion  of  anlphur  horn  iTon-snlphide 
Dy  loasling,  even  when  tba  material  is  flnely  djnded,  the  hsat  gradually  applisd,  and 
the  sorfiMe  (^nnitly  changed  by  stirring  meanwhile^ 

Zina-mlplUi*  undergoes  oxidation  rety  slowly,  yielding  a  mixture  of  snlphatA  and 
oxid^  which  at  a  higher  temperature  loses  sulphuric  acid,  and  may  be  erenluallf  coa- 
TRrted  into  pure  oxide.  This  reault,  however,  ia  more  difflcnlt  to  obtain  than  in  tha 
case  of  iron-BuIphide ;  but  the  RHatiugof  noc-eulphide  is  not  so  Boublaaome,  {"nrmiifrh 
as  it  it  leaa  liable  to  tinderge  partjal  Aision  than  iron-sulphide  is. 

Copp»i'-^til]^ud4,  when  earefally  roasted,  is  convarted  into  a  mixtore  of  enpona 
oside  and  enpric  snlphate.  So  long  a«  n^raoDs  acid  ia  bsiag  modnead  by  tks 
MEidati<»iof  solphnr,  enprJe  oxide  cannot  be  formed:  for  cnprie  oxide  heated  in  con- 
tact with  snlphnrons  aoid  is  partially  ledoesd,  enpross  oxids  and  enpris  snlphate  bsing 
prodnsed ;  but  so  soon  aa  alf  the  copp^snlphide  haa  bean  eonverted  into 
tore,  the  «apiona  oxide  begina  to  be  ftarther  oxidised.    At  a  hi^v  tam' 


e  begins  to  be  ftarther  oxidised.    At  a  hi^v  tamMcata 
H>es  decomposition,  snlidiiirio  add  being  more  or  ma  n 


•,tba 


■a  be  prodneed  in  those  riaces  where  the  copious  oxide  is  m 

•ne  eonditiaa. 

a  y«ty  liaUe  to  aggMgate  togsther, 
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jleldiDg  K  mixtura  at  iMd-mlphtte  ind  iMd-ozid^  ftom  whidi  IIm  m^iliarlfl  aold 
cannot tw  expelled,  nen  when  &  ia  be*t«d  fo  hi^  ea  to  melt 

BumvOtMlpMide  U  eo  ftwible  tlurt  it  it  nrj  difkolt  b)  mut  eompletelj. 

Antimeny-trviUsAiiU  ii  abo  ve^  diffienlt  to  raaat  for  tbe  nine  raaaon.  There  ia 
genenUj  piradiieaa  a  mixton  of  tm^ide,  pentoxide^  and  mlphide  of  antimon  j.  If  tha 
heat  be  hi^  a  poition  of  the  poitoxide  ia  TiJadliBed. 

^aame^ii^iii  oiuf  (HmifpMda  an  deeonpoaed  bf  naaline  Tielding  aiTCoioaa  ai^ 
Bnlphnrana  acida,  both  t^wbeh  are  Tolatiliaed. 

JVinMr3ii.ru^iAidk  ia  eiHiTened  by  raaating  into  metaDie  meieoTj  and  atdphnnu  acid, 

Gold-nU^ivlt  nndeigoea  tlie  aame  alteiation  by  nwatiiig. 

ailver-Mphidt  ia  entirelT  eonreitad  into  netallie  ailfei.  Bnt  wfaco  it  ia  raaated 
togetliei  wiui  other  anlphidea,  inch  aa  iion-  or  oopper«u]phide,  aome  ailTer-Rili^iata  ia 
•Iwaya  produced,  irhich  b;  increaaa  of  tempentme  U  deeompoaed  into  metalUo  ailTor, 
■alpbDKnu  acid,  and  o^gea. 

mded-nlpkidt  can  be  eaaOy  conTerted  by  roaatiitt  into  a  miztnra  of  niekel-oxide 
and  peroxiae,  with  only  a  small  admizhiTe  of  nuAend  lu^Mde.  So  long  aa  anl< 
phnrooa  add  ia  generated  abundantlj,  nidel-oxida  only  ia  prodnced,  asd  tUa  after- 
wards  bMODua  peioxidiaed. 

Oot^t^u^Mdt  behaTea  in  a  ainular  manner  to  niAel-aolpbide,  except  that  aoma 
wbidt4alphata  ia  alwsja  prodoced. 

In  the  roaating  of  8iilplud«,  modifleationa  of  the  diemical  changes  are  often  effiicted 
when  reducing  guiea,  aach  M  earbonic  oxide  or  hrdroearbona,  are  nuzed  with  the  at- 
mospheric air :  also,  parhapo,  when  watar  Taponr  la  present,  aa  ia  almost  always  the 
eaae  in  this  opention  aa  oondocted  on  the  la^^  acale. 

The  precipe  chemical  alterations  which  arsanidea  and  phoaphides  ondetgo 
when  aubjected  1o  oxidiaing  roasting,  are  leas  hnown  thanthoseof  safphides;  bnt,  aa 
a  gmeral  rale,  arsenic  ia  more  diffleolt  to  aeparate  than  solphur,  and  phocphcTue  oui 
be  srp&nted  only  to  a  veiy  amall  extent,  on  account  of  the  atability  of  phosphoric  add 
at  high  tnnperatares. 

^"'■""•'■'r  roBaUnr.  The  anlphidoi  oontaiaiiig  the  largest  proportions  of  sol- 
phur, such  &B  iron-pyritsB,  &e.,  loee  pBit  of  their  inlphuc  by  direct  deoompomtioD,  in 
conanqnence  of  the  mere  action  of  heat,  Hydrsted  compoondii,  carbonatea,  &c.,  are 
also  deeompoBed  in  tlie  same  manner.  But  more  genandlj  tha  voUtilisation  of  aome 
conetitopnt  of  the  nuUerial  raanled,  is  the  reimlt  of  previous  chemical  alteration,  uid 
its  conTenion  into  a.  volatile  compound  by  the  chemical  action  of  tha  atmoaphera  in 
which  the  opentioD  is  coudncted. 

OUorMlatoc  roasUnc  is  etf^ctad  by  means  of  an  atnuisphere  containing 
chlorine  hydrochloric  add,  or  chloridea.  Bilver  area  are  often  aubjected  to  thia  tnat- 
ment,  to  coavert  the  nlver  into  chloride.  At  the  aame  time,  iron  is  partially  volatilised 
as  ferric  chloride;  areemc,  antimony,  xiac,  tin,  bismuth,  mercury,  chromium  aiidsiilphar 
are  also  volatilised  as  chloridea. 

X*dnolur  rokatloK-  When  iim  ores  an  heated  in  an  otmoaphere  of  itdncing 
gases,  such  as  caibonic  oiidG  <a  hydrocarbona,  metallic  iron  is  prodoced ;  and  in  iron 
■melting  this  change  alwayi  precedes  the  actual  melting.  When  such  orea  contain  idtie 
as  well  aa  iron,  both  metals  are  redaced,  and  the  sine  ia  volatilised  at  a  auSciently 
hi^  tempsiatore.  Uuder  similar  cooditionB  aiaenatea  and  araenitee  yield  a  portion  it 
their  arsenic  in  the  metallic  state.  This  is  also  the  case  with  antimonatei^  telloaUs^ 
selenalea,  or  anlpbatfls. 

IbLnaa  OF  BbTUxmaicAi.  Fxenrcrs  ros  tbb  BxTkionon  un>  SMFiBanoK 

Orea  are  rarety  anhjeeted  to  the  operation  of  mettiiw  wjthoDt  having  pnnlooalv 
undergone  siune  other  Imatment^  snob  aa  roatting,  Aa.  Thia  pn^^nair  treatment  ia 
in  aome  eaaea  only  the  eoriiest  stage  of  the  melting  operaliati,  u  in  tha  amelting  of 
iron  ores,  which,  in  the  uppM  parts  of  the  blast-ftunsce,  an  sulgeeted  to  the  action  of 
heat  and  icdodng  gases  before  sinking  down  to  that  part  of  the  ftnnaee  wfan«  ftaaion 
take*  place.  (See  Ibok,  anil,  pp.  887,  884.)  But  in  anch  case^  tbe  chemical  natureof 
the  pncesaes  involved  in  the  roastiiig  and  the  melting  is  exactly  the  aan?  se  when 
these  operations  are  conducted  aeporately. 

The  chemical  alterations  wMch  take  place  in  the  opemtioQ  of  melting  sometimM 
resolt  in  the  separation  of  a  matol  u  the  state  of  regnlas,  sometimes  only 
in  the  partial  aeporation  of  the  subetaneea  combined  with  it,  and  the  production  of  a 
matt  \8tei*;  nattt),  or  eompoolkl  containing  a laiger  prcroortioo  irf  metal  than  the 
material  operated  upm.  (Sat  Comt,  ii.  23  tt  trg.)  These  remits  are  oftfB  ~ 
Bolsly  ta  tlia  mutual  aetimi  «f  the  MTwal  canslit«ents  of  the  or^  which  haa  nndei 
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*mpuntfOrj  bmtMni  ot  rotMog,  Itc;  bat  in  aoft  ■>■>■  it  U  naMwary  to  add  some 
ntatiuioe  bj  mesiu  of  which  the  dcaind  nnlt  maj  be  produsad.  The  kind  of  sab- 
atasM  to  bt  added  viU  <^  wim*  be  ifatmaned  bj  tba  aatare  of  the  nuierial  to  be 
0[Mrat«d  npon,  and  b^  tlie  kind  ol  ehemieal  altention  to  be  effected.  Thas  in  omelting 
■Btinony  M^  eoDoataig  of  the  tiindplude,  it  i«  niied  with  smipB<rf'iBeIalliein>D,  b; 
t**tXiDg  vith  which  it  jields  matallia  aciuDotij  and  iion-aolphide. 

In  aU  «aaes  it  ia  aaeeDtiil  that  ia  the  melting  (Hitmtioii  tbece  should  be  not  onl  j  a 
ehemieal  alteration  of  the  materiala,  but  alio  n  iJiTiiiail  frpentiai)  of  the  tomlting 
pntdueta.  It  ia  not  often  that  tbii  eon  b«  eBMtai  bj  the  rowiliution  of  some  one  or 
more  of  the  prodacti.  Sf  on  freqaentlT  the;  are  all  fiird,  and  in  this  ibh  tJiey  atn  be 
obtained  sepante  only  irhm  the;  dimi  in  (pecifli:  giaTity,  and  on  alio  incapable  at 
nixing  vitb  each  other  while  in  the  liquid  ilala.  It  U  therefore  alwajs  neocanatT. 
that  in  meldug  opaatiooa  the  whole  <n  the  ""^"-1-  ahould  be  rendeied  ao  liquid 
that  each  a  Mparation  may  rvadit;  lake  place.  The  high  epecific  grsTity  of  the  mctali 
which  it  ia  the  oltject  of  the  metalliUgiBt  to  obtain,  ia  faiotuable  to  Iheii  Hparatioit 
aaregnlna,  from,  the  other  prodnctj  of  the  meltiiig  operation.  The  etdphidea  of  th«a 
nutaJsaie  alao  nifflcientl^  denae  to  eeMiata  r«edil;  in  tha«tat«  of  matt  bom  moat  of 
the  other  praducta  of  meltmg,  thonsh  theiiipeeific  gmvitj  ia  1m>  than  that  of  the  metala. 

With  tbe  obiact  of  &cilitsliiiB  the  aeparatJoa  of  the  aenral  prodacta  t^  the  dhemical 
action  which  tokea  place  in  nudtjog  i^ieiationa,  Uie  oie  oi  other  uoterial  ia  annsrally 
mixed  with  some  anbatance  which  has  the  capt^iili^  of  Ajilit^ting  liu  liqoc&ction  of 
the  prodncte  formed,  and  their  aepantjon  into  distinct  iayera.  Snch  an  admiztnre 
added  with  the  object  of  readeriD^  some  part  of  the  material  <9(Talad  npoD  npable  of 
being  melted,  or  more  readily  fujible  than  it  would  be  othtcwile,  ia  tensed  a  flax 
{Zu^hlag  ;  f<radaitt). 

In  the  flint  melting  of  ores  coniiating  chiefly  of  metoUic  sulpbidao,  the  prodnct 
obtained  is  not  always  (he  metal,  eren  when  the  ore  has  been  pFerioaaJy  roaateiL  llore 
frequently  a  matt  or  mixtnte  of  Bolphidee  ia  obtained,  and  if  any  metal  is  redacpd  to 
the  state  of  re  gut  ui,  tbe  matt  fbnns  a  separate  layer  above  it.  In  melting OT*s  con- 
taining much  antimony,  arsenic,  Ac,  together  vith  other  metAla,  a  third  layer  is  some- 
timn  farmrd,  wbich  si-parates  between  the  rtfinlus  and  Xht  matt,  and  is  called  Spciiu 

But  ores  Tery  gpnerally  contain,  besides  (he  actual  metallifercus  portion,  a  roriety  of 
siliceons  or  earthy  admixtures,  originating  from  the  rocks  and  mineiala  with  which 
they  KB  naturally  associated.  Theae  admixtures  cannot  be  entirely  separated  bj 
mechanical  meanB,  and  since  they  are  geneiaUy  infuiible  or  difficult  to  melt,  they  re- 
qaiie  to  be  conveited  into  compounds  which  are  sufficiently  Aisihle,  and  of  less  spccifie 
BaTi^  when  melted,  than  the  other  [oodacta  to  be  obtained.  The  fluxes  added  with 
Uiia  otgaet  ars  generally  either — 

BUieHnu,  sncb  as  qnartz,  sandstone,  ^,  or 

£»^,  such  as  lime,  limestone,  clay,  ice,  according  to  the  nature  of  the  snb- 
Btancea  to  be  separated ;  by  this  means  a  ftiaible  ritreona  compound  consisting  of 
earthy  silicates  is  formed,  whicbris  termed  slag.  Sametimee  apeoal  fluxes  are  naed, 
ODch  aa  fluor-spar,  alkaline  aalts.  Ac  (see  p.  952V 

^M  addition  of  flnxee  in  the  melting  operation  is  also  advantageous  in  facilitating 
the  fnaion  of  the  material  operated  npon,  and  the  aepantion  of  the  saTeral  products 
fbcmed.  Moreover,  tJie  resiuting  sla^  being  of  leas  specifie  gravity  than  ue  other 
prodncta,  oollecta  above  them,  and  thus  fiimiBhea  a  protection  against  the  oxidising 
action  of  the  tiimace  gasco,  which  ia  often  a  fbrther  advantage. 

The  melting  operation  ia  generally  oonducted  either  in  shaft  furnacei^  where 
the  materiala  are  mixed  with  the  fuel,  or  in  reverbrratory  fnrnaces,  where  they 
an  heated  in  a  separate  chamber  by  means  of  the  flame  and  gaseons  products  of  com- 
boatian.  Sometimas  endbles  are  used  in  order  to  ke^  the  malerials  entirely  oat  of 
eoDtoot  with  the  fuel. 

XcdnolBCBMMtw  is  generally  effected,  in  the  ease  of  metallic  oxides,  hy  the  joint 
action  of  heat  and  the  carbon,  carbonic  (mde,  hydrocaibona  or  hydrogen  oontained  in  or 

which  they  ai ■  .  - 

bismuth,  antimonj,  nickel,  cobalt  and  copper  are  reduced  b^  carbon  within  the  range 
of  red  heat ;  while  those  of  iron,  manganeaa,  chromium,  tin.  and  line  teqoiie  more 
M  of  white  beat. 

.  _.  .Ii  redadng  melting  is  condneted  varies  according  as  the  oxide  is 

eaaiW  foaible  or  infoaible  at  any  tamperatore  that  can  t>e  attained  _  in  the  operation. 
In  the  Snt  caae  (he  material  can  be  intimately  mixed  with  carbon ;  in  the  second  case 
this  cannot  be  effected,  and  the  reduction  is  (o  a  great  extent  doe  to  the  carbonic  oxide 
resulting  from  the  combostitM)  of  oartioil  with  a  scao^  proportion  of  air.  (See  Iboh, 
p.  368.) 


on  oftuat  and  Llie  carDon,  caroonic  (mae,  nyoiDcaroona  or  nyorogen  oonumeainor 
ilting  ftcm  the  combustion  of  the  fuel  used  m  the  operation.  By  teaaon  of  the  nn- 
d  degrees  of  chemical  Mability  of  the  several  metallic  oxides,  the  temparatnne  at 
1^  they  are  reduced  by  (hose  sabetances  diffbr  connderably.     The  oxides  of  Itad, 
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The  lednetioii  of  metsQie  inlpbiddi  bj mcJtitig i*  effwted  priosipallj  bjmatnaof 
meUUic  iron.  Lead-Bnlphide  melted  with  iron  in  eqmT&lent  yropartioai  mMa 
metallic  Itad,  and  iron-»ulpbida.  With  two  eqaiTaleat*  of  iron,  thers  are  prodneed 
metkUJo  lead  uid  iran-snlpbide  containing  mstallic  iron  merJiuiicaUy  tnixeo.  Zinc- 
inlphids  in  completplj  decompOKd  by  iron,  bat  a  reej  high  tcmpontiire  is  raqnired. 
CDpraiu  mlphide  is  putlj  de<»>mpoBed  bj  melting  it  vith  malallia  iroo,  and  there  are 
prT>dac«d  a  matt  eoDsietitig  of  cnproos  snlpliiij'i  and  iron-inlpliide,  and  some  mstollio 
coppar.  The  auljitiideo  of  M)pper  and  iron  jield,  on  the  nmtmir.  a  matt  conirisling  of 
cniprov  snlpbid^  iron-Bolpliiae  and  metallio  iron.  L0ad<ta]phia«  vith  two  equiriileiita 
□f  copper  jielde  a  matt  conaiiting  of  capnnia  nilpbide  and  metallic  lead.  Equal  etjni- 
Talenta  yield metalliclead  and  a  matt  eonaistiDg  of  CQpronB  mlphide  andlead-mlptude. 

Similar  reactions  take  place  betreen  lino-anlphide  and  copper. 

Lead-sulphide  ia  entiielr  decomposed  by  meltii^  with  an  eieeoa  ot  tin,  bnt  in  eqiial 
eqniralents  it  is  only  parti;  decomposed,  and  there  are  produced  an  iXioj  of  tin  and 
lead  and  a  mattconsutiag  of  tin-stdphide  ajid  lead-imlphide. 

The  metals  ot  the  alkalis  ezerdse  a  much  more  eneigetio  action  upon  nMallio  ml- 
phidea  when  melted  with  them,  and  though  they  cannot  be  employed  in  ordlntiy 
metaUmgieal  cfrarationa,  a  Mmilar  action  may  be  produced  to  some  extent  by  mean*  of 
a  mixture  of  the  alkalis  and  carbon  (black  flax).  Thna,  when  a  metallic  sulphide  is 
melted  with  a  soflicient  qoaotity  of  alkaline  earth  or  alkali  mixed  with  carbon,  the 
metal  is  reduced,  linee  the  snlphnr  combines  with  the  alkah-  or  esith-mctal,  while  the 
oxygm  of  the  latter  combinea  with  carbon.  When  an  alkali  ia  used,  more  or  less  of  the 
metallic  sulphide  generally  remains  nndeoomposed  and  diasalved  in  or  combined  with 
the  alkaline  sulpiride. 

OzldlalBB  maltlMy  Is  pnutisad  with  the  object  of  sapatMing  one  metal  from 
anotlier,  or  of  eeparatinff  mlphar  from  metallic  solphida  by  eocTerting  (lie  snlphor,  or 
the  metal  to  be  removed,  into  oxidM,  which  may  eillier  be  ToUtile  as  sulphuimu  add, 
fnsible  as  oxide  of  lead,  or  capable  of  being  rendered  fusible  by  combination  with  cer- 
tain substances  added  as  fluxes. 

Atmospheric  air  is  the  oxidising  agent  most  commonly  employed ;  but  sometimes 
other  enbetancea  are  also  used,  which  are  capable  of  yielding  oxygen  at  a  high  tem»> 
Tstnre,  especially  when  in  the  liqnid  state  and  in  Contact  with  the  subata^NS  to  be 
oxidised.  Among  these  are  lead-oxide  and  o^-aalt^  cnplie  sulphate  femos  nlphate, 
banc  frrroQs  silinte,  nitnttea.  Sec 

The  following  examples  will  serve  to  illnatnte  the  mode  in  which  thtse  oxidising 
sgents  aze  employed  in  the  melting  operation. 

AInolpieric  air. — Compounds  ol  gold  or  silTer  with  antimony,  arsenic,  or  sulphur, 
when  ndted  in  a  anfflcienl^  heated  cnrrent  of  atmospheric  air,  are  decomposed,  and 
the  metals  are  obtained  in  the  pore  state. 

When  atnKis{Jierii>  air  is  paioed  over  the  snr&ee  of  melted  copper  containing  iron, 
cobalt,  lead,  antimony,  arsenia,  and  snlphnr,  the  three  latter  are  volatHised  as  oxides, 
and  a  more  or  less  liquid  layer  or  scum  collects  upon  the  surface  of  ibe  metal,  cotuist. 
ing  of  ferric  oxide,  oobalt-  and  lead-oxides,  antimonic  oxide,  and  cnprons  oxide,  until 
the  copper  remains  almost  pure.  The  grsster  the  quantity  of  lead  in  propoctioD  to  the 
otha  impurities,  the  more  liquid  is  the  layer  which  collects  on  the  snrface ;  and  the 
■mailer  it  ia,  tlie  thicker  is  this  scum.  In  both  cases  the  scum  mnst  be  removed  from 
time  to  time,  so  that  a  fresh  metallic  sur&ce  maybe  exposed,  and  if  it  is  not  sufficiently 
liqnid  to  be  removed  by  the  current  of  air,  the  edges  of  the  convex  surtaoe  of  melted 
metal  where  it  priucipaUj  collects  must  be  raked  irfE 

When  alloys  of  gold  oi  silver  with  lead  or  bismuth  are  exposed  in  a  melted  state  to 
a  current  of  air.  the  latter  metals  are  oxidised,  and  pure  gold  or  aUver  remains,  together 
with  a  aUg  of  lead-oxide.  A  portion  of  the  oxide  ia  volatiliBed,  and  in  the  case  of 
silvcT-alloyB  especially,  a  small  qnantj^  c€  this  metal  is  also  volatitised.  When  small 
qnantilies  <rf  other  metids,  such  as  iron,  cobalt,  copper,  Sas.,  ara  present  in  such  aUoys; 
uiey  afe  oxidised,  and  the  oxides  are  i^ssolved  by  the  oxide  of  lead  or  bismoth. 

Whm  a  oomponnd  of  arsenic,  iron,  oobal^  and  nickel  is  melted  in  a  coirent  of  air, 
M  that  the  femo  oxide  and  cobalt-oxide  piodneed  nu^  ba  dissolved  by  melted  borax, 
nrtlv  covering  the  surfi^e  c^  the  melted  metal,  arsemfaraiis  nickel  may  be  obtuned; 
bnt  Uie  whole  of  the  arsenic  cannot  be  separated,  becanss,  in  pMportion  as  it  is  s«ia- 
rated,  the  melting  point  of  the  remaining  metal  becomes  higgler,  and  it  finally  soli^^a. 

Lead-oxide. — when  litharge  is  meltedwithessilyoxidisable  metals,  they  are  oxidised 
by  the  decompoeition  of  the  leod-mide,  a  part  of  the  lead-oxide  is  rednced,  and  a  slag 
consisting  of  feod-oxide  and  the  oxide  of  Uie  metal  ia  produced ;  but  the  perfect  oxida- 
tion of  metale  possessing  little  affini^  Ibr  oxygen  cannot  be  effected  in  this  way,  with- 
oat  using  a  large  excess  of  lithaige. 

HetalBcsuIphidea  or  arseoidei  melted  withlitharg%  yield  aniphurous  and  aneaious 
Mid,  whidh  an  TolatiliMd,  and  aUc?*  of  dia  metal*  wiUi  lead. 


^dbyGooglc 


HETALLURGT. 


«tba 

»  oxidntion  of  ooppar  _  , 

tlia  coppoHndptude  renuimng  uudeoompoMd 
a  of  Inw-oiide  and  r — i.    t-.  .-.— 


Br  pyntea  reqnirea  kt  lanat  31 
renuimng  uudeoompOMd  is  ink  auKuna  07  uie  uag  eoD- 
■Uting  of  Inkd-oiide  and  coproni  ozideL  bat  fbniu  &  matt  vitli  &  pottion  of  the 

mftaUid  le-' 


Aatimony-trisnlpfaid*  ia  eotinlj  deeompoMd  bj  midtiiig  witb  sbont  tweD^-flT« 
timn  it>  wei^t  of  liUiBiga,7ieIdiiig  sotimonio  acid  and  inlphiiroai  acid. 

Tiii-anlDhids  reqoina  for  perfect  dtnompoajtion  80  pU.  of  lUlwrge. 

Zinc-nlptuda  reqaira  2J>  pta.  of  htluiva. 

BinniitliHnilplude  vhen  melMd  with  lithoiga  jialdt  nlphimiiu  acid  uid  an  alloj  of 
bumatb  imd  lead,  but  no  bumutli-oiide. 

Lrad-aulpbide  is  dscompoud  bj  meltiog  it  with  abcmt  twioe  ita  weight  of  lithaign^ 
the  *boIa  of  the  lead  being  HpanlAd  in  [ha  metallic  state,  irhila  mlphnrou  add  ia 
ToUtiliied.     Wbeo  the  lewl-aalphide  is  io  axcea^  it  miiaa  with  the  malallie  lead. 

Aneoic-tHaolphide  melted  witb  frumfiO  to  60  pta.  of  bthaige  ia  mmplntnlj  niidianil, 
jielding  Bulpborooa  acid  and  araemoua  acid. 

Other  metallic  oildaa  react  with  metallic  aalphidea  in  a  aimQar  manner  to  lithaigv, 
■nd,  aa  a  geDaral  mla^  when  a  metallic  aniphide  ia  melted  with  a  metallic  oiide,  Uia 
former  ia  oxidiaed  to  a  gnalar  01  lesa  eiteDt,  and  (he  relattTe  qoantit;  of  the  oiide 
produced  dependa  apotk.  lat,  the  relatiTa  qnaotit;  of  oxide  need,  and  2iid,  the  relatively 
chlorooa  and  baqyloiu  characlen  of  the  metala  and  of  nilpbDz  and  oijgen. 

Ltad-oarbmatt  acta  in  the  aame  manner  aa  lead-oxide  Qpon  metaUio  nl^iidea  and 

Ltad-tiUeate  alas  acta  in  the  aame  manner,  bnt  a  mnch  larger  qoantitj  ia  reqnired  to 

piodace  the  aame  eflrcta  aa  litharge.     The  alaga  prodooed  in  thia  eaaa  are  doable  aili- 

ealM  containing  both  metala. 

Ijtad-tulfhaU  a  a  atJU  more  powerfnl  ozidiaing  agent  than  litharge,  ainee  the  da- 

'  hnric  acid  Tielda  an  additional  quantity  of  o^gen.    Wben  it  ia 

;Jiids  in  due  proportiona,  the  producta  are  only  metallic  lead 


CHpnn  ttJpiatt  heated  with  metallic  aalphidea  genarallj  exerciBea  an  nriHUing 
actioa  like  Irad-aolphate. 

Copper-anlidiide  heatad  with  cnuic-anlphale  ia  caoTflited  into  copper,  eapnoa 
oxide.  Cleric  oxidc^  baoic  eapric  anlphate,  &o.,  acooidiog  to  the  proporliona  and  tem- 
peratuea.    SilTer-anlphide  ia  alao  conTerted  into  anlphate  in  the  aame  way  1  bat  na- 


tallic  tilfer  may  be  aiqiaratcd  by  the  aclion  of  cnprona  oxide. 

Ferraut  ta^uUt  acta  in  a  aiinilar  manner  with  metallic  aalphidea. 

JKlraiti  are  loo  Ooetly  to  be  generally  need  in  metallargical  cqieration^  tboo^  they 


__  ...         It  powerful  oxidiaicg  agenta  in  melting  operationa. 

Baiie/errout  tUuxUt  ia  one  of  the  moat  important  oxidiain^  ageota  ia  metallorgieal 
opentiona.  For  inataoca,  wben  iron  oonbiiaing  cnrbon,  ailicinin,  nilphar,  and  other 
readily  oxidable  gabatancea,  ia  Btrongly  heated  with  a  melted  baaie  ferrona  ailicate.  half 
of  the  lernnu  oiide  ia  deeompoaad,  and  the  oxygen  thua  eliminated  oombinea  with  the 
aboTe-namod  impnritiea  of  the  iron,  ibrmiog  carbonic  oxide,  silica,  and  aalpharoni  acid. 

■■layl  aililtlwr  ia  pnctiaed  chiefly  with  the  ol^ect  of  amaiatiug  certain  parte  of 
the  mat«(iala  (^nrated  apon  in  the  extractian  of  metala.  Tbe  enbatancea  need  for 
thia  parpoaa  are  prindpalqr  metallie  oxidca,  ailica,  alkaline  and  earthy  aalti,  aiHcate^ 
tnetala,  and  anlphidee. 

IttUdHo  Oxide*. — Eaaily  ftuible  oiidee,  sD<^  aa  lead.oxide,  &e.,  melted  with  other 
leea  fuaible  oxidea^  at  aofflcieatly  high  temperatarea,  diaaolTe  the  latter  to  a  greater  or 
less  extant,  aometimea  foraiing  aaliae  eumponnda.  Certain  anlphidee  are  alao  dia- 
aolTed  by  lead-oxide  aad  biamutb-oxide  without  dMompoaitioD,  fbiming  oomponnda 
teiToed  oiyaolpbidea.  In  metallurgical  operataona,  it  ia  only  the  aolTent  action  of 
lead-oxide  which  ia  of  apecial  importance,  and  that  chiefly  in  &e  puriflcalion  of  ailTS. 
(Bee  p.  Sfil.) 

Aa  a  general  rale,  all  oxidea  whioh  are  readily  foaible,  like  biamuth  or  antimoDy 
Diidtfl,  may  be  mixed  with  lead-oxide  in  all  proportiona  by  foaion,  bat  the  laaa  fttaible 
oxidea  yield  with  lead-oxide  difSenltly  faaible  auxtorea. 

Tin-aeaquioiide  diaaolvM  in  fbar  parte  by  weight  of  lead-oxide,  forming  a  Tiaeid 
liquid ;  with  eight  piria  of  lead-oxide  it  forma  a  tpit  fHuible  mixture. 

Zinc-oxide  diaaolree  io  a^ren  parte  of  lead-oxide,  forming  an  eauily  ftioble  mua. 

FerricoxidediBaolTeeintoar  parts  of  lead-oxide,  fbnning  a  rieddliqaid. 
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Capiou  oxide  witli  oas  and  a  half  times  ita  ireight  of  lead-ozide  fbnni  ■  tsij 
liquid  compotmd,  and  if  probably  aolable  to  a  >tiU  gieatar  extent. 

Among  thg  metsUic  sulphides,  thane  of  gold,  silver,  copper,  &e..  do  not  diaeolve  in 
Incited  lead-oxide  (see  abore).  All  the  other  milphiden  ue  more  oc  leu  diaoolied 
by  it.     AatimanT  triaulphide  appears  to  be  sapeei&Uy  aolable  in  lead-ozidn. 

Afcjo/i.— Lead  is  the  metal  principallj  used  ai  a  solvent  in  ceitaLn  melting  op(a«- 
tioDS.  It  has  the  property,  when  melted  vith  argenti&ions  and  annferons  sulphides 
in  dne  proportion,  and  by  snffiaienUy  intimate  miitnre,  of  disHolTiug  oat  the  eilTsr 
and  gold.  This  efieot  is  due  to  the  deeompoBitiou  of  the  gold  and  eilver  snlphidH 
by  lead  at  ■  high  tempeialare,  in  ROch  a  maDaer  that  these  metala  are  eliminate 
'  whila  lead-Holidiide  ie  formed,  while,  at  tlie  same  time,  there  is  scarcely  any  decern- 

ide  or  ccfl i-l^j.  ?_  .l. m.  — j___    .  .i. 

melting  aie  thereto  aigendi 
a  matt  oonnsting  of  eopper-sulpbide  and  iron-eulpbida.  Gold  or  eilver  may  also  be 
eztiacted  &om  metallic  copper  by  meana  of  lead,  bat  in  a  lees  direct  manner.  Both 
the  gold  or  silTer  and  Use  copper  are  disaolved  by  the  melted  lead ;  bat  in  the  solidi' 
flcatioD  of  this  miitore,  the  greater  part  of  the  lead  sepaniteB,  and  there  Is  prodaced  a 
mBchanieal  mixture  of  lead  containrng  gold  or  silver,  and  of  an  alloy  consiatiiig  of 
lead  with  three  times  its  weight  of  copper,  oontaining  much  len  lilTer.  When  thti 
mechanical  mixture  is  heated  to  the  Tuelting  point  of  lead,  thia  metal  mAy  be  sepa- 
rated, together  with  the  gold  and  silver,  while  Ue  copper-lead  alloy  remaiaa  behind. 

Metaitic  Mulpkidtt,  such  as  iron-Bolphide,  fie,  may  be  used  in  tLe  aame  manner  as 
metallic  lead  tor  esttactiiig  gold  or  nlver  &om  ores  or  metallorgic  products.  Thus 
when  silver  ores  containing  large  admixtures  of  gang,  in  the  melting  ofwhicb  alone  the 
greater  put  of  the  silver  woald  pais  into  the  slag,  are  melted  with  iron- sulphides,  the 
flilver  is  dissolved  as  lulphide,  and  the  gangue  forma  a  nlag  containing  but  little  silTer, 

Bitica  is  rarely  Tised  alone  as  a  solvent  in  th"  meUing  operation,  silicates  or 
earths  being  generally  present,  with  which  it  forms  compound  siLcates.  Its  action  in 
BDch  cases  is  cherefore  indirect,  sad  depends  more  npcai  the  uatnre  of  the  silicate 
prodnced.     (Seep.Sfil.) 

Earthy  oxides,  saab  as  ba 

rith  silica  sparingly  fosibl  ,  „  ..  ^ 

Br  of  the  earth  in  relutioD  to  siJica,  is  greater  or  less,  and  according  to  the  proportions 
of  eajth  and  silica.  The  foidble  baiyta^eilicates  contain  from  30  to  70  per  eent« 
nlin;  the  others  are  icfuaibta.  Strontia-silicates  aremnch  less  Visible;  that  containing 
66  per  cent,  silica  forms  ■  white  opaque  mass.  Among  the  lime-silicates  the  limits  iS 
fusibility  are  between  26  per  cent  and  47  per  cent,  of  lima.  Uagnesia-silicates,  and 
espedBllj  alumina-silicates,  are  inl^ble,  and  soften  only  at  a  fall  white  heat. 

Metallic  oxides  form  compounds  with  silics  which  present  similar  difiecences  in  tari- 
bility,  according  to  the  greater  or  less  basjlous  character  of  the  oxide  in  relation  to 
silics  and  the  proportions  in  whichthey  are  combined.  Thns  ferraus  sihcates  with  from 
42  to  B2  per  cent,  ferrous  oxide,  are  easily  fusible,  while  ferric  silicates  are  infiisiblet. 
Cuprous  silicate  is  fu/nbln  only  when  it  contains  TO  per  cent  cuprous  oxide.  Cnprie 
silicateB  are  probably  infusible,  but  on  account  of  their  liability  to  undergo  reduction, 
they  cannot  easily  l»  produced.  Zinc-eiticates  and  tin- silicates  are  inftuible.  Lead- 
silicates  containing&om  Gl  to  88  per  cent,  of  lead-oxide  melt  more  or  less  easily. 
Bismuth -ailicBt«s  are  still  more  t^ible.     Antimony-silicates  are  sparingly  fusible. 

Alkaline  carhonatei  diesolvemoat  metallic  oxides  to  some  tfXlent,  the  carbonic  acid 
being  also  partly  expelled  at  a  rod  heal.  With  a  sufficient  excess  of  alkaline  carbonate 
some  of  these  compounds  are  easily  fusible  (Berthier).  Ferrous  oxide  melted  with 
6ptB.  of  potassium-carbon ste yields  s  greenish  cTTstalline  mass.  Ferric  oxide  appears 
to  bo  inaolnble  in  melted  alkaline  carbonates.  Tin-oxide  fuses  readily  with  6  pts.  1^ 
weight  of  potassium-carbonate ;  zinc-oxide  is  leas  soluble.  Cnnroui  oxide  and  cufoie 
oxide  melt  easily  with  3  pts.  of  potassium-carbonate.  Lead-oxide  mixes  in  all  propor- 
tions with  melt^  alkaline  carbonates. 

Borax  is  a  very  efficient  solvent  in  melting  opeiatioas,  but  is  too  costly  to  ba  much 
used  in  metsllarKy.  Baryta,  lime,  magnesia,  and  alumina  are  dissolved  in  considemhle 
proportions  by  melted  borax,  forming  more  or  Ices  fusible  vitreoua masses  (Berthier). 
Silica  and  flre-clay  melt  together  with  borax  at  high  teidperBlures.  AH  the  metallio 
oxidea  which  are  not  reduced  by  heat  alone,  are  dissolved  to  a  greater  or  less  extent  by 
melted  borax.  Ferrous  oxide  or  ferroso-fprric  oxide,  melted  with  an  equal  weight  i^ 
borax,  forms  a  compact  cryitallins  mass.  Manganoua  oxide  is  dissolved  in  ven  conaider- 
Bble  amount  by  borax.     Lead-oxide  and  borax  melt  t<^ether  is  all  proportions. 

Fltu/T-ipar  is  important  as  a  solvent  in  melting  operations,  on  account  of  ita  capa- 
bility of  dissolving  about  half  its  weight  of  silica  st  a  high  temperatnre,  withoTit  having 
any  tendency  lo  combine  with  or  dissolve  metallic  oxides.  Fluor-spar  is,  therefore,  a 
very  suitable  fiuxinthesmellingof  ores  which  are  refractory  on  account  of  the  silics  they 
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contain.  Flnor-BparalaodiuolTrai^Iistwwbicbuamftinbleoi difllenlt toftuaaloiM, 
mch  M  hnw  Kpai,  gypmn,  &C.  Tbui  witb  1 }  pt.  bariani-siilphate,  t  pla.  anhfdroiu 
ilphate,    -■"—  ■'  ---  •-'  —'-^ —  -f '-- = ' •■  ■ 


c  IS  pta.  lekd-mlplute,  ooor-ipaT  toriat  vicreoiu  m 


GkLcmm-salpbal  . 
■je  tolenbl;  f^uibl«. 

SSieattt. — The  enrthj  anil  alkaline  ailicata>  in  a  malted  itst«  have  the  eapabilitj 

of  diMolving  metallic  oxides  in  connidcrable  proportioiiB,  fbnniag  vhea  cooled  the 
TitceooB  or  etonf  nwsaea  geneTalljaUIed  slagi.  In  metallnrgii;  opraatlons  it  is  of 
imporliincB  tlist  there  ahould  be  a  proper  proportion  between  the  silica  and  earthy 
buses  in  the  materialB  from  which  the  ilag  it  produced  in  meitiDg,  in  order  that  its 
solTeot  action  upon  the  metallic  ozidea  present  ma;  be  neither  too  great  nor  too  little. 
The  former  might  be  the  case  if  there  wer«  too  mnch  silica ;  the  latter  if  there  were  too 
little.  Siliceous  sUgs  are  generallj  of  such  composition  that  the  ratio  of  the  o^gon 
in  the  bases  to  that  in  the  silica  is  approximativclj^  either  as  1 :  S,  1 ;  2,  or  1 : 1.  From 
the  nature  of  the  silicates  generaUy  aod  from  the  circnmstajicefl  under  which  slags  are 
produced  in  metallurgical  operations,  it  is  of  conrae  ranOj  that  thej  are  definite 
chemical  eompaniids.  Slags  maj  inde«l  contain  definite  compoimda,  but  in  almost  all 
eases  Ihej  are  merely  heterogeneous  miiturea  of  such  compounds  with  other  adron- 
titions  Bubstaneea,  and  therefore  the  attempt  to  repmant  their  composition  hy  fbrmnln 
is  not  only  useless  but  daceptive.  The  utmost  that  can  at  present  be  said  with  regard 
to  the  compositian  of  slogs  is,  that  there  are  certain  tolerahly  constant  relations  between 
the  fusibility,  &c  of  slags  and  the  ratio  of  the  oxygen  in  the  bases  to  that  in  the  nlica. 
The  numerous  analyses  of  slags  from  different  metaUurgic  operacioas  aJl  affiird  aTidence 
in  faronr  of  this  tisw,  and  from  among  them  tbs  frllowiiiR  selections  will  sarw  to  m- 
piesent  the  general  composition  and  limits  of  nuiation  in  uags. 
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geninsiUea     J 

1 

The  sol- 


ilrent  action  of  earthy  silicates  npon  metallic  oxides  is  especially  ssrriceabta  i 
the  separation  of  the  ferrous  oxide,  produced  by  the  oxidising  roasting  of  on 
un  products  of  metallutgic  operations,  such  as  nopper-matts,  &c.    Thoswht 


n  products  of  metallutgic  operation  . 
ixture  irf  ferric  oxide,  cuprous  oxide,  and  a  silici 
Euly'eeted  to  redudog  melting,  thecuprone  oxide  and  the  fen 
the  former  Yielding  metallic  copper,  and  the  latter  temma  oxide,  which  combine  with 
the  silicate,  forming  afusiblealagwhich  admits  of  the  metallic  capper  separating  oat  and 
coUrctJng  together  in  mass  below  it.  Manganic  oxide,  or  eobalt-oiide.  &c,  would  behare 
in  thesame  manner  as  feiric  oxide ;  and  any  easily  reducible  oxide,  in  the  same  manner 
as  cuprous  oxide. 

Scales  also  exercise  a  solvent  action  npon  the  gangoe  mixed  with  ores.  Thtu  for 
example,  when  an  ore  consiBting  of  galena  and  gangoe  is  melted,  with  addition  of 
ferric  oxide  and  suitable  ^ags,  the  latter  dissdre  the  gsogne,  the  feme  oxide  is 
rndnced  to  ferrous  oxide,  which  reacts  with  the  lead-solphidl^  and  oxidises  a  portion  of 
the  sulphur  to  sulphuroiiB  acid,  which  Tolatilisas,  while  the  metallie  iron  produced  at 
the  same  time,  separates  the  lead  from  combination  willl  the  remaining  milphur,  and 
forma  iron-sulpbide.  In  this  case  all  the  diKrent  reactions  produced  in  melting 
operations  take  place  together. 

As  a  general  rule  it  may  be  stated,  that  when  mixtures  of  an  oxide  with  another 
oxide  which  is  more  eaeilr  reduced,  and  of  ailicates  containing  a  sufficient  amount  of 

1  to  reducing  melting,  t 

l>y  tbie  nlioate  and  forms  slag,  while  tl)e  in 
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obtain  tliia  nmlt,  hoverer,  it  is  neeumrj  that  Uw  silicate  sboiiid  be  pnatot  in  mffi- 
cient  ■nunint,  and  that  its  raeltiaR  poiot  ahoiild  be  bi^ei  than  the  tonpentim  at 
whidi  the  more  caoilj  redndbls  oxide  ie  doeoinpoaed,  and  lower  than  that  at  vhicrh  the 
Ine  easily  reducible  oxide  is  deoompoHd.  If  then  vere  a  de&dsiicy  of  nlicate,  the 
irtiole  of  the  temme  onde  vonld  not  be  ooiiTett«d  iota  oUg,  ud  a  paition  of  it  vonld 
be  rednwd  to  the  meteUia'staU.  If  the  silicate  melted  before  the  cnpronj  oxide  had 
been  nduoed,  part  of  the  lattei  vonld  pass  into  the  slag ;  and  if  it  did  not  melt  till 
after  ferroae  oxide  had  been  partly  i«dDced,  the  copper  vonld  be  mixed  vitb  iran. 

Slags  shonld  in  general  be  more  easily  foaible,  or  at  most  Dot  less  fdidble  than  the 
other  products  of  the  meltiiig  operation  ;  bnt  the  actnal  degree  of  fusibility  will  Taiy 
considBrablT,  accordiBg  to  the  temperature  requiaite  in  the  operation.  The  folloviiijg 
table  Mintauu  a  sommary  of  the  ntore  impottiint  remlta  obtained  by  Plattmer  in  his 
iovesligation  of  the  fncibili^  of  Tariooa  «iii'^t««  and  sla^ : — 
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The  tempentarea  given  as  those  at  which  these  silicates  were  formed  and  melted  lefiir 
to  the  melting  points  of  pUtinmn  2534°  C,  gold  1102°  C,  silver  1023°  C^  and  lead 
334°  C,  adopted  bj  Plattnet  as  the  stsndatds  of  comparison  in  his  experiments. 

The  flnidity  of  uaga  ditRm  rery  considerably,  ani  it  is  often  of  great  importance  in 
practice.  The  mode  in  which  they  salidiff  also  is  of  nill  greater  importance.  Some 
are  rery  liquid,  bnt  change  at  once  by  redaction  of  temperature  from  the  liquid  to  the 
solid  stats ;  Others  am  less  Uqnid,  and  solidify  gradnally,  passing  through  sereral  itagea 
of  Tiscidi^. 

The  fbrmer  always  contain  a  smaller  proportion  of  silica  than  the  latter ;  and  the 
eharacters  of  sla^,  while  in  the  melted  state,  and  after  solidification,  often  ftamish 
the  practised  metallurgist  with  indications  as  to  whether  the  materials  hs  is  operat- 
ing upon  are  dnly  propoitioQed  or  not. 

Bl^  are  sometiinefl  amorphooi,  wmetiniea  (fystalline.  The  former  are  often 
glassy ;  the  latter  present  an  appearance  nsembling  certain  rocks,  such  as  lava,  and  in 
composition  they  often  ^prozuuate  to  angite,  olinn,  fiiltpar,  &e. 

SuBLntinoK  iXB  DnmLLA-iiatL 

I  met&lUc  componuds  are  ii 


yielding  metallic  tneDic,  whi 


«d  by  heatL 
.  Anenieal 
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pyritM  betted  in  a  clow  itwd  vi«ld«  Mveoic  mlpMdB  at  fint,  uid  fluUf  metalUr 

''    ""         '  '  id  ntliar  1p«b  of  the  >nietiie  remniimiE  contbinsd  wiili 

«  healed  with  Bome  eulje^bca  eapablfi  of  fomiLEu 


Kraeuiii,  abont  half  the  iiilphnr  and  nther  1p«b  of  the  >nietiie  rmrmining  contbinsd  n 
thfl  iron.     WheD  mercnry  ores  ue  healed  with  Bome  pulje^bce  eapablfi  of  fomiLEw  4 
flxed  compomid  with  ui j  coiutituanl  of  them  which  in  taipftble  of  being  Tolatilifted  in 


CombiDSlioD  with  the  caetBil,  metallic  nuaearj  diitil<  off.  Zinc-cuboiute.  intimHtely 
mixed  with  cubon  and  eipoaed  to  a  white  heat,  ia  deeompoaed  after  loaiiig  ita  car- 
boaic  acid ;  the  earbonic-ozide  produced  bj  the  pakial  oombnation  of  the  Mibon  leducea 
the  ainc-oxide,  and  the  metal  U  TolatiliBed, 

ELiaul.TKMT  AMU  CxmuXIUTnUT. 

These  operatiana  are  practued  with  the  object  of  lepantiiig  mixtnna  of  labstADopa 

which  hSTe  different  melting  pointa,  or  which  aolidi^  at  different  temperatures 
Argcntiferoas  lead  ia  leparnted  &om  a  mixttiFe  of  lead  aod  copper  amtaining  silver 
(sra  p.  Bfi3),  by  heating  it  in  ancha  manner  that  when  the  lead  melta,  it  can  flow  a«aj 
fVom  the  alloy  of  copper  and  lead  which  remains  solid.  Silrer  ia  aeparated  from 
Brgentiferona  lead  by  cryatalLiution,  aince  the  alloy  of  lead  with  the  largeat  proportioD 
of  ailTer  does  cot  aoUdif;  ontil  the  alloy  of  lead  with  the  amalleat  propoitioa  lu> 
aeparatad  in  oyiitalB.    (See  p.  604.) 


The  metallnrgieal  operaUana  already  treated  of  being  all  oaadDcted  with  tbe  aid  <if 

heat,  inrolTa  the  uae  of  taal  aa  a  aouroe  of  heat;  and  it  ia  therefore  an  object  of  gi*«t 
importaaee  to  apply  it  to  this  pnrpoae  id  the  moat  efflcient  and  economical  manner. 
The  general  principle  by  which  the  relattra  taIua  of  diSbrent  kinds  of  fnel  may  be 
detennined,  and  the  coDditiona  under  which  they  may  be  rendered  moat  pfScaaoDB, 
have  been  already  considered.  (See  Fvbl.  H,  71S  ei  tq.)  It  now  only  remains  to  refer 
aimpty  to  the  meana  of  augmenting  the  efficacy  of  fuel  beyond  its  natuml  cupability,  so 
far  aa  relata  to  the  production  of  high  temperatnrea  by  the  application  of  heated  air 
in  tbe  combustion  of  ftieL  The  adVsolagc  gained  in  thia  way  alwaya  inrolvo  the 
coneumption  of  a  proportionately  larger  amount  of  ibel  according  to  the  degree  of 
temperatare  prodaced ;  but  aince  the  metallni^c  operations  which  require  a  TPiy  high 
temperature  can  be  conducted  much  more  rapidly  in  proportion  as  the  tempenkture  ia 
increased,  the  aaving  of  fuel  affected  bv  using  a'bi^h  temperature  is  refeiaUe  to  t&e 
larger  qnantity  of  miitenid  which  can  be  woAed  within  a  giren  time,  compared  with 
whHt  can  be  worked  within  the  aame  time  at  a  lower  temperature. 

Whenercr  it  ia  neceasary  to  nee  fuel  in  auch  a  manner  that  only  a  portion  of  ila 
heating  power  ia  rendered  efFbctire,  aa  in  moat  of  the  operations  oonnscted  with  the 
nanu&cture  of  iron,  a  ven  great  economy  can  be  effected  by  using  the  waata  gaaea  br 


the  pnrpoae  of  heatinB  the  air  with  which  the  furnaces  are  fed,  instead  of  aUowiag 
thoaegaaaa  to  eao^  without  producing  any  useful  effect.  The  heat  Ihna  oanmoirical^ 
to  the  air  with  which  the  flunacea  are  fed  bag  the  effect  of  raiaing  the  Ismperatur* 
produced  in  those  furnaces  to  a  degree  far  higher  than  can  be  pnxbcrd  by  the  mci* 
combustion  of  the  feel  used.  This  augmentation  of  temperature  is  of  conrae  proptx- 
tionate  to  the  increased  temperature  at  which  air  is  sniped  to  the  fnmaeea.  and  since 
'     "         '  ^'  ^  temperature  is  the  essential  condition  by  which  economy 

.e  manufacture  of  iron,  the  meana  of  ioauring  this  object 
are  of  the  highest  importance.     (See  IbOn,  iiL  862  tt  4tg,,  aad  Fun.,  ii.  729.) 

In  many  metallnrgic  operations,  the  uae  of  gaaeoua  foef  obtained  by  burning  coal,  &&, 
aoaato  convert  it  into  carbonic  oxide  and  hydrocarbon  gaaea,  is  capable  of  being  made  a 
very  Tslnable  meana  of  effectingeconomy  in  fuel,  and  at  the  aame  tune  of  obtaining  m — 
adTantageous  results "  i.l.     .....        .   .  a    i   ...      ...... 

made  in  this  direction 

The  use  of  sir  containing  a  larger  amount  of  o^gen  than  atmoaphertc  air  woald  alao 
be  a  Tcry  efficient  means  of  economiaing  fnd,  eapecially  in  operationi  requiring  hish 
temperatures  or  intensity  rather  Uian  quanti^  of  heat:  Some  attempta  hiiTe  alresd; 
been  made  to  realise  the  advantages  of  enca  a  practioe,  bnt  they  have  not  hitherto 
been  attended  with  any  such  saccesa  in  relation  to  the  larger  metaJlorgic  opeiatianB  aa 
to  rsqoire  more  than  a  passing  mention.     (See  FmL,  ii.  725.) 

The  metallnrgic  operationa  which  are  conducted  wilhonl  the  aid  of  ■  high  tempera- 
ture, and  by  the  agency  of  water  or  other  aolTenta,  according  t4>  what  ia  termed  the 
wet  way,  are  bnt  few,  via.  the  extraotiDD  of  platinum  and  ailver,  the  aeparation  of  gold 
bom  ailver,  and  to  a  leas  extent  the  extraction  of  copper  from  aome  otiia  orea. 

SOITWIOX  AKD  PnnCIPITMIOH. 

By  thefirat  of  the«e  operations  silrer  is  extracted  &om  its  orea  ««  aulphate,  or  ij 
means  of  a  aolntioa  of  Mdium-chloiidt^  after  the  metal  haa  been  converted  into  chlo- 
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ride.  I^tinnm  >•  ilao  <atz>rt»d&am  its  ornbj  meaui  ofnitnt-IiT'JnelilOTicBdd,  knd 
■ilTar  U  MpuiUd  from  gold  by  treatment  vith  nitro-hjdiochloric  add,  vbich  diianlvM 
onlj  the  Utter  metal ;  or  irhea  the  ailver  unonnta  to  more  than  thne  timM  u  mndi  m 
the  g<ild,-b;  meuts  of  nitric  acid  (see  Qaui,  iu  B2fi),  which  dinolru  onlj  the  eilTer, 
thia  opention  being  tanned  parting.  Copper  ii  1180  extracted  from  poor  ores  b; 
eoDTHting  it  into  oblciride  oi  (olphate,  and  diMolTing  these  lalta  ont  irith  vater.  (See 
CoFlu,  II.  86.) 

Anothet  operation  involTina  lolnUon  ii  the  extraction  of  gold  and  ulTrr  from  their 
one  by  means  of  mercury,  vhich  ia  fceqaently  practised  nnder  the  name  of  amalga- 
natian,  nnce  the  eolation  of  the  metala  by  mercniy  depends  npou  the  formatioa  of 
an  «in«l^m,  which  dianlTea  in  exeesa  of  mercory.     (See  Oold,  ii.  926,  and  Siltbr.) 

Precipitation  ia  practijied  for  the  separation  of  metobi  from  the  solutions  ohtaioed 
fh>m  ores  aa  above  mentioned.  Thos  copper  is  precipitated  in  the  metsllic  state  b^ 
meana  of  metallia  iron,  irhich  deoomposes  the  copper-componnd  held  in  solntion.  Thi* 
operation  ia  termed  emmfoMm.  (See  Coffib,  iu  3S.)  PUtinum  ia  separated  from 
solntion  aa  ammonio'cbloride,  by  precipitation  with  solution  of  aal-ammonioB ; 
^TBT  as  chloride,  by  means  of  solution  with  salt,  or  ^drochloricaeid;  and  gold,  in 
the  meLallie  state,  by  means  of  ferrooi  aol^hate.     (See  (foui,  it  926.) 

The  variona  operationa  of  metiJlargy  which  ue  ccndncted  by  means  of  electrolyns^ 
each  as  electroplating,  electrogilding,  and  etectrotyping,  depend  npon  the 
prineiplea  which  have  already  been  discnased  in  general  tenna  m  the  article  ELwrnooTT 
(ii.  414  tl  teg.,  and  437)  ;  ud  more  piedee  detuls  will  be  fonnd  in  Ur^ t  JOictionarj/  qf 
Art;  MamifoHunt,  and  Mina,  article  Ei,>ciTSa-M>Ti.ixDBOi. 

Thenethodaofmaon&etaringalamiuinni,  magnesium  and  Bodiam,&c.,willba 
Ibond  in  the  artidea  devoted  to  tha  general  chemistry  of  those  metala,  B.  H.  P. 

waTAZia,    ATOWio    ^razoMTa    amo    OLASBirzaATZov    or, 

Gboup  I.  Honad  metala.— The  received  atumic  weights  of  tha  non-metallie 
monads,  flnonne,  cblorine,  bromine,  and  iodine,  or  10,  36'S,  SO,  and  lli7,  are  merely 
the  relative  wei^ta  of  each  of  them  which  have  Ihn  same  gaseons  bnlk  as  the  nnit  of 
hydrogen.  These  four  halogen  elements,  which  may  be  considered  aa  chlonma  or  slec- 
tro-segative  varieties  of  hydrogen,  have  the  characteristic  property  of  replacing 
bjdiDgen  and  one  another,  in  a  great  variety  of  componnda,  by  an  equivalent  substitn- 
tion  ofvolnme  for  volome,  atom  for  atom.  The  flaonde,  chloride,  bromide,  and  iodide 
of  hydrogen  are  composed  of  equal  volumea  of  halogen  and  hydrogen  united  without 
condensation,  one  vornnxe  or  atom  of  ehlorine,  for  instance,  uniting  with  one  volume  or 
atom  of  hydrc^en,  to  form  two  volumes  of  hydrochloric  acid,  HGL  Theeetwo  volumee 
constitute  the  molecule  of  hydrochloric  acid,  which  is  usually  regarded  as  a  chloto- 
derivative  of  the  molecule  of  hydrogen.  EH,  and  token  as  a  convenient  standard  of 
eomparison  ita  two-volnme  molecules  in  geaerBL 

Tbemet^  lithium,  sodium,  potassium,  rubidium,  esainni,  and  silver 
are  oorrelative  to  the  above  halogen  elementSi  and  accoidinglj  may  be  looked  npon  as 
boaylauB  or  electro-positive  ranetica  of  hydrogen.  Their  received  atomic  weights, 
namely,  Li  7,  Na  23,  K  30,  Rb  SG,  Cs  133,  and  Ag  iOB,  express  the  relative  quantitiea  of 
each  of  them  which  Can  displace  I  part  by  weight  of  hydrogen  to  unite  with  3£'5  parts 
bj  weight  of  chlorine.  Now  it  is  fonnd  by  experiment  that  7  parts  of  lithium,  23 
parts  ^Bodium,  30  parts  of  potasainm,  and  10B  parts  of  silver  have  substantially  the 
same  specific  heat  as  one  another!  so  that  7  parts  of  lithium  and  lOB  patta  of  nlver, 
for  instance,  absorb  or  evolve  the  same  amount  of  heat  in  undergoing  the  same 
increment  or  decrement  of  temperature.  The  apeciSc  heats  of  the  atomic  proportions 
of  these  fbnr  metals,  and  by  anolof^  of  rubidium  aod  ciesinm  also,  are  moreover  snb- 
atantially  identical  with  Uie  apeciflo  beats  of  the  otomio  proportions  of  chlorine, 
binmine,  and  iodine,  and  may  be  eipmsed  with  sufficient  accuracy  for  oar  preseat 
purpose  by  the  niunber  6-2,  in  comparison  with  tbe  specific  heat  of  water  taken  a* 
the  standaid  of  unity.  Each  of  these  metals  unites  with  chlorine  in  but  a  Biugle 
definite  proportion,  to  form  a  chloride  expressible  by  the  general  formula  M'Cl,  de- 
rivable &om  the  type  HCl ;  and  the  apeciflc  beata  of  these  several  chlorides  and  of 
the  corresponding  bromides  and  iodides,  approximate  to  the  nnmber  12-i,  giving  a 
specific  heat  of  6-2  tor  each  atom  in  the  molecule. 

Tlie  chlorides  of  tbe  monad  metals,  though  more  or  less  volatile  at  high  tempera- 
tures, are  not  Bufilcjentlj  so  to  allow  of  tneti  densities  in  the  vaporous  state  bring 
aacertaiuad  by  experiment.  Their  theoretical  vapour-denaitiefl,  however,  ore  ssaumed 
to  be  the  halves  of  their  respective  atomic  weights,  and  their  molecules  are  accordingly 
referred  to  the  normal  two-volume  standard.  One  or  two  of  these  metals,  more  parti- 
cularty  lithium  and  sodium,  have  been  made  to  combine  with  the  orguiio  radicles 
methyl  and  ethyl ;  but  the  resulting  methides  and  athides  have  not  been  obtained  in 
an  isolated  condition,  snd  ifortUm  have  not  hod  their  vapour-densities  detennined. 

The  metala  of  this  groop  have  the  eommon  property  of  forming  an^hates  vhidi 
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mnHne  witli  nilpbala  of  tlnmininm   ._  ^ _   _ „_ , „ 

~  Wed  dmble  oltA,  nytalliring  in  oetehodTMia,  lod  kiwwn  bj  tha  genacia 

ilnma.    Th^areMrodutin^iialted  tntlieiraapibilitjof  foimf "  — 

Balta  of  dibtnc  seida,  mi  inM(>abilit;  bf  bmin^  Wie  and  mizcd 


hTdnti 
t&eali 


proda«8  a  hi^ilj  dunctoiitie  duB  of 

Xalliring  in  oe(«b«drMia,  ind  known  bj  tha  genacia  name  of 
diatingiiialted  IntlieiraKpabilitjof  fbimingacidaikd  mixed 

,  ukd  inca(>abilit;  bf  bmin^  Wie  and  mixed  e^ti  of  monobuie 

acids.  propeTtin,  homenr,  which  appotaiu  to  alyac  in  only  a  limited  degn«.  The 
miitaU  potaniam,  rubidium,  and  ctearam  fbnn  a  definite  snb-groap,  ehandwiaed  bj 
■pecial  propertis*.  They  are  the  moat  powerfnll;  ba^Ioni  or  ozidiaable  of  all  the 
elements,  and  the  intensity  of  their  basylitj  incnasea  in  tlie  order  of  their  atomic 
vajghts.  Thmr  bydralM  and  mlphjdntea  are  yaj  soIdIiIb  in  water,  forming  power- 
fnllj  caustic  solntioni.  Their  carbonates  also  are  raj  dsIiqueBCent,  soluble,  and 
CBOstia  componnds.  Their  chlorides  an  deliqnesoent  and  xdable,  th«ir  anlphatea 
■paringlT  salable,  and  their  plaliDQ-chloridea  and  acdd-tartntes  almost  iaaolsble. 
Sodium  u  Ux  lees  ba^yloni  than  potaannm,  and  lithinm  than  sodiam.  The  inferior 
ozidjeahili^  of  aodinm  ia  well  abown  bj  its  want  of  action  on  a  strong  solution  of 
caustic  soda,  and  b;  the  focilitj  with  which  it  ia  prodnoed  and  manipulated  in  tha 


cauBtic ;  while  carbonAte  of  iitiiinin  is  almost  insolnble,  and  the  phosphate  yst  ro 
like  the  carbonates  and  phoaphatea  of  the  alkali-earth  melals.  Moreorer,  while  cbc~ 
bonate  of  potasaiom  ia  perfectly  fixed  in  the  flie.  carbonate  of  aodinm  loaas  a  small 
proportion,  and  carbonate  of  lithinm  a  eonsidenble  proportion  of  carb<»iiB  anhydride ; 
and  again,  the  aidaUon  ot  chloride  of  liDunm,  Ihoi^  to  a  leas  degne  llian  that  of 
chloride  of  nugnesinm,  i*  devompaaed  dnring  sraporatioD,  with  loss  of  hjdrochlraio 
add.  Silver,  ^thooa^  dialingniahed  ftom  most  of  the  hear;  metala  b^  the  pofeet 
nentralit;r  <tf  its  solnUe  salu,  diffbrs  from  the  alkali-metala  proper  in  its  bigb  ^leeifie 
grsTity,  its  permanence  in  air,  the  insolabili^  of  its  chloride,  ftc.,  and  u  the 
indiffiimiee  Mils  oxide  and  sulphide  to  the  action  of  water.  Kevertheleas  there  aeema 
a  relationahip  betrsen  so£nm  and  sitTer  manifeatad  by  the  isomorphism  of  their 


tr  that  of  potassiom  may  ba  taken  to  indicate  its 
eaTjmetala.  The  triad  metals  Ihallinm  and  gold,  in 


IS  of  allied  m 
sopenor  specific  grsTity  of  sodiam  ovei 
bavin^a  latmt  aaaociatioD  with  the  bea 
addition  to  their  characteristic  trichlorides,  form  protochkridea  Co  _ 

rcific  heals,  insolnbili^,  and  general  pioperiiea,  Id  tbe  abore-meDtioned  proto- 
oride  of  silvar,  wheoca  the  mst^  IhemaelTes  may  be  regarded  as  being  at  Ibe  sama 
time  monatomic  and  triatomie> 

Gnonp  II. — Dyad  Metala;  namely,  glacinnm,  magnesiam,  calcinm,  atron- 
tiam,  barium,  sine,  cadminm,  and  mercary.  The  metals  of  (his  clan  Bgn« 
with  those  last  conridared  in  being  more  or  leaa  atrongly  basylooB,  bat  difler  &om 
them  in  a  nuiety  of  other  particolars.  Of  glndnnm  Tary  little  is  really  known,  but  its 
nnascartoined  properties  will  be  sesiuned  to  correspond  generally  with  the  known 
properties  of  magnesiuia.  With  the  aiception  of  msnmry,  which  in  addition  to  ita 
normal  chloride,  or  oorrosiTe  sublimate,  fbrms  an  ioferitv  chloride,  or  calomel,  to  be  left 
out  of  coDsideratioD  for  tbe  preeenl,  tU  the  memben  ot  this  group  unite  with  chlorine 
in  a  single  proportion  only.  With  the  atomic  weights  heretofore  usiudly  accorded  to 
t^eee  metals,  their  chlorides  wonld  be  represented  as  protocUorides  by  the  general 
fbrmnla  M'Gl  corresponding  to  HCl ;  but  doubling  their  respective  atomic  weights  aa 
adTDcated  more  particularly  by  Wurta  and  Canni^caro,  their  chlorides  must  be  re[2»- 
sented  as  dichloridee,  by  the  gmeral  Cbrmula  M'Cl'  ooneaponding  to  OCl*,  as  shown 
below: 


i-6 


Zn    326 

Cd  ee 

HglOO 


HCl 
QCl 
MgCl 

CaCl 
SrCl 
BaCl 
ZnCl 

cda 

HgCl 


«g   2* 

Ca    40 
Sr     8T-6 


tabulated,  just  as  the  triad  m  I 

li>chloride  of  silm.    The  dispoted  fii 

of  iUostntiim: — 

Cn    8176  CnO 

8n    e»  SnCl 

Pb  103S  PbCl 


OCI* 

MgCl' 
GaCP 
SrCl' 
BaCl' 

enCl'  !6a     66 

CdCl*  Gd  112 

^Cl>  Bg300 

'a  analogona  to  thoee  above 
tochloridee  ansJi^olu  to  pro- 


«  pntochloridee  ansjMolu  ta 
>f  uiem  are  appended  &r  the 
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Tixe  genenl  prindplM  on  vliidi  Uie  detwnunaticm  of  atomto  waU^ta  Biut  lopomT 

depend,  wanducowed  TocyhllTiii  aprevioiuarticlB  (si^Atomki  WneRTi),  Thieh  it 
ma;  be  obasrred  viu  aecMMiilT  written  long  before  tiie  date  of  iM  pnblioatioiL  It 
vas  therma  slated,  that  oltbouRQ  in  the  author'a  opinion,  the  argnnunta  in  tmna  of 
doablingtbeBlomic  wei^ts  of  Uis  meUlsnov  under  comuderadon,  weia  not  at  that  time 
gnfficientlj  cogent  to  iranant  the  adoption  of  a  hast;  change  in  old  eetabtiihed  nngM, 
jet  that,  the  propoeal  being  then  of  my  recent  intiodnctioii,  it  was  Dot  improbable  tlutin 
coune  of  time  the  obJectiocB  to  which  it  was  liaUe  wonld  be  mora  or  leu  Batia&etorilj  aX' 
plained  RWHj.  wbile  ftirther  potential  argnmentamigjit  poniblj  b«  adduced  in  its  sapporL 
And  this  ia  what  lias  aiQCe  actoall;  taken  place ;  tar  althoagfa  the  objeetiona  to  the  pn>> 
poial  cannot  even  now  be  r(^;aided  ai  altogether  oretcome,  yet  the  atgaroenls  in  it* 
ftToni  prq)onderat«  lo  larget;  m  to  leave  no  doubt  whaterer  abont  the  intimate  neeea- 
ri^  fbr  its  adoptioD.  Sdon  conaidering  triaiint  the  laaaona  for  and  aninit  the 
propoeed  donbUng  of  the  atomia  weighta  of  theaa  metaU,  it  ma;  be  observ^  at  Btart- 
iDg,  that,  jnat  an  there  ate  moDatomiF,  diatomio,  and  triatomic  cMonma  elemente,  lo 
■hmldwa  aspect  tohairenionatomio,di^mic,andtriatODiiebaijlinueUmentaarmetalB. 
'         ■  '      ■  —.■..■.     id  tetrad  metaja  are  abondantiy 

^  ,       metala.    A^aii    ' — ' -- 

among  chloioiia  elamanta,  the  distinction  between  monatomic  and  triatomic  a1 
recogniaad  long  before  the  distinction  between  monatomic  and  diatomic  at^ima,  ao  ia  it 
DataiBl  (hat  among  baajloua  elementa  also,  the  distinction  between  monatomic  and 
diatomic  metala  now  proposed  for  adoption,  aboold  not  be  eatabliahed  until  Ions  after 
the  diatinction  between  monad  and  biad  melals  bad  been  all  bnt  nnlTeraallT  auuow- 

a.  Atomia  Beat, — V  m  represent  the  ehliuidea  tabulated  abo*^  u  diehlorida^ 
we  find  that  the  proportiona  ot  metal  combined  with  two  atoma  of  chlOTine  in  thor 
respectiTemolecufMhBTe  their  apeciflcheataaipreased  by  the  nnmberS-S,  jnat  as  have  tit* 
aeTaral  proportions  of  metal  onited  with  one  atom  of  chlorine  in  nndispnted  protoehlotjda^ 
and  the  aereral  proH>Ttions  of  metal  united  with  three  atoma  of  cUorine  in  undiluted 
trichlorides.  But  if  we  continDe  toregard  the  chlorides  in  queatioD  aa  protoehloride^ 
the  propoitioiia  of  metal  contained  in  theii  reapectiTe  moUcnles  will  haTe  only  half  the 
apeaflcbeat  of  the  proportionH  of  metal  contained  in  the  molecnlea  of  nitdiepnted  proto* 
and  trichloridea.  In  other  wocda,  with  the  doubled  weights  and  formnlEe,  tbe  attnna 
of  this  group  of  metals  will  hsTe  the  aame  specific  beats,  whereas  with  the  old  atomia 
weights  the?  wiil  have  onl^  half  the  apeciflc  beats,  of  the  atoma  of  chlonms  d;ada, 
anch  aa  Bulphnr  and  aeleuium ;  of  chlorous  and  baajloua  mouads,  rach  as  btomine, 
iodine,  sodium,  -and  nlver ;  and  of  chlorous  and  bas;lona  triads,  such  aa  phocphoiiia, 
■"    "'  '      '"      ""  ""  '"    '      "       *"    '  r  respectiTe  chlorides, 

^  undisputed  proto-  and 

trichloridea  in  thia  particular,  that,  divided  by  tlie  number  of  atoms  in  the  molecula, 
they  will  tjl  yield  the  constant  6*3.  Thus  the  ascertained  specific  heat  of  comaife 
sublimate  S^'  (SOO  +  US  x2)iM  18-d7,  which  divided  by  3,  eivea  the  quotient  0-23. 

Objection. — The  argnment  from   atomic  heat  is  admitted  lo  have  grent   force, 
thongn  hardly  anffident  to  be  absolutely  deeiaire  of  the  question,  inasmuch  aa  tim    ' 
Bionrataof  the non-mrtid*, boton, eaAon,  andsilicoD,aranotuDderanjeiramiiatB; 

'   '" .      • J  eongenei       *'  ' 

,.  _    _  .  iBofJlth  

ia  quite  oonceiTable  that  the  atomic  heat  of  certain  metals  should  difl^  from  the 
atomic  heat  of  the  remaindra',  that  magaerium  and  mereurf,  for  instance^  should 
have  only  half  the  atomic  heat  of  sodium  and  ailver.  Than  the  molecule  of  ehluide 
of  mercu^  HgCI,  for  inatance,  wonld  have  the  specific  heat  of  its  conatitnent  stoma, 
3'1+S'2  — 9'3;  while  the  moWule  of  chloride  of  silver  AgCl,  wotdd  have  the  apedflc 
heat  of  itaeonstitaent  atoms,  S'2  +  6-2  - 121. 

fi.  Molecular  Volume.^-Uenmrie  chloride  and  mercuric  ethide,  if  repraaented 
aa  dyadic  by  tbs  formulffi  figCl*  and  SgEt'  respectiTely,  have  the  aame  molecular 
volume  aa  uie  cormponding  monadic  compounds,  hydne  chloride  HCl,  and  hjdric 
ethide  HEt,  respectiv^;,  and  as  the  correaponding  triadic  oomponnda,  arsenic  chloride 
AaCl',  and  anenic  ethide  AaEt'  reapectiveiy.  The  gaseona  Tolumes  of  ranc-cbloride 
and  stannoUB  chloride  have  not  been  asoertained,  but  the  gaseous  volumes  of  their 
corresponding  ethidca  and  mdhidea  agree  with  the  ethide  ud  methide  of  mercury,  ii: 
the  circomatance  of  theiriwpeetive  v""^"*-^*""*'**  **-*"'''*■*  ■—'"-"  -* -t™--  -4 — :. 
wugbt^  when  they  are  rqiresented  ai 
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In  oUiar  umiM,  ths  voUtU*  cbloridM  uid  ethidci  of  tbmv  msUl^  if  reprnwaitod  aa 
djadic,  will  hmve  ths  sama  molecolar  Toluma,  whereai  if  reprBBaDted  aa  monadic  they 
will  have  onlf  halt  the  molKular  Tolnme  of  andiiputed  protochloridee  and  trichlorides, 
protethid«  and  tiiethidH,  &c 

Objection.— Tbe  above  arg;uto«nt  from  moloenlar  voliimB  it  conaidered  to  hava 
rather  leas  -weight  than  that  from  alomic  heat:  for  by  according  to  chloride  of  mercuij 
and  ila  oonoeneca  the  fbrmnha  which  bring  their  molecular  voIumeB  into  aecordanee 
wiUi  the  niolecnlar  Tolomea  of  chloride  of  hydrogen,  chloride  of  oxygen,  to.,  we  an 
fin«td  to  accord  to  the  metala  Qiemielvea,  molecular  Toltuaea  which  a 
with  tha  molecular  Tolumea  of  the  elementa,  hydrogen  and  oiygon,  &c,  thna: 

1  TOk.  1  nil. 

HCl  HKJ" 

HEt  EfO" 

Eta  CIT 


In  other  worda,  ths  proportioaa  of  mermry,  of  cadmium,  and  by  analoKT  '^  rin<v 
which  eombiiie  with  two  atoms  of  chlorine,  or  ethjl,  or  methyl,  have  doable  the 
gaaeoua  vcdume  of  (he  proportiiMi  of  hydKwen  r'—'-    ^ '•'-   —  -■ —    -' 


ti  combines  with  one  a 


a  of  nitrogen  wbicti  combines  witii  three  , atoms  of  cMorine,  or  ethyl,  or 
UiyL  But  joat  as  the  diatomic  chlorons  elements,  oxygen  and  siilphur,  have  the 
aame  gaaeoua  volnme  as,  and  not  doable  the  volame  o^  the  monatomic  chlorooa 
elementa,  chlorins  and  bromini^  ao  should  we  expect  the  diatomic  basyloos  elements, 
■nereuiy  and  cadminm,  to  have  the  same  volume  aa,  and  not  donble  the  volome  at, 
the  monatomie  baaylous  metalltnd,  hydrogen.  Thia  olfaction  has  been  partly  met 
by  comparing  the  moleculea  of  mcnmiy,  cadminm,  Itc,  not  with  the  moteciilea  of  free 
oxygen,  free  lulphnr,  he,  which  are  diviiibla  in  the  act  of  comblnatioii,  bnt  with  the 
molecnlee  of  tha  diatomic  oomponnd  radidea  earboaic  ozidsh  aolphnroua  anhydride^ 
•tbyleiie,  &c^  which  are  indiviaiUe ;  thna : — 


di' 


Od* 
(CO)- 
(SC)- 


croi' 

S-CP 
^C!l* 
Gd'Ca* 

(co)"a' 
((?H')'a« 


Whatever  valne  may  be  aeended  to  thia  ei^anatjon,  however,  the  e^Mrimental 
diacordanee  undoubtedly  renudna,  that  the  atomic  proportiomi  of  the  dyadic  baajloids 
mercury  and  cadmium,  have  double  the  Tolnme  of  the  dyadic  chloroidi  oxygen  and 


radicle  b^  two  Buccessive  aubetitntiona,  and  of  thereby  uniting  with  two  distinct 
monatomie  radicles.  Now  thia  property  of  combining  with  two  dijerent  radicles  is 
etrtainly  veiy  well  exemplified  by  the  cksa  of  metala  we  are  at  present  ooniiderinfc 
M  shown  in  the  list  of  compoundii  tabulated  below,  which  might  be  Urgely  extended: 


ffilU  '■ 

chloi-ethide 

«g^Cl« 
Hg-ClEt< 

diethida    . 

Hg-TP 

etho-methida 

Hg-EtMe? 

Zinc  iodo-ethide 

Zn-EU 

CaCICaClO      . 

G«"CLC10 

SrNCH.^C'H'O* 

Strontium  Bcst&t«-nitrate 

feTJO'.CH^)' 

BaNO<.BaC<H>0> 

Ba'NO'.C^'O' 

CuHO.CoF 

Gu"HO.P 

PbHO.PbNCH  . 

Pb-HO-NO* 

PbHO.PbCWO- 

Fb'HO.fH'O* 

bjGoogIc 
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. Q r  nmnber  of  then  doabls  conipaiinds  possaas  a  modenute  dogrM  of  itc- 

liilltf,  while  some  of  them,  aa  the  donble  halogen  ethidea  and  methidea,  an  among 
tha  moat  daflnito  ftnd  atable  of  meUllic  aalta.    The  relation  of  the  eiKasie  componudji 

a  another  ia  evidMitljr  parallel  to  tbat  of  alcohol  and 

'      nbelow: 


of  mweDn-  and  anMinii:  to  one  anoth 
•thai  to  UA  elh;l«miiMi^  a«  ahom  b 


Triad*. 

H^              CHAj 

HK) 

EtHII        EtCl'Aa 

1        EtHO 

EfHN        EtKaAa 

1          EPO 

EtW           EfAa 

JLgain,  jnft  u  in  alcohol  the  baajlona  ndiclea,  l^dioftan  and  ethyl,  an  held  togelbeT 
bj  diatomic  o:^gan,  ao  in  the  hv^to-nilnte  of  lead  the  two  ehlonnu  radiclea  an 
held  together  ^diaComio  lead  (Williamaon,  Cbem.  8oc.  J.  xriL  21t).  Accordinf;l;, 
if  in  aleohcJ  ve  nplaoa  tHyjimii-  oijgen  bj  monatomic  cUonDC^  we  get  two  diatmct 
dknido^  thua: 

PCTCl'   +    HEtO"  -  PCl'O"   +   HCl  +   EtCL 
And  aimilaify,  if  in  oar  laad-aalt  we  nplace  iH-faimia  le«d  by  monatomic  atlrw,  we 


aO'Ag"  +  HO.N(«%'  -  BO¥b'  +  EOAg  +  WAg. 
Objectioui. — The  fbiee  of  thia  aignmant  ia  mneh  diminished  by  nmamberins 
that  certain  nndoabted  monatomio  alementa  and  gronpinga  have  the  propeitr,  thoDsh 
to  a  limited  extant,  of  oombining  with  t*o  diatinct  monatomic  ladidw.  Chlor-ethide 
of  mercniy,  fbr  inataoce,  Sg"EtCl,  may  be  written  (Hg')EtCl,  and  compand  with 
iodo-nitrate  of  ailver,  (AglLNC,  argooto-chloride  of  mdinm,  (Cl')AgNa,  hydnK 
flnondr  of  potaasinm,  (F'JELE,  hydro-acetate  of  potaaaiiun,  (2CH*0*)HK,  and  many 
aimilar  eomponnde,  in  which  we  hare  tha  monatomic  cUmenta  Bilver,  chlorine,  flaorine, 
aa  well  aa  monobaaie  aeetie  acid,  fte.,  combined  with  two  difi^ent  monatomic  ndidea, 
although,  indeed,  dw  atability  of  theaa  ommovnda,  aaTe  and  ezoept  aome  of  tha  hjdio- 
flnoridea,  ia  of  a  Ttrj  ftebfe  ehaiaotar.  Mweorar,  in  eonbaabng  tha  pnpettiea  of 
monatamie  ell^I  and  diatmnie  ethjlene,  and  oompaiinff  the  andiapited  monad  metala 
with  the  fiinnei,  and  the  metala  uider  diacunon  with  tba  latter,  ttiere  ia  one  point,  at 
any  ivte,  of  aome  impoiianca  in  whidi  the  wmpariaou  doea  not  hold  good.  The 
bydiDgen  of  a  dibaaio  add  ia  fbond  to  be  replacaabla  by  two  diffimnt  monatomic 
TadidM,  and  by  t^e  same  radicle  at  two  ncceaaive  atagea,  whereaa  it  ia  replaceable  by 
a  aingle  diatomic  radicle  only,  and  that  at  a  aingle  operation.  Thna  the  diatomie 
ladicie  ethylene  may  be  inbatitated  for  the  h^drc^n  of  oialio  add  to  form  oxalate  of 
ethylene,  ((?H')"CK>*,  which  ia  tha  only  deriTed  oxalate  of  ethylene  hitherto  known; 
bat  with  the  monatomic  ndide  ethyl  we  hare  add  ciBlate  of  stbyt,  (CH>)'HCH>', 
nertnl  oxalate  of  ethyl,  ((TH'JKW.potaaaic  oxalate  of  ethyl,  {(?H*}KC?0',&c    ' 

other  worda,  the  monatonuc  radicle  i"^~'  '-"   --■'•'--  '--• — ^--' — i-i—     i 

not,  tano  aoid  and  doobU  ethera  oi 
behaTtonr  it  nuuiifteted  by  numalomie  and  diatomic  chlonma  ndiclea,  mch  aa  acetyl 
(CH^))'  and  oxalyl  (C*0*y,  in  their  relation  to  a  diadd  baae  each  aa  gljcoL  Now 
Uier*  eertain^  doiu  not  aaem  to  be  any  dedded  dilbnnee  in  thia  paitieular  between 
tba  two  gm^  of  metala.  One  member,  at  bot  aie,  of  the  flnt  gtonp — 'Damely, 
■ilrei^-daea  not  w  aearetJy  doea,  wiiile  eeverel  of  the  members  of  the  aacond  gmno 
voy  readily  do,  tana  well-dcdned  acid  and  donble  aalCa,  aa  azemplifled  by  the  acid 
oxalBte  of  buinm,  BaHCO*,  potaado-ozalate  of  rinc,  ZdKCO*,  acid  carbonate  of 


aalta  aa  the  anlphoTinatee  ol  calciom  and  barium  cannot  properly  be  adduced  in  tUaa- 
tration,  becanac^  although  for  some  porpoaea,  anlphorinia  acid  may  be  retarded  aa  a 
donble  anlphate  of  ethyl  and  hydn^en,  comparable  wilh  add  aulphate  ot  potaaaium, 
yet  it  ia  in  reality  a  cot^ngated  compound  analogonii  t«  the  anlphamio  and  anlpho- 
phenlc  addi,  fbr  matance,  and  conaeqnently  aa  mnch  monobaaie  aa  the  formii^  aMtk, 
and  nitric  adda  themaelvea. 

It  cannot,  howoTer.  be  contended  in  any  way  that  the  propv^  of  fbrming  acid  and 
donble  aalta  with  dibaaio  adda  ia  incompatible  with  the  diatmnio  ehaiader  of  the 
metala  fbrming  them ;  for,  indeed,  then  ia  no  anfBdant  reaaon  why  the  atom  of  a  dyad 
metal  ahonld  not  bind  together  two  atoma  of  dibade  anlphuiie  add,  for  inataoce,  jnat 
•a  we  belicra  the  diatomie  radide  aalphnryl  trinda  togt4har  two  atoma  of  diiy^diio 
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^te  otmoat  that  can  ba  nidia,  that  the  differcnra  ofpnipaitieasiliibltedbjctlijlnia 
•nd  «th]4  in  tboir  brbanonr  with  dibaiic  acida,  ia  not  paralleled  bj  a  cam^iaDdiDg 
diSnouM  of  propattUa  nuniftated  noder  aimllar  dreamataneaa  bj  mambeni  of  the  two 


MntriMtMn,  ftod  of  tuerabj  fbrming  comMnnda 
;miil(^Ie  nwUdei^  and  brlmging  to  ^pea  ctfgreater  and  greatci  oom^exitj. 
re  wuBainttd  wltb  potainie  moDOcininatt^  X?0(CtO*.0),  polaade  anhrdro- 
^  K^ftO'.O)',  and  potaMc  aDbTdirMridiFoiiiate,  KX)(CiO*.0)».  igain, 
we  haTe  monetli^inic  rijml,  (C*H*.0).H»O.  dietliykiiic  gljeol,  (C"H'.0)».H»0,  tri- 
athjrlaDie  gfjeol  (C?B\OfSK>,  and  tetmthylaBic  gljcol,  (C?H'.0)*.HS),  &c  Thie 
diatinetion,  unlike  thoee  hitherto  oonndered,  it  aiinply  ■  matter  of  obaemtion.  Wo 
obanre  that  diatomic  ondea  do,  and  monatomic  oiidea  do  not,  aa  a  general  nde^ 
weamDlata  in  tlw  manner  above  em^tlilsd ;  bat  we  aee  no  rcainn  why  and)  a 
difi^nnea  of  bebanonr  abonld  reanlt  from  the  diAnnt  atomieitiee  of  tha  radidaa. 
On  thia  Mtonnt  thcrefboe^  that  it  ia  baaed  <m  a  dilbmiee  d  behanovr  not  diteetif 
dadociUo  from  diShrenee  of  cmiatitalion,  we  ean  acand;  attach  ao  mndi  importance 
to  thia  laatdiatinetioB  ••  to  thoae  which  hare  been  prarimialf  diaeoiaad.  At  tne  aasie 
timi^  the  diArent  habit  of  monatoaiie  and  diatomio  radielea  in  thia  parlieiilar  ia  Tcrjr 
wdi  mubd.  Va  aM  aeqMdntcd,  tot  iwatapc^  with  anp<t>baaie  hjdialea,  ehloridaa, 
and  acetain  of  ethjlan^  but  with  no  anper-baale  hTdralf^  ehloidaa,  or  acelBtaa  rf  ethjL 
Theqoealion  eoniMaentlT  aiiafa,  whatheraaimilar  dittveneetnbaiala  between  ibeal- 
lageddiatomio  and  Uie  nndiapntAd  monatomic  metala ;  and  the  anawer,  that  ancfa  a  differ- 
ence doe*  aailt,  ia  cartainly,  ao  fuaait  goea,  in  famm  of  thediatomiei^of  the  mNala 
now  ondar  eoaaidaration.  Thtia  wa  oan  parallel  aome  of  the  buie  hydiatca,  cUondea, 
acetatMt  Ao.  of  ethjlMka  by  limilar  eompoonda  of  caldnm,  munaaiom,  nnc,  lead, 
copper,  fto^  bvtnot  D^any  eomponnda  of  tbe  nadoabtedly  mmad  metala.  We  hare, 
4or  example,  Sidiaffbai'a  bTdiate  of  lead,  H<0(fbO)*;  Pajen'a  hTdnta  of  lead. 
^«(«>0V;]fen%it^»a>^H>0)';Atacaaiit^eDmeD0>;  aahindla'a  oxrdilo- 
tideofcifti^  BnCl*(BiiO>.2HH);  Boae*!  orr'^hlorideaf oOciniD,  eaCl*(eaO)*.ISH*0:  hv- 
drom^nanta,  (MgCO'^^.l^HK)*;  dibaoo  acetate  of  oopper,  CH'CqO'.eaO.SEra ; 
diUaieaaMateof  lead,  C*H9bO*.niO.>H>0 ;  tribancaeetatrofa^iper.CH'OoOreaO)^ 
tribaaie  aeatata  af  lead,  CHS4>0X9bO)>.SH*O ;  HitadeHidt'a  dibaaic  nitrate  of  mer- 
cniT,  ^N*0*.Bg0.3H*0,  fte.  *e.  Thuiapariiapa  a  Mutable  place  for  n^aring  to  an 
obaerratitm  ot  Wort^  to  the  (Awt  ^M,  bj  wpiMaiiting  like  metala  of  tiiia  groop  aa 
diatomic  we  are  able  to  atptaaa  the  dnqila  nHdeenlaa  of  their  aevenl  aalla,  with  eotm 
inataadof  with  half  atoma  of  wata  of  otTBtalliHtion,  aa  illnabated  b;  tba  fbUawiic 
among  man  Mm  aiam[dee ;  aoatste  of  eopper,  C'H'OaO'.HK) ;  acetate  of  )ea£ 
CH44)0<.gEK>;  percUonte  of  lead,  H>C1*0'.SH«;  nitrate  of  copper,  OnNH)<.3H*0: 
dUorida  of  niAel,  HiCf-SHK),  &c. 

Objaetlona. — It  la  conlended  that  the  property  of  aaoamnlaling  in  oomUna- 
tion  ia  not  naeaaaarily  bat  only  acodentally  aaeoeiated  with  pdyatomid^,  and 
that,  jnat    aa    the    aaaliB    and  iodie    aniqpdridea    tuna    anhTdto-aaha,  andi    aa 


add  C*HK)<,  and  a  trihydlie  lodla  add,  H^C,  aaama  not  improbable;  and  if  ■&  tlw 
anhy^o-BMtataa  and  anhydro-iodatea  mar  be  aaaoeiatfd  in  t«ality  with  Uie  polyfm* 
fcrma  of  tlteir  ivmiecCiTe  aoida.  Aa  for  tba  aagtuoenl  from  water  of  bydiation,  taken 
llT  ittM,  It  ewtainly  cannot  lay  daim  to  any  gnat  weight,  aince  tha«  ia  so  mtm 
obiioa*  laaaon  why  one  aton  ot  water  abonld  not  commne  with  two  aloma  of  aalt, 
H*0  with  (CBKn<yy  for  inMance,  than  there  ia  why  one  atom  of  aalt  ahonU  be  M» 
to  tmnhiae  with  two  i»  three  atoaia  of  whIct. 

Bat  althoogh  the  aigomeota  in  foronr  ot  ragarding  the  dnoo-calcio  gmp  of  matala 
aa  dyadic,  whoi  taken  MfMiately,  are  open  to  the  otgectionB  abore  painted  oat.  yet 
taken  altogetho',  tb«y  i»»m  to  praaent  ao  oeat  a  prqnnderance  of  eridenee  in  aoppoit 
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Tbematabof  IlisdUitie-scHhmb-gTODpiiiainalf,  ealoilm,  itnmtiiim.uid  bujam,  - 
■raKUGeljleMbu^loiuaTaqiliMble  thso  tliose  of  die  lUulii,  and  the  iegnt  of 
thair  baaylil^  alao  moeuM  io  the  order  of  llieb  Btomio  ireights.  Their  hjdntea  and 
•ulphjdntM,  like  IhoM  ol  tfaa  alkali- metali,  an  aolnbla  in  water,  fynuog  tttmtia 
■dntiaM  wUck  abiOTb  caibonw  anhTdride  with  great  andity,  to  form,  howerar,  ineo- 
lable  eacbonatee ;  and  tbeit  ialphatae  tie  likewiie  iiuoluble.  Anumg  the  munbtn  of 
the  other  nb-ooim,  tlie  maiuGHUtion  (tf  metallio  propeniea,  u  popdarljr  nnderatood, 
BitW  tliaa  ctbaejiooM  ^huactttn,  inetOMa  Id  the  onfer  of  thrir  atomic  weighti ;  and 
■coradios^  *e  m^  noanl  6m  9paw  membera  of  Mch  mb-gronp  aa  exhibi&g  a  t«7 
pnaral  fona,  and  the  Tower  mmnben  ■•  mhibiting  highly  ■pecialised  fimm  of  the 
netallie  character,  and  maj  flgnie  the  diSersnee  to  oataelTea  in  lome  inch  diaann 
aa  the  Mowing:— 


T^  metal*  of  the  lata  bMiflou  or  more  regnluie  mb-gratip  are  diatinffoiiliMl  b 


their  vcJatilin,  whieh  ineteaaea  in  the  order  of  thnii  wreial  atomie  wrighta. 
hjdratea  of  tkeae  matala  are  inaolable  in  wtil«T,  and  odIt  thoee  of  glneinom  ant.  ^ 
MaiomBUBiftatmnah  aSnitj  fM  carbonic  iinhjdride.  Tha  BOlphideaDf  dDO,  cadmiuiD, 
and  llierooi7  are  inaolnUe  pensauent  pr«ipitat«a,  while  that  of  magnednm  alaa 
appeara  l«  be  inaolnbla  in.  thongh  readOj  decompoaible  hj  watat.  Thar  nlphat^a, 
unlike  tlioae  rf  the  nun*  banlona  djada,  are  all  aoluble  in  water,  with  the  ezctption 
of  aol^iate  <tf  merenij,  whidi  ia  dncompOMd  tharebj  intA  mlphnric  acid  and  a  basio 
■alt  In  many  points  of  ita  beharionr,  magniwinm  preaenta  a  ganonl  reaembUnee  to 
ealdom,  and  waa  at  one  tine  elaaaifled  with  die  alkaline-earth  matala. 

In  addition  to  corroaire  anblimata,  HgCl*,  mercnrj  forma  an  inferior  chloride,  or 
calomel,  whoae  molacnle  maj  be  repreaented  b?  the  formnla  B^C\,  cormponding  to 
that  of  prolo-chlonda  of  lilrei,  AgCl,  or  b;  the  formitla  Sg^',  correspoodiug  to  that  of 
anbchlorida  of  BBl{Anr  9'C3' ;  and  the  lelection  of  one  or  other  of  these  ezprMriona  will 
dC  conraa  datAFmina  tlia  entire  aeriee  of  formnln  to  be  aca>Td«d  to  the  entire  aariM  of 
marcnrona  aalta.  The  formnla  ^'Ct,  bj  which  calomel  ia  Fapreaonted  aa  a  proto- 
ddoride  of  niaccnroatun,  ia  recommended  b;  ita  anperior  atmplicity,  by  the  ready 
aoaoeptibility  of  meretmma  salts  to  doable  decompoaition  withont  change  <^  ^pe,  bj 
the  Tcaamblance  of  calomel  to  the  inaolnble  monad  cJilorides  of  silrer,  gold,  &c.,  ana 
by  the  determinatioo  of  ita  T^raor-denaity,  which  ia  fimnd  to  be  !^^~^^  _  11772; 
to  that  two  Tolnmea  of  calomel  Ttnnir,  BaCl,  eontalu  one  Tolome  of  chlorine,  jntt  aa  two 
vohunea  of  hydrachluria  add,  BCI,  eoUt^  one  Tolnme  of  chlorine.  On  the  other  huid, 
the  finrnnla  B^CP  ia  neommended  by  ita  oonaiateDcy  with  the  law  of  eren  nnmber^ 
idtich  dadana  dltt  a  ^ad  element  can  nerer  unite  with  an  nneTen  number  of 
monad  ttoma,  and  willi  the  ftaqnent  apontaneona  deeompoaition  -'- 
■lercario  Mitt  and  netenn,  ^■Cl'—SgCf  +  Hg,    Jforeorcr,  t 


td  netQUTT, 


A  ttODM,  and  willi  the  ftaqnent  apontaneona  deeompoa: 

,       ,.__.. -i^CP~SgCP  +  S-     "- 

I  onoaad  to  the  itf  

M  proto-aalta ;  while  the  diacordanee  in  moleoolar  volnme  between  calomel  and 
tnbchltvide  of  anlphnr,  aa  reraaled  hj  the  determination  of  their  v^ionr-denntieB 
(SKP  -  2  vola.,  while  BgHn*  -4  vola.),  may  be  explained  by  rappodng  that  tke  Ttpont 
of  ealomal,  like  that  of  many  other  lalu,  ond*»aea  what  itknown  aa  diaaodatioD  (L  409 ; 
ti.  SIS)  into  twDTohunea  of  meicoiio  ehloride^  9eCl*,  and  two  rolnmea  <k  lornarj, 
Bg-  Diia  ciipiwaition  ia  to  aom*  extant  wanautM  by  the  obtamlion,  that  calomel 
TapoDT  in*y— *—  gold  Imt,  and  tlut  cotnwiTe  anblimate  aaj  he  detected  in  re- 
tablimed  eaumel  (Cham.  Soc  I.  xriL  131).  In  the  prtttat  andeoided  atata  of  the 
11 —  I ■*  — — ..— f— -t.i»  "- ~Ta  matter  of  (MDTenieBce,  to  empkiyhabi- 
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964  METALS,  ATOMIC  WEIGHTS 

QiiorF  m.  Triftd  Metkls. — Clasn^ing  Uic  metals  sceoidiiig  to  Lbcir  miziiiBiK 
atomicities,  tiuae  are  oaij  three  triad  metalu  proporlj  K>  called,  samsly,  a  I  u  ni  i  a  i  a  n, 
'  thalliam.  aad  gold:  for  the  trieUoridM  of  acKoic,  uitimoD?, and  biiniath  must 
ba  regaided  aa  tha  inferior  chloridca  of  pentad,  jnn  a*  tin  protodiloTidea  of  UuUiam 
and  gold  an  the  inferics  chloridea  of  tdiid  eUmcDU.  The  formnlu  for  thallie  diloridi^ 
TiCl*,  and  the  atomia  weight  for  thalliiun,  20S,  bare  not  at  uit  tioM  baec  divpnted. 
Anne  chloridewaa  fbnDerl^repreeentedaa  iws^nicliloride  by  the fonnnIaAa*Cl*,  tbe 
atomic  weight  of  gold  being  taken  u  98  ;  but  it  is  noir  alvaya  re^scsested  oa  a  tri- 
cUoride  by  tlu  temnlu  AaCl*,  tlie  atomic  wright  of  the  metal  being  fixed  at  1S6. 
The  old  aeaqniatomie  fbrmnla  fbr  alnminie  chloride,  A1*C1*,  in  accoidanee  vith  wfaicb 
the  atomic  weight  of  aluminiDm  TU  takeo  as  I3'Tfi,  thongh  gtill  in  Ton  geocaal  msk, 
cannot  now  be  defended  on  anv  roitional  grannda  vhateTsr.  It  i>  aiuutted  on  all 
hands  tliat  the  smollHt  proportion  of  alomimimi  fbnnd  to  exist  in  anj  definite  com- 
ponnd  U  37'6  parte,  and  that  ttuB  proportioD  is  indivisible  or  abimjc  throngbont  bH 
ue  reactions  which  alominic  compootiae  nndetga.  Eridenllj,  therefore,  it  ongfat  to  be 
repreeented  as  indirisible  or  atomic  by  the  BTmbol  Al~  or  All'*,  and  not  as  dipartite  bj 
the  eymbol  Al'.  Begaided  as  triadic,  with  the  atomic  woigfata  27-fi,  Z03,  and  196-S 
reepectiTel/,  it  is  fbnnd  that  the  spwiflc  heats  of  the  atoms  of  aliunininm,  thallium 
and  gold  approximate  to  the  nnmbw  6'2,  and  are  acooidingl;  identical  with  Iba 
specific  beats  of  the  atoms  of  monad  metelij  inch  aa  sodiam  andsilTer,  of  dyad  metals 
such  as  msgneainm  and  mercutr,  of  tetrad  metals  such  as  tin  and  lead,  and  of  pentad 
metals  such  as  aiBenic  and  antimon;,  &c  The  trichlorides  of  thallinm  and  gold  are 
'   '  r  heat,  with  evolnlian  of  chlorine;  but  alnminie  chloride  TUatiliars 


nndia^ed,  aira  its  TSpoor-densitj  has  been  fbnnd  by  Devills  to  accord,  not  with  the 
BioleciiiaF  f)>rmiila  lUCl',  bat  with  the  more  comfdex  expreHJon  AlKS* ;  and  many 
chemists  attach  so  mnch  importance  to  ^ils  determination,  that  they  habitnally  repre- 
sent alnminiom  ae  a  triatomio  element  by  the  symbol  All*)  =  5fi.  But  &om  some 
nnpublisbed  experiments  of  Hr.  Bucbton  and  the  author  of  this  article,  it  appnrs  that 
the  vapour-denMittes  of  alnminie  methyl  and  ethyl  accord  nnmistakeably  with  the 
loleeuliir  fi        '      ""  '    "'   "■"-'  '- -' -       ■'-    -  '-  -    i       .  ■  .    t- 


fbnnnhe  AlMe'  and  Al£t'  reepectively.  Alumininm-methyl  certainly  it, 
ana  aiammic  chloride  not  improbably  may  be,  a  body  of  the  same  class  as  formic  add, 
acetic  add,.borio  methide,  snlphur,  selenium,  3k^  vboee  Tapoum  require  to  be  bated 


density  of  alumininm-methyl  is  perfectly  constant,  and  accords  with  the  fi 
jUHe> ;  but  below  220°  its  corrected  density  increosee  at  a  Tory  t^id  rate,  go  ii 
to  beocHDe  nearly  doubled  at  130°,  which  high  density  would  of  conrse  accord  tpprtai- 
matirdy  with  the  formula  Al'Me*.  Bearing  in  mind,  howeier,  the  mie  dnnoble 
firom  the  separate  e^eriments  of  Deville  and  Cahottra,  that  the  molecular  fbrmnla  of  a 
body  is  to  be  calculated  from  its  permanent  or  ultimate,  and  not  &om  ita  Tsriable  or 
initial  raponr-denflity,  and  baring  r^ard  also  to  the  ascertained  hshaTiour  of  the  Tapom 
of  alnminie  methide,  the  only  observed  Taponr-denait^  of  alnminie  chloride  CAnD0t,tn  the 
■uthor's  opinion,  be  taken  io  authorise  the  recognitian  of  alnmininm  as  hexstomic  and 
the  reprtaentation  of  its  chloride  by  the  formnla  All'Kn',  or  U.'CP.  By  adopting 
the  fbrmnla  AllCl',  we  slunild  have  to  accord  to  alnmininm  an  atomic  beat  twice  aa 
meat  as  that  of  any  other  nutal,  while  by  adopting  the  fbrmnla  Al^Cl*,  we 
Aoold  syHtematieally  represent  an  indiviaihle  proportion  by  a  diyiiiUe  symbol, 
which  ii  absurd:  fbr  the  propartian  of  ainmimnm  contained  in  the  molecule  of 
alnminie  chloride,  ii  admittedly  the  smallest  proportion  of  alnmimiim  that  is 
Oontained  in  the  molecule  of  any  alnminie  componnd  whatsoerer.  There  «i^ 
noreorer,  other  objections :  fbr  if  ainminiain  were  really  hexatomic^  it  wudU  differ 
from  aU  other  elements  known  to  chemists  in  its  inability  to  fimn  a  proto-,  di-,  tri->, 
OT  tetrs-chloiide.  Again,  while  the  existence  of  such  salts  as  the  alnms,  K'Al~'(80''f, 
dsriTsd  ftom  IH'SO',  is  a  neeessaiy  consequence  of  the  triatomici^  of  alnmuiinm, 
their  oonititiition  wotUd  be  scarcely  explicable  at  ^  on  the  assumption  of  its  hexa- 
tomid^.  Ziastly,  llie  dreomstanee  that  certain  ahminio  compounds  present  a  marked 
reeemblanoe  in  compositiOD  and  properties  to  similar  undoubted  tiialomic  compoiuids 
of  other  elements,  as  of  b(n«n  and  antfmony,  fbr  instance,  is  at  any  rate  sranewbat 
opposed  to  the  nodaa  of  aluminium  haTing  in  reality  a  hexatomic  ehaiacter.  Boron 
would  Bsem  to  stand  to  aluminium  in  mnch  the  same  relation  as  that  in  which  lithium 
stands  to  sodium,  and  glncinnm  to  magnesinm.  In  each  pair  of  elements  the  baaylity 
of  the  Second  is  saperiar  to  that  of  the  first  term ;  while  the  monadic  are  more  basyloug 
than  the  corresponding  dyadic,  and  these  again  more  baayliniH  than  the  corresponding 
trindic  slements.  Bone  and  alnminie  bydiMes  alika  act  either  as  feeble  adds  or  feeble 
tiasea.  The  isomorphous  borate  and  alnminate  of  magnesinm,  sr  boiscite  and  apinelle, 
though  both  sulgect  to  a  considetable  range  of  compositiDD,  are  refcriible  to  the  nmilajt 


^dbyGooglc 


AND  CLASSinCATlOK  OP. 


9GII 


fcmiil»HgB*0<uid  MgAt'O',  nBpM!ti*»lj.    Aj  befcceresitAed,  however,  the  ipedflo 
heat  of  the  atom  of  boron  is  Bnoiiuloiie. 

ThtiUIuin  wanLd  appear  to  occapy  unang  the  triad  metAh  a  ponltion  rinulaT  to  Out 
of  mercurj  among  the  dyadg ;  but  the  poaitian  of  gold  in  this  gronp,  whaterer  that 
poaitioii  maj  be,  a  withoat  abrioui  pinllel.  In  additioD  Is  thslr  trichlorides.  &c., 
thallinm  and  gold  each  form  a  protodUnride  and  a  ttell-deflned  aenta  of  monad  aalta. 
ThK  iimilnri^  of  severa]  of  tha  monad  wJt*  of  t.haJlinm  to  the  corresponding  com- 
ponndfl  of  pota«eiQm  ie  Terj  mark^  Thus  ita  chloride  prodncee  an  ioBoluble  donble 
■att  with  chloride  of  plalinnm;  ilaadd  tartrate  ocetin  aa  k  dratallins  prMapitate ;  its 
Hulphatc  forma  with  anlphat«  of  alnmininm  a  well  chancteriaed  alnm;  while  itshjdnte 
ja  readily  solabte  in  water,  farming  a  cHiutic  solntion  which  abeorba  carbonic  anhjidride 
from  the  air.  On  the  other  hand,  protoeolphide  of  thallium,  like  th&t  of  ailrar,  coaatitnta 
a  dense  black  precipitate.  *g«in,  protoehloride  of  thallium,  thongh  mon  Bolnble  in 
water,  has  a  general  resemblance  to  chloride  of  silTor,  while  the  [nolobromidee  and 
iodides  of  the  two  melala  present  even  a  greater  degree  of  Blmilaritr.  The  moat  atabla 
of  the  monad  aalta  of  gold  is  the  lolable  crystalline  Kidio-ealpnide,  AuNb9.4H*0. 
The  protoxide  is  Terj  nnsUble,  and  the  protochloride  is  known  only  aa  as  insoluble 

GbodpIV.  Tetrad  Uetals;  inelnding  tin,  lead,  titaDinm,aireoniiim,  tho- 
zinam,and  tantalnm. — These  aetala  ire  associated  with  the  Bon-metallie  tatiads 
carbon  and  lilicon,  jost  as  the  triad  elmients  alaminioM  and  boron  an  assooiated  with 
one  another.  The  tetrad  dements  agree  with  those  of  the  monad  and  dyad  gionps  in 
being  divisible  into  a  more  eapeoiaJlj  rKnline,  and  a  more  e^tcciallj  hasjkms  sub- 
group,  the  lower  memben   of   each    of   which  pom  ess  the  Rspective   distinctiTa 
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The  tetrahjdric  charsctor  of  nunh  got  baa  bean  Tceagnised  from  slmoat  the 
earliest  days  of  organic  chemistry,  bnt  the  now  reCMTed  fi«mnlm  CH',  in  whidl  the 
carbon  is  represented  as  indivisible  or  atomic,  was  first  introduced  bj  0«4Midt  in 
1842,  instead  of  the  previously  employed  formnla  CB*,  in  which  the  carfaon  was  nn- 
warrantabl;  represented  aa  dipartite.  The  tebatonicity  of  tin  and  siliooa  was  first 
adTocaled  by  the  anthor  in  1867  and  the  fbltowing  yean  (Phil.  Hag.  xiii  434, 
and  iTtiL  368 ;  Bep.  Brit  Assoc  ISM,  p.  68),  and  woe  dafloitively  estahliahed 
by  the  eeparate  reaearches  of  Cohons  on  the  atannethyls  in  1860  (Ann.  Ch. 
Hiys.  [3]  IviiL  6),  and  of  Priedel  aad  Crofts  on  tha  organic  compounds  «f  dlicou 
(Bull.  Soc  Chim.  1863,  p.  174}.  The  tetntooicil^  of  titanium,  nrconiiun  and  tanta- 
■"  "        ''le  obsHTsd  »aponi-denaitiee  of  their  chlorides 

t  ie  believed 


d  »aponi-deni     ... 

and  aimilarly  that  of  lead  from  the  Tapoor-densi^  of  its  ethylide,  though  it  ie  beliavi 
that  this  is  ue  first  occsisian  on  which  lead  has  been  definitely  claaaifled  as  a  tetratom— 
'  *    "d  tathar  than  with  caldnm.     The  chlorides  of  carbon, 
d  tantalnm.  represented  as  tebaefalehdM  by  the 


ent,  in  aasodotioD  w 

gennal  formda  ItCCl*,  and  tha  ethylides  of  silicon,  tin,  and  lead,  Kranaented  ^  the 
geuentt  formula  M'™Et\  have  vaponr-deniitiaB  vhieh  are  the  halvea  of  Iheir  mroedlve 
atomic  weights,  and  accordingly  have  the  aame  molecnlar  Tolnme  as  the  pmtoenloride 
of  hydrogen  HCl,  the  dichloride  of  manory  SgfH*,  and  tha  trietlrrlida  «  ahoni^nm 
AlEf,  &c  Uoreover,  the  chlorme  of  the  chloridee  of  carbon,  silicon,  and  BMM  aipe- 
dally  mT  tin,  ia  tband  to  be  sxparimentally  replaceable  at  four  aneceasive  stans^ 
Thus,  we  have  HnCl<,  SnCl-Et,  SnCl'Et',  SnClEf  aitd  &iBt',  oorreaponding  to  (X3\ 
CCl'H,  CClfH*,  CCIH',  and  CH',  respectively,  and  sa  on.  Agun  with  the  tetrad 
atomic  weights  118  and  207,  the  metals  kin  and  lead  have  the  normal  atomio  hnt 
which  is  eatmssed  more  or  Um  closely  by  the  number  6'3.  The  spsdfie  heats  of  the 
other  metals  of  thia  gnnip  have  not  been  ascertained,  bnt  the  speoflo  heats  of  earbon 
and  silioMi  tnuMig  the  tetrad  dements,  like  that  ol  boron  among  the  tiiad  element^ 
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90**,  MMiding  to  oat  praent  inpttftet  knowledgv,  1m  ngwdad  m  araptiaial  tm 
■nonutlom. 

Tcbaohlciridc  of  tin  ii  a  ooloutrw  ftmiog  liquid,  irhicli  eambinM  with  vitar  to 
tatm  ■  «sna  of  exjitsUiiie  Mlahla  ralta.  TetMcUoiidi  of  l«d  i*  knoWD  onlf  in  th* 
Ibim  of  bjdrat*!!  apttl*.  It  ii  made  bj  tmtiiig  psnuddt  of  Irad  FbO*,  with  cold 
■qneoiu  hydrachlonc  icid,  when  eolation  takes  pUce  without  tStmaaanx,  ud  oa 
•vaporation  in  Tseao,  nc^staU  of  tht  tetnchlorids  lepanM  out,  logaChcr  with  mncll 
dieoiorido  cd  lead.  Ths  aolntioiu  of  tbe  tetnehloridea  of  tin  and  lead  an  decompoaad 
by  alkalii^  with  piedpitation  of  the  napaotive  paK>zidai,  and  b;  tol^antted  hjdro- 


Guter  of  an  oiBBae-nd  odour.  Tbt  dicUoridet  of  tin  &nd  lead,  whisb  b«Ta  bean  inci- 
deotallj  refemd  to  when  diacneaine  the  djad  metidii,  an  readily  fuaiUa.  volatil* 
•olid*,  whoae  eotatioDi^  like  tboae  of  the  tatmchlaridiw,  an  deconinjaed  b;  alkali*,  with 
pradpitatioa  of  their  napectire  protoiide^  aod  by  aijpbarettad  hjdlogen,  with  pnci- 
pitAtJOD  of  Iheir  reepective  protoaolphidea,  the  fomter  of  a  diak.  bnwn,  and  the  latter 
cf  a  black  colonc.  It  may  be  h«ra  obaeired  that  (he  propBitj  of  Ibriniiig  inaolnbla 
(olpbidea,  not  nadil;  decompoaed  b;  water,  constitalea  a  dkAiI  dielinpuahing  duracter 
between  the  legnliue  and  ukaligeooiu  Kib-gTDiipa  of  metala  belonging  to  each  of  the 
primary  gronn,  thia  proper^  being  manifested  by  ailrer,  liiic,  eadmimn,  msrcnij, 
"■"""'""    '^n,  lead,  aiwnio,  anlimony  and  bigmnth,  tint  not  by  pobushun,  OBsinm,  rr 


by  the  metala  yttnam,  anam,  lan^aniim,  and  didymiom,  to  which  wn  shall  preaent^ 
nfer  num  paiticnlailj.  Many  of  the  dyad  salts  of  r^oline  lead,  hawvnr,  prearait  a 
marked  naemUance  m  properties  to  the  similai  aalts  of  the  alkafi-eorth  metals,  and 
an  fre^Dsntly  isomofphona  with  them,  just  aa  the  monad  aalta  of  regnlioe  thallinm 
eorraapoiMl  with  the  dmUar  lalta  of  poUadnm.  On  the  other  hud,  an  almost 
special  charaetaristio  of  lead,  and  one  strongly  corroboratiTe  of  ita  ndyatomicily, 
conatiU  in  ita  tbit  maiked  tcodeney  to  fbrm  doable  and  sapeibasio  aws  with  mon- 
•tomie  ladielea.  Lead  diffla  alao  mm  its  convener,  tin,  in  ttia  grnater  dcgrae  (J  ita 
baiylity,  or  powar  of  neatralising  eren  feebta  adds ;  while  a  ftuther  dlflhiutoa  botwern 
them  nanlla  from  ths  sanrior  stability  of  the  di-salta  one  the  tatra-salts  of  Aa  on* 
metal,  and  of  the  tetm-aalta  OTer  the  di-sidta  of  the  other. 

Ths  less  reguline  snb-gronp  of  tetrad  metals,  namely,  titaniom,  ainxmiaa  and 
thorinnm,  are  asnociated  with  silioon  and  tin  by  the  kAomoiphiim  of  iiitile,  T^O*, 
and  artiflrial  thorina,  ThO*,  with  natire  tinstone  EbO'  ^Nordenakiold  and 
ChyjeniaB,  Fogg.  Ann.  ex.  Sii),  and  by  tha  wioiii-teiaUiea  ot  titanie  and 
■inonie  chlcoidea,  TiO*  and  ZrCl',  ooirespinKling  with  that  ol  etaniue  ehloiids, 
SaCl'.  Ths  solpbidea  of  titaninm,  onaninm  and  thorinnm  an  not  pndocilda 
in  the  moist  way.  Their  oxides  are  haid  crystalline  bodies  onattackable  by  ladi- 
naiy  adds,  sbts  the  hydraflitorie.  ^eir  Imiiataa  ownr  •*  iriiit«  galatiiiona  jmei- 
fitatea,  which  diasolTe  readily  in  aoida,  to  rarm  mora  or  !••>  d«flnite  salta.  Just  aa 
tha  hydrates  ofthedyadalkaJiDfr^aithm^ala,  M'EK)*,  Meleaaaoltd>laand  ba^^oaathan 
those  of  the  monad  alkah-melals,  so  ahoald  we  axpaet  the  Igdrstea  of  the  nareeognjawt 
triad  earth-mftala,  HrWO;  to  be  lasa  aohible  andbaayloas  eran  than  tbeae  of  the  dyads. 
and  tha  hydrates  of  the  non-rcgnlina  tetrad  metala,  H~H<0*  or  M''H*0*(  ->H'~H<0* 
—  BK)),  to  be  still  lees  so.  In  otber  woid^  wa  should  be  prepared  to  find,  in  tha 
•ub-KTonp  of  tetrad  metala  we  an  now  considerins.  bat  a  Tery  inferior  degme  of 
basylity,  more  espedally  in  the  superior  memban  of  the  sub-groop,  seeing  that  the 
degree  of  basyliCy  habitnaUy  increases  in  the  order  of  the  atomic  weights  ot  the  cou- 
•aeutire  met^.  We  accordingly  Ind  that  tlis  charactan  of  l^dratad  titania  are  ftiUy 
as  mneh  acid  a*  alkaline,  thoogh  wa  ara  narartheUas  acquainted  with  fnlpli|»tj._ 
nitrates,  phosphatn  and  even  a  potassio-cubcnata  ct  titenium.  Bat  the  baqpli^  «t 
lireonia  is  fsr  better  marked.  Its  silicata  constitutea  aunon  ;  ita  owbcMate  it  formed 
by  precipitation ;  ita  sulphate  is  a  soJuUb  ajstalline  salt ;  while  iti  potanio-aalphate 
is  thrown  down  as  a  crystalline  pi«c^ibrte  ob  mixing  sdationt  of  Uu  aqmrata  «al- 
phatca  of  potasHum  and  sirconinm.  Thorinum  fimna  a  Ui(^  nomba  ol  well-dafined 
salts,  indo^ng  a  potaaaio-snlphate  corresponding  to  that  of  mrconinm  in  ita  chaiBcter 
and  mode  of  formation.  Horeorer,  hydrated  ^Miiaa  ia  enfflcianSly  basykns  to  expat 
ammonia  from  aal-ammoniac,  and  to  absorb  carbonic  aobTdride  &<nn  the  stmosphara. 
Tantalum,  which  agrees  with  the  aboTe  elements  innotyiudingaprecipitable  sulphide, 
and  in  xtany  otho  particulars,  and  whose  atomia  weight,  138,  woold  induce  us  to 
aasign  it  a  position  between  sircanium  and  tharinnm,  differs  from  buthofthaminsermBl 
important  properties.  Thus  its  chloride  is  deeonmosed  by  water,  with  separation  of 
tantalic  hydrate^  which,  instead  of  being  less  acidnJoiia  than  hydrate  a£  ' 
" re  addnlons  even  than  hjdiat-  -*  "^ — ■ — 


■^sra: 


a  fitting  place  at  which  to  make  a  few  obaerratians  upon  boom  of  the 
Mnr  metala,    Indinai,  whiab  is  ei^eeially  ohaiaeteriaad  by  tha  indigo-blna  baud 


^dbyGooglc 


AND  CLASSIFICATION  OP.  P67 

itrioK  in  iti  ipednm,  ia,  loeonliitg  to  IhsMMiimt  of  ita  diaajTCNn,  HsMii.Baich 
.-A  Bichta,  a  raj  soft  lutrmu  mel«],  permAnent  in  lir  and  water,  asd  luTing  a 
apeeiBe  gravis  <a  aboot  7*3.  Ila  hjdnte  and  carbonate  eonstitata  whit*  prad- 
pitatM,  and  ita  mUilucIa  ft  jreUo*  pradpitata  inaolable  in  acctje,  but  tolaUa  ui  miiiaral 
aeida.  while  ita  (diloridB  ma;  be  sbtaiDed  aa  a  irtiil«  —j^*'""*  tnbUiaata.    It*  eqni- 


ftppMLring 
udBichl 


Talent  weigDi  la  aooDi  an,  ma  naatoano  wognt  nuij  iMmnuiigij  sptpiwuiiuw  w  gi, 
71,  111,  or  148,  Ao.  It*  piopwtiea  are  too  impcirfMtl;  known  to  ailaw  of  ita  b«ii^ 
referred  latiafjirt-ri'j  to  anj  pattieslar  &niilj  ot  elamenta,  but  it  aridenttj  bdon^  to 
tia  rapiline  dinaioo  of  tlie  metala,  and  iiiiiaiiii  to  haTe  mncb  tile  aana  relatioo  to 


Colnmbiain  or  niobium  waa  djacorerajby  Hatdutt  in  ISOI,  and  tantahnnbr 
EkeberBin  1801;  bat  Wollitatoo  in  1B09  npoit«d  that  tlw  two  metala  wwe  iden- 
tical, and  bia  opinion  was  generallj  ainepted  nntil  ISlfl,  when  H.  Boaa  aocceeded 
in  diatinguiahing  batwem  thsm  ;  bat  deapite  hia  admiraUa  laboma  the  chamiati;  of 
niobinm  eontinDea  to  be  in  a  vatr  npaaoa6>e[oty  atate.  It  appeaia,  howerer,  tliat 
tba  element  foima  two  volatile  iinlondea,  a  white  infaaible  inftrioi  chloride,  and 
a  yellow  fbaible  aapenor  one.  To  Moh  of  theae  ohloridea  there  oorreaponda  an 
oxide  or  anhjdridB,  t^r  interior  one  baring  a  apedflc  graritj  flnrn  ti  to  9% 
and  tha  anpeiior  one  a  apeciflc  ^Titj  from  S-S  to  B-f,  that  at  tantaUe  anhr- 
diide  being  &om  7-0  to  S-2.  H.  Ron  fonod  that  one  of  the  chlatidaa  (  F  the 
'  '   '  )  oaoteined  2ii  puts  of  ntetil  united  with  W'A part*  of  ohbrina,  and 


•aperior  one),  and  fannd  it  to  be  10i>,  that  of  the  00I7  known  chloride  of  tutatnm 
being  O'S,  coireaponding  Tery  cloeelj  with  ita  thaontical  deoatlj  csknlsted  for  thr 
formula  TaCl',  namrlj  9'7  (Oompt  rend.  It!  861).  Aaenming  the  eormctaeai  of 
the  atomic  weight  97'6,  the  ueocetieal  Taponi-density  of  a  hexachloridp,  NbCl*,  would 
be  11-7,  irtuch  agree!  more  nearlj  thiui  any  other  with  the  determination  of  Deville. 
If  thia  Itemnl*  be  correct  niobium,  and  by  uialosy  tantalum,  mast  be  regarded  aa  hez- 
atomie  rather  than  aa  tatntomic  metala.  It  u  not  improbable  also  that  titanium 
ongfat  to  be  ■'l«-«*W-^  with  thflM  metals,  inat«&d  of  with  nrcDaiam  ;  and  in  connecCioD 
with  thin  point,  it  maj  be  obserred  that  the  received  atomic  weight  of  niobium  ij 
ftlnioat  exactly  intermediate  between  those  of  titanium  and  ttuitalnm. 

The  metali  yttrium,  cerinm,  lanthanum,  anddidymium  poiaeaa  the  following 
properties  in  oommon  with  one  anothnr  and  with  thorinum :  — Their  l^diaUa  oonatitute 
gelatinona  precipitatei,  which  expel  ammonia  tram  sal-ammoniac  eolution,  and  abaorb 
earbonic  anhydride  from  the  atmoephere.  Their  sntphidee  are  not  prodactblp  in  the 
moiat  waj,  and  their  aulphatee  are  precipitated  by  ai^pbate  of  potaseium  in  tlie  form 
of  erjataUine  double  lalta.  The  equiralent  weights  of  Uiese  four  meliils,  which  replace 
]  pt.  of  hydrogen  to  unite  with  S6-B  pts.  of  chlorine,  are  Y  32,  Ce  46,  1^  44,  and 
Di  48,  but  what  Ihnr  atomio  wraghta  are  is  altogether  undecided.  In  the  pruent 
atate  of  knowledge,  thnr  extmnie  bsi^lity  caniwt  any  longer  be  regarded  as  incon< 
aistoit  with  their  di-,  tri-,  or  eren  tetratomidlj,  and  there  are  some  points  in  the 
behaTionr  of  didyraimn,  at  any  rat<^  which  are  anggeatiTS  of  its  being  a  triad  element. 
Cefium  ia  dietin^nisbed  from  lanthanum  and  didrnunm,  aa  well  aa  from  yttrium,  by  the 
£icility  with  which  it  forma  a  mpcrior  and  feebly  nliSabla  oxide. 

OboufV.  Pentad  Metals.— These  are  ontj  three  in  number,  namely  arsenic^ 
antimony,  and  bismuth,  which  are  associatAd  with  the  noQ-metals  nitrogen  and 
phosphorus,  justs*  the  tetrad  metala  tin  and  lead  are  asaodatfid with  the  non-metallis 
tetrads  carbcHi  and  siliDOD.  Although  the  pentatomidtj  of  thia  gmup  of  elements  ia  reiy 
well  established,  as  shown  bj  the  phosphoric  and  aisenie  scid^  for  inBtance,  and  their 
oorresponding  ddorides  and  oiidee,  as  formulated  below,  yet  it  muat  be  admitted  that 
thsir  more  general  and  chaiaeteriatia  behanonr  is  triadic : 

™-       sio-        |;jo-        j:io- 


"il"-  'S[»-  Z\o- 


.  ■  towm  monad  compoondi.    Tims,  CMeMhaa 

•hown  that,  in  anriety  of  onanic  bodies,  a  aingle  atom  of  nitrogen  maybe  aobitituted 
either  for  I  ot  for  3  atoma  of  hydrogen  Vboeplum*  and  its  asaooated  metala  were 
formerly  represented  1^  atomic  weiguts,  the  halTaa  of  tbOM  now  unitetnUy  adopted, 
and  it  la  only  within  a  tsij  few  Tean  thai  the  habit  of  writing  the  antimonioaa  and 
bismnthoua  chlorides  aa  aeeqnichkiridea  by  the  fomnba  81^'  and  B{*C1*,  reapectiTdy, 
has  been  completely  abandoned ;  nor  indeed  is  it  T«rj  long  anee  cldoride  of  Usmnth 
WW  frequently  lepreesoted  sa  a  protoehloride  by  the  fonnnla  BiCL  It  ia  only,  how- 
erei,  with  the  atomic  weights  sow  emphiyed,  namely,  F  SI,  Aa7A,  Sblaa,  ood  Bi210, 
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mol«ea]ea  of  phoqdionu  and  Aiwoio  loira  to  be  repmsnted  bj  tliB  iiniiiiiiiin 

Am*.    WUlianaoii  hu  vtrj  pluuibly  rannUd  tlut,  irhile  Uis  moleenla  of  j^tragrm 
maj  be  regarded  (a  anunonis,  N~'H'',  in  il^ch  tba  tlir»  atoms  of  monatomic  hjdrogta 
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that  Uie  atomi  of  Uu  finir  elemctitB  ban  uipraziaiatalj  tlie  Btandard  ipedfla  heat  of 
41'S.  The  nceiflc  gnvitj  of  mtrpsea  gia  being  identical  witfa  ita  atomic  might,  or 
with  the  half  of  iti  moteenUr  weight,  the  two-TolDme  BKdecale  of  nitrciinn  ia  rapn- 
•antcd  bjt  he  enmsnoD  N~N~,  JDit  u  that  of  omm  iirapresented  br  O^0^  and  that  of 
fcjdiDgenbjrB'Er.  DeTi]le,]io«eTer,  haaebovnthattbeTapooi-denaitiMof  {die^KirM 
and  anenie  an  the  donbln  of  their  respective  atomic  veighta,  and  tliat  (beae  dei»iti<a 
cmreecad,  are  unalterable  b;  anj  inaraee  of  temperatoTe,  so  that  the  t*o-Tolan>e 

•J  plamibl 
lia.S-H'' 

_, ftiiatomic 

maj  he  ngardrd  i 

*    aonatomifl 

trihf  dride,  the  Tolstile  trihydridea,  tzipthjlidsi,  and  tiichloridea  ot 
"  '  mcJecnlea,  while  the  hnlnigen,  ethyl  and 

replaceable  in  thuda  at  thn«  eoc 

onnda  dinociate  or  deeoniHiae  al 
.  >f  nitric  amd  N'H'O'*,  oxydiliiridi 

phosDhonia  P'Cl'H)',  ozy-ethj'ktibine  Sb^Ef^T,  ftc^Ae,  haTC  Taponi-denntiM  wl 

an  the  halrea  of  their  atomw  weight!,  and  accoidinglj  oraie^ond  with  the  nor 

tvo-mlnme  standard.  Arank^  BDtimonj,  and  biaanUi  dijf^  fiom  the  m^joritj  of  the 
metals  in  being  deetitnte  of  malleability  or  tenacity,  and  are  thsrefta*  -nny  oomino'd'r 
dncribed  as  brittle  or  semi-metals.  Their  reguline  dkamctar  is,  howerer,  TCiy  w^ 
marked,  and  their  ■nli>hideB  are  easily  formed  by  pred^tation.  lie  permanently 
regnline  habEt  of  arsenic,  howerer,  is  uas  deeidBQ  than  that  of  ita  CMigonen ;  far 
finely  powdered  arsanio  oxidises  readily  in  mdat  or  hMl«d  air,  and  its  predpitsted 
sulphide  is  slowly  decomposed  by  ebollition  with  water.  All  thr»  metals  manifnt  both 
acid  and  basic  propertiea,  the  tbrmer  being  shown  most  ftrihingly  \ij  arsenic  aod  ths 
Utter  by  bismuth. 

GbodpVL  Hezad  Hetsla — The  tnetals  characteristic  of  this  ffoap — namelj 
tcllnrinm,  molybdenum,  and  tungsten — are  but  vai)' impeifMih  known.  Their 
heiatomicity.  however,  appears  to  be  established  by  the  analogy  subsisting  betweoi 
certain  of  their  oomponnds  and  the  similar  hexatomie  compouidB  of  the  non-metals 
nlphnr  and  seleniam,  thus  : 

BCl'O"  MoClW  WClH)'*Wa» 

aHKJ*  BtBK>*  TeHH)*  MoK«0*  WHK)* 

80"  .    .  TeO*  MoO"  WO" 

With  the  atomic  weights  fi  32,  Se  19-6,  Ts  120,  and  V  184,  the  speeiflc  heats  of  the 
BtomB  of  solphor,  seleniun,  tallarium,  and  tungsten  ^iproiimate  to  the  Dumber  BS; 
whiia  the  speciflc  beat  of  the  atom  of  naol^bdentaa,  Ifo  96,  has  yet  to  be  ascer- 
tained. The  vaponr-deiuitiea  of  the  osycMonde  and  trioijde  of  solphnr  an  tbe  halves 
of  their  reapectiTe  atomic  weighta,  and  their  molecnlea  oonseqwmtly  accoid  with  Qa 
normal  two-volume  standud.  Ths  corresponding  compounds  of  molybdenom  an  also 
volatile,  but  at  too  high  a  temperature  to  allow  of  the  ready  determination  irf  their 
lapour-densiliee  ;  and  the  same  remark  applies  la  the  hexacUoride  and  oxychloridc  of 
tnngsten.  But  trioiide  of  tungsten  is  flied  in  the  flre,  while  trioxide  of  teUnriom 
decompusee  into  dioxide  and  free  oivgen.  as  doee  indeed  vaporised  trioxide  of 
snlpbur  at  a  red  heat.  The  semi-metal  tellurium  is  isomoipbous  with,  and  in  its 
general  characters  and  behaviour  vary  closely  r«aemblee,  the  semi-metal  antimonj, 
the  two  elements  obviously  occupying  analogons  poeitiomi  in  the  sulphur  and  pbos- 
phonis  gronps  respectively.  The  exact  position  of  molybdenum  in  relation  to  the 
aulphur-eronp  proper  is  as  yet  ondetermined.  With  an  atomic  weight  moch  infbiior, 
it  exhibits  met^lic  chancten  fitr  mora  perfectly  than  tellnrinm,  while  its  moet 
cbanctecistio  compounds  have  just  the  constitnboii  and  general  prapertiea  which 
those  of  a  metallic  analogne  of  the  snlphnr  elements  mi^it  tie  eaipeeted  to  present. 


uad,  &c,  (he  diSbtence  in  atomic  weight  between  the  several  pairs  of  elements  being 
almost  idanticaL  The  trioxidea  of  tellnrium,  molybdenum,  and  tungsten  occur  as 
insoluble  powdery  which  have  many  properties  in  common,  including  a  mailed 
tendeni^  to  fbrm  anh;dro-salta  with  the  Btnmger  baaea,  and  a  capability  of  actins-  -  - 
feeble  basM  to  the  stronger  acids.    Tnnintic  amd  WH"0',  and  its  hydrate  WEH)'.  H 


acids  in  the  colloid  f 


ubjGoogIc 


AND  CUlSSiriOATION  OF.  sm 

(tabilily,  tuTing  dmdedl;  arid  cbaiaeUm,  and  BltDgoOiST  eloadj  rMHmbling  onr  uiothci 
(I^oe.  Boy.  Soc  -riii,  340).  The  tniulphidaa  of  molybdennm  uid  tungstmi  are  povsr- 
fol  salptiui  hydrides,  which  combine  with  nilphide  of  potaasiniii  Id  form  branlinil  red 
aod  orange  ojBtalline  salts.  The  mtuvI  elemaata  now  andn  Mandention  are  not 
only  haiatomic,  but  also  tetratomic,  asd  in  sodib  casas  evsn  diatomic,  jut  aa  ««  IiaT» 
•Mn  that  the  pentad  elements  are  triatomic  and  even  monatoniia.  Thus  we  hare— 
SCI'  Bed'  TtCl*  Mod*  WCl' 

SO'  SoC  ToO'  ItoS*  WS* 

OH"  SH"  SeH*  TeH-  MoCI' 

OOP  BOf  .  .  TeQ"  itoQ. 

The  Ti^onr-dansidea  of  the  hydiidee  of  oxygen,  snlphni,  seleiuDm,  ud  tellnrnun. 


and  of  the  ddtoidee  of  o^gen  and  snlphnr  among  the  tq^ad  oomponnds,  al 
dioxide  of  mlpbnr  among  the  tetrad  compoonda,  am  tJhe  halre*  of  tl 
weights ;  or  th^  tespeeliTe  molecnlee  ctnrespond  with  the  mwnial  two-Tolomo  stoodanL 


volalilisable,  while  the  remainder, 
tbongh  TOlatile,  hare  not  hod  their  Tftpour-densities  determined.  In  a  dasaiacalion 
of  elementa  accotdia^^  not  to  their  maiimam,  bnt  to  their  moat  ehsracteriittic  atcmi- 
eitieo,  oxygeo,  salphnr,  and  by  conaequeDCe  wiletiiaiii  and  tflUuTiiim,  would  probably  be 
regarded  u  djadic. 

Gbotf  til  Heptad  Metals.— The  elemenls  referred  to  at  the  eommeneenient 
of  this  article  under  the  head  of  nOD-metaUic  monads,  namely  chlorine,  bromine, 
and  iodine,  hare  the  proper^  of  forming,  in  addition  to  their  remiective  mon-hTdride^ 
wvll-marked  triad,  pentad,  nod  eren  bpplad  componnds,  eiamples  of  which  last  aro 
afforded  by  their  n«poctire  qnodroiy-aeidi!.  Cl"iHO',  Br-uHO*  I'«HO*,  and  I™S>'. 
Iodine,  tbongh  in  some  sense  the  cepreeentatiTe  of  tellurium  and  antimmj,  cannot 
rank  aren  as  a  semi-metal,  but  we  are  aeqnsjnted  witltat  least  one  perfect  or  miilleable 
metal  which  forms  similar  heptad  componads,  namely  manganese.  With  the  atomic 
weight  6fi,  the  atom  of  mangaaeee  has  the  same  speciBe  heat  as  the  atoms  of  chlorine, 
bromine,  and  iodine,  uamely  6'2,  and  forms  not  only  a  well-deflned  acid  of  moderate 
stability,  the  permanganic  add  Hn^HO*,  whose  potassiiim-Bi^t,  Mn**KO^  ia 
isomorphous  with  poTchtomtn  of  potassium,  Cl^KC,  but  also  a  corresponding  Tolatile 
heptachloride  Mo'^l'.  The  general  properties  of  manganese,  however,  will  be  more 
appropriately  considered  in  the  next  section  devoted  to  l^e  iron  family  01  met^  The 
succeeding  table  of  chlorides,  hydrides,  and  hydrates  ia  not  without  inter^t  as  exhibiting 
the  characteristic  atomicitias  of  the  different  gronpa  of  elemmta  : — 

Li'CI  O'Cl* 

Ka'HO       1^-H'O'      . 

Having  regard  tc 
the  apex  of  two  coi      „    „  .,  . 

ngaid  to  tbe  lower  line  of  compounds,  it  will  appear  aa  the  middle  term  of  a  single 
series.  It  is  obaerrable  that  the  atomic  weights  of  carbon  and  silicon  correspond  Ten 
closely  with  the  arithmetical  means  of  the  atomic  weights  of  tbe  elements  placed 
respectively  ou  the  same  lines  with  them,  for  f  —  IS-S  and  i^  —  287. 

Oboup  VIII.   Iron    Metals. — The  elements  previously  discussed  a 


being  arranged  in  two  general  divisions,  accordingly  as  they  combine  with  an  odd  or 

even  numb^  of  atoms  of  halogen  or  hjdrogf  n.   To  snch  of  them  as  combine  with  two, 

nBof  chlorine,  &c,  the  designation  artiad,  and  to  those  which  combine 


with  one,  three,  Ave,  or  seven  atoms  of  chlorine,  &c.,  tbe  dreignatjon  , 
oooveniently  applied.  But  the  metals  now  under  conaideratian  seem  at  any  rate  to 
have  the  property  of  entering  into  combination  with  chlorine,  &c.,  in  both  odd  and  even 
propoitions,  and  hence  may  not  inippropriately  receive  the  designation  of  per  is-artiad. 
Among  the  members  of  this  group  attention  will  be  more  espedallj  directed  at  first  to 
the  metals  iron,  nickel,  copper,  manganese,  and  cobalt.  The  moat  ordinary  of  the 
several  series  of  compounds  formed  by  theee  metals  correspond  closely  with  the  similar 
compounds  of  rinc,  in  their  saline  constitution,  water  of  hydration,  crystalline  fbrm, 
and  general  chemical  properties.  Accordingly,  if  one  is  to  he  r^arded  as  dyadic 
with  the  atomic  weight  66,  then  iron,  nickel,  copper,  manganese,  and  cobalt  most  also 
be  regarded  as  dyamc,  and  receive  the  atomic  weights  given  on  the  npper,  instead  of 
the  nsnally  received  atomio  weights  given  on  the  lower  of  the  following  line*: — 
¥tM  }K  «e  eu  ess  Hn  ISS  Go  GB 

Fe28  Ni29'e         Ca  31-76  Hn  37  9         Oo  29'fi 

With  the«a  doubled  atomic  wei^ta,  the  iron-metola  will  have  the  normal  spedSc  best 
expressed  approximately  by  the  noraber  S'2,  instead  of  the  abnormal  specific  heat 
•ipteased  by  the  aiunber  31  \  and  seversl  other  advanlagM  resulting  from  the  dupli* 
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ettion  will  b«  manifiMlad  teitiua  on.     Adojitiii^  thttt,  tha  atomia  vm|Jilt  «UA  a 


SoBM  fTidsDce  aba  of  tlia  niaUnoa  of  Mnd  compcmnd*  ia  adrdMl  t^  pjT^naitai 
Kd'O',  in>ii-p7ritr%  JPa"^,  ind  an  aitiOetBl  aolplude  of  niAd,  Ni^S*.  Moraara^ 
aoaradingtoenmrimrata  made  bjUie  aiitbOT,  thare  would  tppoai  to  exiat  an  luatabk 
tatncUonde  M  manganraf,  MaCl*,  eocrapoiidiiv  to  tha  BDataUa  totncbknida  ot 
lead,  PbClS  jiut  u  the  peniidea  of  ttia  two  metala,  HdO*  and  PbO\  alao  coirmond 
with  ona  anotJin.  Be  thia  aa  it  m^.  tbe  fenatca  and  uuui^iiataa,  Fe'<K*0'  and 
Mti'iEK)*,  aoalogona  totheaatphatMSK*0*,  finiUh deciajre  ezamiiea  of  the  eziateiica 
of  hexad  compennds ;  and  the  matnal  analog  of  thoa  thiea  rlnnnrn  of  eaha  aSuda  an 
obriooa  aignnwat  in  bvom  at  adopCiiis  tba  atomic  weight*  Mn  H  and  Fa  M,  wbaval^ 
alona  Iher  oan  iJl  thna  be  icpraacDtid  bj  anaJogoaa  fonnnln.  Iba  aaaociation  wita 
one  aooutar  Of  III*  flve  matala  now  ondw  aonndantioD  eeoliaa  JD  tfca  raatatkalile 
paiallaliaa  aabaiatiDg  batwaan  nickel  and  cobalt-  Bt  ita  inlCTBudiala  juijuutiaa 
niekrl  aWfM  to  ecouiaet  inm  aitd  copper  with  one  eooUiar ;  vliila  ita  idatwaahip  to 
&»  ftour  BMtal  eonaapraida  aridenliy  with  that  of  cobalt  to  maaganaae.  The  aaaD> 
eiatioa  of  C(«par  with  itonthioaBh  the  interrantion of  niekal  am  ma  aiaiiiiilj  to  raosiwa 
that  thotwiin  lecognitian  to  mid^  in  the  aothor'a  c^inioo,  it  i«  entitled  (PhiL 
Mac.  xiii.  4811),  apparent^  baoanae  of  the  faeilily  with  wludi  thejinajba  analjtieaUf 
aeparated  from  one  another.  The  three  matala  hare  the  nme  alomio  Tolacia,  name^ 
SB,  which  i*  likewiie  that  of  manganeaa,  cobalt,  and  poaaibly  chnmuaai.  bnt  of  no 
other  metal  whatever.  Their  apeciflc  gtaritiea,  calculated  or  ezptvimeatal,  occur  in 
reenlar  •equeiKie,  aa  do  alao  tbeir  atomic  veigbta.  Iron  ii  the  moat  infbaibla  and 
weidable,  Uieo  nickel,  then  copper.  The  thren  metala  an  aolnble  in  hjdrochlorio  acid 
with  eTolation  of  hydrogen,  iron  moat  nadilj.  then  nickel,  then  copper ;  they  pta- 
dpitata  tbe  aomewhal  baaylaoa  metala,  tin  and  cadminm.  froia  their  boiling  aolntiona; 
and  aliko  farm  salta  of  a  mariwd  green  eolonr,  complemantarj  in  aome  maaanie  to 
tha  pink  eolonr  of  manfjanona  and  cobalD  aalta.  Their  hydntea  aie  aohiUa  in  aal- 
amiooniac  and  ammonia,  iron  to  a  alight  extent  only,  then  nickel,  eopper  moat  of  alL 
Tbeir  •ulpfaide*  are  aohibla  in  hydrochloric  add  with  aTolntiou  of  anipharetted 
hydrogen ;  but  while  tha  precipitation  <tf  anlphida  of  iron  may  be  prevented  by  a 
alight  addnlation,  that  of  nickel  reqnirea  a  largn  proporUon,  and  that  li  eoppar  a  Ten 
Bodl  laiger  proportion  of  acid.  The  anlphataa  of  uon  and  nickel  cyitalliae  with 
aaren  atoma  of  water,  and  are  iaomorphon*  with  one  another;  bat  aniphala  of  oo;^er 
naually  <aya(alliaea  with  fire  Mama  of  water,  and  ia  iaomorphona  with  the  oone- 
aponding  anlpbate  of  manganeaa.  On  the  other  hand,  the  aolphatea  of  iron  and  eoppar 
oydidliae  togetiiet  in  all  proportion*,  the  mixed  aalt  being  heptahydiated  and  hanng 
the  form  of  anlphate  of  iron,  or  pentahydrated  and  having  the  fbrm  of  aniphala 
of  copper,  aocordmgta  the  preponderance  of  cithrr  metaL  Again,  the  doable  — ' — '•• 
anlphBtre  of  all  three  metala  erjatalliae  with  lix  atoms  of  water,  and 
It  la  erident,  howerer,  in  eomparing  the  Gre  metala  with  "•"  »».•)<-. 
and  iron,  which  are  at  one  extremity  of  the  eeriea,  bav 

oiidea,  and  that  copper,  which  ia  at  the  other  eitirmit^,  haa  a  tendency 
b3ipo-oiidcs,  wbile  cobalt  and  nickel  are  intermediate  both  in  podtioa  and  tendendea. 
Now,  itia  jnat  aome  of  these  diatinetite  peroxidiaed  componnda  of  manganeae  and  in>a 
on  tbe  one  hand,  and  auboiidiaad  componnda  of  conier  on  the  other,  that  ftamiah 
na  with  illoatntiorui  of  periesad  forma  of  combination.  Thaa,  mangancaat  wboae 
general  oitiad  dianctiT  la  abown  by  ita  fbrming  dyad,  tetrad,  and  bezad  eouponnd^ 
M  we  hare  already  smo,  ia  ncTcrthelou  indisputably  periraad  in  the  peimansanalaa. 
The  permanganatn,  Hn'^'EO*,  for  example,  RSamUe  the  convaponding- pen^lcKalea 
Cl'^KO*,  in  conatitation,  atability,  aolnbuity,  eryatalline  form,  apedflo  he^  &□.,  and, 
with  the  high  atomic  wei^t  for  man^nna,  an  eipreanbla  by  aimilar  IbrmalB.  Tbe 
percblorie  tuid  permangania  adda  are  aualogona,  anatablc^  and  powerfully  oxidiaiiig 
oranponnda.  Damaa  haa  also  deacribed  a  votatile  perchloride  of  maogaiieM,  pro- 
bah^  a  heptadilorida  ttn'*'Cl',  which  i>  decompoaed  by  water  into  hydrochloric  and 
pamuoganie  adda. 

Paaaing  to  the  oppodto  member  of  tl 
aeriea  of  aalta,  which,  repreaanted  by  the  moat  nunpla  fonnnl«  w 
eopper,  6n  SS-S,  agree  doaaly  in  chemical  conatitntion  and  propartiea,  aa  wdl  aa  in 

apeciflo  heat  and  cnstalline  form,  with  tha  oomapondiiuauta  of  the  m     ~ ' ' 

ailrer.    Cnproua  chloride  CaCl,   and  ailTsr  ehlonda  i£cS,  agree  in  th 


Cnproua  chloride  CaCl,   and  ailTsr  ehlonda  AgCl,  agree  in  the  foUowing 
charactera.    They  bave  tha  aama  apocifio  heat  and  cryitaliine  lorm ;  an  prododUe  ad 

white  preciDitatea  iaaolnble  in  water,  bnt  aolnble  in  ammonia  and  in  boiling  hydro- 
chloric add,  to  fbrm  eolourleai  aolntiona.  They  diaaolTe  alao  in  solutiona  of  the  alka- 
line chlorides  forming  Bimilac  double  aalta,  wbich  SsoqDcrel  obUined  electrolytically  in 
erjEtaUine  (bnna  belongii^  to  tbe  regoUr  systenL     The  bromidca  and  iodide*  of  both 
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u  nilidudc^  Oa'S,  it  dimorpliou,  and  while  the  artificial  eompouud  ii  isciiiKirpboQ- 
wiu  lilTer-gliuice,  Ag'S,  in  the  nguUi  nitem,  the  native  form  or  oopper-gUnoe  m  iio- 
nKHpboaa  vitti  BilTer-oopper-glanoe,  A^Gii^  in  the  brimetric  lyateia.  Uiatgjrile  and 
aotinionial  coppra  are  nnnlarty  oonatitntad  eompoond^  AgSbS"  and  CuSbS*  nqwctiir^, 
vbile  bonmonite  f  b'CuSbS*,  and  red  nlrer  Ag'SbS*,  an  limilar  and  itomotfbDiu. 
The  cODVeKibilil;  of  cupraw  into  coprio  nunponndi  Ooutitatea,  indeed,  the  only 
marked  pecDli&rit;  of  bebaTioor  dirtinpiiehiiig  them  bom  the  noillaT  componnda  m 
tilm.  3d  loiig  a>  the;  eontiiiae  to  be  oapnnu  wmpooadi^  the  naemUance  betveen 
them  and  their  (ilnr  anakignea  a  a*  great  M  that  bat>ireea  tite  Ooneaponding  o«a- 
pounda  of  an^  two  aaociatAd  metale.  Bat  de^iite  the  »iitiofJ  of  copnma  to  mtrm 
ehloride,  tot  uitanea,  and  of  pennetiganJC  to  pneblorio  uid,  it  has  been  pnipoaed  to 
double  the  molecular  fimunln  of  all  capnaa  and  permanganie  compooiidi,  and  OODae- 
onentlj  to  expreM  thrm  bj  fonnala  duwimilaT  to  thoae  of  tbeir  reepectire  eilvw  and 
eUoBne  anakenea.  Bv  this  meana  tbe  fonnulB  Gu*Cl*  and  ito'S.'O',  for  inatsocek 
Till  certainly  be  brought  into  harmODj  vitb  the  law  of  even  uiuabere,  but  at  a  very 
I ■.......:..  t-   :.         ,         ,  „.,.     ,     ....        thegr,    ... 

impound*  of  the  iron  metal^  aare  by  ardmitCiug  fiiT  each  metal  tvo  diffitreat  atom* 
lepRsented  by  two  diffiueut  symbols;  and  it  may  alao  be  aaked  wbether  the  received 
mode  of  rxpieadng  I^orent  and  Geriiardt'a  lav  might  not  be  advautageaiuly 
modified  into  aome  nch  dielom  ••  the  fbUowing  that  "  in  ereiy  compound  the  tnm  of 
Qie  alomioitiea  ca  eqnitaUndea  ii  an  arm  niunber." 

Juat  aa  ct^iper  and  maugaoeae,  lliaiwh  usually  dyadic,  an  aaaociated  with  mouadio 
bItct  and  heoCadio  chli»iBe  K^)e<:tiT^,  n  ia  uon,  tbongh  niually  dyadic,  amgciated 
with  biadie  alnwiniuin.  Feme  chloride,  oxide,  and  compoundi  genpraJlj,  present  anch 
an  auali^  to  alominic  chloride,  oxide,  and  componnda  generally,  that  similar  fbrmaUa 
ooght  neceaearily  to  be  appUod  to  the  simihir  setin  of  bodies.  Confining  ourselvn  for 
nrnplidty's  sake  to  the  case  of  the  two  cbloridea,  we  haie  to  choose  between  the 
tbrmolee  AlCl"  andiPea',  on  the  one  hand,  and  the  formnlie  AlK^I'  and  Pa'Cl;  on  the 
otiier.  The  more  complex  exprf  esion  for  ferno-chloride,  Fe'Cl',  is  certainly  reoommeoded 
by  aererai  eonaideiauona  of  indiBputable  importance,  bat  not,  in  the  author's  opinion, 
of  such  panunouit  importance  aa  poaitirely  to  reqnin  its  adoption.  Thus,  the  formula 
¥e*(H*  is  in  harmony  with  the  law  of  eren  unmbete,  as  nanally  enoociatedi  bat  th« 
rimplsr  fbimola  would  agree  eqnally  well  with  the  law,  if  niodiSBd  in  ita  ezpreaiion  aa 
aboTC  propoeed.  Again,  tbs  (bcmnla  feH^*  is  in  barmooy  with  the  conatjtatioa  €d 
certain  mixed  sod  baaic  salts  of  feiricam  UTettigated  more  pacticolarly  by  Schenrer- 
Kestner  ^BulL  Soc  Cbim.  ISflS,  p.  344),  in  which  one^ixth  of  the  acid  radicle 
cimbiDad  with  the  ffrricnmdiBfera from  tbe remaining  fiTe-eiiths,  as  in  ferric aeeto-nitrat^ 
for  example,  fe^C'H'0')"(NO')^0,  or  Fb(C"H'0»)"-^NO")'HO  ;  but  the  number  of 
■bJU  known  to  be  formed  on  daplicate  types  ie  bow  so  giest  ai  to  deprive  this  coniidera^ 
tion  of  any  Bitreme  oonaeqneDoe.  No  onf ,  for  instance,  contends  that  the  constitution  of 
tri-add  oxalate  of  potaesinm,  CH'O'.C'HEO*,  neceasitatas  the  accordance  of  the 
'  rmula  C'H*0>  to  oxalic  add.  lastly,  the  formula  ¥(Kl'  is  in  harmony  witb  the 
pournleosity  of  ferric  cbloride,  as  determined  by  DoTill?,  who  found  that  two 
mes  of  T^Kirised  ferric  chloride  contain  twice  GS  parts  of  iron,  and  six 
IS  36-S  parts  of  chlorine^  jost  sa  two  Tolumea  of  vaporised  chloride  of  alaminiuia 
lOniain  twice  S7'6  parts  of  Jaminiom,  and  six  time*  36'G  paxta  of  chlorine.  Thia  is 
-to  doubt  a  Tery  important  resolt.  sod  one  wbi«ta,  unless  susceptible  of  some  explanation 
direct  or  analosic^  would  be  dedsiTe  of  the  qnestion.  But  there  are  nndonbtedlj 
ecftaiohocUea  <tf  which  the  ascertained  Tapgnr^eDMtin,  DO  matter  how  aeeoQDted  for,  are, 
M  a  natter  of  experiment^  discordant  with  iJie  diemieal  analogiea  of  the  rMpectlTe  bodies. 
For  inataBG*.  tbe  qnanti^  of  i^ioapborua  wlucb  beats  to  the  moleenle  of  phosjdioreUt^ 
'    '  ,PH*,th*aaBie  relation  that  (he  molecule  of  nitrafen  beaiB  to  the  mr'-—'- -' 

has  udy  half  t) 

Mithemo] 

«BtJy,  the  qi 
tbe  molecule  of  alnminic  etbid^  Al£t',  the  relation  which  the  molfcnle  of  corroeiTe 
■ublimate  bean  to  the  molecule  ot  mercuric  etbidc^  has  only  half  the  bulk  of  these 
HSTeral  molecules.  Is  these  cases,  the  resolls  flowins  ti'om  the  anomalous  Tolumea  of 
bee  phosphorus  araenioos  oxide,  and  alnminie  diloride  are  corrected  by  having  regard 
to  the  norauJ  volumet  of  other  Tolatile  compounds  <4  phoephons,  •nenicv  and 


,_as  only -^ -rt^  -    ■ — ,  -.   - 

while  Bisanic  which  bears  tn  tbe  molecule  ol  aiBenioua  chloride,  AaCl',  the  same  relation 
that  the  molecule  of  water  bears  l«  tbe  moleeuls  of  bydrochloTic  acid,  baa  onh  half  tba 
bulk  of  these  eercnl  molecalea.    Lastly,  the  quantity  of  alnminie  chloride  which  bean 
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■Imnuaiun  nspactinly ;  anil  beariDg  in  minil  tlie  grttX  MBemblsDce  batweeo  •Imninui 

•ad  ferric  eompoaocU.  it  it  not  probable  that  the  sacertaiiied  Tolume  af  farria  cUorido 
maj  b«  alao  anomiilona,  and  hereafter  be  pioTed  to  be  anomalous  bj  eompariion  with 
the  THpom^enBitiee  of  u  ^Kt  undiecoTered  volatile  compounds  of  femcum  haying 
SDmuI  rolumre  ?  Whetbar  it  be  Chat  certain  bodies  hare  two  distiiict  condengationa 
eorreeponditig  to  two  distinct  molecules,  of  which  in  same  cases  tbe  ordioaij,  in  some 
CBsea  the  eitraordinarj,  and  in  other  cases  both,  ara  eiperimeDtallj  known  ;  or  whethar 
it  be  that  tbeee  bodies  hars  each  in  reality  bat  a  single  condenutton  and  a  sin^e 
molecoltv  which  in  sonic  ciises  has  not  been  correctly  ascerUined  throrteh  the  empl^- 
mrDt  of  a  temperatnm  insufficient  lo  render  the  body  mrfrctly  elastic,  the  &il  rBmains 
that  the  aacenained  THponr^ennties  of  a  eonsidenble  nnmber  of  bodies  an  not  in 
harmony  with  their  most  characteristic  chemical  reladona.  thongfa,  in  the  m^jini^ 
of  instances^  these  anomaioas  resottfl  are  diTeeted  of  importance  bj  cither  detemiua- 
tiona  of  vuKrai^ensity,  either  of  the  same  bodies  rais^  to  higher  tempenture^  or  of 
allied  bodies  banng  a  more  decided  TOlatilit^.  Eren  allowing,  therMor^  that  fenie 
eUarida,  at  the  temperature  at  which  its  density  waa  taken,  has  the  molecolaF  formal^ 
Fa'Cl*,  it  by  do  means  follows  that  under  other  mnditians  it  may  not  have  the 
simpler  molncnlar  fonanlm  ¥tCl'.  Admitting  the  probable  existence  of  a  tetrachloride 
of  iron,  Pea'.assnggerted hjFriedel(Wnrtz,  Lemons  dePhiloBophieChimique,  160), 
and  by  Erlenmeyer  (Zeitschr.  Chem.  Phsrm.  18S2,  p.  120),  then  may  really  bs 
a  I^Moride  formed  by  the  onion  of  two  atoms  of  this  tetrachloride  with  elimination 
of  a  mideenle  of  chlorine,  or  what  oomes  to  the  same  thing,  by  the  union  of  an 
atom  of  tetrachloride  with  an  atom  of  dichloride  of  iron  into  an  intomediate 
eomponnd ;  bnt  the  general  habitudee  of  ordinary  ferric  eUoide  aearcely  corres- 
pond with  ita  ponessun  of  such  a  composite  chaiacter.  On  the  contrary,  we  And 
nrrieom  penisteot  as  such  through  an  entire  seriea  of  sails,  which  under  no  drcnm' 
■tancce  brbaTe  like  diameric  componndB  by  breaking  up  into  their  di-  and  l«trs-  pro- 

C":on.  And  if  ferric  chloride,  ^e*C]',  fbr  instance,  be  not  diameric,  its  production 
fbmms  chloride  becomes  quite  ineiplicsble.  Par  it  is  scarcely  concoivable, 
and  certainly  contrary  to  all  analogy,  that  the  first  action  of  chlorine  upon  iron  should 
be  to  produce  a  dichloride  ¥eO*,  and  that  its  continued  action  should  ha-te  the  effict 
of  uniting  two  molecnlea  of  this  chloride  into  one  sin^e  molecule  of  a  non-diameric 
higher  chloride  according  to  the  eqoaUon  7,PeCP  +  CP-¥^Cl*:  fbr  the  action  of 
duorine  and  oi^enants  in  general  is  babitnally  to  eSbct  the  breaking  np,  nerer  the 
building  up  of  complex  noleculee,  save  of  such  aa  are  decidedly  diameric  AcceptiDg 
the  formula  FeCI'  for  the  chloride,  certain  other  important  fnrric  compoundti  will  be 
represented  as  (bllowi :  the  hydntea  aa  ¥tiS*0'  and  ?e~HO*;  the  oxide  aa 
Fe^'O';  the  black  oxide  as  ¥eO¥e-K)'  or  ¥rK)';  and  inm  alum  aa  S¥«~(SO*)'. 
HRH).  Thns  the  constitution  of  iron  alum,  like  that  of  Common  alnm,  becomes  a 
direct  consequence  of  the  trialomicity  of  its  characteristac  metal  Cobalt  and  msn- 
gsncee  both  form  oxides  corresponding  to  ferric  oxJde,  and  manganese  forms  in  addi- 
tion so  uustablB  manganic  chloride,  Mn"Cl',  and  manganic  alum,  KWn'"(80*)'. 
I2HK),  These  formuln  of  course  depend  for  their  warranty  upon  those  fbr  the 
coTTespondine  ferric  compouDde.  It  is  obsprrafale  that  of  the  entire  seriee  of  perissad 
cblorides,  M'Cl,  M~C1'.  M*C1>,  and  M'<S^l',  the  pentochloride  is  alone  nnrepnaentad 
in  the  iron  family  of  elements. 

Chrominmserresto  connect  the  iron  metals  with  Tansdium.  Aocordingto  itths 
normal  atomic  beat  9%  Ita  atomic  weight  will  be  S2-f>,  instead  of  26-25,  tbe  herctofbra 
geneially  receiTed  number.  It  fbrma  three  well-deflned  lilorides,  tit.  the  dichlurids 
Gr"Cl',  trichloride  Gr"Cl*,  and  oxychloride  or  chlorochiomic  acid  Gr^a'O",  This 
last  compound  is  resdily  Tolatile,  and  its  ascertained  Tapaui^denuty  being  the  half  of 
its  atomic  weight,  ita  molecule  is  referrible  to  the  normal  two-Tolume  stUDdard.  The 
dichloride  and  trichloride  are  also  Tolalilisable  oompounds,  but  their  Tapour-denaities 


d  jndging 
eeuted  by 


hare  not  been  determined.  That  of  the  trichloride,  however,  would  [nvbably  prcaent 
the  same  peculiarity  as  the  analogous  aluminio  and  ferric  trichlorides;  and  judging 
iolely  by  vapour-dendty,  the  eomponnd  would  consequently  have  to  h 
the  fimnula  6r*Q'  Chromous  salts  correspond  closely  to  frrraua  salts  m  hubit  gonmai 
bebsTiour,  and  especially  io  their  abaorpUou  of  nitric  oxide,  with  production  at  d«ik 
hrown  compoands.  They  have,  however,  a  red  or  bluish  colour  more  like  that  of  cobalt 
salts.  Alkaline  aulphydratee  throw  down  a  black  precipitate  of  chromous  solpfaide, 
and  caustic  alkalis  a  pale  coloured  predpitate  of  chromoos  hydrate,  soluble  in  sal- 
ammoniac  and  ammonia.  The  tendraicv  of  this  last  precipitate  to  become  perozidiBed 
greatly  exceeds  even  that  of  ferrous  hydrate,  as  proved  by  its  gradual  deozidation  of 
water  with  liberation  of  hydrogen.  The  double  salphala  of  chrome  and  potaashm, 
£'6r'(S0')'6H'0,iB  jsomorphoai  with  the  similar  salla  of  iron,  fte.  Chromic  and  ferrie 
compoundsa^in  presentagsneralsimilarily  of  behariour,  though  with  some  wdl-marked 
diffsrencea.     Chrome-ironft'Gr-S)*  is  ieomoiphous  witii  magii«tie  oxide  FeT*"*©' ; 
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dtnmie  wide  ft^K)*,  with hEmatilfl  Ve'H)* ;  dmnnic  slum  KGr"'(S0')'.12H'0,  with 
iron  alDm  EFe''(S0*;p.l2H*0,  &c  But,  unlike  the  nmiUr  compouuda  of  femcum, 
chromic  ozids  ia  decomposed  bj  fkuion  with  carbonated  alkalij  into  chromats  and 
an  interior  oxide ;  cbromic  hydrate  is  Bolable  in  cold  Bolntions  of  caoatic  BlkBlig ; 
while  chromic  talts  r«Gct  with  anlphide  of  ammoniam  to  produce  chromic  hjdnia  and 
Bolphnrettad  tiTdiogen,  though  thu  taet  cUffcreuce  maj  posaibl;  be  onlv  one  of  desree 
depeDdiog  upon  the  difflgnlt  redncibility  of  ohromie  compoandi :  for  it  is  doobtf^  at 
least  whether  the  precipitate  prodnced  b;  sulphide  of  ammonium  in  ferric  nils  ia 
other  than  a  miztoie  of  aulphar  ind  fenous  sulphide.  Howerer,  chromic  snhjdride 
QrO*,  the  most  ehaneteriatic  of  aU  the  componnda  of  chrome,  Ihonsh  forming  talta 
haTing  the  Mme  general  formula  as  llie  maoganates  and  ferraUe  3QI'0*,  seema  in 
other  respects  to  haie  no  alBnitj  with  compouuda  of  the  inn  class  of  metals,  while  it 
is  associated  with  Tanadic  aDbjdride  VO',  bj  maoy  tbtt  marked  similarities.  Tha 
two  oxides  are  orango-oolonred,  non-ToUtile,  ftasible,  crrstailine  solida,  soluble  in  water 
and  deeomposible  %  heat,  that  of  chrominm  bj  for  iLe  most  readily.  They  neither 
of  them  form  definite  hydratea  or  acida.  bnC  units  witb  basic  oxides  to  fbrm  very  atabla  ' 
silla  of  an  orange  Colour,  aoch  as  the  natire  ehiomate  of  lead  GritiO*,  and  vanadate 
of  lead  Y^PbO',  which  are  isomorphona,  and  Uie  toit  ohaiacteriatiG  anbydro-blchromate 
a:<K%',  and  anhydro-binnadata  of  potaasinm  V*KK)'.  Again,  both  anhydrides 
act  aa  feeble  bases  to  Ihe  stronger  acids,  that  of  Tanadium,  howersT,  to  oonsiderablj 
the  greatest  extant.  The  aqneona  solntions  of  the  two  omnponnds  ara  reduced  by  the 
same  reagents,  and  appear  to  react  in  a  similar  manner  with  peroxide  of  hydrogen. 
The  hBxachl<ttide  of  vanadinni  VCl',  conesponding  to  the  anhydride  and  to  chloro- 
i-hwtmiV  acid  OtKlHy,  seems  to  undergo  when  Tworised  a  disaodation  aimjlac  to  that 
of  pentachloride  of  pboaphonis,  FCf ;  it  any  rate  its  Tsponr-denaitjt  ia  only  one-fbnrlh 
its  recognised  molecular  weight,  wbidi  accordingly  oorrespunds  to  ibur  Tolnmoa.  The 
tendency  of  vanadiam  to  form  sulphides  haTing  the  cfaamcter  of  iinlphanhydrides, 
though  not  rery  decided,  has  no  parallel  in  the  known  behanonr  of  chromium ;  while 
the  in&rioT  ooides  and  saline  compoands  of  the  two  metals  eertaioly  present  very 
little  co-reasmblance,  unless  indeed  the  blue  salts  of  Tanadium,  producsd  by  reduction 
of  Tanadic  anhydride,  should  prove  to  be  trisalts  (seequiaalta),  analogous  to  Ihe  ordi- 
nary green  chnnnic  aalte  prodnoed  under  similar  drcumstances.  The  atomic  beat  of 
vanadium  has  not  been  ascertained,  but  the  proportion  of  the  met^  which  oorreaponda 
with  62'fi  parts  of  chromium  in  the  reapectire  tnoiides,  is  Ibund  to  be  137  parts,  and 
accordingly  the  stomic  weight  of  Tanadium  is  fixed  at  1B7,  instead  of  eGfaepreTiaaslj. 
It  is  obaensble  that  the  diSerence  between  the  atomic  weights  of  chromium  and 
vanadium,  or  94*6,  is  about  Ihe  same  aa  that  subsisting  between  the  atomio  wcighia 
of  the  first  and  last  members  of  sevaral  triplet  gronpa  of  uements.  Moreover,  theatomie 
weight  of  ranadium  is  almost  tha  arithmetic  mean  of  the  atomic  weighta  of  molyb- 
decum  and  tungstcD,  elements  with  which  Tanadium  is  not  nn&equently  daa^fled, 
and  to  which  it  certainly  preaonta  acme  analogy,  mors  paiticalailf  in  the  ebaroeter  of 
its  inferior  compounds. 

Uranium  is  oanallj  classed  with  the  iron  metsls,  for  although  possreaing  but  little 
reaemblaocs  even  to  them,  it  has  still  less  to  any  other  group  of  elements.  The  for- 
mulsa  of  oraninm-compannda,  and  t^e  atomic  weight  of  uranium  must  be  regarded  for  tha 
picaent  as  ondeterminabls,  since  the  analytical  results  cannot  yet  be  controlled  by 
any  eoosidenitiona  derived  from  Tapour-density,  isomorphism,  speofle  heat,  or  strict 
chemical  analog;;)''  The  proportion  of  uranium  which  unites  with  3S-S  parts  of  chlorine 
in  oianons  chloride,  is  fbnnd  to  be  60  parta,  and  accordingly  the  atomic  weight  of  the 
metal  may  be  fixed  at  60,  or  120,  or  ISO,  &c.  The  ready  Tolatility  of  unDona 
chloride  ia  in  favour  of  its  molecule  containing  moro  than  one,  and  inde^  even  more 
'  '  of  chlorine  ;  while  the  hicdi  apedflc  gravity  of  uranium,  lS-1,  would 
Eeavy  ■ 


rsight  with  those  of  BDChheBvy  metals  as  tungsten,  specific 

gtavi^  17'S,  atranic  weight  184;  gold,  specific  gravity  19'3,  atomic  weight  196 -fi  ;  and 

'"    ■      ------        ■  '^  15 J.  gftboogh  the  correlation  of  spedflo 

subject  to  many  vagaries.      Altogether, 


platinum,  spedfii)  gravi^.21'6,  atmaic  weiidit 
grantj  with  atomic  wcig^  ia  imdonbte^ 
however,  in  the  present  imparfM  state  of 


t  imparfM  state  of  knowledge,   it  seems  moat  advisable  to 
wuj^t  of  uia  '       ■    "•-      ^ - 


lethat  Ihe  atomic  wuj^t  of  uianium  is  120,  and  that  the  formula  of  it 

chloride  is  -^Cl*,  while  that  of  niaoous  chloride  is  "l^'Cl',  and  that  of  uranic  oiycbloride 
B'CCL  Aqaaous  nranous  rbloride  snd  uranoua  salts  in  Eeneral  have  a  marked 
green  colour,  bnt  i^imish  a  red-brown  gelatinous  hydrate,  soluble  in  carbonated  alkalis. 
Unlike  the  mnjority  of  dyad  salts,  Ihey  are  completely  decomposed  by  the  eurthy  car- 
bonates, witb  evolution  oC  carbonic  anhydride.  They  yield  a  black  precipitate  witb 
sulphide  itf  ammonium,  am]  oxidise  readily  by  exposnre  to  air.  Uranic  sslts  are  of 
a  lemon-yellow  colour,  and  poasMS  in  a  characteriatic  degree  the  property  fUntl/ 
ahsdowed  forth  in  a  few  triaalta  of  antimony,  cbromiuiD,  &c.,  of  being  derived  from 
thdr  n^active  adds  by  a  sobetitution,  not  ot  uet^  bnt  ol  metallic  oxjcte  tot  Imidb 
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bjditigMi,  irUeh  nwtollie  oxide  u  truuf^ble  fMm  ODeaoaponnd  to  •nathv,  Ummgli- 
oat  tie  entile  Miin  of  donbU  dwnmpantaDiu  to  which  the  (alU  »•  liaUe.  There  ia 
ucocdinglj  no  trichloride  9C1'  or  triaitcmte  ^(NOy,  but  odI;  ma  oxjdilcnde  90'01 
ud  o^nitiate  nO~NO*.  The  osTohloride  i>  ■  tgUov  o^J■t■IliI■^  mdil^  ftisbla  but 
diiBonltlj  mUtUiaibU  mm  The  nilnta  ci7Mt»lluei  ia  lemW'f  allow  pnenu  decom- 
poable  hj  lukt^  uid  Tiddiug  in  noai&oim  ■  nnwic  h^diate,  nmue  loide,  eod  aninao- 
Bniiia  oxide.  Both  Mlla  we  ■nlnble  in  water,  fbmuiu;  Wnon-fellow  8iiom*Miit  wlii- 
tiou.  Theee  tire  oniTertcd  into  oiancme  aalntioni  bj  ■ulphnietted  hydn^gen,  with 
■epaiMian  of  enlpfanr,  and  an  otherwise  T«j  eeolj  lednable.  Tbej  giTe  a  dark 
brown  piedutate  with  eolphide  of  anunonium ;  form  eohible  enatilliedile  double  com- 
MOnda  with  exem  of  alkaline  ckrbonate,  the  potamra-Mt  hariiu  the  fimnnla 
SR*C0'<90)'C0' ;  and  jieU  precipitatu  of  alkalue  nnnita,  KKt.W^,  for  iIu(MM^ 
with  csuitic  alkalis. 

Oboct  IX.  Platinnm  ICetala ^e  netali  pslladlnn,  rhodium,  ruthe- 
nium, platinnm,  iridiam,  and  oeminm,  thoo^  dIAring  erauidenUj  in  mattj 
ti  their  chemical  habitodea,  are  nereitheleM  •eparnted  Iroa  all  other  elamaat^  and 
■Mooiated  with  one  anothw,  bj  certain  rerj  diatmative  ehaiMledn.  Vith  the  normal 
•tomio  heat  S-2,  their  aenral  atonic  wtd^M  wiU  be  a>  ftUowa:— Oi  IM,  fr  107, 
PllBT,  PdI(W-l,{lnIM,  andtti  104.  'Die  epeei&irantiea  of  thafliat  three  melala 
hsTing  tlis  higher  atomic  wei^ta  are  abovt  31,  wbih  tboae  of  the  other  three  hanog 
the  Icrwer  atomic  wd^ti  are  between  Iljand  13.  Baehc'  thematalac^  lowatonuo 
wai^  ee^  to  be  Bore  eeMdallf  ooinUted  with  aome  partainlai  one  of  the  met*la 
of  high  alomie  weight,  falladioni  <inth  fdatinm^  rhodium  with  iridinm,  and  mtbentDDi 
with  oamium;  end  all  nxmelala  an  {bond  aaaoaated  together  natorallj  in  Hiii  laiileltii 
atate.  l%ej  are  all  inftuible  «ve  at  the  hig^teat  temperatnrea,  audi  aa  that  attainahla 
vitJatheonhTdrtniblowjBpe.  llwplatinnminetalBreaambleeertaiDmetalaof  theiioa 
famihiB  the  polyehmwalitai  of  tlwir  aalla,  the  ^camanen^irf  their  do 
andUMMriatttiadaaiatianof  tbnrah]raidta,oxide^  fro. 

FkUadJnm  and  platinnm  bdong  to  the  daaa  of  nobk  metala.  Ther  do  not  combma 
dinctfy  with  OEjgen,  eroi  at  the  higheat  tempnatnrea.  irtiUe  tbMr  (Uoridea  and  in> 
diraetlj  podneed  ozidm  are  radndble  to  the  reguline  elate  br  heat  alwie.  llieir  di- 
and  tetiaehlaridea  are  the  moat  cfanrKlariatie  of  their  eamUMtiona.    PaDadium  u 


id  totem  an  infttior  chloride  MCI  and  oxidaiid*0,  aoalogonatc 
t  ita  ndlnan  hU*  are  ^nfied,  aa  abore  remarked,  bj  the  ^ohk 
tatmldilorida  lUCl*.     The  fecmar  ia  oiTatalliaable  and  eoluble  in  water,  while  the  latter 

~      ■   ■'    )ndaeeer7Btallia«bledo«UeaalU*~ 

m  fbrma  a  well-dcdned  ctyMalliae  1 


HoareDtlr  >  double  en  intermediate  chloride  »*01*  or  VtCP.     Both  the  di-  • 
eoloridea  ttf  pTariTum  form  aratalliaiblfl  double  aal^  with  the  <fliloiidea  c£  alkali- 
metal,  fee. 
Bhodiom  and  iridiam,  thoo^  pntpanent  in  llie  itbat  all  temperatuna  w' 


e  nadil;  ori^aable  b;  tnatnunt  with  dumical  aMiti 
than  the  metala  laat  eonmdand.  Altheiame  time  their  wrenloxidea  are  TedudUel^ 
heat  alone.  The  trichkridea  an  the  moet  chaneteriatio  of  their  wapeeliTe  dikridM, 
and  are  tjpical  of  their  ordinary  ealla.  Hhodinm  fbnni  an  ineolnble  diohloride  AhCP 
irf  whidi  foy  liltia  ia  known,  and  a  a<duble  deliqneeeent  nea-oalovnd  triohlMide  iifaCI*, 
one  atom  of  which  eomtnnea  with  athertwoor  three  atoaia  of  alkaline  chloride  tofion 
beanlihl  eCTitaUine  aalta  of  a  roafr-rsd  colour,  whence  the  name  of  the  metaL  Iridion, 
*o  Balled  from  the  p^TchromatiBm  of  itn  ealte,  fomu  a  dicbloride  iiCI*,  ineiduble  ia 
water,  but  (brminB  aolublB  red  ooLjored  ealta  with  the  alkaline  ohloridee ;  a  aompai*- 
tivel;  rtable  triduoride  IrCl*,  whoae  eolntion  ia  of  an  olive-green  eolaai,  and  wboae 
donUe  potaaaio-chloride  haa  the  finmala  SEQ.IiCl';  and  a tetnchliKide  bd*.  known 
m^  in  the  tana  at  ita  potaado-ohlaridn  DXCLbd*,  which  i*  a  cmtalliaable  ealt  <^ 
almoit  Uaok  colonr,  while  the  oorreaponding  hjdnted  oxide  ii0*.2B*O,  oeeon  aa  aa 
iadigo-bliiB  pndpitate. 

Bulltenium  and  oamiaa  diKr  from  the  otlvr  [datiiinm-mrtale  in  the  degree  of  their 
»ridieeWlit]r,r»thepiiMBforaiing  a  tziiaide  HaO*,  «on«pondiiig  to  an  nnluown  hn»- 
ohloide  BuG*,  aitd  oauiitm  Jorming  both  a  trtoxidr  OeO*,  with  ita  emnapoDdiiig 
ehlocide  dad*,  end  a  atable  ndatile  tstroiide  OaO*,  tie  meat  hif^y  loidiaad  eont- 
pound  of  any  dement  whalaoerer.  Bvlhenium  and  osmiam,  moreorer,  are  direct]j 
oxidiaable,  and  eTaioambaatible,inair,  at  temparatuieaniTingwiththarBtBteof  ag- 
gre^alioD,  and  the  reenltinB  oodea  are  not  redorible  bj  anj  increased  tempvatuie  to 
irtuoh  they  have  been  eutrjeoted.  Bnthenium  forma  thwe  chloridea  find',  Rnd*, 
■adBnCl',  wiih  the  oancapoadiug  ozidee  BaO,  9n*0*,  and  fiuO*.  of  wUdi  the  triehlorida 
and  tzioxide  are  ^ical  of  radinaij  mthemam  aalta.   3^  dtoaide,  ptoduad  I9  heati^ 
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by  the  osBUG  Tspoim  and  condenwa  ju   _  _.^_  

primu.  Fmsd  «ith  nitn,  all  the  abore  oiidea  of  rnUmunm  prodnee  a  solabls  onnn- 
7eIlo>  lalt,  the  ratheniata  of  poUsnum  K'O.finO'.  Ocminin  fornu  tota  ehloridea 
OaCl',  OaCI*  QaCl;  and  daCl',  oil  of  which  wUtiJiM  b;  hdat  and  produce  doablaaalu 
with  the  alkaline  eUoridn.  It  alM  fomu  the  conrnanding  oxidee  OeO,  OaH)*,  QaO', 
QaO*,  and  an  additional  ondFOBOi.  The  tnoiide,tGoiish  Kaiceljkmwn,  mt*  in  th« 
form  of  iu  potaniom-ralt  S'O.OaO'.2H*0,  which  cT7staUuea  in  raae-eoloand  oetahedia, 
■eema  to  hare  dedded  acid  cbaracten.  Tetroxide  of  oamiotD  QtO*  ia  •  voj  ramai^- 
able  hodj.  It  ocean  in  flexible  adcnlar  n^nrieae  crjilala,  fimtr  eolnUe  in  water. 
Il  ftisea  at  a  gentle  heat  and  boi]<  at  100°,  with  coavenibD  into  a  pnnganl  nozioa* 
-npoor,  whose  ipedflc  gnTity  ia  the  half  of  ita  alomio  weight.  It  aeomi  to  be  qniEa 
dertnd  of  acid  propartiaa,  aince  it  ia  erolred  froa  iU  wlution  in  caustic  alkalic  bj 
simple  ebullition,  while  ita  solation  in  watei  baa  no  action  npon  lilmna  paper. 


The  numerical  relationa  aabotiting  between  t 


I  atomie  wdghta  of   the  aerenl 


have  not  nnnatnrall;  led  toaconaideiableamoaDtof  apeciUatioB.  Dnmaa,  at  the  meMing 
of  the  British  AnoeiatioD  in  1861,  flret  directed  prominent  attention  to  the  aul^cct, 
and  aome  jeaia  afttrwaids  poblished  a  detailed  aceount  of  hia  eonelnnona  thereon 
(Ann.  Ch.  Fhja.  [8]  It.  13S),  of  which  the  fallowing  statement  with  regaFd  to  the 
halogen  elamenta  nu^  be  taken  as  an  illnatntion.  Callinf^  the  eqaivulent  of  floariDe 
0^  the  difftfenoa  between  that  and  the  equivalent  of  chlorine  d,  and  a  eomplemeDtarr 
difference  which  is  reqniicd  in  order  to  pajis  fMm  chlorine  to  hromine,  if,  tbeie  la 
obtained,  for  floorine,  dilorine,  bromine,  and  iodine,  the  Mries — 
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k  in  Una  place  that  ytaj  manj  of  the  alemeuta  aeem 
1  in  groupe  formed  of  three  terms,  and  that  the  difference  in  aComio 
wei(^  between  any  two  moninHle  tarnu  is  alwaja  lery  nearly  40,  or  44,  or  48 ;  and, 
conssqaently,  that  the  difieruca  between  the  fliat  and  third  temu  ia  nearlj  84,  oi  8B, 
Iff  92,  or  OS.  ]IiH«OTer,  lo  asTersl  of  theee  gronpa  of  three,  there  is  appended  a  fonith 
term,  in  which  case  the  diffeimce  in  atomic  weight  between  the  third  and  Amrtli 
terms  is  the  aame  as  that  between  the  first  and  third  temu,  namely  88,  and  in  one 
instance  93.  I^aatly,  to  serenl  of  the  groape  of  three  or  Ibnr,  there  ia  prefixed  an  initial 
term,  in  which  case  the  diftbience  in  atomio  weight  between  the  imtial  tern?  ' 
flMt  ^therunaining  tamaisapwozinutelT  16.  Allowing  chrominm  andn 
to  stand  pro^  fbr  tiie  iron  meta^  and  paUadinm  and  platinnm  for  their  rtepectiTB 
ooogsncn^  the  following  table,  slightly  modified  from  one  pnbtiihed  In  the  anthor  a 
f^  months  back  (Qnait  jonni.  ^Science,  L  643)  contains  a  list  of  all  Uia  well-known 
elements  ammged  honsontallj  in  the  older  of  their  genersU;  ivoeiTed  group*,  and 
peipendiealarly  in  the  otdmME  theiz  senaal  atomic  wnights. 
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976  METAIOMINA— METAPHOSPHOEIC  ACID. 

betwean  tba  demrati  of  ths  flnt  uid  tlioaa  of  ths  (oeond  mlimm,  but  ijao  batman 
•mliiui  uid  patuaium,  magncHnm  mnd  cslciam,  anA  Hleniam  and  molybdeDum 
Tiaptetinij ;  irtiila  a  diffinmix  of  abont  20  Bnbinita  betveeD  tba  atomM  veighta 
of  liliooD  and  titaniimi,  «alplu]T  and  duomhun,  uid  cUoruie  and  manguMM  renieo- 
tirdr.  Manj  otiMr  luatjona  of  iatonat  >n  al»  erident  Upon  dmple  intpeetion ; 
•—*  it  m^,  jMriiapa,  be  woithj  of  note  tlutt,  ^wre  the  diifereiica  in  atomic  w«i^t  b»- 


mnaxncnrA.  ThuluU[i«iiapp1iedb7arah&m(Ch«iiL8i>c  J. XT.  24)  to tha 
•oliiU«dih;drM«of  alamininm  (i.  169)  which  Crnm  obtained  bj  the  action  of  heat  on 
a  aolatioD  of  the  acetate.  Qrsham  haa  abovn  that  it  may  be  pnpared  tt;  dialjsiiig 
a  lolittian  of  the  acetat*  allcied  bj  heat,  nearly  all  the  acetic  acid  paeaiDg  through, 
>nd  a  Wlntiai  ot  meUliunJDa  remaining  on  the  dialyaer  (p.  717).  The  aolntion  ia 
taatalaa^  and  nentzal  to  teat-paper. 

XaVAXiTSIB.    Dobtndnei'a  name  for  Cataxtkb. 

""—»»*****■  AOSB.  An  add  iaomeric  vith  mcrgwu  acid,  C>*E*'0; 
Hid  hj  Frimj  (Ann.  CL  FhTB.  [2]  Izv.  121)  to  be  oblsinad,  together  with  meta- 
oleie  add,  bj  treating  with  oold  watra  the  mixture  of  gnlphDnur^arie  and  lolpholaie 
•eida  produced  by  the  action  of  stzong  anlphnrio  acid  upon  aliie^HL  On  preanng  the 
Maolting  raedpitate,  and  treating  it  with  alcohol  of  3S  per  i»nt.,  tile  metamargnric 
ftdd  ia  diaeolTed  out.  It  ia  white,  dyrtalliDe,  insolable  in  water,  easily  aalnbte  in 
alcohol  and  ether,  melta  at  00^,  and  eihibita  thecompoflitionofznargBricacid.  Moat 
of  ita  aalta  were  ^ao  found  by  Fr£my  to  exhibit  the  compooilion  of  tha  maigante^ 
bnt  the  ailTer  (alt  yielded  27 — 86  per  cent.  Bilver,  which  la  aearij  the  eonpoaition  of 
■tearate  of  ailrer.  Altogether,  it  is  donbtfnl  whathar  the  add  obtained  aa  abora 
WBi  a,  definite  componnd. 

Bee  laovniSK  (p.  415). 

gyn.  with  Cojnuoc  Aero  (i.  1103> 
.  An  opInm-baaK,  thahydrochlomtr  of  which  ia  ohtuned,  «■ 
■  naidnr,  in  the  preparatioD  of  opiiun-tinctare  by  me&na  of  lima  and  aal-ammonlac 
The  l^drocldoniit  ia  aolable  in  Sfi  pta.  of  cold,  and  3  pta.  of  hot  watar,  reacta  neutral, 
•od  givea  no  precipitate,  cither  with  ammonia  or  with  the  fixed  alkalis  cr  thMr  car- 
bkuatea.  When  dried  at  100°,  it  containa  12'2  per  cent^  HCl  (hydrochloMta  of 
WOThine,  0"H"NO',Ha.SH'0,  cont»ina  B7  par  cant). 

The  free  baaa  aeparated  from  the  mlphatii  by  digestion  with  carbonate  of  barium, 
and  exbanation  with  alcohol,  crystalliBfa  in  stellate  groups  of  prisma.  It  la  not  bitler ; 
diaaolTsa  in  600  pta.  cold,  nod  70  vtB.  boiling  water,  in  330  pta.  of  alcohol  of  90  per 
cent,  at  ordinaiy  lomperatarea,  and  ja  9  pta.  at  the  boiling  best ;  it  ia  neariy  insolBbls 
in  ether.  It  diaolvas  easily  in  caustic  potaaL.  lees  easily  in  ammonia  and  alkaline 
carbonatM.  With  nitric  »ai  of  spedflc  gravity  1'33  it  fbima  a  yeltow  eolntioa.  He 
aquecua  solution  is  gradnslly  coloured  yellow  by  iodic  add ;  not  altered  by  feme 
chloride.  Chloride  <^  gold  tint  fhrma  with  it  a  yellovish  colour,  then  a  flooenlent 
bnwniah  predpitate,  bnt  prodncca  no  blue  coloration.  (Q.  C.  Wittatein,  Ardl. 
Phaim.  [2]  er.  141.) 

MBTjUSOWRXBW.  a  temi  applied  to  the  trBnsfbnnation  of  mineral*  and 
fooka  by  phyaieal  and  ehemiak)  aetaoii.    (See  Qsouio't,  CnnosTRT  or,  iL  SSI.) 

mTAKSXSVK  A  compound  polymeric  with  aniTlen^  probably  CH",  con- 
tained in  the  higher  portion  ol  the  distillate  prodaced  by  heatiiig  amylk  aleohol  witb 
sulphuric  acid.    It  haa  not  been  obtained  pure.    (Balard.) 

mTAMAmTMAxava.    Sea  NuvrBuun. 

MBTAMTXlKOVXtl  AflXS.     See  AktiMOKT  (i.  S2«> 
MaTAf4K>TnBV&     See  OcTTUno. 

An  oily  add  pToducad  by  the  action  of  water  on  ■olnh- 
.t  is  insoluble  in  water,  easily  solnbla  in  ether,  very  sli(^tlj  in  »la^oL 
leremy,  Ann,  Oh.  Phys.  [!]  it.  138.) 
KBTATBOno  AOXS.    See  Pncnc  Aim. 
aEXTAVBOmr.     See  Pkidt. 
MSTAVKOSPHOBIO  AOZS.    See  Phosphoriw,  OxTOBN-ACins  or. 
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lTBS.      Silieata    of   the   angits   typt,    IPSiO*  or   TPO.aiO^ 

See  Siiinnc  Aran,  uodnr  Tnt 
MXTASTTXOK.    Sju.  wibb  Uir&oiiiKUCun  (eee  CmujilH^  L  SSS). 
KSTATASTAXZO  &OX9.     See  Tun^slo  AoiD. 

H^TTATUVOSTZO  AOD.    See  TcironTa  Aam. 

HSVaxXTK  Breitluapf  I  name  lis  a  fibiom  Tarie^  c^  aatpeotioe  fiam  Bdtiran- 
enbetg  in  Saxonj.  Hanlneu  —  3  to  S-S.  Speeilla  ^ntf  ~  363.  GTecnidi- 
vUte,  with  wt«k  peuty  luitK.  ConlaiDa,  ■Modu^toKuhn  (Ann.  Ch.  Fhann.  lix. 
StlB),  IS'48  per  eeot  (ilioa.  4t*00  mugniiria,  2-20  fsrraiu  oxide,  and   IS-fifi  water 

(-  ss-es). 

mTAXOvra.  A  mineral  rewnbliBffmebDdte,  oeenniug  in  green  ■en>entuie  at 
Lnpikko,  near  Pitkiniita  in  Finland.  Hardneas,  between  <al<^>ar  uid  gTpmiia. 
Specific  eiSTity  ~  2'fiS  to  2-Sl.  Ooloiir,  from  greeniah-blaek  to  whita.  Samttimea 
apparenllj  amorphoiu,  aometjmec  radi[>-fl1>nHU  and  ailieiicaL  CoataiDa,  acoording 
Id  aD  analysis  by  C.  Q.  HSIUten  (7ahn*b.  1682,  p.  7*9),  40-63  per  cent,  eilica, 
10-17 aliimina,e'7Bferrie  oxide,  12'8S  BU^pMiia,  le-OSGm^and  12-88  water  (~  B0-S7). 


■■omto  mrvMMa,) 

mxaomivas.    AtnUta.     UraneUta.    Thii  n 

mineral    bodiee  whid)  are  known  to  have  fUIen  on  .. ._ 

c«leetial  Bpaeea,  bnt  likewiie  a  great  nnmber  of  othan,  whieli,  tbongh  their  orinn  ii 
not  aotnatly  known,  jet  agree  ao  closely  with  known  meteoritee  in  mineralogifS  and 
chemical  eonatitntion,  as  to  jnatifr  tha  eondnnon  that  tbi^  are  also  of  metaone  origiD. 

The  nameraiu  uialyiee  which  haTe  been  made  of  meteoritaa,  both  tJie  alder  oam  bj 
Howard,  Klaprotb,  and  Yaaqaelin,  and  those  of  more  recant  date  by  Bene  line 
and  athan,haTedemonetnitediDUieni  the  presence  of  about  IB  elementa)7  bodiee,  bU  of 
wbich  likewise  occur  in  teTreetnal  minenJa,  yIl  almnininm,  ealdom,  cu-boo,  chromium, 
cobalt,  copper,  iron,  msgneeiimi,  manganeae,  nickel,  oxygen,  phoaphona,  potaaeimn, 
eilicinm,  rolpbnr,  titaniom,  tin,  and  perhaps  alao  in  some  easea,  antimony,  anmic^ 
chlorine,  hydrogen  and  lead. 

Meteoritee  are  divided  into  two  claeeea,  diatinguiahed  aa  Meteoric  Iron,  and 
Ueteorie  Stones.  Metmric  iron  ccnsiBta  chiefly  of  metallic  iron  alloyed  with 
nickel,  contoiDa  no  oxidiaed  componnd,  and  hu  in  general  the  chuactan  of  ordinaiy 
bar-iron.  Meteoric  stooea  are  mntoreB  of  sereral  minerals,  chiefly  ailicaCea  (felspar, 
augitti,  olivin),  which  also  play  an  important  part  in  terreatrial  minerals. 

This  division  is  howerer  merely  arbflcial,  iiuanitch  ae  many  meteorites  are  miztnrM 
of  meteoric  imo  with  masaea  of  melaoric  atone,  or  with  one  or  more  of  the  minerals 
occurring  in  meteonc  slonea.  If  the  metallic  portion  prsdominatee,  the  meteorite  is 
cI&Bsed  as  meteoric  iron,  as  fbr  example  the  so-called  i^ll&s  meteorite,  found  at  Eras- 
QojaiBk  in  Siberia,  or  that  of  Atacama,  both  of  which  contain  larger  or  (mailer  ma  ■tin 
of  olirin  imbedded  in  caTidea  in  tha  iron.  I^  on  the  other  band,  the  earthy  portion 
(the  silicates)  predominat«sinamonnt^tliemet«orite  is  called  ameteoricBtone,althongh 
the  floe  spliaten  or  grains  of  meteoric  iron  difitased  throngh  the  maas  maj  giro  it  an 
appearance  quite  different  from  that  of  meteoric  stonis  eonaiating  whol^  of  earthy 
minerals.  Meteoric  stonea  containing  metallic  iron  are  mneh  mora  mmMaoaa  thai 
those  oonaiBtii^  wholly  of  earthy  miiunls. 


Its  being  MDHtiffiea 
„     on.  Thedliefpartof 

.      Uoyed  with  nickel,  andperhapa  alwajawiA  a  small  qnanlity 

of  cobalt  Tliis  admixture  of  nickel  ia  nsnally  reguded  as  a  jaoot  at  tha  meteerla 
origin  of  nnmerons  masMa  of  metallic  iron  fimitd  on  or  a  little  below  tha  «ar&M  of 
the  earth,  whose  actnal  lUl  has  not  bem  obwored.  The  amount  of  iron  in  metaoria 
iron  nsnally  varies  from  abont  80  to  91  per  cent;  th«  nickel  Irtm  6  to  10  per  cent. 

In  manycaaat,  an^hide  of  iron  is  visiuy  disssmlnated  throng  die  masa,  aomatiiDaa 
in  the  form  of  rather  large  giliiidiical  grains.  Ttia  snlphicM  ia  often  regarded  as 
magnetic  pTriteSL  Fe^  (p.  4011  iridcfa  does  indeed  oecor  in  aome  neta^tM:  but 
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'e  m  >tat«  of  division,  that  it  eao  be  i3etect«d  on];  Dj  the  andiilion  of  snl- 


fhjdiia  add,  irhieh  Uk«  place  on  diBsolving  the  iron  in  adds. 


iron,  when  dinnlTMl  in  hjdnxshltiric  aiiid,  learo 
Taijing  in  amount  bom  a  bution  to  ocTeral  nmta  par  oenC    lliia  naidna 


il  alio  a  nuxtura^  and  appears  under  the  mictoacope  t4>  ooiuist  chiefly  of  a  distinctJ^ 
'  '"    d  wmnniid,  vhich  chemicBt  analjBis  ahows  to  cantsin  iron,  nickel,  and 
a,  VfiuUlj  mixed  with  carbon  and  siliea.     The  carbon,  a  ybtj  remnrfcable 


a,  appear*  to  oecta  theroiii,  as  in  pig-iron,  in  two  diflerent 

. ^ jt  grqthite,  partly  in  chemical  combination  with  the  inm.     On  this 

t,  the  oitiM  qnaotity  of  the  carbon  is  nerer  fband  in  the  reaidae,  the  aolntion 

of  meteoie  inn  in  acids  being  attended  with  the  emisaion  of  the  Bame  offensive  odour 
that  if  VTolTad  in  the  aalotion  of  pig-iron.  The  ailiea  is  derived  &om  dlicide  of  iron. 
It  il  erident  fans  these  consideratioiu  thtt  chemical  annljeis  can  neT«r  afloid  a 
perfectl;  exact  pictore  of  the  individual  oompoands  pieaent  in  metraria  icon. 

Han  J  apedmcna  of  metMrie  iron,  when  pohshfid  and  aAerwarda  etched  with  an  acid, 
exhibit  on  their  nu&ce  pocnliai  ctTetoUine  eonflgntstions,  c&lled  '  Widmanetiidt'i 
flfjona.'  Theae  flgnrea  were  atttibnted  bj  Benelin*  to  sn  alio;  of  iron  and  nickel 
diMNBillat«d  tiuoogh  the  masa,  which  alloj',  being  lesa  soluble  in  adda  than  the  pore 
inm,  was  brought  to  light  when  tbe  Uttar  was  removed  fiom  the  surface  b;  the  add. 
But  osrtain  aamplea  of  meteoric  iron,  viz.  that  of  the  Cape  (p.  379)i  and  thoae  fband 
at  OreenTiUe  in  Tennessee  and  at  CUirboTue  in  Alabama,  all  Toy  rich  in  nickel  (coo- 
*»i'ni"g  bcm  9  to  12  per  cent,  of  that  metalX  do  not  exhibit  theae  flguree :  hanoe  their 
ftcmalwn  ia  much  more  probably  dse  to  the  phosphide  erf  nickel  and  iron,  orSchrabtr- 
mtt  (GQiepatd'a  D^^vHU),  which,  as  already  obatrved,  fbnni  the  prindpal  part  of  tlie 
naidae  left  on  diaaalTing  Che  iron  in  adds. 

Tia  HtalyMl  of  the  prindpal  masa  of  the  iron  often  exhibits  small  qosntities  of 
phofphona,  donbtless  arising  from  partial  decomposition  of  the  phoe^iide  by  the 
aeid  wwd  to  dindTe  the  iron. 

The  Ibllowiiv  «n  analyatt  of  afew  spedmetu  of  ntetsoric  iron,  taken  fcom  Bam- 
B«Ub«tg'B  IBtarakltmit  (m^  »a2-9S0}. 

1.  Fonnd  at  Elbogen  in  Bohemia,  aikd  known  as  'der  verwonachte  BeragraC' 
Spedfle  grarity,  as  detmrnined  by  diflerent  obaervera,  VH — 7'83.  In  the  aolntion  of 
tlua  meteorite  in  hydtoehloric  and,  Boieliot  finuid  tneea  of  tin  and  copper.  The 
Mcidoe  is  a  mass  having  a  eaibonaceons  atftti,  and  ooniisting  partly  (h  motallie 
apanalee. 

S.Bohnmiliti  in  Bohemia,  Spedfio  gravi^  —  TU  (Stainmaan);  7-61— T'Tl 
(Bnmler).  Diswlvea  in  bydroehlMno  ado,  with  evolntioD  of  fetid  hydn^gen  gas;  the 
tolotion  contains  tiaces  of  pnoaphoros. 

S.  SnelJiBeeli  near  Schwiebns.  Specific  gravity  »  T-69  (Fartsch);  7-63—7-1, 
(Dnflos);  T-7S40  (Bammelsberg).  In  the  metallic  masa  are  enclosed  eylindiie«l 
Kfains  of  a  sulphide  of  iron,  of  brownish-yellow  oolour,  spedfle  gravity  4-7S7,  qoite 
insoluUe  in  hydrochloric  add,  and  coDtaJnina;,  aoeording  to  Kammelsbeig's  ana^sia, 
76'17  per  cent,  ferrous  sulphide,  D'7I  sulphide  of  ooppar,  373  chrome-iron,  and  19-83 
nickal-iron  (  -  98-84). 

.  Erssnojarskin  Siberia.     Discovered  in  1772  by  Fallas,and  henoe  called  the 
Thebi  ■  •  .......  


Fallaa  mass.    The  best  known  meteorite  of  the  class,  conrasting  of  metaliie  oickel-ii 

mixed  with  (Jivin  and  a  little  sulphide  of  iron.  Speeiflc  gravity  -  77S— 784  (Bnm- 
ler). The  reridue  insoluble  in  hydrochloria  aedd  contain^  besides  charcoal,  a  heavy 
cnbttnnee  having  the  metaUic  luetre  and  ^ipesring  distinctly  crystalline  und^  the 


6.  Colby's  OrBek,CookeCounty,TeDneeBee.  Spedfle  gravin  — 728  (Rnmler); 
7-2A7  {Bergen  an  n).  The  raidue,  according  to  Bergemann,  is  a  black  powder  amannt- 
ing  to  2-07C  per  cent,  erataining  yellow  shining  magnetic  laminie  ana  a  bU^  coalj 


0.  Brannan  in  Bobnnia.  IFell  on  Jnly  14,  1S4T-  Spedfle  gravity  —  T-714 
(Bein  ert).  The  insoluble  residue  is  a  mixture  ot  an  amorpbous  oouy  powder,  with 
greyish-whitst  metallic-shining,  strongly  magnetic  lamime.    In  the  mass  is  imbodded 


of  SQ^ar,  but  le«Tes  very  small  quantities  of  ehikrcoal  and  chrome-iron. 

7.  Ooahnila  in  Headoo.    A  mass  weighing  262  pounds.    Spedfie  gravity  •  7-81. 
The  pbaq>hide  is  said  to  ainoont  to  ISS  per  cent. 

8.  Ataoama  in  Chile.    Specific  graTity  —  7-8S.    The  cavities  cootoiD  a  bncnraish- 
iriiita  silicate  of  ealdum  and  iron,  containing  phosphoric  add  (perhapa  olivin). 

S.  Hiakornak  in  Greenland    Speciito  gravi^  _  7073.    When  dissolvod  it  giTe* 
«ff  i^drogeo  ^m  iwntainii^  Nlphnr  and  carbon,  and  leAvea  at  first  %   i  i  jwsllins 
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pordoT,  which  ■ftarwudi  dii^^Mia,  iMmng  nothins  bnt  cbtIxhi.  Thii  ecjtUlliiH 
powdar  ii  not  the  oidinaiy  pko^ude  of  niwel  and  ram,  but  s  eubids  of  inm  cod- 
t''"'"g  from  T'SS  to  tl-OS  par  MUt.  carbon.  The  leaidns  imoltible  in  hydraohloiia 
add  aba  oimtaiiui  tncM  of  miIIm  leactiiig  Uko  jUm  and  DieoniA. 

10.  Oapa  of  Oood  Hope,  near  the  &indaj  and  Buahman  lirar.  SpaciSa grarifar 
-e-68~T-S4  (Bnmler);  7-66  (Wehile).  The  rotidtia  cworiita,  aeooidtflg  to  Vn- 
eoedhea,  i^  brovniah-velloiw  and  iiiliiiiili«i  nannies ;  aceolding  to  Booking  of  pbonitiAb 
cf  nii^eland  iron,  lliia  met«orits  ia  one  ^thoee  whioh  do  not  ozhibit  anj  WiUa^ 
■UUlan  flgwea  when  etched  with  add*  (p.  1TB). 


•  WUli  MiviHliua. 
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11,  13,  IS.  From  tlie  Valley  of  Tolnei,  nen  Xiqnipilco,  in  Ueziea,  what 
nnmeroiu  muMS  of  meteorie  an  finmd,  of  Tarions  aaet,  ud  ofton  oonTerted  into 
faria  hjdiate,  (rrautotlie  middle  oftlieir  labetanoa.  Awotding  to  Eimii^  manj  of  tin 
Inmpa  oontain,  in  oaTidM  on  their  nufaoeB,  magnetic  oxide  of  iron,  both  masaiTe  and 
enit«lliaad,  aiid  apparratlj  not  reanlcing  ft«m  leoent  oiidadon ;  alao  giqihite,  anlphids 
of  iron,  and  lamiiue  of  iuckBl-iRni-|ihoq>hide. 

Anal^ii*  11  ia  of  k  Inmp  wnghing  IS  Iba,  whidt  gt-tt  off  lolphjdric  aad  whan 
Uaaolred;  12  of  a OMi  vsi^iiDg  220  Ibo., miich  oxidiJiBd ;  IS  of  ■  lew  ozkliMd xum 
wnj^hing  l^lba. 

11.  Zaeatecaa  in  Mezioo,  with  inlphida  of  iron  diaaeminated  thionjjl  it.  Spedfla 
grari^  -  7'48  (Bargemann);  T'Sfi  (Bnmler).  Diaaolte*  in  hTdrodilaric  add, 
with  erolatiou  (tf  fetid  hjdragen  na- 
if. Alaofram  Zaeatecaa.  Soft,  tough,  difficult  to  break,  with  diatinctlj  laminated 
•tm^ore  on  the  mrfltce.  The  rendoe,  inaaloble  in  dilute  hjdiodiloiic  add,  coDiiiats  of 
a  amall  qnanti^  of  a  blsek  fioccnlent  anbatonee  learanbling  graphite,  but  diasolnng  in 
■tttiae  hydrochloric  add  with  OTolutioD  of  Rolphjdric  add, — andof  nicket-irou-phoBphida 
eontainina  76-02  Fa,  1*-S2  Ni,  aod  10-23  P.  Mullei  (Chem.  Sac  Qo.  J.  xL  238) 
Kgaida  thia  mctsorite  aa  diatinct  from  that  from  the  aame  loeolit;  aniJjBed  by  Beige- 


Thia  namiv  ■■  already  oban-red,  ia  applied  to  mMMiites  eotuditing  wholly,  or  fiir  the 
moat  part,  of  earthy  mineiala  (ailicatee).  The  older  aaaljaea  of  these  ittoaet  by 
Howard,  Klapro^h  and  others,  determined  merely  the  entire  chemical  canetilidiaB 
without  rtgaid  to  the  poaaible  exiateuce  of  different  miDerala  in  the  same  stone ;  bat 
tlie  later  reaearebea  of  Berielina,  OnataT  Boae,  Rammelaberg,  &c,  hare  ahown 
that  malmrie  atonei  are  mixtiimi  of  certain  aiHcatea,  via.  olivin,  aogita,  labcadorit^ 
fte,  with  or  wiChont  meteoric  iron.  In  soma  few  caaaa,  the  mineralogical  constitaentB 
of  Bmeteorite  am  be  dislingiiiahect  by  phjncal  exominalioH ;  thns  OnstarRoaa 
abomd  tiuU  the  meteorite  ef  JnTgnas  cootuiu  magnetic  pyritea,  angit^  and  a  folspar 
Maembling  labiadorite,  alid  determined  tbs  form  and  other  pnipeitiM  of  thMe 
minerals.  But  generally  q)eaking,  the  indiTidaal  conetitQeDta  ra  the  meteorite  (He 
not  recognisable  by  the  dght,  even  on  microeoopical  ezaminaiion,  and  can  only  be 
determined  by  chemical  analjna.  If  the  atone  contains  only  two  minenla,  one  of  mich 
la  deoompoaible  by  adds,  while  the  othac  ia  not,  the  determination  of  their  natan  ii 
comparatiTelyeanand  eutain;  bat  if  both  are  attacked  by  aeida  with  equal  facility,  or 
not  attacked  at  aU,  cv  if  the  atone  i*  a  tnixtore  of  three  or  mora  mincnda,  chaaial 
■ni^nia  can  only  ahow  what  ndnerola  praiaify  exist  io  it 

Ine  &>Uowing  are  examplea  d  matraia  atmiea  whose  eonatitation  baa  been  must 
Mcnialely  dst«rained: 

a.  CbnfstiuH;  Metterie  Iren. 

I.  Chantoanay,  Depart.  Vend^  Fell  on  Angost  S,  1S13.  Oronnd-tnan  [Wily 
hhaA,  portly  ^y,  with  block  stmaka.  Spaciflc  gravity  — 3'M — 3-18  (KnmlerV  Tbs 
■ilicatea  of  thia  meteorite  consist  of  61-12  par  cent,  olivin,  3B-01  angite,  and  1(H)1 
labndorite(-  99-10),     (Sam mela berg.) 

3.  Berea  in  Macedonia,  Fell  in  June  181B.  Dadt  Ki«nr  man,  of  spedfle giMity 
8-71  (Snmler).  Conaietaof  a  mixture  of  silicatM,  in  whicQ  are  imbedded  aminem 
resembling  oliTin,  nickel-iroo,  and  magnetic  pyritea.    (Beraellna.) 

S.  Blaneko  in  UoraTia.  Sm.  26, 1833.  Dark  grey;  spneifle  grari^  —  8-70 
(Knmler).  From  an  «n«ly«i«  hy  Ttnt»fiKii«  Ttjimm«l«Tiajg  i^Wl«f j«  i\»  composition 
■t  20-13  per  Kent;  nickel-iron,  2-97  solphide  of  iron,  0-48  diToni»-inw,  8S'18  oliTin, 
88-89  angite,  and  17'30  labndorite. 

1.  ChateaQ-Senard,  Depart.  Loiret,  in  France.   Jnne  12,  1S41.   Orey;  spedflc 

SLvity  -S-6B  (Dnfr&Doy);  3M  (Rammelsberg).  Consists,  aeccmiing  to  Da- 
□oy,  of  60  percent.  oIiTin,  and  sbont  10  per  cent,  nidkal-iron,  the  remainder  qipearing 
to  be  made  ap  chiefly  of  ao^te  and  labrsdorite. 

fi.  ntrecht(LoaTenhaat]enear).  Jniie  2,  1843.  Oronnd-maas  neoriy  irtiite^  ftimUe. 
Bpeciflo  gravity,  397 — S-OS  (Banmhaaer).  Consist^  aoootdina  to  BRomfaanFr,  of  a 
mixture  of  olivia,  augite,  oligodose,  uickel'iron  (10  percent.),  and  magnetic  pyrites; 

0.  Klein-Wenden,near  Vordhanien  in  tbeHon.  Sept.  IS,  1843.  Qrey  groand- 
mass,  intermixed  with  yellowiah-green  and  black  gnuni.  Spedflc  gravity  =  8-70M 
(Ram  me  Is  berg).  Consists,  accoiding  to  BwDm&bers  of  olivili,  augite,  and  labn- 
dorite, in  which  are  imbedded  nickel-iron  (about  20  per  cent),  and  a  small  quanti^  of 
pjjittm  (magni'tic  pyritea  or  protoenlphids). 

7.  Hoatrijrao  (Clancy  Ausson),  Depart  de  la  Huute-Qaionna.     December  9, 
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ISSB.  On<7i>h-whit«  gionnd-mus,  mtgrepcTBed  vith  Bumraona  brawniah  round 
giaonlea  of  Tariona  sizta,  and  raeyiali-vhite  magnstia  tnetBlIio  graniiles  and  lamiTiiB. 
Ipecifla  gnTitj  -  8-SO.  (Filhol  and  Lemejrie);  3-60  (Chancel  and  Hoi- 
tesBier).  Oonrains,  aceoiding  to  the  htUr,  10 '01  per  cent,  nntttn  attracted  b^the 
magnet  <=  S'SSFe,  I-SS  Ni,  n-OT  metallio  phoHfhideo.  D-Ofi  adhering  fenout  mtehide), 
171  clmnne-iTOD, fi'72 fernnts sidphide,  ISOS ourin,  aJid  37*51  Mipaz and  homblMide. 
(Jahrteb.  IBM,  ^  SDO.) 

B.  Wilkmt  mttorit  Iron. 

1.  StannerninHoraTia.  Ma;.  S2, 1B08.  E^ndaograrilr  -  3'lS(Vanqnelin); 
S'Ol— 3-17  (Bnmler).  Coiuiits,  according  to  BamnielBbeTg,  of  SS-lfi  pat  cent,  angjte, 
34-98  aDOTthite,  0->8  magnetic  oxide  of  inn,  and  0-64  chroma-iioa  (»  lOl'SB).  The 
angite  oontsiiu  I  at  magncsiam  to  2  at.  caldum  and  8  at,  iron. 

2.  JnvenaH,  Dspt.  Ardtehe,  France.  Jnne  8,  1821.  Spedfto  gnri^  -  S-]] 
(Rnmler).  CoDsiiU,  according  to  Runnielaberg,  of  62-6fi  per  cent,  angite,  Sl'fifl 
aiurthite,  0-6»  apatite,  026  titanile,  t'3S  diroae-irou,  I'lT  magnetio  oxide  of  iron, 
and  0-2S  magnetic  pvritce  (  c'  IO0'B3). 

3.  Jonia^  near  Barbeneux,  Dept  da  la  BaMo-Cbarente,  Fmnee.  June  13,  181S. 
SpedOe  KiaTitf  k  3-08  (Bnmler).    Baasmblc*  the  preceding  in  foopettitt  and 


4."  Ii»Dtalax,Dc«tW!borg  in  Finland.  December  18,  1813.  8pe«ifia  fP*^^  ■■ 
3-07  (Bumler).  Contajaa,  aceoiding  to  BerteUua,  magnetic  iron  ore,  and  nlicatef,  of 
vliich  EI3'(£  per  cent  consist  of  a  olieate  decompoBibte  by  nitio-mnriatie  add,  and 


having  the  compoaitkin  of  olirin  (coDtaJning  I  at  in>n  to  2  at.  nutgnennm),  with 
tzaoea  of  coppM,  tin,  and  alkali-metaJa,  and  S'ifi  ef  a  ailicate  of  alnmininm,  iron, 
DmnRanese,  and  cslciom,  the  composition  of  which  haa  not  been  determined ;  alao  a 
■znaU  quantity  of  chrome-inn. 

6,  Bishopaville,  Sou^Carelina.  March  18 i3.  A  very  peculiar  stone,  conriating 
lor  the  most  part  of  a  white  mineral  partly  cryrtaHigfld  and  ^iparently  monoelinic. 
Soedflc  graTity  =  S'llS  (SbapardJ;  3039  (Walterahanaen).  Helta  before  the 
blowpipe  lo  a  white  enamel.  Contains  also  imall  quantitieB  of  maguetjc  pyrito  and 
ferric  oxide  imbedded  in  the  maaa.  An  analnis  at  the  white  mineral  by  Walter>- 
hanaen  gave  S7'14  per  cent  ailica,  l'48  alnmina,  1-70  ferrio  oxid«,  27'1I  magnesia, 
1-S2  lime,  and  0'S7  water,  whence  it  appears  to  coiunat  esaeotudly  <rf  ehladnita, 
3MgK).3SiO'. 

A.  minnal,  periiapa  identieal  with  thi^  obtained  from  a  maaa  of  iron  aaid  to  be  from 
the  nmghboiirliood  of  Orimma,  w«a  described  30  yeoia  ago  by  Stromeyer. 

6.  Concord,NawHampehire.  White  noroos  mass,  which  melts  on  the  edges  before 
tbeblow[ape,  ccjonring  the  flame  yellow.  Cont^na,  according  to  B.  SilUman,  84-67  pn 
cent  ailics,  1207  and  2'22  eoda,  an  aniuaal  composition  which  may  be  rfpresenled  by 
the  fbrmnia  Na*0.4SiO*  +  8Mg<0.4SiO* ;  considered  donbtfol  by  Bammelaberg. 

7.  BokkevBld,  Cape  Colony.  October  13,  183S.  Soft  black  mass  witb  a  few 
lighter  points.  Emits  a  bituminoua  odonr  vhen  hestad,  and  containn  a  reeinoua  or 
waxy  Bnbstanee  soluble  in  alcohol,  which  easily  melts  and  chan.  When  ignited  in 
contact  witb  the  air,  eren  after  being  freed  liom  the  reeinous  snbst^nce,  it  bums  and 
siTes  off  a  quantity  of  carbonic  anhydride  equivalent  to  I'S  per  cent,  carbon.  It  there- 
fore contains  carbon,  to  which  in  fact  its  black  colour  is  due.  Jt  contains  water,  ctpu 
after  d^ng  at  106°.  It  also  yields  when  heated  a  small  quantity  of  sublimata  oon- 
taining  sulphate  of  ammonium.  It  acts  but  slightly  on  the  magnetic  needle,  and 
therefore  contains  but  little  magnetic  iron.  It  cooUins  3'B  per  cent  sulphur,  butdoM 
not  give  off  anj^  sulphur  when  heated,  or  evolve  snlphydric  acid  gas  when  treated  with 
hydrochloric  acid:  hence  it  cannot  contain  either  ircn  pyrites,  magnetic  pyrites,  or 
fpiTomi  snlphide.  Wiihler  eoneiders  the  aulpbor  bb  belonging  to  a  sulphide  of  nickel 
and  iron,  Ni'S.Fe'S',  which  requires  13  nickel  to  2-G  iron,  quantities  agreeing  widi 
those  found  by  analyaiB,  From  an  analysis  by  Harris,  made  onder  Wohler's  direction, 
Kammelsberg  concludes  that  the  stone  contains  6'04  per  cent,  nickel-iron-sulphids, 
l-Il  chrame-uon  stone,  Sl'32  olivin,  6'4S  nndeeompoaible  siKcates,  and  I'SS  carbon 
and  bitniclnDnB  mattera. 

8.  Kaba,  nearDebrecrin,  in  Hungary,  April  15,  1867.  Uark gwj, earthy  gtonnd- 
mass,  containing  white  and  greenish  grains,  resembling  olivin,  also  numerous  black 
spherules,  very  brittle,  hollow  within,  and  consisting  of  a  colourless  crystalline  mineiml 
and  a  black  mineraL  The  ground-mass  exhibits  nothing  metallic,  bat  yields  a  amall 
qnanti^  of  iron  to  the  magnet.    Ita  compoeitioD,  according  to  Wohler's  analyaia,  ia 
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beat,  with  ■epmration  of  axbtm.    When  the  polToised  stOD^freed  from  thii  nibManM 
b;  kloobol,  u  i0iit«d  in  oxjgtn,  it  tnrol  brown  tad  give*  off  watei,  stbii  kfter  it  haa 


9.  AUii,Dept.daCI«id,Fnnoe.  Ma^  IS,  1S06.  BIat±  friable  mua,  which bmalu 
ap  in  water  to  a  giCTiah-gcMn  palp,  banng  a  atzoiis  argillaoeoua  odoor,  and  becomea 
corend  with  mliiM  effloMmcM  when  ezposed  to  the  aur.  Water  diMDlra  oat  11-0 
per  cent,  of  the  atone,  conaiiting  ehic^T  cn  alkaline  and  eulhy  ■Dlphates  Kmlting  from 
oxidation  of  >nltJiida  of  inn  contained  in  the  tUtUK  The  powder,  sft«r  exhuiatioa 
with  wat«a',pela«li;diatiUatioDO-SS  per  ewL  gr^  inbliniatct  I'SS  oubonicanliTdnd^ 
0-58  wat«r,  and  SS-IS  fixed  iceidaa,  eonaiMing  of  (ikmacedoUTin  and  pMtiaUj  oxidiaed 
Riagmtic  iron  on,  togetlm  with  •  nlieata  nndecomporible  b;  addi.  aod  eontaiiiing 
u^neaia  and  fknvm  raida^  with  anall  qaanlitiea  of  aluninB,  nickel,  tin,  and  «opper. 

EVini  all  that  ia  at  present  known  n>q)ecting  the  eoDMitiition  of  met«oritM,  Bammdf- 
b«  diawi  the  feUowing  eoneloiions : — 

~      * '~  of  an  allof  of  iron  and  ni<le1   (the  latter  gnnerallj 


•mounting  U>  S — 9  per  cent,  or  1  at.  aidid,  to  10 — It  at.  iron)  mixed  with  niekel-iroo- 
plKMidiide  or  iSnlnstoiAc,  nl^de  of  tton,  eariior     --'-"-  -"--     -■    ■- 
aoDietiBMa  alao  with  olirin  and  magnetic  oxide  of 


{■tones.   (0.)  Most  d  them  K 
in  a  gromul-aiass,  probablj  eonsistini;  of  oliTin,  angite,  and  lalasdotite.     Stonei  «f 
this  elaai  are  rich  in  iron  and  mafnesinm,  poor  tn  mlcinm  and  ■ImniDinm. 

(6.)  A  imallet  nambiir,  containing  no  meteoric  iioo,  maj  be  sabdivided  into — 

a.  Containing  o/i'ena.  These  aoniiEt  of  otivin  probablj  with  angiCe  and  lahradonte^ 
and  eoDtain  magnede  oxide  of  iron,  solphide  of  iron  (meteorites  of  Lontalfz,  Bokkerel^ 
Kaba,Ala>). 

A  Not  containing  eUvtn.  Thej  oonaiat  of  Kimte  and  anoHhita,  together  with 
small  qnantitiM  of  solphide  of  iron,  magnetic  oxide  of  iron,  and  chrome-iron  (meteo- 
ntes  of  Slannern.  ^arenas,  Joniac).     The;  are  rich  incalcinm  and  alomininm. 

y.  The  meteorite  of  BiibopsTille  oanaists  mainly  of  a  silicate  called  eUadnUe,  haring 
the  oompositiun  2Mg>0.3SiO*. 

She[>ard  (KIL  La.  J.  [3]  ii.  STT  i  n.  <(I2 :  tt.  3«3)  raeaitiona  also  a  nnmbiT  of 
other  minenls,  some  of  them  quits  new,  as  existing  in  metcoTttea ;  bat  their  «i 


a  hsed  slog-like  appeaiance.  It  is  doubtless  prodoced  bj  the  strong  but  transient 
heating  which  the  met«orit4  nndecgoes  during  its  n^d  trannt  throtigh  the  earth's  at- 
moBphne.  This  rise  of  temperatnr^  which  u  flutho'  indicated  by  the  Imninoaitj  of 
thoM  metflorites  whoM  fiJl  hss  been  ohserred,  and  by  the  fiwt  that  some  of  Ihem,  on 
reaching  the  earth,  haTr  beat  ibond  in  a  heated  and  eren  ineandcscent  itate,  msy  be 
atlributAl,  in  part  at  leasts  to  the  friction  of  the  stone  against  the  particles  of  the  sit 
which  it  meets  in  its  rapid  passsge. 

liqnid  or  gelatinona  muHa  called  meteoric  mnd  (3f''fwr*ciMnt)  have  somstima 
been  observed  to  bll ;  bat  theirchemicsl  constitution  has  not  been  examined :  they  ore 
said  indeed  to  comriBt  of  rolatile  sabatances  which  cannot  easil;  be  preserved,  and  alto- 

Ether  the  accoants  respectiiig  them  are  very  Togaeand  nnsatis&ctDty.  A  mui  of  tbii 
nd  which  fell  uaarOothain  the  year  I81S,  u  described  as  of  gelalinoaa  consistcDCe  end 
of  dark  gr^  colour  b;  moonlight.  It  smelt  like  tiTei  of  Balpbnr.  and  when  held  in  the 
Cibaerrer'B  hand,  melted  to  a  thick  liquid  which  qoicUy  eTaporated.  ditniidng  a  strong 
Odonr  like  that  of  boming  salphor  aad  phoephonis.    (HaDdw.  d.  Chem.  t.  224.) 

The  BOHsJlrd  meteoric  dast  {SfeUorttau6\  which  has  sometimes  been  obssrred 
to  bll  from  the  air  on  shijM  at  a  considerable  distance  from  land,  is  in  all  probabiiitT 
(£  tcirratnal  origin,  Oibhs  (PogK.  Ann.  Im',  367)  fonnd  in  a  specimen  of  sod 
dnst  which  fell  on  a  ehip  in  Che  Atkntie  Ocean  (after  deduction  of  IS'fiS  per  cent 
water  and  organic  matt^),  4558  per  cent,  silica,  30-56  alnmina,  S'39  feme  oiid^ 
4'22  manganic  oxide,  11-77  calcic  carbonntfl,  2-21  magnesia,  3-645  potash,  233  sods, 
»nd  0'3I  capric  oxide.  Ehrenberg  hss  detected  influoria  in  aome  specimens  of 
■opposed  meteoric  dast,  and  supposee  that  it  is  transported  from  one  part  of  the  earth 
to  another  by  Tioleat  storms.    It  may  sometimes  abo  be  of  volcanic  origin  (L  420). 

For  further  detaite  reepecting  the  chenncal  coostitntion  of  mrtcoriteo,  see  Bam- 
melsberg's  Sfineralchfmu  ^pp.  901-952). 

On  the  physical  and  chemical  constitution,  classiflcation.  Sea.  at  metooiitea,  sea  the 
following  works: 

Piitaeh.--Dic  SffUoriifti,  Oder  die  vom  Hinimel  mfalleHM  Stmu  mid  SumtMttn, 
imlkt.  Hof-Miruralim  OMattU  tu  fTtbi,  1813. 
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C.  U.  Shaf.iA.—Beforl  en  dtturkOM  MetMritti  (Eram  ISKmnn't  Joanial),  New- 
IlkTm,  IS48. 
Beichanbaeh.— jfaontnut^  imd  flmtktfwif  <^  Vitawitm  (Poggendoiffa 

ADnaleD,  1BA&,  oriL  166). 

K  F.  Hsrrik. — Tie  Chrmical  ConatUutiim  and  Otrmelagiatd  ArrimgtmmU  0/ 
Mtteorita,  DinaTtation,  Oottiiigeii,  ISM. 

OoBtaTltosa. — BttiArnbunfftimdBintitilungderMtteoritenaiffQnmdderBamm- 
lung  m  mineralogitcitn  jfuHwn  211  Berlin  (uas  dsD  AbhuuHimgen  dra  koni)^ 
Andemia  der  WinaDKlufteii  m  BsHin,  18flS),  Beriin,  1864. 

A  chroaological  list  of  met«orit«s  from  tba  rariieat  recorda  down  to  a.d.  1834,  ia 
giTen  in  the  AnnaU*  dt  Ckimie,  tome  zxi.,  >od  in  Uie'«  DkHonary  of  Chemutry, 
Sid.  ed.,  pp.  619-624. 

Syn.  with  Mt«i9Tic  Alcobmi, 

I,  A&nKIVZO.  Alien*, OTAllMe>.  (Bnckton  and  Odlioit,  Pn& 

Boyal  Soo.  ziv.  19.)  Vhm  mennric  methida  and  ezoesB  of  alimininm  dipping  eon- 
Uinad  in  Kaled  tubes  are  ha&tcd  tea  Kima  bonis  in  a  wotar-batl^  the  maicn^  (na> 
pletalj  nplwM  the  sjnminiom,  Iho* : 

SHbgHs*   +  All'  —  SAllH^  +  Hhg*. 

Bj  raelifisatiDn  out  of  eoDtaet  with  air,  the  ilnmiiiie  methida  is  obtained  ai  a  colooi- 
1«B  mobile  liquid,  irhich  at  ■  little  abore  0°  congeals  into  a  lianspareat  cnitalline 
mssB.  It  boils  steadilj  at  130°.  At  and  abora  SSO°  its  npooFulensit;  was  fimnd  to 
be  S'S,  the  theoretital  density  calculated  tor  tha  fbrmnlse  AIIWb'  being  2-6.  But  its 
density  corrected  for  expaoaioa,  increases  rapidly  irith  every  decrease  of  temperature,  so 
that  at  160°— 163°  it  becomes  3-96  or^'llTliiln  at  its  boiling  pomt  130°,  it  is  as  high  OS 
4'i,  which  approiiDuites  to  the  theoretical  denei^  6'0  calcnl^iAd  Ibr  the  formula  All'Ua*. 
All ..      -       ,_._._ - ,.  .   ^.,.   _ 


regnlated  SKpoeure  to  dry  air.  it  absorbs  oxygen,  with  prodnctioD  •    ^- 

BDalogons  to  boric  dioKymethide  (p.  98S).    It  is  decomposed  by  water  with  ezploaiT^ 
Tiolance,  and  reacts  with  iodine  to  form  iodo-derivativea  and  iodide  of  methyL 

Aluminie  ethide^  AllB*,  i>  made  by  a  preeiwly  ainiilar  procMS,  ttdng  merenric 
ethide  instead  of  mercnrio  methide.  It  la  a  eolourilM*  liquid  which  does  not 
solidify  at  — 18°.  It  boils  at  194°,  and  its  vapoiuvdeaslty  taken  at  2S4°  wm  found  to 
I>e4-fi,the  theoreticBl  deniity  calculated  fi»  the  formohi  AUEf  being  3-9.  The  escen 
of  the  experimental  aver  the  calmlated  density  was  obvioiisly  due  to  some  unaToidable 
oxidation  of  the  substance  examined.  Aluminie  ethide  takes  fire  spontaneously  on  ex- 
posure to  air,  and  in  its  other  chemical  propertieecloialy  resembles  the  methyl  compound 
CBbonrB(Ann.  Chiro.  Fhys.  [3].  liiiL  6)obMrved  that  alnminium  was  attacked  by  the 
iodides  of  methyl  and  ethy1atlD(F— 130°,  and  that  the  crude  elhylated  product  reacted 
violently  with  sine-chloride  to  form  a  very  inflanunable  liquid  which  was  doubtleas 
aluminie  Mhjd& 

It  is  worthy  of  note,  that  the  Taponr-volumea  of  alnminic  ethida  (AllB'  —  3  vols.), 
and  of  aluminie  methide  at  120°  and  upwards  (AllMi^  —  2  Tola.),  are  discordant  with 
the  Tapooinienflity  of  alnminic  chloride  as  determined  by  DeTille  (AUCl*  —  I  toL)  ; 
bat  that  the  Tsponr-Tolnme  of  tha  methide  taken  at  130°  OOTteapond*  Terynewhtbae- 
with.  Hence  it  wonld  seem  that  the  Only  oba«rT«d  folume  of  the  chlartdek  Hke  llie 
Tolnme  of  the  methide  at  130°,  is  auomaloiu^  probabl;^  In  conseqaenos  of  its  npour  not 
having  been  infflciently  heated  to  ■cqnirethatperfectionofelaalieitynndei  whioh  alone 
the  balk  of  a  npooi  is  regulated  by  the  physical  lawa  of  tsmpenttnre  and  preaauie 
affecting  gasea.  W.  O. 

ICBTHXDB,   BOmzO.     See  TSwtktj^  BoRinn  or  (p,  884). 

ICSTKOta,   MSKODBXO.     See  !lf>H(7imT-nu)ioi.H^  Oaouno  (p.  927). 

MaTBXDBB,   VKWSXO.    See  LKUhJUDKO^aa,  Osouno  (p.  S03). 

MUrVHZDBB,  mVAMMXa.     Set  TtM-BADIOLH,  OxoaldO. 

WSMTMXOMJa  ACTS.  An  acid  obtained  by  decomposing  neutral  mlphate  of 
ethyl  with  water  (Liebig).  It  has  been  shown  by  Bnckton  and  Hofmann  (Aon. 
Ch.  Fhann.  c  163)  to  be  identical  with  disalphomstholie  acid,  CH'SH)'.  (SeaSuLno. 

mTMOXAOSTZO  AMJBt.    Syn.  with  MirHTirOLTOOLUO  Aom.  {8e«  Gim^> 

ua  EtBsaa,  il  918.) 

MBTHVmWBBTBTKi  Syn.  with  PIumbotrimethyL  (See  LnaD-Bumu^ 
Omounc,  p.  663.) 

HaTSaTAXHTB  f  b>     See  TiN'AADiCLH,  Oroamio, 

(B.  Hardj,  Bia  floa. 
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Chim.  dfl  Farii,  1862,  p.  39,  Jilicesb.  1883,  p.  8BS.)  Th«M  ue  bnnrn  oucaTEUllisabl* 
mbaUDMS,  nsambling  ths  nlmie  eomponDiU,  pcodoeed  b;  the  action  of  101111101  sod  me- 
thjlie  aloijiol  on  ehlorofiirm.  The  iminediate  prodacU  of  the  nactioii  aie  chlorome- 
thnlmie  aaidand  its  aodiDm-iall^  togethsi  with  manh-gu,  carbome  auhjdiidc^ free 
hydngen,  and eUixide  of  eodiiuii: 
*CHCT  +  8CH*0+lT»"=»0'H'aO'+CH'N»C10«  +  CH*+  OC +H"  +  10H»CL 

CUara-       HMtajHs  COena*-      OileniaHtutt- 

twB.         (kohoL  Ihnlmle  vuttalto- 

Chloiouathnlmie  acid  ia  black,  •enuflnid,  hM  apaagcmt  odonr,  and  is  Kilnhle  in 
alcohol 

B7  braUng  with  jMtaiA,  it  it  lewlTed  into  methnlmio  aaid,  0*H*0*,  anddiozj- 
methnlmit  a«i^  C^BK*: 

aCH^O"  ♦  iKHO     -     2KC1  +  CffO*  +  CEKt*. 
MethDlmie  aaid  fa  dad  ttIIow,  aolable  in  oUier,  DnerjafadlitaU^    It  ia  acniTertcd 
by  (nifltAu  into  black,  aeiiii-fliiid  d  i  b  ro  m  o  m  e  t  h  n  I  m  i  c  a  c  i  d,  CH'Br^,  which  when 
tmated  with «>i!pturio  netd  at  00°,  ia  TeaoWed  into  carbonic  anhjdrideanddibromide 
of  bTpomethnlmene,  CH'Bt*,  a  yellow-biown  aolid  robatono^  aolable  in  etbei. 

Diozjmathnlmic  acid,  CH'O*,  ia  blade,  nneryabOlitabla,  iuolnble  in  ether, 
Boluble  in  alcohoL 

Chlorethnlraia  Kcid,  CTH^O',  sod  cbloramjlnlmic  acid,  C^>H:!I0*,  am 
piodueed  in  like  mannei  by  tnating  chloroform  with  aodinm  and  etbylie  ot  amylic  al- 
cohol, and  from  theaa  maybe  obtua^derivatircaaimilariii  propertieaaudhomologona 
in  compoaitioa  to  die  methyl-oompanuda abare  deecribed. — Dibiomathnlmic  acid, 
<>H'Br*0',  heated  to  60°  with  tiilpiurie  aeid,  is  regolvtd  intA  carbonic  anhydride  and 
dibromida  of  mathnlmena,  CHfBi*,  abrown-ysllow  robatancp,  nearly  inaoloble  in 
alcohol,  bnt  solnble  in  ethCE.     It  ia  ccmverted  by  faming  nitrie  aeid  into  pals  tcUow 


:omidBafmethalmen^CH■(NO■)B^,pTecipItablebywater,and  by  boiling 
potati-ive  into  bromomethulmene,  C^'^,  a  Uack  snbstance  inaolnUe  in  adda 
and  in  alcohol,  aolnble  in  ether. 

Componnda  aimilar  to  the  veeeding  are  laid  to  be  fiirmed  by  tivnting  chloroform 
with  aodiom  in  copjonctLoa  lAh  aldehydes,  acetonee,  &c.,  and  evsn  when  the  chh>ro- 
ibnn  ia  replaced  by  cert^  othsr  compounds,  eapedally  the  chloridea  of  cai^n.  It 
mnat  be  obaerced,  however,  that  the  compoaitioii  of  tne  m^ority  of  the  eompoonda 
sboTa  mentioned  haa  not  hem  eatabliahed  by  analyait,  and  theieibra  their  fbrmula 
moat  be  conndrred  doabtfol,  eapedally  aa  none  of  them  haTS  been  obtained  in  the 
oyatalUne  fbrm. 

Mjrrai&i  CH* ;  often  dcooted  by  the  ihottM  ^mbcd,  He ;  in  the  free  itatc^ 
C*fl'  ■■  He*.  The  tlrrt  of  the  aoriea  of  aloohol-radiolM,  CH*-*-',  beuing  the  aame 
relation  to  wood-apirit  that  ethyl  (CH*)  beam  to  common  alcohd. 

FranklandandKolbe,  in  1848  (Chem.  Sac.  On.  J.  L  60),  by  decomposing  cyanide 
of  ethyl  with  potaaainm,  fint  obtained  a  gaa  haTJng  the  compoailion  CH*  or  CH', 
which  they  resided  aa  methyl  Kolbe,  in  the  fi^Uowing  year  (litif.  ii  173),  obtained 
methyl  by  the  electrolyaia  of  acPtic  acid  ;  and  Frankland  (ibid.  ii.  297)  aAarwarda 
prapand  it  by  the  action  of  line  on  iodide  of  methyl  From  certain  difference*  which 
he  obaemd  m  the  action  of  chlorine  on  the  gaa  obtuned  by  the  first  method,  and  that 
obtained  by  the  aeoond  and  third  methodic  Frankland  concluded  that  the  two  wen 
tK*  identical  bnt  only  iaomerip,  and  that  the  Utter  waa  the  tme  methyl,  while  the  for- 
mer eonaiated  of  hydride  of  ethyl  CH*.H;  bat  the  recent  expariments  of  Sehorlem- 
in«r(aid.  <i^.)haTB  ahown  that  the  prodacta  obtained  by  the  action  of  chlorine  on  the 
gB8i«  preparedly  tfaeaa  semvl  methoda  are  really  the  same;  whence,  as  no  other  dif- 
ftrence  baa  yet  oeen  obasrfed  between  the  two.  it  may  be  inferred,  as  most  piohabia, 
that  methyl  in  the  free  atate  ia  not  only  isomeric,  bat  identical,  with  hydride  of  dhyl 
(See  Htvudm,  p;  1B2.) 

PnjMratiim. — 1.  B;/  the  tltetrolgiit  of  Aeetie  aeid. — -When  a  concentrated  aolntion 
of  acetate  of  potaaainm  is  subjected  to  the  action  of  the  electrio  cutrent,  a  nomber  of 
gaseoOB  prodneta  are  erolvrd,  rii.  oaibonio  anhydride,  faydn^en,  an  inflammaUa,  in- 
odorons  gas,  and  a  gaa  which  amella  like  other ;  the  laat  ia  completely  abeorbed  by  sol- 
phnric  aeid  (if  the  smallest  quantity  of  chloride  of  potasaiTun  be  present  in  the  aololion, 
ehlorida  of  methyl  is  formed).  The  gaseous  mixtore  thus  eTolved,  after  being  freed 
from  earfaonie  anhydride,  contained  in  one  experiment,  in  lOO  rolumea:  0'7  vol 
oxygen,  63'8  hydrc^en,  326  methyl,  S'l  oxide  of  methyl,  O'S  acetate  of  methyl;  in 
anouier  coperiment,  66  vol  hydrogen  were  obtained  to  28  methyl  If  the  aolutioo  of 
..    .  -   n  be  divided  by  a  porona  diaphragtn,  K)  that  the  paee  erolved  at 


iphragtn,! 
w  may  be  eoQeeled  separately,  nothing  bnt  . 
^  while  at  the  pontiTi 
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mfter  beuig  trnted  with  ^taah  and  witli  mlfdmrio  acid,  leMM  nothing  but  nethfl 
mixed  with  asnuU  qtuabt^  of  ozida  of  methjL  The  decompoBition  ia  axgnsKA  bf 
the  felkwisg  eqnatiou  : 

aCH^O*  +  H«0     -     (?S*   +  00"  +   KHXJ*   +   H». 

Kompoaing  iodide  of  nelij/l  witli  me,  the  mod 
Q  that  alroidj  deeczibed  for  the  prepantion  o: 

(a  Bit). 

If  mwh;!  be  really  identical  with  hjdride  of  ethjl,  we  tniut  Kdd  to  theeo  mithoda 
'  Uioae  ttlreailj  gtrat  for  the  prepantiou  of  the  latter  (iL  fiSS).  Schoriemmer  prepare* 
it  br  ths  actioD  of  atrotu;  nUphnrie  add  on  mercorio  etbide  (v-  B2S). 

Avpirtiee. — Hetbjl  u  ■  ctdoorleaa  and  adonrlsee  ga>  which  btuiui  with  a  blniah 
feebly  luminooa  Banie.  It  ia  Bamewbat  aoluble  in  aloehai,  leaa  aolnble  in  aaitr  (aae 
OiABO,  ABaoBPnaH  of,  iL  7ST).  It  ia  perfectly  indiflarent  to  the  greater  nombBr  of 
reageuta.  When  mixed,  either  in  the  moist  or  diy  state,  with  an  equal  Tolnma  of 
elilorine,  it  yields  hydrochloric  acid  and  chloride  of  ethyl,  CH'CI,  together  with  a 
small  qoanti^  of  monochlorinated  chloride  ot  ethyl,  CH'CP  (Schorlemmer,  Proa 
Boy.  ScM;  liii.  226).  These  reeolts  vere  obtained  with  meth^  prepared  by  the  elec- 
tralyDB  of  affitio  acid ;  aJid  exactly  the  same  prodocts  are  formed  by  the  action  of 
chlorine  on  pure  hydride  of  ethyl  prepared  by  the  action  of  sulphuric  acid  on  maicnrio 
eUiiile{Scborlemmer,  Chem.Soc.  J.  irii.  962).  If  the  chlorine  ia  need  in  ezceai,  s 
lo^er  quantity  of  the  moDochlorinaCed  chloiide  of  et^yl  ia  obtained. 

■  or.  See  AxrntaiTT-^iiacLta,  Ocouno  (L  344). 
>F.  See  Absihio-vadicxm,  Oboutic  (i.  400). 
■  or.  Boric  MHIttdt.  Bormell^l.  B(CH*)>.  (Fraokland, 
PhiL  Tnna.  1862,  p.  170 ;  Chun.  Soc  Qo.  J.  xr.  S73.>;-A  gaaeooa  compound  homob- 
goua  with  Uoide  of  ethyl  (ii  53S),  pio^ieed  by  the  action  ot  one-methyl  on  borate  of 
ethyl; 

WOVOy  +   SCH'Zn     -    B(Cff)«  +   8(?H'ZnO. 
Wdhrlis  ZlM-  Bsrlii  Elbilite 

tonu  nMbyL  uhUiIiIs.  oTiinc. 

Prtparatioyi, — About  two  onucea  of  boric  ether  were  mixed  in  a  amill  flaak  with 
rather  more  than  their  own  bolic  of  an  ethereal  solution  of  Einc-methyl,  of  such  strength 
as  to  be  apoutaacously  inflammable  in  a  high  degree.  The  flaak,  loosely  coAed,  waa 
placed  in  ice-cold  water,  and  allowed  to  stand  for  a  couple  of  honra  nntU  the  reaction 
«M  complete :  it  waa  then  fnmiahc^  with  a  bent  tube  paning  through  a  coifc,  to 
conduct  the  gas  into  a  aecond  flask  placed  in  a  treesing  mixture  of  ice  and  aalt ; 
ftom  thia  flaak  the  gas  passed  into  a  third  containing  about  half  an  ounce  of  ationg 
Bolntion  of  ammonia.  The  air  in  the  whole  of  the  apparatus  waa  now  displaced  by 
nitrogen,  and  the  flask  containing  the  boric  ether  and  nnc-methyl  removed  from  the 
iee-c^  watnr.  A  slow  erolation  of  gas  immediately  commenced,  and  was  kept  np  at 
a  convenient  apeed  by  plunging  the  generating  flaak  into  cold  water,  to  which  heat  waa 
Teiy  aiowly  applied.  The  gas,  in  paaaing  through  the  freezing  mixture,  deposited 
nrariy  the  whole  of  the  ether  and  zinc-methyl  Tsponr  with  which  it  waa  contaminated ; 
and  on  reaching  the  solution  of  ammoma,  the  boron-coniponnd  whs  instantaneously 
absorbed,  whilst  other  gasea,  if  present,  passed  throngh  the  ammonia  unacted  upon, 
and  escaped  into  the  atmosphere.  The  solntioD  of  simnonis  soon  became  coTered  with 
a  atntum  of  a  ligbtn  liquid,  which  increased  in  quantity  nntil  the  stream  of  gaa  ceaaed 
to  pass  through.  The  ammonia-flask  was  now  diaconnected  &om  the  reet  of  the  appara- 
tua,  and  reserved  for  the  next  operation.  The  reradne  in  the  generating  flaak  aQU^fled 
to  a  oystaliine  maia  on  cooling. 

To  disengage  the  gaseous  boron -compound  trom  its  combinatdon  with  ammonia,  the 
ammonia-flask  wsJ-  fltted  witL  a  funcel-tube  terminating  beneath  the  surface  t^  the 
liquid,  and  a  gae-deliveiy  tube,  the  latter  leading  to  a  Liebig's  potash-nparatns 
charged  with  coQcentrated  aulphoric  acid;  flnall;,  the  opposite  extremity  of  the  latter 
apparatus  was  connected  with  a  mercurial  ^aa-holder.  To  prsrent  dangerous  explo^ona, 
on  the  elimination  of  the  spontaneonalj  inflammable  gaa  from  ila  ammonianxnupDnDd, 
the  whole  of  the  aii^^pacee  of  the  appei^ua  ware  Oiled  with  nitnigco.  EreiTthing  being 
thus  prepared,  dilute  aolphnric  acid  was  gradtwlW  poured  into  Hie  ammonia-flaaktbrouf^ 
thefiianel-tnbe,  theiontentaof thefloaibe'  .>...,...  .     . 

nntil  the  axeeas  of  ammonia  waa  saturated.  ...      .  „  . ,, 

and  the  addition  of  a  lew  dropa  of  auli^uric  acid,  from  time  to  time,  throujji  the 
ftmnel-tnba,  aerred  to  keep  up  a  convenient  current.  The  gu  waa  allowed  to  pas* 
frcelj  thmngh  the  depieased  mercurial  gas-holder  until  a  sample  of  it  prored,  by  ita 
pMftet  MbuiOQ  in  ammonia,  that  all  nitrogen  had  been  swift  from  llie  ifpanlna. 


nsKradtiaUy  poured  into  tiwammonia-flaaktbrouf^ 
flask  being  frequently  agitated.  Ko  gas  was  CTOlved 
tnraled;  than,  howenc,  it  was  given  oflf  abundantly, 

..#   Bnlnlm-fn    an\A     A.MA.     tfw.^     ►«    *=— ^^^     Hlfinilgh     Of^ 

kllowed  to  pas* 
prored,  by  ita 
tat  ifpanlna. 
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Tho  exit-tube  of  the  gu-hs^Ant  vm  then  desed,  ind  the  guaoni  bone  meOiide  vaa 

Gollacted. 

FroperHet, — Boric  metbi&  u  tt  onliDU?  tcmpentqne  b  oolourlen  and  timnqiftrgat 
Bu,  posKniiig  a  peculiu  sod  mtolerBbly  pangeut  odonr,  iiritating  the  muoooB  hibid- 
bniie,  and  proTc^ing  a  oopiona  floir  of  tean.  Its  ipsdflc  vraTity  ia  by  mperuiiHit, 
1'9108 ;  b;  calcnlatioD,  1'93137.  It  retaina  ita  Buwma  coDdition  when  ezposHl  to  a 
oold  of  IA";  but  at  10°,  and  aadeF  a  preanm  of  three  atmospberee,  it  eondeoaes 
to  a  eolatirieaa,  tmiiBparent,  and  rei;  mobile,  liquid.  It  is  very  Bpuingly  aolnbls  in 
Valer,  bnt  Tciy  Boluble  in  alcohol  and  in  ilh*r.  In  contact  with  aiTno^kerie  air,  it 
takes  flra  Bpocl&neooiil^,  bomiiiB  irith  a  brieht  green  flame,  which  ia  rerj  fdlisinooB  if 
tiie  Tolnmc  of  the  Borne  he  connderable.  If  the  gas  ismee  into  the  air  t^Dgh  a  tuba 
A  of  an  inch  in  diameter,  the  amoniit  of  mnoke  is  Barprigingl  j  great,  two  or  three  oibie 
inchea  of  gae,  when  eonanmed  in  this  way,  filling  the  Btmoaphere  of  a  capecioua  roooi 
with  lai^  eomet-like  flodU  of  carbonaceona  nutter.  This  effect  ia  probabl;  doe,  in 
part  at  leaat,  to  the  fbrmaCioD  of  a  anperficial  coating  of  boric  acid,  which  enTelopea  tba 
particlee  of  esibon  and  preTenta  their  comboation.  Whan  mddenly  mixed  with  at' 
Tnoiphaic  air  Or  oxpgen,  boric  methide  explodea  with  great  violenM.  Id  contact  with 
UT,  both  boric  methide  and  the  fapoor  of  boric  ethide  exhibit  two  distinct  kinds  ot 
■pontaneona  eombnition.  Tbos,  when  these  bodies  isane  t^  dowly  &oai  a  glase  taba 
into  the  air,  thej  bim  with  a  IsmbeDt  blue  fiame  invirible  in  daylight,  and  the  t«ai- 
peretore  of  which  ia  so  low  that  a  finger  msj  be  held  in  it  for  aome  time  without  much 
inHmTenieoce.  Under  Uieee  ciicnmEtaneee  partial  oiidaUon  only  taiee  place,  and  it  ia 
to  tbe  prodnetfl  thna  foriRed  that  the  peculiar  pungent  odour  of  bone  ethide  and 
boric  methide  ia  due.  When,  on  the  other  hand,  theM  bodifs  issne  into  the  air  more 
rapidly,  the  lambent  Une  andneariy  cold  flame  ohaogn  to  thegnxm  and  hot  flame  abors 
mentioned. 

Boric  methide  is  not  acted  upon  by  nitric  oxidi  or  by  iodhu.  Solution  cJ  acid 
ciromitlt  of  polOMiiuni  Bcanely  aflfeeta  it,  but  the  addition  of  concentrated  lulphurioaad 
■t  once  detfnnines  the  reduction  of  the  chromic  acid.  When  boric  methide  ia  allowed 
to  bubble  through  water  into  citttrine,  each  bubble  bumi  exploeiTelj  with  a  bright  Sash 
of  light  and  separation  of  carbon.  It  has  no  tendeni?  to  unite  with  aeidt.  Cta- 
centriLted  aulpburic  a^d  hss  no  action  upon  it ;  when  mixed  with  hydriodic  aod  gas,  it 
■uSem  no  change;  but,  on  llie  other  hand,  it  is  freely  absorbed  by  solutions  of  tbeflzed 
oUcaiiM,  and  h;  ammonia.  If  a  Teiy  rapid  current  of  the  gaa,  mixed  with  half  ita  Tolmae 
of  marsh-gas,  be  passed  through  a  stratum  of  strong  solution  of  ammonia  only  half  aa 
inoh  deep,  not  a  trace  of  boric  methide  esc^tes  absc^tioD. 

jMnnonla-Boria  IKatmaa.  VH'.B(CE')'.— When  dr^ammoniaesl  gas  ia  mind 
with  an  equal  Tolume  of  dry  boric  methide,  both  gases  instantly  disappear,  wiA 
evxJution  ot  a  conaidenbte  amount  of  heat,  and  production  of  a  white,  Tolatilc^  crystal- 
line compound.    The  Utter  is  also  formed  when  boric  methide  is  peued  into  solntitin 


bitter  taste,  and  a  Tery  peenlisr  odour,  in  which  both  the  smell  of  amniania  and  of 
boric  methide  can  be  recognised.  Ammonia-boric  methide  fusee  at  SS°  snd  boils  at 
about  110°.  In  a  current  of  air,  or  better,  of  carbonic  anhydride,  itssblimeeat  aTe(j 
gentle  heat,  and  condenses  in  magnificent  arborescent  crrstals. 

Ita  Taponr-density  isfbundby  experiment  to  be  1-25,  indicating  that  the  moleeolein 

the  sUte  of  T^ranr  occupies  four  Tolnmn  f"^ 7~ ' —  "   "''^^^^  "  ^''"]> 

s  result  probably  due,  aa  in  other  eases,  to  the  deoompoaitJoiT  of  the  Tspour  at  high 
IMnperatuim  (i.  469  ;  ii.  SIS). 

It  scarcely  sbeorbe  a  perceptible  amount  of  oxj/gat  at  ordinary  t-emperatuna,  «Ten 
after  sereral  daj^  exposure  to  the  gss,  but  takes  Are  below  100°,  when  hesUd 
in  contact  with  the  air.  Its  TSpour  is  also  very  inflammable;  thns  when  smmoDia' 
boric  methide  is  placed  under  the  receiver  of  an  air-pump,  and  the  air  is  being  with- 
drawn, the  explosion  of  the  mixtnre  of  air  and  rapaur  in  the  cylinders  of  the  pump  is 
frequently  detormined  by  the  rise  of  temperatare  consequent  upon  the  dept'eaaion  of 
the  pistons  when  the  rarefaction  has  become  coandeTsbU. 

Boric  metMde  is  also  absorbed  by  ontlins  with  great  avidity.  Aa^  expd  the  gat 
fh>m  this  Dompound  unchanged. 

THiiydridt  of  piatpicifu  haa  no  action  upon  boric  methide^  A.  mixture  of  equal 
volnmee  of  the  twogasesis  spontaneously  inflammable,  burning  with  a  yellowish-whit* 
flame,  in  which  the  charactenstic  green  tinge  attending  the  oonnnistion  of  boric  methide 
ia  no  longer  perceptible. 

Conpoutidt  of  Boric  Methide  with/ixtd  Alkalie. — Boric  methide  oombinsa 
with  potash,  soda,  lime,  and  baryt«.    The  poUutium-eompmmd  EV.2B(CH*},  obtained 
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b;  BBlaraling  K  ■olntion  of  coiutio  potsili  with  borie  Biethide^  dries  up  in  tbcoo  to  a 
gummy  man.  It  naj  abo  b«  prepuvd  bj  deooiupiwuig  anuBooia-bane  mcUiida  witb 
aleobolic  potub,  and  evqontiDg  Id  tbcoo. 

The  todic,  barf  He,  and  caida  compoonds  are  also  prepaied  bj  Msimg  bono  outhida 
into  the  cauitic  aolntiaiu  of  the  leapeotiTe  alkalis ;  ttuj  are  loluUa  is  watai,  and  bars 
an  alkaline  reaction. 

MBTKn,  aaOl^mB  or.  CF^Br.  Itttif^hydrebrtmie  ttiter.  Ht/drotromatt 
of  Mtlhyltrtt.  (Pierre,  J.  Fharm.  [3]  ziii.  ISS;  JaLreab.  1817-18,  p.  S72.— 
Bona  en,  Ann.  Ch.  Vbana.  xItl  44.) — Prepared  tnr  mixing,  at  a  tempeiature  ikb°ix  V, 
50  pta.  oi  bromiDB,  200  of  methjlio  aloohol,  and  7  of  phoaphonu.  Tbe  leiopenitiire 
thni  riwn  Bpont«n«ntBlj,  and  the  pluwphame  melts.  The  mixture  must  be  cooled, 
decanted  and  reij  caationsl^  digtilt«i  As  thus  oblahied,  it  is  a  edonrlesa  liquid,  of 
penetrating  and  sligbtlT  alluceoos  odonr ;  boils  at  IS"  nndei  a  prwaim  of  O'TBS  met. 
(Pierre).  It  aota  Tiolently  on  caoodyl,  fbuning  bromide  of  caoodjl,  and  bromide  of 
tetnunethjl-araonimn  (Cahoars,  Jahraeb.  1801,  p.  fifil): 

iA^CEFf  +   SCH'Br     -     AB(CH')'Br  +   A«(CH-)'Br. 

A  gas  haTing  the  composition  of  bromide  of  methyl,  is  erolved  on  gently  heating 
basic  perbtomiib  of  caoodjL  It  has  a  densitj  of  3-2S3  (Bnnsen,  GoMomctry,  p.  121), 
b;  calcaladon,  S-224  ;  afiuat  ethereal  odonr,  and  eondeosn  at  — 17°  into  a  thin,  bana- 
parent  colourlfas  liquid.  It  bums  with  a  yellowish  flame  when  mixed  with  air,  and 
explodes  Tiolently  with  oxygen  oq  the  application  of  flame. 

MWXmttt  CHUlMXna  or.  CH'CL  Metkyt-kydTeehlone  ether.  ^/dro- 
eUoraU  of  Methylene.  (Dumas  and  PelJgot  (1835),  Aim.  Ch.  Phje.  Iri  193).— P»- 
pared  In  heeling  a  mixture  of  2  pte.  cMDride  of  sodium,  1  pt.  of  wood-spirit,  and 
•  pts.  of  strong  sulphur "      ''    ™-'-— ^-  -»  — -■"— i.i _..-.... 


<n  of  charcoal,  into  a  mixture  of  methylene  and  hydro- 
*  HCl  (Domas  and  Feligot).  Acconling  to  Perrot 
.  „  deposits  charcoal,  and  yieliu  hydnchtoric  acid,  manh- 
gas,  e^ylene,  iiarbonic  oxide,  naphthalene,  sod  a  subslsnce  which  nuites  with  bromina 
uto  a  dystallised  compoimd,  melting  at  10°  and  boiling  nt  220°.  When  passed  over 
heated  jwttui-fiiBf^  it  pelds  formate  and  chhoide  of  potsssiunt,  together  withhydrogem 

CHKa  +  2KH0     -     CHZO*  +   KCl   +   2H'. 
When  passed  orcr  phosphide  of  caldnm  at  200°  or  300°,  it  yields  a  nnmbo'  of  pho«- 
phorett«d  products,  some  of  which  appear  to  be  organie  bases.     (P.  The  card.) 

A  gas  having  the  some  eompotitioD  and  physical  proprrtira  as  the  preceding  was 
obtained  byBuoseu,  by  the  action  of  heat  en  iHsic  perchloride  of  cacodjL  Kolba 
and  Varrentrapp  (Ann.  Ch.  Pharm.  IxxrL  87}  alsa  obtsiusd  a  gas  of  the  same 
eompositioD,  by  leuring  a  mixture  of  equal  Tolnmes  of  manh-gas  and  chlorine  exposed 
to  diSused  daylight  Oerhardt  {Iraiti,  L  5SS)  regarded  the  first  only  of  these 
products  as  CH'CL  the  two  Utter  as  CHHJl.H. 

Baeyer  (Ann.  Ch.  Pharm.  crii  181)  finds  that  the  gas  produced  from  basie  per- 
chloride  of  cacodyl,  eihibite  the  same  d^ree  of  abeorbsbility  in  water  as  that 
produced  W  heating  wood- spirit  with  suit  and  sulphnric  acia,  the  coefficient  of 
abeoiption  for  both  these  gases  being  6031  at  7°  ;  1-172  at  14° ;  3'462  at  30° ;  and 
3'034  at  2S°.  Moreover,  Che  gas  obtained  by  either  of  these  methods  forms  a 
crystajline  hydrate  when  psssed  into  walar  cooled  below  9°.     On  the  contrary,  the  gi 


and  hssamueh  smaller  coefficient  of  absorptioD  in  water  (0'08  at  14°).  Hence  Baayer 
coDclodes  that  the  gas  produced  by  the  decompomlJou  of  liasic  peichloride  of  OAidjl 
is  identical  with  chloride  of  methyl,  bat  that  the  gas  resulting  &om  the  action  of 
chlorine  on  marsh^aa  is  a  substitution  product  isomeric  but  oot  identical  therewith. 
According  to  Berth  elot,  on  the  other  hand,  the  last-mentioned  gas  isreall;  chlorida 
of  methyl,  and  msy  be  convertal  into  methylic  alcohol  by  the  action  of  potash. 

Chloride  of  methyl  is  not  attacked  by  chlorine  in  difiused  dayli^t,   but  when 
•xpoeed  to  the  direct  rays  c^  the  snn,  it  yields  suceesnvely  the  three  compounds — 

Monochlorinated  Chloride  of  Methyl CffCl' 

Dichlorinated  Chloride  of  Methyl,  or  Chloroform        .  ,        CHCl* 

Trichlorinubed  Chloride  of  Mi^thyl,  or  Tetiacliloridc  of  Carbon    .        CC3* 
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SloiutUcnmated  CUerideof  XitM,  CHKP  ~  C(ByCl)Cl,atnrT-nibtiaehqraA 
of  «xeitiiig  odour,  limiUr  to  th*t  of  Dntch  liquid.  It  botli  at  30-1°.  ^srifle  Bvntj 
—  1344  at  18°.  T^MoiHliBuitr  3-Oia.  Tn«t»d  with  aloaholic  potaih,  it  jMlAm  bat 
k  dif^t  preciiatata  (^  chloide  of  pottunnni,  uid  diatili  ilnuMt  withoat  titaation. 

iFo  the  other  cMorin4l«d  eompoouda,  lea  Chloboxwii,  kod  Casbox,  CHt«»iiia  or) 
L  765  and  BIO). 

0».     CHW  -   ^|o.     JUttiylia  Meohat.   Wood- 


among  the  nodnets  of  the  dij  distUlation  of  wood,  aftarwardi  niore  panicalarlj  ex- 
amined bj  Damas  and  Peligot  in  18M  (Ann.  Ch.  Vhn.  IriiL  6  ;  Ixl  IBS).  It  con* 
■titoUa  abont  I  per  cent,  of  the  wateiy  {nodacta  of  the  1I17  distillalioD  of  wood ;  and 
in  eombJlMtion  with  aaljc^lic  acid  (la  ntethjl  ■alierlie  add),  it  forma  the  chief  con- 
■titoeot  of  ths  eaoential  oil  of  winter-gnan  ( OauUitria  pftwitmimt).  According  ta 
Berth  elot  (Ann.  Ch.  Phafm.  cr.  241)  itmajbapcodDced  artiSeiaUj  from  marah-gaa 
(that  compound  when  tnated  with  ehlorine  jielding  chloride  of  methyl,  which  by 
boiling  with  cauatic  potwh  ia  oouTOrted  into  methjiic  alcohol) ;  and  aa  mardi-gaa  itaell' 
can  be  fbrmed  iTiitheticall;  bom  iooigBnic  tnUen>Ia  (p.  SfiC),  it  follow!  alao  that 
methylic  alcohol  can  be  obtjiined  br  ^nlhnis. 

Preparation.  I.  0/  Oomvurci^  Wuod-tpint.—Tlu,  crude  watarj  Bqnid  (pyrolig- 
neooa  acid)  obtained  by  the  diatiUatioD  of  wood  ia  decanted  bom  the  tai^  portion  of 
die  '1iltP'«'»  and  rediitilled  1  the  flrat  tenth  which  pasaea  OTer  ia  tecti&«d,  oncB  or 
oR«nn'  one  alaked  lim^  wherenpon  a  Urge  quajitit;  of  ammoniai  ia  given  off;  nd- 

' Via ' then  added, ■>    .>  ■-       > 

*tsin  quantity 
H  oTcr  qoieklimi 

The  crude  wood-apirit  Ihna  obtained  haa  a  stnHu  aromatic  odour  and  tuma  brown  on 
keeping.  It  contuna  oonaidemble  qnantitiea  of  acetate  of  methyl,  acetone^  and  « 
liquid  nllsd  li^na  by  Weidmann  and  Sohweiaer,  ^liteby  Volekel,  thenatnM 
of  irtiich  hoa  giren  rise  to  oonaiderabls  diacataion,  but  which  haa  lately  beoi  ahown  liy 
Cancer  (Chem.  Boo.  J.  iriL  332) tc  constat caaentially  of  dimethjl'aoetala  of  eth^oie. 

2.  Qf  Pitrt  MHh^io  alpoial.  To  obtain  newlj  pnre  methjlic  alcohol  from  OMMnei- 
eiftl  wood-ipirit,  adrantage  may  be  taken  of  the  propeiif  wluch  it  poasntM  ol  tbrming 
with  dhknoa  of  ealcinm  a  eomponnd  which  ia  not  deoompoaed  by  merely  heating  it  to 


long  aa  anything  volatilg  ia  given  off;  it  ia  thoa  fraed  from  the  acetone,  dimethylate  of 
ethylene,  fte.,  which  do  not  unit*  with  the  chloride  of  calcium.  The  reaidoe  ia  then 
diatjlled  with  water,  and  the  aqueona  metbjlic  alcohol  thna  obtained  ia  rectified  over 
quicklime  (Kane,  Ann.  Ch.  Fbarm.  lii.  164),  According  to  Sould  (Cham.  Soc.  J. 
Tii.  311)  it  ia  adriaabla  flrat  to  diatil  the  wood-apirit  with  an  equal  Tolume  of  atioog 
potaah  or  aoda-lye,  in  order  to  decompoa*  the  metbjiic  acetate  contunad  in  it,  aam*- 
timea  in  very  laiga  quantity,  than  todefajilnte  with  carbonate  of  potaniam,  and  finally 
aaturale  with  chloride  of  csleiam  aa  abore. 

To  obtain  MffaetlT  pore  methylie  alcohol,  howerer,  it  ia  neceaaary  flrat  to  prapue 
•  nethrlie  eUier,  and  then  aepante  the  alcohol  from  it  by  dialillaHoa  with  an  alludi: 
■.  Ox^ate  of  methyl  iaprepand  by  .lijiilling  i  pt.  wood-apirit,  1  pL  aolphorie  aod,  and 
2  pta.  oxalate  of  potaammn ;  the  aratalB  of  thia  ether,  aftn  being  pnrifled  by  {aeasure^ 
am  decompoBcd  by  diatillation  with  water,  end  the  diatitled  meUr^  alcohol  ia  dehy- 
drated by  reetifleatkm  orer  miidliine  (WShler,  Aon.  Ch.  Fbann.  Loni  376). 
fi.  Bamoate  of  methyl,  pnptni  hj  paiaing  Indrochlorio  acid  gaa  into  a  aolntitm  of 
beuoioadd  in  wood-qniit,  diiUllinaand  precipitating  the  p<ntion  collected  abore  100° 
with  water,  ia  decomposed  by  aereru  honn  boiling  with  aoda-lye,  the  liquid  ia  thm 
diatillad,  and  the  diatillate  rectified  oier  quicklime. 

Methylie  alcohol  may  alao  be  obtained  reiy  nearly  pore  by  diatiDing  oil  of  winter- 
green  ^meth^l-ealu7lio  add)  wilJi  potaah  or  aoda-lye,  and  rectiJ^ng  the  distillate  orei 
qokkluM ;  It  tntaint,  howerer,  a  aUght  odour  of  thia  oiL 

ProptrHtt. — H(4hylie alcohol  ia  acdonrleaa  mobile  liquid,  having  a  purely  ejnritnoas 
odoor,  like  that  of  common  alcohol  (the  empyrenmatie  Mour  of  erode  wood-epuit  ariaea 
frtnn  the  impnritiae).  SpedficgraTi^  ~0'8U2BtO''.  It boilaat  60°toM-fi°,  according 
to  the  nainre  of  the  veaael,  aod  ImmM  atnxidy  during  billing.  It  bnrni  with  a  pale 
flames  mizea  with  wattr,  ^coiot,  ana  «tier,  diMolvea  oila  both  fixed  and  volatile  also 
thsgreatanimibaof  remna,  and  ia  Iherefbre  mudi  naed  aa  a  advent  in  jdaec  of  eon' 
mon  alcohol    It  ia  alao  need  for  bnming  in  apirit-lamsa. 

The  foUowing  table  exhibita  the  abei^tli  of  pate  wooa-ipirit,  aemrdingtoitadend^, 
aa  dalenniiMd  ^  Ure  (PhiL  Mag.  [3]  xix.  Gl) : 


byGoogIc 


METHYL:  HYDRATE. 


fiK^^iiUagt  tf  AKlij/iTCtu  Uetl^Ue  ahoiel  (gp.  gr.  D-StSS,  at  tG°)  in  Woei-*pinl. 


Bp-V 

Pi*  eat. 

«MT. 

7«(«L 

Si-ir. 

F«c->t 

Bp-r- 

nrMDt. 

0-8136 

lOOiW 

0-8874 

82  00 

0-9008 

69-44 

0-9344 

63-70 

0-8218 

88-11 

0-8712 

80-64 

0-9032 

88-40 

09386 

S1-S4 

0-8218 

8611 

0-8742 

79-86 

0-9060 

87-i7 

0-0414 

MOO 

0-8S20 

94-S4 

0-8784 

78-1! 

0-9070 

66-66 

0-M48 

47-83 

0-S384 

92-22 

Wi-l 

77-00 

0-9116 

es-00 

0-91S4 

46-00 

0-S418 

90-00 

Wii 

7fi-76 

0-S164 

83-30 

o-seis 

43-48 

0-8470 

88-30 

mn 

74-63 

0-9184 

61-73 

O-9M0 

41-88 

0-3G14 

87-72 

mw 

78-53 

0-9218 

60-24 

0-9564 

40-UO 

86-20 

tRHO 

72-46 

0-9242 

£8-82 

0-0884 

38-46 

84-7fi 

IflAO 

71-43 

0-9268 

00600 

0'8642 

83  83 

0-8984 

70-42 

0-9296 

£618 

0-9620 

38-71 

Bolndon  on  cooling  depcaita  Uige  dyatalf  of  the  eompoDiid  C».CL2CB*0,  i^ch  n*; 
1>e  heated  to  1 00°  withoot  deooinposition,  bat  is  decompoMd  by  inter,  htbd  st  tompets- 
tnrea  belov  100°,  yielding  a  distillate  of  methjlk  ftlcohol. 

J)eeony>ottiii»u, — 1.  Yaponr  of  methjlic  alcohol  powmd  through  a  red-hot  tnbeTieldH 
■cet^lrne,  togelhei  vith  other  products  (Bertbelot,  Compt  rend.  1.  806). — 2.  Pore 
Diethjlic-alociiol  bortis  in  the  «>  with  a  flame  lilu  tha.t  of  common  alcohol,  irithout 
■moke.— 3.  In  contact  with  platinum-Hack  it  is  oxidieed  to  fomiie  acid. — 4.  Pota$k 
and  tada  diseolTe  in  it  readily,  fbrming  eolatioDS  which  turn  brawn  in  eontaot  with 
the  air. — S.  Usthylic  alcohol  mixpd  with  lai-aninoniac  nod  healed  in  a  eealod  tube 
to  300°,  yislda  the  hTdiochloiates  of  methjlamiue,  dinieth;liiniine,  and  trimetbylsmine 
(Berthelot). — 8.  j^waUortfa  o/ oaWiwii  (bleaching  powder)  conTBrta  it  into  chloro- 
form (CBCl'),  A  (olution  of  potash  in  methjlic  alcohol  treated  with  Anmnns  or 
iodine,  yielda  bromoiarm  or  iodofonu. — 7.  With   pofoutum  it   gives  off  hjdragen 


CH'O  +  KHO  -  CHKC  -*■  H*. 

At  hi^er  temperatarea  and  with  exeeaa  of  alkali,  as  when  wood-iprit  is  passed  over 
red  hot  potash-lime,  the  formate  ie  converted  ioto  oxalate,  and  nltimatelj  into  Oaibonate, 
each  change  being  attended  with  erolntioa  of  bjdroBen  (ii.  688). 

9.  Stiong  njpluru  aeid  Bct<  upon  methylic,  paiUJ-  in  the  same  manner  as  npon 
elhjlic-alwiol,  prodnciiig  nethjl-eu^nric  add,  CE'.H.SO*,  which,  when  heated  in 
contact  with  eicesB  of  wood-^Hiit,  ^elda  oxide  of  methjL  The  action  which 
takes  iJace  at  higher  tempeiatm«a  diflen,  bowerer,  from  that  which  takes  place 
under  similar  eiicnmataiices  between  oil  (tf  Titriol  and  ethylic-alcohol  in  this 
respect,  that  no  methylene  (CH*)  appears  to  be  prodnced,  but  neutral  sulphate  of 
methyl,  (CH'ySO*,  passes  orer. 

10.  CMorine-gae  passed  into  anhydrons  wood-spirit  ads  Dpon  it  with  considerable 
eaewT,  each  bubble  of  gas  sometimes  prodncing  flame  and  detonation,  and  fbrms  hydro- 
chloric add,  tt^elher  with  leTenil  chlorinated  ^irodacts.  [The  chloiacetonea  sometimes 
□btijjied  m  this  reaction  reaolt  in  all  probability  from  acetone  contained  in  the  Wood- 
sforit].  AcoordinstaCloes  (Compt  rend,  ilviii.  643  j  Jahr«sb.  1SG9,  p.  484)  the  final 
poductof  thaactioniaaciystalUneaiibstanc^  paiachloralide,  CHCl'O; 

2CH*0   ■!■   CI'  -  (?SCPO   *   WO  +   fiHCL 

Bnxntiu  acta  in  a  similar  manner,  frndadnj^parabromalide,  CHBrK).  Klche 
(Ann.  C^  Phann.  em.  333),  by  snlgeettng  a  mixtnra  of  wood-spirit  and  tkfdrochlorio 
add  to  the  action  of  the  electris  current  obtained  a  chlorinated  liquid  containing 
OHH310. 


11.  WIiMi  uethyliealcoludia  added  W  drops  tobiowDcUariAo/nt^liir,  SO*,  a 
lent  action  takeapteee,  hydrochloric  Mia,(DlphnnnsaIl^dTid^  and  Taponrof  metfa 
dikride  are  evotred,  a  small  qoaotitT  of  chloride  of  thitmyl,  SOCI',  ji 


and  the  cesidae,  aAn  being  iMaled  to  80°,  eonnsts  of  chloride  of  snl^iir,  9CP. 
Thabrowi  chloride  of  nlpbnr,  SCI*,  appeara  indeed  toaollike  amiztnn«f  9Cl'aad 
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Sd*,  thelbmar  miuiiuiig  nnaetsd  iqion,  vhilc  the  Utter  pnJncaa  the  fbUowii^  de- 

aCl*  ■»■   CHK)      -   HCl     +  BOa*  +  CH*C1 
SCI*  +   3CB%    -    SHCl  +  80*       +   iCEKa. 

CU^rictt  of  tttolyl  alw  Ht«  nolentljr  on  iiut,hj|lie  Klcobol,  {n^odng  hjdnchloiia 
add  asd  kenliml  rolphids  of  med^'t,  togethm  with  "hlni-iiln  of  metlijl  and  metfajl- 
folpboioiu  add : 

aSOCl*  +   4CHK)  -  3Ha  +   CHK!1   +  (CH')'.eO'  +   CWSiS». 

ProfBtUonde  of  nUpXar  (or  cUoridi  of  tulpioMoii^  8SC1')  likoviw  acta  atTODglr 
on  methylie  alfohol,  hjidrodiloTic  add  and  msthjlie  enloride  hang  vrolred,  iriiile  a 
■mall  qoaotit;  of  meUijl-meicaiitaii  paiwiM  over,  and  tha  nsidiie  containa  metlijl- 
■alphnnxis  acid  and  naiitnd  maUiylk  ndphate,  btaidel  aepanted  Bnlphur.  The  fliat  re- 
•eUan  ia  ptobablj 

9CP  +  CHH)     -     SOCP   +   CH*^ 


■ad  tm  dial 


k  4CH<8  -  *Ha  +  2CffCl  +  (CH0«O»  +  8>, 
die  last  eqaatioD  but  two.    (Carina,  Aiu.  Ch.Fhann.  ex.  30S,  czi.  93.) 
^^i-rndpiimmt  MoriJe,  CVCISO'  (tha  prodoct  of  the  action  of  peatBchloride 
of  pboatilioTW  Ml  ethyl-anlpbitai),  acta  on  methylie  al^obnl  (or  more  dcdnifely  on 
meth^ata  ot  woiina.),  laodiwing  bydnKiUoiie  actd  (or  chloride  of  lodiiun)  and  methyl- 
ad^l-an^jlnuoiii  add ; 

CH<.H.O  +  C*HK!ISO*  -  BCl  *  ^^JSO'.  (Carina,  Ann. Ch.  PhaiHL  cxL  93.) 
Ksm^  KTBMZSa  or.  Elyn.  with  HAMH-oi«  (p.  SS4). 
MSTAIIh  ZOBDU  or.  CH^.— Obtained  by  diatilling  1  pt.  of  ^iMnbania^ 
8  pta.  of  iodine,  and  12  or  IS  pta.  of  wood-spirit,  or  according  to  ETofniann  (Cliem. 
Boe.  J.  liiL  US),  1000  gima.  iodine.  500  methylie  alcohol,  and  SO  pboanlioraa.  The 
diitillate  is  mii«d  with  water  which  aeparatea  the  iodide  c^  methyl,  and  the  prodnet  ia 
rectifiad  in  the  water-bath  over  ehloride  of  ealcioia  and  oxide  of  load.  It  ia  a 
bK  BO  that  it  doe*  not  bnra  weU  exeeptiag  in  tha 
9   abnnduice  of  Tiolet  T^tonra     Spi-eifie  gnmty 

-  3-2«T  Bt3S°';'3'ISS2  at  0°  (Pierre).  Bdb  at  42-2°  ondcf  a  ^nvnieof  07SS 
met,  (Andrewa);  at  438°  under  0760  met.  preaaora  (Pierre).    Tqara^denai^ 

—  4'B8S.     It  ia  not  attacked  by  hydrochloric  acid  fata. 

CUoriKt  cODTBrts  it  into  chloride  of  methyl,  with  depodtion  of  iodine.     Heated 
with  metaUia  mtc  in  a  sealed  tube,  it  yields  iodomethylids  of  liso: 

cm  ■*■  Zbi   -   Zan-cm:. 

Heatad  with  amnidt,  mtimoniiU,  Sx,  of  potamium  oitodnm,  it  yielda  the  araaiudea 
antimaoidea.  Sec,  of  methyl.  Hrated  in  a  sealed  tube  with  agmoiu  mnmonta,  ttfbnn* 
the  iodidea  of  ammoniam,  mathyl-ammonimn.  di-,  tri-,  and  totra-methTl-amnMiiiioin, 
■■    "    ■      .'-•■■        ■   '■■  u  being  produced  in  greateat  qnantity.   With 


theflratand  lastof  these  iodides  being  produced  in  greateet  quantity.   '  ^ 

it  yields  mafgnesic  mnthide  (p.  756),  the  action  beginning  enn  at  oidinaiy  tern- 

ptratursa;  with  a/unwiiium,  aluminic  methide  (p.  S83). 

MJlmifc,  OXXDB  or.  Sitthylie  tther.  C'H'O  -  (00")^).  (Dnmaa  and 
Peligot,  Ann.  Ch.  Phyg.  [2]  Iviii,  19.)— -Prodnced  by  beating  a  miimre  of  1  pt. 
wood-spirit  ttfd  2  pta.  strong  solphnric  add,  and  washing  the  gaseons  prodoct  with 
potash-lye.  At  onliaary  lemperatuivs,  it  is  a  gas  having  a  plrasant  etherMi  odoor. 
Teiy  solnUe  in  alcohol,  ether,  and  snlphimc  acid,  less  solnble  in  water  (which  diBaolvn 
37(inieaitaT<dBlneof  the  gaa  at  18°).  By  cooling  to  —36°,  by  means  of  a  mixtnre  of 
■now  and  chloride  of  caldnm,  it  iseoDdenaedto  a  liquid  boiling  at  —  20°.   (BertheloL) 

Methylie  ether  nnitea  dinetly  with  anlphnrio  anhydride  fimning  neotral  nvdhylio 
■olpfaata,  (CH')S).SO'  or  (CH')'aO'. 

MSTM I  la,  nin^UMO  or.    Bee  Lxai>-aaDicLia,  Ocounc  (p.  SSt). 

KSrn^lB&avma  or.  BOmmttlail.  C^'8e.(CH>}^  (Wohleiand 
Dean,  Ann,  Cb.  Pharm.  zcrii.  S.) — Obtained  by  distilling  a  solntion  of  methyl-snl- 
phatfl  of  barium  with  selenide  of  potaamnm.  It  is  a  reddiah-yeUav  Tery  mobile  lianid 
iMATier  than  water,  ioaalnbletiiereiQ;  ofintenaelydiaagrwabta  odour;  very  inflammabk, 
and  burning  with  a  bloiih  flume.  Strong  nitric  acid  diasolves  it,  with  rise  of  tempera- 
ture; the  aolutioD  ii  not  precipitated  by  hydrocUoric  add,  bat  salphnrous  add  thrawi 
down  Bslsoide  of  methyl  Inm  It.  On  attempting  to  concentrate  the  liquid  by  eraponttan, 
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a  aav  and  verj  violent  reaction  is  aet  ap,  niliic  oxide  baing  evolved,  and  the  t«iiip«nture 
MDiMiEica  riang  so  high  as  to  set  fire  to  the  miitare, 

IbeprodnctofthiB  reaction  id  methyl-BBlenion*  acid,  CH*8eO*,  vhidi,  bj  can- 
tiODa  flvapoiation  and  cooling,  ma;  be  ODtained  aa  a  dTatalliDe  mass.  It  fiuma  aalt« 
with  biaea,Bnd  ie  converted  bj  hTdroehlorie  add  intomethvl-ielenions  chloride, 

CH^eO-CLHH),  which  «y -      ■  '*  

bromi^  and  hydriodie  acid  u 


.   ..  >  07.     Hethjl  forma  three  anlphide^  repregentpd  by 

the  tormolte  {CH*)i8,  (CH')>3i  and  (Ca'yS?,  and  a  enlphTdcata  or  mercaptan,  CU<S, 
liomologooa  with  elhyl-meresptan. 

IxxL  391.) — This  componnd  is  eaailj  obtained  by  paanng  gaseoaa  chloride  of  meujl 
into  a  aolntion  of  probwulpbtde  of  potassiuiD  in  vood-apirit  oontained  in  a  tnbnlated 
retort.  The  gas  ia  absorbed  in  large  qnantitv,  and  if  the  retort  be  theo  beated  and 
the  recover  lept  cool,  Ettlphide  of  methjl  distils  over.  It  IB  a  eolouriees,  TMy 
mobile  liquid,  having  an  eitremelj  disagreeable  odonr.  Spedflc  gravitj,  O'MS  at  21". 
BoiliBg  point  41°.  Vaponr^denBitr  S-11S.  It  ie  rtsdilv  attacked  bv  Marine.  On 
letting  a  fev  drops  of  it  fiill  into  a  bottle  filled  with  dry  chlorine,  a  red  flame  ia  pro- 
duced, and  a  large  qusncj^  of  hydrochloric  add  ia  obtained,  together  with  a  deposit 
of  charcoal ;  but  if  the  temperatme  he  kq)t  low,  the  following  rabalitaliciD-prodaets 
are  obtained : 

■.  MoiudUorinattd  duMu  tulpiide,  (CHKn)U  This  is  tile  prodnct  of  the  action  of 
dilorioe  on  eolphide  of  meUivl,  at  a  low  tempenitnre  and  nnder  the  inflaenee  of  difiiuod 
daylight.  It  is  a  yellow  oil,  heavier  tban  water,  and  having  a  very  ofFbnnve  odour. 
Wben  heated  in  a  retort,  part  of  it  distils  over,  but  a  considerable  portion  suflere  altera- 
tnon  and  leaves  a  carbonaceous  residue.    (Riche,  Ann.  Ch.  Fhya.  [3]  iliil  283.) 

P.  DkMorinated  mfthylie  tulpMd^,  (CHC1')*9.  Prodnoed  by  expoeisg  the  preceding 
compound  to  the  action  of  chlorine,  taking  care  to  cool  the  vessel  at  the  beginning  to 
prevent  the  action  fhnn  becoming  too  violent.  It  is  a  heavy  yellow  liquid,  partly  de- 
composed bj  distillation.    (Riche.) 

y.  Ptrehlorinated  tmlhglic  lulpiidt,  (CCl'^S,  is  the  product  of  the  action  of  chlorine 
on  the  dichlorinated  componcd  under  the  influence  of  direct  sunshine.  It  is  a  limpid, 
amber-coloured  liquid,  having  a  strong  penetrating  odonr.  It  boils  regnlarly  and 
without  alteration  between  166°  and  160°.  Its  observed  vapour-densi^  is  £88;  the 
formnla  CKJi.'S  pvfa  B'41  for  a  condensation  to  2  Tolumes,  and  4'T  for  a  oondensation 
to  4  Tolumea,  indicating  dissodation  (L  469)  ;  bat  the  specimen  operaled  upon  was 
probably  impme.  The  compound  is  <^te  insoluble  in  water,  but  disaolves  eaaily  in 
alcohol  and  ether.    It  does  not  i^pear  to  be  altered  bj  aqueous  potash. 

The  oiide  liquid  resulting  ftom  the  action  of  ehlorise  on  i^chlorinsted  methylia 
sulphide^  has  a  red  colour  and  contains  chloride  of  solphnc  and  tetrachloride  of  carbon, 
which  pasB  over  with  the  first  portions  of  the  disttllat«,  and  are  more  abundant  in  pro- 
portion as  the  dichlorinaled  snlphide  was  lees  compirtely  dried  (Eiche.) 

Protoanlphide  of  methyl  unites,  like  sulphide  of  ethW  (ii.  G4G)  with  mtrctine  cUoridi 
and  plalmk  eUoridf,  fcrming  the  oompounds  ell's".  Hhg"Cl'  and  t?H'SJ>tCI',  both  of 
which  are  dystalline. 

IMaoIpliia*  off  BBatbjil.  CH^SorCH^.  (Cahonrs,  Abo.  Ch.  Phys.  [3]  zviii. 
1A7.}— Prepared,  1.  B;  pasdog  gsseoos  chloride  of  methyl  through  an  alcoholic  solution 
of  diBolphide  of  potasBium. — 2.  By  distilling  a  mixture  of  eulphomethylal^  of  caldnm 
and  disnlphide  of  potassium : 

2(CH')Ca80'  +  K'S'  -   (CH')'8'  +  Ca^O*  +  K^BO*. 

TbeyelloiriBh  distillate  is  rectified;  and  the  portion  which  distils  over  between  110° 
and  112°  is  dried  by  chloride  of  calcium,  and  again  partially  distilled. 

It  is  a  transparent  eolonrleea  liquid,  having  neat  refracting  power,  and  s  dendtr  cf 
1-0*6  at  18°.  Boile  between  118°  and  IIS^.^  Yapour-densitj  at  196°  -  3-3M.  Haa 
a  very  pereiBtent  and  intolerable  odour  of  onions. 

It  ia  but  very  sparingly  soluble  in  water,  bnt  naverthetess  imparts  its  odour  to  that 
liquid.    Hiies  in  all  proportions  with  aieoM  and  tther.    (Cahoors.) 

This  eompound  may  be  set  on  fire  by  a  red-hot  body,  and  bums  with  a  bine  flame, 
emitting  a  strong  odour  of  sulphurous  add.  CUorine  acts  violently  upon  it,  producing 
at  first  a  substance  which  ciyetaUiseB  in  amber-colonred  rhombic  tables,  and  is  converted, 
by  the  fhrther  action  of  the  chlorine,  into  a  yellow,  and  ultimateij  into  a  red  liquid, 
eouaiating  of  a  mixture  of  CH^'3  and  SCI'.    Bronant  likewise  forms  «ubstitnti(H>> 


products.      Moderately  strong  nitric  and  acte  strongly  on  the  compound,  prodocing 
aulphurio  add,  and  a  peeoliar  acid  which  forms  wiUi  potash  long  slr~'      ~      " 
niai  baijla,  abining  ttdoorieBs  tablet;  aod  with  lime  and  mdoe  0 
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(OH*)^.— If  tils  duillj»hid«  of  potunmn  in  th* 
unnuiBK  unuuBuuu  la  iD|iuEnd  bj  p«iitBcnlpbiile,  >  conndersblr  qouiti^  of  msdijlia 
Oinbhide  t>  EkewisB  obtainad,  bnt  atths  and  of  the  diitilUUon,  otftbont  200°,  t-jM- 
knriu  product  ii  obtained  hiTiiig  the  oomjioBitioB  of  the  tzindphide.  It  behuM  Uka 
the dinlfihide  willi  dili^De  uxl  will)  nitou  add.    (Cahonra.) 

MBimiA  aminmmATB  O*.  CH'S  -  *^'[s.  (Qreeoij,  Aim.  Ch. 
Ffaam.  xt.  it9.) — Punned  b;r  diatilling  in  tLe  watw-bath,  with  effldent  condeoaation, 
a  mixture  of  I  pL  of  a  aoIatioD  of  ealphometbjUte  of  Mleinm,  and  1  pt  of  a  ■olatioa 
of  mlphjdnte  of  caldnm  (both  aolotiaiu  haying  a  deoait;  of  1'2S),  aod  «£it«riTig  the 
Ji.rfjir.tj  ^th  eanatic  potuh,  to  free  it  from  inlphTdiie  acid : 

a(CH")C»SO'  +  2KHS  -  2<CH'a.8)  +  KWO'  +  C3a'80<. 
It  ii  a  tiqnid  lightai  than  water,  boiling  at  31°,  and  having  tha  odont  ol  meMlptaii, 
bat  BTen  mora  otRinaire.    It  is  elightlT  eolnble  in  wattr;  foftn»  witli  aarlaU  «f  bad  a 
jellow,  and  with  mrrairia  oxidt  a  white  oomponnd  (yH'HgS),  which  ajUtSaatt  tiaa 
a  botakoboho  eolation  in  ahining  laminn  not  ftuiUe  at  lOO" 

HBVBTb,  TSK&UMtna  or.  ZWwv-fiMtJy:.  C^Te  -  (CB^Ie.  (Wohlar 
and  Dean,  Ann.  Ch.  Pbarm.  zeiiL  233.— Heeren,  UOtr  TtUvratM/l-  and  TtUumO^ 
tcriimdHngeit,  QSttingen,  1861.) — Hue  compound  ii  obtainrd  bj  diitilling  tellaride  of 
PTtaiiium  with  nlphomelhylate  of  barinm,  the  diatiUatioa  being  continued  as  kn^  a~ 
diopaof  oT"  •-■--' —  — -■-  *'    ■  ■■- 1--.  .1  -1 ..i. — 


diopa  of  oify  lianid  paw  one  with  the  w 

for  the  pimaiation  of  tellnreth*!  (ii.  SAO). 

Pnptma. — TeUoiraiedijrl  i«  a  pale  ysl 


w^er,  and  the  proeeae  condneted  altogedm  ai 


a  pale  jrsllow  mobile  liqnid,  which  anki  in  water,  and 
It  boila  at  82°,  fbrmias  a  jellow  Tsponr  like  tellurium  itadC 
It  haa  an  eztnmelr  diaagireeabla  alliaoeoQa  a£nir,  whiah  ia  aa  intmse  and  peniatant, 
that  eren  the  hreetii  ia  a&euA  by  it  after  aome  time.  It  ftunea  in  the  air  &inn  oiir 
dation.  'When  aet  on  fin.  it  bnitia  with  a  bright  bluiah-white  flame,  difFuaing  white 
famea  of  telluraui  add.  Strong  nitric  add  oxjoiaea  it,  with  oTolntion  of  nitrio  oxide. 
Tellummethjl  behaT«a  to  oxjgen,  chlorine  and  other  chloroaa  tadieleai  like  a  mrtal, 
fonning  a  baiyloua  oxide  and  a  aeriee  of  aalta,  which  bi«  produced  bj  satnrating  the 
Bolnlion  of  the  oxide  witli  adda,  or  by  predpitatjon. 

^e(f(l(«o/r«;iuromefA5rI,  (Hen's)' j'^^,fi>rmalazge,well-deTCloped, limpid 
enbe^  which  have  an  nnpleaaant  odoor,  cramble  to  a  white  amorphooB  powder  when 
ezDoaed  tA  the  air,  are  inaolobie  in  oold  alcohol,  bat  diaaolte  eaiilj  in  water.  The 
Bomtioa  ia  neutral,  fpTca  with  eulphorona  add  a  jellow  piedpitate  of  telloioniethjl ; 
with  h^droohlorie  acid,  a  white  predpitate  of  tile  djoride ;  with  iodide  of  potaaduin,  DO 
predpitateL    (Haeren.) 

The  bronide,  (CH'}TeCl'  or  He^eCl',  ia  obtained  as  a  thick  white  predpitatt^ 
11  I      1.1:^.,  i»«..-j.. ..-  ..i.i.»:.i..  .,*  I— J   ™.  *aa;^^  v..j-.v..«...'.  ^^j  ^  ^  solution  of 

which  melt  at  89°. 

The  earhonatt,  i^^t)"  1  Iho")"''  ^  ^^*^<^^  *"  "^Trtalliae.   (Hperan.) 

Hie  ch  loride,  MeTeCl*,  ia  obtained,  on  adding  hydrochloric  add  to  a  eolutian  of 
the  nilxate,  aa  a  thick  white  predpitate  resembling  chloride  of  lead  (Wohlsr  and 
Dean);  aa  aeoloorieea  lieaTj  oil,  wbich  aolidifim  cijutalline  on  oooling;  aimilailj  bj 
adding  hydrochloric  add  to  a  eolutioii  of  the  aijchloride.     (Heeren.) 

It  laduKdvea  irtien  heBt«d,  and  ctyatalliaee  on  cooling  in  long  thin  prisms,  like  cor- 
nave  nUimate.  It  appeara  to  be  iaomorphona  with  the  bromide  (Wohler  and 
Dean).  It  melta  at  97'fi°,  bnt  appears  not  to  be  volatile  without  decompoaitioo. 
Sulidifiea  fhim  ftidon  in  a.  mass  having  a  highly  cmtalline  stTuetnre.  Docs  not  distU 
ova  with  water,  hut  its  heated  aqoeooa  somtion  baa  a  faint  alliaoeons  odonr.  Doea 
not  form  any  pndpitste  with  plstinic  chloride.    DiaaoIveB  n>adilj  in  alcohoL 

Tha/oroia(«i  (MeT:e)"|^^Q',  cryatallisea  in  ddiqaewent  oolonrlaH  needlei^ 
forming  a  neubal  solution  in  water,  from  which  hydrochloric  add  piedpitatea  dllorida 
ef  tellnrometlijl  in  the  form  of  a  eolourleas  oiL     (Heeren.) 

[Cbn.  Sm.  cm.  J.  L  U)  gat  to  thli  uM  lb*  Dins  of  BHuMtmUMic  acU,  tmntmOia 
Ih  aiMlif  l-MlplHireiu  add,  tbe  torBuia  or  wban  Mlu  Is  C>a>  J(S>0*,«  CB>lfSOi. 


•HnnnlttClii 
>U  nUs  br  Uh  tor 
ihalMblltuitsl 
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METHTL:  TEXXTTBIDE.  993 

Iodide,  MeTcS'. — TFIicd  colonilasB  ttrdriodio  add,  or  iodide  of  potaannm,  ia  dropt 

into  a  aolutioii  of  nibata  of  tcUuiomflthyl,  a  pndpilaM  ia  fiinned  of  a  bright  U 
jellov  coloBi,  bnt  '•*""g'"g  in  a  fev  aecoiida  to  Tenoillion-iod.  If  the  solation 
mixsd  vono,  ths  predpitate  exhibits  at  once  a  red  colour  and  erjatalline  ^~ 


When  diy,  it  fonns  a  Tramilliaii  colonced  pOTrdpr.  The  compound  diuolTW  sparingtj 
in  cold,  much  more  treelj  in  hot  vster,  and  abondontly  in  hot  alcohol,  forming  a  Kd- 
dish-yellov  nlnCion,  Irom  botli  Bolnliona,  it  dTatBllisea  in  small  shining,  TeimilUon- 
Colonnd  prisnu,  which  ore  largeit  vben  tbej  sepants  finm  tho  alcoholic  aolotion. 
Thej  yield  an  omnge-jellow  powder.  Under  tha  nueroBcope  they  appear  oiango- 
yellov  by  tiBUranitted  light,  bat  certain  bcaa  exhibit  &  fine  bloe  mr&ce'eoloiir.  The  wit 
IfipeATB  to  be  dimorphoDfl,  like  iodide  of  mereoir  ;  for  on  Tnijing  the  nroled  alcoholio 
-''-"^-in  with  about  on  equal  colnmp  of  water,  tbe  iodide  ia  precipitated,  of  a  lemon- 
'  '  '  inatfs  a  mOTemeat  of  the  particles  ia  obnerved  tbronghont 
i  soon  aaaaniea  the  character  of  Termilbon-eolonred  crya- 
**llTn*  l*Tnin»*  Tho  yellow  TarictT  cannot,  however,  be  obtained  in  a  permanent 
fimn;  fbr  the  alcoholic  ooZnlion  yielda  red  cryfltala  by  evaporation,  and  the  compound 
cannot  be  melted  without  deoomptsition.  Eren  at  130°,  it  is  convsited  into  black 
iodide  of  talloTinm.  (Wabler  and  Dean.) 

mtratt.  Merre(NO^  (Wohlor  and  Dean)  ;  MeTa  j^^.  (Haeren.)— Tel- 
loromethyl  heated  with  moderatcdj  strong  nitric  add,  dissolTca  partially  at  first,  with 
icddiah-yellow  colour ;  but  after  a  while,  a  Tiolent  reactioQ  snsnee,  attended  with  ero- 
Intion  of  nitric  oxide,  and  a  colonrless  solution  of  the  nitrate  is  obtained,  which  by 
caiefut  eraporation,  yields  the  salt  in  large  oolonrlesa  prisms.  Sometimea,  howerer, 
probably  when  the  add  is  too  stron«  or  m  too  great  excess,  ths  salt  ia  obtained  on 
fTtpoiBtion,  not  in  crystals,  but  in  Ldb  form  of  a  tzansparent  amoiphons  mass  contain- 
ing teUmona  add,  mixed  or  combined,  and  arising  probab^  6om  deeompoaitton  of  a 
portion  of  the  teUniomethyL  The  nitrate  decompona  with  exploakm  when  heated.  It 
oinohea  readily  in  water  and  sicohoL  The  aqoeoDs  aolntion,  mixed  with  Ire&iiodii^ 
bydrofaoniie  or  hydrodilorie  add,  yields  a  preapitata  ^  iodide,  hmnide  «r  ^coida  of 
tellnromethyL    ^ohler  and  Dean.) 

Tbeofalafs,  (Ma*Te)*K.^^A,  ctyBtaUiaeain  monometiie  fomu  ;  it  is  nentral and 
len  Kilutile  in  watar  than  in  alcohol ;  the  aqneooi  solntiona  give  with  hydrochloric 
add  a  piedpitate  of  the  chloride.     (Heereiu) 

Oxide  of  Ttlluromttivl,  MoTeO,  ia  obtained  by  decomposing  the  chloride  or 
iodide  with  oxide  of  nlrer.  Either  of  these  componnda  is  moiilened  with  water,  and 
oxide  of  silrer,  recently  predpitated  by  batyta-water  and  well  washed,  is  added  in  ex- 
ceoB,  whereapon  decompoeition  begiDs  immediately,  and  the  mass  beoomes  spoota- 
Deoualj  heat«d.     The  dtrata  contains  the  oxide  in  solution. 

Olida  of  tellnromethyl  is  indistinctly  arstalline  when  diy  ;  has  an  abominable  l«<t^ 
but  is  inodorous  ;  deliquesces  in  the  air  like  potash,  and  abaorbs  carbonic  add.  Its 
aqueous  solutjau  is  strongly  alkaline  to  test-paper ;  eliminates  ammonia  from  sal-am- 
moniac, eren  at  ordinary  temperatorcs,  and  forma  a  blue  predpitate  with  sulphate  of 
copper.  Sulphurous  add  added  U>  the  solution  immediately  tJiiows  down  tellnrome- 
thjt  in  the  form  of  a  stinking  oily  liquid ;  bydrodiloric  add  prcdpitalee  the  whits 
chloride ;  bydriodie  add  the  red  iodide.  On  saturating  the  aqueous  oxide  with 
tolphydrie  add,  a  slight  milky  turbidity  is  produced ;  and  on  distilling  the  liquid, 
white  nlphor  scpaiUca  onl,  and  a  yellow  oil  paasea  orer,  which  qipean  to  be  merely 


lednaed  tellnioin«thj'l(WohIer  and  Deaat.— Eeeren  did  not  succeed  in  preparing 
the  oxids  in  the  aobd  diate  ;  the  strongly  alkaline  solution  obtained  by  deeonponng 
the  o^cbloride  with  recently  pt«c^itatednlrer-<iiide,  quickly  bMams  turbid,  and  when 
•raporated  in  ft  Taennm,  left  nothing  but  tellnrium. 


On  BTapoTHtiiiff  and  digecting  the  reeidae  of  sel-anunoniaa  and  onchloride  in  alcohol, 
the  latter  diasolTea  and  separate*  bom  the  solution  in  abort  colourless  j^isms.    Hydro- 


chloric add  added  to  the  solution  predpitates  the  chloride.  (Wohli 
The  oxgbrontidi,  (Me*Te)'Bi*0,  is  obtained  in  a  similBt  m&ner. 
Piotplati. — On  dropping  phosphoric  add  into  a  stdntion  of  tha  oxide,  a  lemon- 

.  i£   ^  »  c    .  *  brown  sub* 

Btance  (TeP*  T).    It  dissolTes  in  axceaa  of  phosphoric  add,  fbrming  a  jsolonrleM  Hqoid, 
which  yields  oolonrleas  dystala  by  evaporation.     From  the  aqoeons  solntioa  of  Uiesa 
oystala,  ammonia  throws  down  tha  yallnw  inaotuhU  phosphate,  and  hydrochlonc  add 
thewbile  chloride.    (Heeren.) 
Toi.  m.  3  S 


yellow  predpitat«  of  tellnmDethylic  phoqthate  !■  produced,  insoluble  in  v 
alcohol ;  it  turns  ney  when  expoaed  to  light,  and  melta  when  heated  to  a 
Btance  (TeP*  T).    It  dissolTes  in  axceaa  of  phosphoric  add,  fbrming  a  jsolon; 
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METSTLACETAI^METHTLAMINE. 

.  (Hver«nX  !•  obtuti«d  b;  i 
«dtli  laUiiiiie  loid,  or  bj  daooiiipasiiiK  tha  •olstjon  ci  tfas  oif  cbloridv  witli  nilphkts  of 
iilt^lt  njwtilliwi  in  lugBi  ttrj  ngalir  tmwpwvnt  enbci^  «wil;  aolnUe  in  wmter. 


atlpioailaridt,  (Ht^t^lCPat  Sol^Jnaie  add  pu«sd  thiongli  MolndonoF  thr 
obloriiu^  forma  k  -wbitt  Aooealent  pTsd{aUte  vbieh  aitamidi  tomi  TcUoviBfa,  the 
liquid  *t  tlie  MIM  tima  ■oqniriDg  so  ntramelj  lepnliiTB  odour.  If  it  be  theo  diatilled, 
tiun  p)HW>  orer  with  the  water  a  h«*7  oil;  liquid,  banng  a  reddiab-jrUov  ndonr 
And  (sireoulj  (Anuive  odour,  and  jieMing  iqlphiuic  aoid  wiua  oxidiaed  vrth  uitro- 
nnnatie  add.    (Wfihleraiid  Daan.) 

AMnxling  to  Heereu,  inlpliydiui  add  lbna%  In  aolnlioai  of  tellnrometbTlic  aalts,  an 
oranga-yvUov  piadpitate,  whub,  vlian  heated  or  atrongl;  ignited,  cakca  together,  aiad 
MBit  to  the  bottom  in  the  form  of  blacfc  hear;  oQ;  dropa,  from  shich  ether  eztraeta 
telkmMnalli;!,  lM*ing  a  black  powder  oonnating  of  dianlphide  of  taUnrinm. 

BseMwTHTi^Ti  Of  Bivnaaa. 
8e«A(mo>B(L  SI). 

CHH)*. — A  prodnct  of  the  oridation  of  methyBe  alcohoL    When 

of  wood-apirit,  ralphsric  acid,  asd  peroxide  of  manganeae  ie  diMilled,  then 

paaaoa  ortr,  amongat  other  [vadiiata,  an  ethereal  liquid,  miedble  vitJh  water,  to  irtiieh 
I>amaa(iJiiL  CIl  PharnLxirii  1H6)  gave  the  name  formometbjial,  ragardiu  it 
a>  a  deflmtaeraqmnad.  Ilalagttti,howeTer(Aiiii.Ch.Ph]v.  [2]  lis.  390),  slewed  that 
itiaaiaiatiuaofmediylicbRnateawlmethjUl,  of  TariahlecomptwilioD  and  boiling  poiiit, 
and  a  raaolTed  bj  boiling  with  potaah  into  formic  add,  methjlic  alcohol,  and  mell^laL 
Methylal  ia  a  limpid  liqaid  emwlling  like  acetic  add,  of  qmdflo  gravit;  0-8fidl, 
boiiingM  t2°  nBdm  a  priaaaraof  0781  net.;  it«TapoiirHlaiiii^ia3'62f.  Itdjaaolna 
ia  STolnntaof  wala,  and  iaaepamtad  themfmrn  t^  potaah ;  adoble  also  iaalcobtd  and 
ether.  When  B*otl7  heated  with  alightl;  dilated  nitric  aeid,  it  deeompose^  dindiisti]^ 

nitric  oxidc^  without  carbonic  anhTOride  ot  carbonic oijde,  and  yielding  81^'-*= 

taining  a  oonaideiBble  qoantitT  of  formic  add.    It  ia  likewise  ozidis^  tc 


aUoritu 


itltTO 


ind  einmaie  of  potattiim,  and  bj  aicehotie  polatK — 


. _    ._  ....__   Organic    baaa 

homokwoiu  with  the  ethyUmiaes,  farmed  on  thn  types  NH*  and  NH'  napectiTely,  by 
the  partialortotalaiibstitiitioii  of  methyl  for  bjdrogea;  TiE.methylamiDe,  N-Hi-C^; 
dimethTlamine,  N.H.(CH^';  trimpthylamine,  NtCH")^  and  tetramethyl- 
ammoDinm,  M(liU')".  The  methyliuniiws,  like  the  ethylamines,  are  known  in  Iba 
fi«e  state ;  bnt  tetrethyUmmoninm  ia  known  only  in  its  salts,  whidi  are  analogoiu  in 
constitution  to  the  ammoniom  aalts.  There  an  also  amines  and  ammoDinma  in  which 
the  hydngpn  ia  replaced,  partly  by  methyl,  partly  by  other  aleobol-nuiidea,  as  ethyl, 
amjL  phenyl,  fte.,  t.g.  methyl-ethyl-amylamine,  H,CH».(?H'.<?H"  :  methyl- 
trfetSrl-immoniun^  N.CH'.(CrB')'. 

mRVrbAJOar^  CH*K  -  H  tH.  Jlf«%:aMflK>iwi,jrriV'^— Tbisbasa 
CH'J 
waa  diseorered  and  ti^  examined  by  Wnrta  in  lSi9  (CompL  rsid.  zxviiL 
223  and  323  ;  Ann.  Ch.  Fhya.  [3]  zix.  143).  It  ia  prodaced  by  reactions  analcgooa  to 
those  which  give  rise  to  the  fbrmstion  of  et^lamine  (iL  £63) ;  via.  1.  By  the  action 
of  potash  on<7aiiate  or  cysnniatD  of  methyl  (WurtiV — 2.  By  the  action  of  potash  on 
methyl-carbamide  (methyl-niea)  (Wnrta).— 3.  In  the  form  of  a  salt,  by  the  artion  of 
anmumia  on  lanona  methylic  ethov ;  thus  iodide  of  melbyl  beated  in  a  HKled  tube 
vith  immmi^  yields  bjdnodate  of  methyliunine  or  iodide  of  methylammeiuiini,  to* 
gvther  wiUi  iodide  of  ammoniom  and  tile  iodidee  of  di-,  tri-,  and  tetia-mptfayl- 
ammoaiuB  (Hofmann^— (.  By  heating  eUoride  or  iodide  of  ammoniom  with  wood- 
qarit  In  aealed  tubca  (Berthelot). — 6.  By  the  action  of  caostic  alkalia  ihi  motpbine 
aDd<«deiiia(Wertheim,  Ana.  Ch.  Pharm.  IxxiiL  310),  and  by  haatii^  gljraadna 
wiUiaahjdioiisbai7ta(CahoQr^ii.  903): 

CHWO"  +  Ba-O  >.  BaKX)*  +  CBTS. 
4.  In  eoDibiliation  with  hydrochloric  add,  by  the  action  of  ddorine  on  theobromine 
(BochledersndElaeiweti,  JtaireBb.lBfiO,p.l37)oroncafi'dne(Bochleder,iMd: 
134).— 7.  By  the  adion  of  nnacent  hydn^n  on  hydroeyanie  add:  CHK  *  K'  ~ 
CH>N(Meudin^  Ann.  Ch.Fharm.cxxi  120).— 9.   Melhylamine  occgn  in  bone-oil 


^dbyGooglc 


METHTLAMINE. 

, 1881. 

diatiUatioti  of  crude  > 
p.«T.) 

Prtparation.  1.  By  U»  aetiim  0/ pottui  IM  Oganwate  oj 
it  heated  with  potaeh-ls;  in  a  flask  numomitcd  with  ■  'wonn-tube,  to  coadeiwe  t 
■qaeane  raponTB  and  aapaiato  tha  taetbylsmint,  irttieh  tben  peases  on  into  a  rMeiver 
coataiumg  a  amall  qasntitj  of  pore  water,  vbich  dinolTes  it.  The  deeampcmitiDD  of 
the  meth^I-CTanorio  dJier  bj  potub-ley,  which  is  veiy  alow,  ma;  be  aeodwatdd  hj 
flnrt  meltirLg  the  ethei  with  solid  potasli  mixed  with  a  nnall  quntt^  of  water.  The 
aqueooi  solntion  of  tnpthyUmitio  in  the  noeiTer  ia  aatmatra  with  hfdrochlorie  acid 
and  erapomted  to  drTneaa.    (Wurti.) 

2.  By  Ute  asiiim  of  yatetta  Hj/drogfn  an  Efydreeftn^  aeid.  Men  dina  mixes  the 
hydrocyanic  acid  wttb  hvdmdilorie  acid  and  aloolnl,  adda  granulated  Eicc,  and  when 
the  action  ia  ended,  diatila  off  about  half  the  liquid,  and  asam  ntkjeeta  the  distillate. 


whidi  contains  a  considerable  quanKty  of  unaltered  pnusic  add,  to  the  aetioQ  of  the 
■"  -■..■..  rmber  of  tj  '  "' 

he  condensed  in  water  and  combined  with  njdiocbloric  acid  as  before.    Debne  (Chan. 


nnc  Bt  repeating  thia  treatment  a  csrtam  number  of  tunes,  a  soluti 
matelj  obtained  containing  hTdrocMorate  of  methjlamine  mixed  with  chlor 
and  uiis  eolation  distilled  with  lime  or  potash.  Tielda  fr«e  methjlamine, 
he  condensed  in  water  and  combined  with  njdiocbloric  acid  as  before.  Del; 
Boe.  J.  ZTL  249)  efll^cts  the  combination  ca  the  bjdrogen  with  the  prawde  add  bj 


[Tnis.  sulphnrio  acid,  and  B  1 
annfy  Ihiondi  an  emp^ 
containing  jSatanum-blau 


and  then  conductod  auccessiTefy  Ihiondi  an  emp^  vessel,  a  tube  eoutaiiiiii(e  fiieed 
chloride  of  calranm,  a  tube  containing  jSatanum-blau  and  immereed  in  a  paraffln  bath 
heated  to  110°,  and,  Bnallf.thioue^  a  Lietnefs  bulb-apnaratos  filled  with  dilute  hydro- 
chloric acid.  Aa  socHiaathemiztnnof  pnisnc  add  and  hydrogen  comes  in  contact  with 
the  platinnn-hlai^  dsnse  white  donda  of  hydiochloiate  of  methylamiae  become  per- 
oeptiblei  filling  the  ^fiaiBtas  from  the  pl«tinnm  to  the  add.  The  prussic  add  mixture 
is  giadaallj  heated  to  Uie  boiling  pointy  and  kept  at  that  temperature,  with  a  cmrent  of 
hjdiogsn  euituinallj  paTing  thrangh  it,  till  the  proeeas  is  oompteted.  The  add  liquid 
in  the  bulbs,  when  evaporated  on  the  water-bath,  leaves  a  white  teeidne  almost  wboUv 
■oIubLe  in  alcohol,  and  the  alcoholic  solatlon  lettvee  on  evaporation  a  oolonrless  cnstaf- 
line  mass  of  hjdrochlorate  of  methjlamine.  Part  of  the  methylamiiie  produced  in  dus 
reaction  united  with  the  hjdiocTanic  add,  forming  cyanide  of  methylsnunoaium,  and 
thia  acta  on  the  platinum  in  sncli  a  Tnanner  aa  to  form  a  doable  cyanide  of  platinnm 
and  metbTlammoniom  (p.  997),  which  sarronnds  the  particlMof  theplatinam-lijack.and 
after  a  while  prcreDta  fbrthor  action-  If  its  formation  conld  be  prevented,  thia  method 
would  donbtlew  afford  the  nadiest  mmna  of  preparing  n]ethyLimin& 

To  prepszfl  pure  raethylaaiini^  the  hydn>chlomte,i>eifecdj  dried,  U  mixed  with  twice 
its  wei^it  of  qniiUiine,  aod  the  mixtore  introdnoea  into  a  long  tabe  closed  at  one  end, 
in  (nw  qoanti^  ss  to  half  fill  it,  tha  other  half  being  filled  with  fiagments  of 
potaMnmi-hydrata,  From  this  tube  a  ga»-delivary  tube  possca  to  the  mercurial 
trough.  0»  ^iplyhig  a  gentle  heat  to  the  tube,  beginning  at  the  closed  end,  the  gas 
-'-  '-■ i,  Mdmay  *- — "--'-" ■' 


l^ke  ammonia  it  turns  reddened  litmos-pwer  blue;  Aimes  atrohgly  with  hjdjochlorio 
acid ;  combines  with  its  own  volume  of  that  gas,  and  half  its  volume  ol  carbonic 
anhydride;  ii  rapidlv  abaarbed  by  water,  and  bIbd  by  charcoal.  It  is  distinguished 
from  ammonia  trv  tudog  flra  when  brought  in  contact  «ith  a  lighted  tD{>er  1  it  then 
boms  with  a  livid  yellowish  flame,  podudng  water,  carbonic  anhydride,  and  nitrogen, 
Duied,  if  the  combusUon  be  incomplete,  with  t^snogen  and  hydrocyanic  add.  Bpedflo 
gravi^  1-lS  at  26°,  sod  108  at  48".  When  cooled  a  few  degrees  below  0",  it 
condeuses  to  a  vrarmobile  liquid,  which  doM  not  solidify  Is  a  mixtore  of  solid  carbonia 
add  and  ether.    (Wurti.) 

HethjdanuDe  is  the  most  sdnbls  in  water  M  all  known  gases.  Watarat  Sf^absorba 
8S9timcs,and  at  12'S°,  1190  limes  its  vohime  of  the  gss.  The  solution  has  the  power- 
ful odour  of  the  gas,  and  is  exbemely  caustic ;  it  gives  off  the  sas  when  boilad.  It  ia 
decomposed  by  iedmt,  irowwm,  and  cUrrtns.  lodme  added  to  it,  not  in  excess,  forms 
hydriodate  of  uuthylomine  which  diasolvea,  and  diniodomethjlamine,  C^U.'l'j'S, 
which  lamaine  nndiaaolved : 

BCHTT  +  I'    -    CCHT»)IT  +  2(0HT(.HI> 
Bromine  and  chlorine  i^)pear  to  act  in  a  similar  manner. 

The  action  of  aqneoos  methjlamine  on  metallic  salts  ia,  for  the  most  part,  similar  to 

that  of  ammonia.    The   salts  of  magtunam,  manganem,  iron,  bitmiti,  eAnnmuni, 

uranjwii,  and  tin  are  predpitated  by  methylamino  in  the  same  manner  aa  by  ammonia. 

Tith  eine-*alu  meUiylamine  ftuma  a  white  predpitate,  soluble  in  a  large  mctm  ci 
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tliB  reagent.  'With  eapptr-taltt,  »  blouh-irliite  preiripitita,  tamlj  K^nble  ia  nxMM, 
and  fonninga d(!«p  bliM  aolulioiL  With  cadTiiitun-t^tt,  ■  vhite  pncipLUte.  innotabls 
in  azeeM.  with  nicitl-  lad  ooball-t^tt,  slm,  it  ferma  pneipitat«a  insolable  in  ezcen. 
TheM  Iwt  three  Mctiom  diffor  from  those  pn>iiiu»d  t^  kmrnonia.  Jeetatt  nf  had  ia 
•DBTMly  doodrd  1^  metb jUmine,  bat  the  KiiTOtt  is  eomplptdf  precipitated.  With 
merairoa*  taitt,  insth7lamLiie,  like  ammoiiia,  formi  a  black  precipitate ;  vjth  tutnurie 
eUoridt,  a  vMte,  BoonileDt  pnd^tHte,  ingolable  in  ezcew.  SUrate  of  Miiver  is  com- 
Bbtalv  pree^itat«d  hj  meth^lamuka;  and  Ihe  oxids,  vhether  precipitaled  by  the  alha- 
UHA  itaaU  or  hj  poUieh.  duwlTO*  nadilj  in  exoen  of  the  fbnner.  The  volation, 
■bandoDed  to  tponlaiMoa*  oruoMtion,  dc^odta  a  black  labetauce.  which  ooDtaiiu  cai^ 
ban,  hjdRigen,  nitnoan,  and  nlrer,  and  ii  probably  the  aoalogae  of  folminadng  eUtot  ; 
bat  (h>M  not  cs^ods  eithor  hr  heat  or  bj  percaaaion.  (Moride  of  tUocr  ia  ■!«> 
dinolTed  hj  aqDaona  methjlamtn^  Widi  irickhruU  of  gold,  methjiamiiie  Ibnn«  a 
taowniih-jellov  precipitate,  whiii  diwolvea  iMdily  is  an  ezoeai  of  the  [H^ecipitant, 
fcimiiu;  an  onngs-ied  wlntioii.  A  aaiicentiat«d  aolDtioD  of  plaHnie  eUoridt  fbrma  vith 
mathyumine  a  aiTataUiite  pracipitatet  conaiating  of  diloroplatinate  of  methylaminsk 
in  the  form  of  orange-yeUow  aciuea.  The  fbrm^ion  (f  this  precipitate  ia  preretiled, 
eren  bj  alight  dilntioB.    (Wnrtc) 

Lteompotitiont. — 1.  VethTlamine  paaaed  throogh  a  red-hot  porcelain  tabe,  filled 
irith  ftagmanta  of  poroeUin,  u  completelj  decompoaed  into  free  hj'dnigen,  manh-gas, 
amnniria,  and  hjdiv^aaia  acid : 

aCR'S     -     NH'.CyH   +  CSH   +   CH*  +   8H*. 
If  the  fnaaona  mixture  u  it  ifmaa  from  the  tube,  be  Maud  throogh  watm,  and  then 
collected  in  jara  orar  nuneniy,  the  water  acqnirea  «□  ■Ocaline  leaclion,  and  ia  foond  to 
contain  t^drocjanate  of  ammonia,  and  the  gu  in  the  jura  conaiats,  in  100  mnanirca,  of 
13'7T  ToL  hjdrocTanie  acid,  71-08  hTdrogen,  uid  11-37  manh-gas. 

S.  Tiro  roL  methylamine  (xptoded  with  4^  toL  Oijgen  prodaee  2  ToL  CO*  snd  1  Td. 
V.  Kov2  ToL  CO*  contain  I  toL  orl  at.  0,  and  therefore  1  at.  C;  and  the  remaining 
H  ToL  O  mnat  haTe  been  eoninmed  in  boming  the  hydrogen,  which  thaiefbre  amonnta 
to  6  ToL  Hence,  aince  the  Tolamee  of  elemeutan  gasea  are  aa  the  nnmben  of  atoms 
contained  in  them,  it  tbllowa  that  1  molecnle  (—  i  *oL)  of  melhylamine  contains 
1 M.  OBibon,  6  at.  hydrogen,  and  1  at.  mtiogen,  that  ia  to  aaj  ita  fonnola  is  CH^N.  To 
obtAm  oomjjate  combnation,  it  ia  neeeaaary  to  mix  the  raa  with  8  times  its  'volnma  of 
dry  ta^gm,  and  to  add  to  the  mixture,  according  to  Begnanlf  a  racommandation,  a 
eotain  qnanti^  of  detonating  gaa,  denTed  fkmi  the  eleetrolTms  of  water,  alaoperfaethr 
dry.     (Wnrta,  Ann.Ch.Phya.max.  *61.) 

8.  PBUanum  heated  in  ^le  ga*  decomposes  it  completely,  yidding  ftae  hTdrogen  and 
ejvdde  of  potssnnm:  CB*N  +  K  —  CSK  +  ^^  SIS  vd.  mathylanune  yielding 
81 -E  ToL  pore  hydrogen,  nnmbeni  which  are  nearly  in  the  ratio  of  2  :  fi.  The  action, 
however,  exMbita  two  atages.  At  flist,  while  the  heat  ia  moderate,  the  nJume  of  gas 
increasea  bnt  litlJe,  and  the  reflidna  probably  contains  C(H*K)N,  a  eomponnd  analogona 
to  amide  of  potaninm ;  and  this,  at  a  higher  temperature,  ia  reaolfed  into  hydnvni  and 
cyanide  of  potasainm,  Ihs  latter  decompoeition  being  accompanied  t^  the  oonaidanhle 
inereaae  in  Tolame  which  ia  oboerred.    (Warta.) 

1.  With  gaaeons  eUoridt  of  cjnmArm,  it  forms  hydrochlorafa  of  mett^Iamine,  and 
^anmetbjJlamide.(CahonzB  and  Cfoes,  Compt  rwL  xzxriiL  Hi) 

f  H 

2CHTI  +  CKCl    -    CffN.Ha  +   NlCH". 

;cif 

HaTHTLAMDiB-aUTB. — HethyUmina  ia  a  atnmg  baa^  nentnfiaing  aeida  eoi^letdj, 
iwmhig  wsU-detned  eryat^line  aalta,  and  preei[atating  metallic  osdea  from  theiT  aoln- 
lions  (p.  806).  Ita  aatt^  like  thoae  of  eth^lamine,  may  be  regarded  sa  componnda  of 
authyuminewith  acids,  or  of  methylammoninia  with  the  radiclee  of  the  same  aoidl^  e.^.: 

CH'N.CL        "" 
VUrata  n(  MMhriamtH.  IIItrataartlMhrlnnBiaDlna. 

■CH'N.HNO'  -  OH'N.NO'. 

Veth^amine.aalta  are  adnUe  in  witar,  and  most  of  them  alw  in  alcohol;  thv  latUc 
pnfnrtyaAbrdaameanaof  aepantingthem  ftam  ammoninm-aall^  when  the  two  eecnr 
together.  They  are  decompoaad  by  beating  with  Bxad  alkalis,  giring  off  gaaeons  me- 
thylamine. 

Bronhydrallta  Sgdrabromati  of  JHelkglamint,  CEtTBr,  is  obtained  by 
Qm  action  of  bromine  on  aqneons  methylantinc  It  ia  veiy  soluble  in  water  and 
in  alcohol,  and  ciyatalliaea  from  the  alcoholic  eolation  in  Urge  atiiTring  pUtt*  haring 
an  nnctuou*  aspect  and  Teiy  deliquescent 
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Carhonalt.  (CH^*CO*.— This  s&lt  is  prspwrd  by  dirtiUia^  the  ftued  hjdm- 
ehlomle  with  eacbonate  of  calcium.  The  product  of  the  diatillatioii  Is  b  vmy  thiok 
liquid,  having  ■  quantitf  of  solid  matter  in  the  middle ;  the  liquid  ia  b  bigblj  codcoD' 
tntsd  Hlution  <n  carbooate  of  methvUmiDe ;  ths  lolid  ia  methTl-airbamic  acid.  On 
f^Htlf  hwtiD^  the  eontenta  of  the  Teceivei,  lbs  methjl-carbamic  acid  parti;  diHoIraii  and 
|iBrtIy  volatiliaea.  The  liquid  portion,  oa  it  oools,  depoaita  eiTttau  of  the  earbouate, 
which  is  highly  deliqucsceat  aud  volatilisei  eren  at  ordjnary  tempantmea.  It  ia  diA- 
colt,  hovaver,  to  obtaia  this  aalt  &ee  from  methTl-carbamia  acid. 

Qaeeoui  mnthjlamiue  nnita  vith  ita  own  vidnme  of  carbonic  anhrdride,  fcnaina 
nethTl-carbBniio  acid    (tha  SD-called   anhydiona  carbonaU  of  mathjlimiiie^ 

CH*K.CO'-CO-l?     (See  CAsa*xio  Acm,  i  TBI.) 

Cklorkgdrati  or  HydroeAloraU  of  Mithylanlni 

unnioiiium.  CHV.CL — Gasaona  methjlamine  unitea  witl 
ohloTtc  add  gaa,  toraaag  a  white  aolid  aalt,  which  adherea  like  aal-anunoniao  to  tha 
aidea  of  the  Teasel — Tha  aalt  ia  prepared  b;  aatoiatiDg  aqaeooa  aiMhylamine  with 
hTdrochloric  acid,  and  STspceiatiDg  to  dlTiieae.  The  reaidue  diaaolTea  easily  in  boiliiig 
akdiol,  and  ciysballisea  on  cooling  in  fine,  laiga  lamiaB^  whieh,  at  the  moment  of  their 
foimatioD,  ^>pear  iridcaceot  hj  reflected  light.  It  is  deliqnslceDt ;  does  not  ftiae  tiU 
heated  above  100°.  Heated  in  an  v^a  nssel  to  a  Torj  high  tempentnre,  it 
Tolatiliae*  io  vtaj  denae  Taponrs,  which  condenae  to  a  white  powder  on  the  mrtaea  Ot 
cold  bodies  (Wnrta).  When  a  Bolntioli  of  this  nil;  either  in  water  Or  in  alnohot,  ia 
treated  with  amalgam  of  potaaginm,  hydrogen  is  eTolsed.  and  the  liquid  beonnea 
alkaline.     Wurtz  did  Dot  mcoeed  in  obtaining  b^  this  reution  ao  amalgam  of  metli]'!- 

--im  correapondinz  to  the  amnmiaoaj  amaigam  (i.  IStl).     Neither  is  auch  a 

d  produced  by  facing  mercury  in  a  caiity  in  a  Ino^i  of  hydrochlorate  of  me- 
thylamine,  and  connecting  it  with  the  Tultaic  baUery. 

CkloTo-aurate.  CBraCLAuCl*.— On  mixing  a  aolntioD  of  hydrochlomte  of  me- 
thylamioe  with  a  solution  of  trichloride  of  gold,  nu  precipitate  ia  formed ;  but  on 
evaporating  till  the  liqaid  becomes  very  concentrated  and  turn  leaving  it  to  cool,  the 
double  aalt  ia  obtained  in  splendid  golden-yellow  ueedlea,  soluble  in  water,  alcohol,  and 
ether. 

ChloromtrcvraU.  CH'HCl.HgCl  or  2CH'NCl,Hhg-a», —Formed  by  ev^orating 
a  mixture  of  I  at.  hydrocblorate  of  methylamine  and  1  at.  coRcarve  sublimate.  Tha 
solution,  when  highly  CDneentisted.  jielda  bulkj  o^Mala  of  the  double  salt. 

CAloroplatinate,  CH'NCl.PtCl'  or  aCHTtCLlWl'.— Beaitlaflil  goldea-jeHow 
Males  which  are  insoluble  in  ulcohol,  but  dissolve  in  boiling  water  and  aystallise  on 
oooling.  When  heated,  they  blacken,  emitting  very  copioae  fames  and  leaving  arnidue 
of  platinum  mixed  with  charcoal,  which  bums  in  the  air. 

For  the  compounds  of  methyliunine  with  platinons  chloride,  see  I^tamnm-BIOBS. 

Sulphate. — Very  soluble  in  water,  insoluble  ia  almhol,  nDci7StalliBabIe.  When 
evaporated  with  emanate  of  potaasium,  it  jiclda  methfl-carbamlde.  N'.H'.CH'.CO'. 

Cyanide  of  Mithytammonium  and  Plalinuni,  CHfNPtCy*.— Formed  in 
the  preparation  of  methylamine  by  pasoing  a  mixture  of  hjdrogen  and  hvdrocyviio 
acid  vapour  over  heated  platinum -black  (p.  696).  Part  of  the  methjlaniino  formed 
unites  with  the  hydrocTUiic  add,  uid  the  cyanide  of  methyhunEnoninm  thus  Jormed 
acta  on  the  placimun  in  the  mnnner  rq>reBented  by  the  equation — 

C^SOy  +   HPy  +  Pt     -     CH'HPtCj*  +   H. 
On  washing  the  pUtlnnm-black  with  water,  concentratiDg  the  aolntian  over  the  watep- 
bath,  and  then  leaving  it  over  oil  of  vitriol,  the  doable  cyanide  separatea  in  lone  Dri*- 
ic  dTstils  having  a  slight  brown  tint.    The;  are  easily  soluble  it 


a  grej  residue  of  platinum  when  stroogly  heated  in  the  air.    (Dsbns.) 

lodkydrate  or  Hgdriodaii,  CH<NL— Prodnced,  togetherwith  diniodomethjl- 
amioe  by  the  action  of  iodine  on  aquaous  methylamine. 

Nitrate,  CH'N.NO'. — Formed  by  saturoting  Bqaeona  melhjlamine  irith  nitrio 
add.  The  solution,  when  evaparaled,  yields  beautiiiil,  right  rhomboidal  priama,  very 
much  elongated,  and  closely  reaembting  the  GT^etals  of  nitrate  of  ammonium.  They 
kre  deliquescent,  and  dissolve  very  rea^y  in  water  and  alcohol.  They  ere  decompoaed 
by  distillation,  yielding  gaseous  produeta,  and  dropaofanoi^  liquid  insoluble  in  water. 
DmoDOHBTBTiAiiim,  C(H1')N.  Thia  base,  formed  by  the  action  of  iodine  on 
aqneonsmethylamiDe,isaganiet-colonredpowder  which  diaacdns  in  alcohol  but  upears  i 
to  be  decomposed  thereW.  It  is  decomposed  by  heat,  but  does  not  eifJode  like  iodide 
of  niti'agMi.    It  if  elso  decomposed  by  potash,  with  fiirmatioBof  iodide(^potH(inm,a 
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FT  pongmt  odi 
{WoTti,  AuL  Ch.  Fl:^.  [3]  ua.  i66.) 

BiMMbjtoBUs*.  CFB'N  -  y.H(CH*)'.  This  bM^  uomorie  with  ethjUmme,  k 
pndniMd,  M  a  hjdriodMa,  togethsr  with  othei  nmilar  aomponndi,  hj  heating  iodida  of 
»sUlfIwithuu>MHiik(HDfmanii,p.994).  It  i>  alw  fbrmsd  b;  heating  tii*  w^«dl«d 
•■Iphita  of  aldehjd»-aBniMicia  (L  108)  in  a  Maled  tube,  or  hj  deeranpoaiiig  it  with  liaM 
(Pataraen,  Aan.  Ch.  Fhaim.  di.  817): 

C'HXNH'),flO'  -  tmiT   +   SO"   +   O. 
QSiBiaaiiD,  who  fliM  noliecd  thi«d«ooinpMitioD(ii(tf.  xd.  122XnifpaaedtliatlIie  »- 
tolting  bale  waa  ethjUmine  j  bat  Fata  ra  en  h«  ihowothatby  paaamg  the  erolved  gaa 
into  iodide  of  etJirl,  and  heating  the  H^oid  io  •  aealed  tube,  iodide  of  t&vethyl-diethjrU 

HH(C1H")'   +  aO^'I  -  m  +   H(CH^(C'H*)'l 
The  qnandty  of  dniietliTtaiiuDe^adiliied  in  thU  naetion  ia,  bcnrorer,  TSiy  amaH,  and 
HoftDann  (Pne.  Bo;.  Soe.  xii.  380)  flniii  tfaat  thia  bue  ma; be  obtainad  withmach 
greatar  fluali^  by  tnating  the  mixture  of  the  iodidee  of  anunoniam,  methTlammooiain, 
&C.,  piodnoed  by  the  aetjm  of  amnKmiB.  on  iodide  of  methyl,  with  oxalate  of  ethyl,  in  Iha 
niannai  already  deacribedfiw  the  aepantion  of  the  □ornapiHidiiigBthjl-bape*(ii.S66,f  68). 
An  alcoholie  aohilion  of  ammoma  geoily  heated  with  iodide  of  metbrl  in  a  flaA  pro- 
Tided  with  a  ocodanaer,  xdidiflea  into  a  enetaUine  mixtnraoftiia  iodides  of  ammoniBm 
id  of  methyl-,  dimethyl-,  trimetliyl-,  and  t«tramethyl-ai 


Mlidea  anuated  fkom  the  apaiingly  aalable  io^de  of  toti 

irapotated  and  dialilled  wltli  potaah i  and  Iha  baaeaerolTed,  aftnbalDgcmnfUly  dried 
by  r*""g  onr  l^diata  of  putamiam,  aia  made  to  paaa  throogh  a  powofdlly  rafkigw- 
atad  wonD-tnbe,  in  whidi  dmiethylamise  and  trimethylamine,  toaeth*r  iritb  a  portion  ot 
the  laethylamina,  oondanae,  the  ammonia  and  the  restof  tliemeUiylamnabeingMnied 


the  laethylamine,  oondanae,  the  ammonia  and  the  restof  tliemeUiylaaunabeingMnied 
off  as  na  and  condenaed  in  watar.  The  mixtnre  of  the  time  methyl-baau  ia  tbta 
trr«tea  with  oxalate  of  ethyl,  wheranpon  the  methylamine  immediately  soUdtflea  into  a 
omtaUine  mad  of  dimathyloz  amide,  IT*HVC>0')'(CH*)',  and  thadimelhylamineia 

(CH*)' )  „ 
wnrerted  into  dimetbylozamate  of  ethyl,  (C^'I-q. a  liquid bmhngb*4ween 

260°  and  360",  while  the  trimethylamine  remaina  nnchanoed  and  may  be  eipelled  by 
gently  heating  the  rnixtan  in  a  watar-bath.  The  dunatl^losauate  ot  ethyl  m 
eanly  aepamled  from  the  mixtnn  by  eolation  in  odd  water,  am  whan  diatilled  with 
l^diata  ofpotaBdimi^eldaamixtaivofaleohol  and  dintetlnlMnine,  oxalate  (tfpataannm 
remaining  behind,  ^edietillate  erapontsd  withhydnMUoneaeulyieldaaciyatalliaed 
residue  (J  diloride  of  dimethjlunmoniam,  from  which  pan  diinethylamine  may  be  ob- 
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m-«lt  having  the  Dompontion  (TE'KCLPtCl*). 


Dimethylamine  ia  a  hiehly  alkaline  Lqnid  having  a  itmng  ammoniual  odour,  easily 
lolable  in  water,  and  boiliDg  between  B°  and  »".  Ita  oM-tdt,  CH^CLAnQ*.  and 
platinum-talt.  ClfKCl.PtCT,  both  ayitallise  well,  the  lattn  in  long  mUndid  nwdleo^ 


ihooting  throngh  the  liqnid  from  one  ode  of  the  nasel  to  the  othrr.    (Eofmani 

TrliaetlviMnlne, CH'X  -  (CH*)V.  DisooreiedbyEofm&BntChem.Socqii. 
J.  It.  304).  Fiodsced,  tfigethei  with  other  methyl-bases,  in  oombintition  with  hydriodie 
add,  by  the  action  of  ammonia  on  iodide  of  metti^  and  slanted  Irf  tnatmant  with 
oxalic  rthei  and  nbeeqnent  distillaUon,  ta  dcacribed  oMo;  Dmrsri^jaMn.  It 
occnra  ready  f>rmed  in  many  otganie  gnbstAiiMa,  espedally  as  a  prodnct  of  deam- 
pobitioiL  Eofmann  (Chem.  3oc.  On.  J.  t.  2S8)  fbond  it  b  hanJng-iMdle.  Aeooid- 
ing  to  Dessaignra,  it  occurs  in  bnmaii  wine  (Ann.  Ch.  Phum.  c  218),  and  in  the 
blood  of  the  call,  twelve  honrs  after  it  has  been  taken  bom  the  nninnt.  but  not  in  the 
perfectly  fresh  bloodf  J.  Phorm.  [8]  xiiii.  43;  Jahnab,  18AT,  p.  SSS);  in  theflowera  of 
CraCagiu  oiyiKantha  (Winiia,  mid.  18H  478;  1882,  p.  380).  b1«)  of  Oroto^  nwiio- 
ffima,'l\rtu  ^uoBpona,  find  i^rui  oonnuBti  (Wit  I  stein,  iMJ,):  in  the  stinky  goose- 
fbot,  Chenopodiam  imleeria  (De  IK  Algae  t,  iiid.  1861^.  479  ;  Witts  tein,  Wicks); 
in  erav-fliUk  (Wittstein),  and  in  moot  of  rye  (Wals,  Jahiesb.  1852,  p.  6fi2; 
Winoklar,  iiid.  5S3  ;  Rithaueen,  B^  chim.  par.  18S8,  p.  420).  It  has  besD  fimnd 
alwin  v«7niiBll  qnantity  in  gnano  (Hesse,  Uid.  1867,  p.  402),  in  pntr^dng  yeasty 
(A.  Mnller.  Md.\  and  in  pntre^ng  wheat-dongh  (Snllivan,  ibU.  1S68,  p.  231). 
It  is  also  pti>daeed  by  heating  naroMJne  with  potssBinm-hydrate  to  280°— 300°  (Wer- 
th«im),  or  with  water  to  2S0°— 2S0O  (Bejnoao),  aao  SiBCOTiKa;  probably  alro  in 
IIk  decomposition  of  codeine  by  potash-lime.     (AndsrsDO,  Jahresb.  1800,  p.  430.) 


^dbyGooglc 


METHTLAMMONIUMS. 

The  trimethylamine  obti^ed  ftom  wTrral  of  these  KUrcea  wai  formetly 
(or  tritf  lamine,  CH'.H'.N,  with  which  it  is  isomeria 

Trimethjluniiie  ia  ui  oiW  nlkoline  liquid  bBTiag  »  stKog  odour  of  bM«  flfdi.  It 
boils  ftt  9^  (Hofmann),  which  it  hal  iittie  abore  me  bojlisg  poiot  of  dimethjUmiue. 
Whan  a  ispld  sooceuioD  of  electric  sinrki  from  »i  indlictiaB-cuU  ia  passed  thnogh  the 
TipouT,  it  IB  sloiriy  deconipaaed,  jirJding  a  tarry  dapoait ;  bat  even  ft  long  sontitiiiuiee 
of  the  iction  does  not  aaSce  to  set  tlie  whole  of  tlw  BitrogBD  ftea,  (Uofmann 
uid  Buff;  Ann.  Ch.  Fhana.  cxiii.  Ui.) 

It  imitee  with  tcida,  foimiiig  crjaUllisBble  salt*.  The  tuhiiite  mixed  with  Mifpiat* 
qf  aluminium  famu  laige  ajstBla  of  trims  titjlamine-alnBi,  piohab^  hiTiDg  the 
composition  ^j'°'^|  (S0<)*.1^H<0,  onalogoiu  to  that  of  ammoala-alam;  they  nnlt  M 
10a°,andgi*eoffthnrwalf>rofcrysta]lintia(i«ithintaaMMNteeat  ISO".  (Baoken- 
BchDBs,  Ann.  Ch.  Fharm.  txariii.  S43.} 

Tiimetbjlamineimiteediiectlj  with  iodide  of  nethjl,  (bmiiiiB  iodide  of  tetnmethjl- 
■mmonmiD,  (CH')*NI,  Hod  with  dibramid*  of  ethjlebe.  jieUing  the  oompoimd 
(?H"NBr'-{CH")'(C?H*Br)NBr,    (Hofmsnn,  see  p.  ItKKl.) 

I,  CH»X  -  (CH'}'S.  (Hofmann,  FUl.  Tniu.  ISfO, 
r.  Sai.)  The  iodide  of  this  baas  ii  ^mdaced;  I.  Sj  the 
m  tiimetbjl&mine,  the  two  liquids  innediatalr  tmitiiig  into 
acz7itAllinemBM:(CH')'K  +  CH'I  -  (CH')<NI.— 2.  Bjthe  action  of  •mmonia  on 
iodide  of  methjL  Of  the  five  iodides,  WSl.  (H'Me)NI,  (HV«>)HI,  (taStfJSI,  and 
Me'NI,  pFodne^  bj  this  reactioD,  theflftt  and  last  are  the  moat  abiuidMit ;  aad  iriienBn 
alcoholic  solution  ol  ammonia  is  nsed,  and  the  iodida  of  mallnl  ii  i&  oeeo,  the  action 
is  completed  in  a  few  hoon,  the  hot  solutioo,  as  it  coals,  depontilg  ixjatal*  of  iodide  of 
letramethjlammoninm,  which  may  be  pniifled  b;  waohing  with  ixild  watel  and  ttetjt- 
tallisatian  bum  hot  water.  

S^dratio/TttranetlslavuKonitimy^^^'^lo,  it  .obtained  by  digeMug 
oxide  of  BilT«r  in  the  nqnecns  solution  of  the  iodide.  On  flltering  to  Bapaiate  iodide  of 
BiWer,  ■  strongly  alkaline  solution  is  obtained,  which,  when  evaporated  In  vaeno  orei 
snlphnrio  acid,  yirids  a  white  ci^Ktalline  mass,  resembling  hydrate  at  potM^mn,  and 
absorbing  water  and  carbonic  acid  with  avidity.  When  heated,  it  intnmeMaa  BtnAgly, 
and  is  completely  volatilised,  jieldine  a  slroiiglT  alkaline  distillate.  Aecotdins  to  the 
deeompoeition-pioduets  obtained  with  other  bodiM  of  aimilat  deoMnposition— Hiydiato 
of  tetrethylammoniam,  for  example  (iL  £61),  it  might  be  expected  to  yield  trimethyl- 
amine and  melhjiene,  CK* ;  but  it  qipeais  to  be  decomposed  in  a  diSereot  manner, 
as  not  a  trace  of  permanent  gas  is  given  off. 

NentTslised  with  acids,  it  yields  crystallisable  salts.  The  tuMuiU,  oxalate,  nftralt, 
and  i^rocUorat«  have  been  prepared.  The  nUnxit  crystaUiseB  in  long  BtiiiiiTig 
needles ;  the  cUoroplatinate,  (CHil'IfCLPICl*  in  well-deflned  octahedrons  of  a  deep 
orange-yellow  colour,  partially  decomposed  by  boiliDg  with  water,  like  the  platinum* 
sdts  of  many  other  ammonium-bases.    (Hofmann.) 

lodidtt  of  Tftramsf iyI<immonfum.—TetranethylaTDnM)nhim  nnites  with 
iodine  in  sevenl  proportioDB.  k.  The  rmmo-iodide,  (CH')'NI,  prepamd  as  above,  oys- 
talltses  in  faaid  flat  needles  of  i1iii«li"ng  whiteneaa  ;  sparingly  sizable  in  eoM,  tnoiv 
soluble  in  boiling  water.  The  solalion  is  mutrsl  and  vety  latter.  The  ctyMsls  an 
nearly  insoluble  in  alcohol,  quite  insoluble  in  ether,  sparingly  Boluble  in  an  alkaline 
liquid.     (Hofmann.) 

0.  An  alcobolic  solotton  of  iodine  added  to  a  hot  solotion  at  the  mono-Iodide  at 
tetramethylammoiiium,  forms  an  abundant  crop  of  shining  cmtab^  consisting  of  the 
ptnta-iodide,  (CH')'NI*.  This  compoundisdecomposedby  bouingwi^water,  yielding 
the  mono-iodide  and  pmbably  iodides  containing  larger  proportions  of  iodine. — y.  On 
adding  iodine  to  a  boiling  solution  of  the  penta-iodide  in  dilute  alcohol,  a  mclt«d  mass 
is  formed  at  the  bottom  of  the  liquid,  which  on  cooling  solidiflee  to  a  crystallina  mass 
consisting  of  the  dtea-iodidt,  {CB^yiSl". — I.  A  solution  of  the  mono-iodide  mixed  with 
an  alcoh^c  solution  of  iodine  containing  as  much  iodine  as  is  required  to  ftsm  the  tri- 
iodide,  yields  at  first  ciysttils  of  the  penta-iodide,  afterwards  a  mixture  of  the  tri-  and 
pents-iodides,  which  may  be  sepeialea  mechanically  and  pnitfled  by  recryatallisation. 
The  tri-iedide,  (CH*)*!!!',  forms  rhombic  rayslals  having  a  deep  violet  colour  and  strong 
lustre;  it  is  more  soluble  in  alcohol  than  the  penta-iodide.  (Weltiieii,Anii.Ch.  Fharm. 
xcL41ixcix.l). 

lodotneratratu,— 

^.isms  moderatelje -.  -_,  _ 

of  tettamethylammonium  in  hot  alcoholic  soli 
on  the  tri-iodide  of  tetramethyhunmoaiiim,  oi 
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fi.  2(CH^in.llHIig^  -ThuwrnpossilH  obtained  in  flna  Iratoii-yBllcnr  wmxj  aotlM 
bj  Kiduie  a  hot  alouiolie  loliituia  of  todida  of  tetmnethjlammoDinm  to  an  1 1  run  of 
BWieBriD  lodkle,  oi  W  tin  aetion  c^  metallia  msrcoij  on  psotk-iodide  ot  Utrtmtlijl- 
HWiKHuiua.    (H.  Bisaa,  Ann.  Ch.  Fhann.  oriL  223.) 

Ckloriodidei,—A  l^adkioriodide,  (CH')*inCl',  aA&Iogoof  to  FOhol'a  dkriodidf 
of  anmonium,  NH'ICl',  is  obtainad  bj  besting  th«  tri-  or  penta-iodida  with  oiids  of 
iilfcr;  iodideof  silTfiri*llienimniediatd;fbnsed(tagetlur  witliiodata),andaeok>niw 
l«aa  abonglr  alkaline  aolotioQ  it  fitnned,  oontaining  hTdiate  and  iodate  of  tetzankethjl- 

HCS^ySI'  +  4Ag»0  +  H»0  -  (CH')'NIO'  +  2((CH')*N.H.O)  +  SAgl; 
and  on  Kently  heatinK  tbe  flltared  liquid  with  hjdiwUorio  add  (beat  mtler  neBtnliang 
it  iritli  iodic  aeid),  cUorine  la  arclnd,  aod  tetnchkariodide  of  letiametbjlammaniiuii 
ia  dcfKisited,  aa  a  reij  looaelj  oolment,  lemon-jalloir  lobftawM^  wndlipg  abonglj  ot 

IC^mvy  +  6HC1  -  (CH^'NICI*  +  SEH)  + 


Hie  MMorieilidt,  (CH^inCl*,  ia  obtained  aa  »  iMnon-TeDov  anbatanoa;  I.  Br 
mjxii^  ehloiide  of  t«tnniatlij'lAmmoniDm  irith  diloride  ik  iodine.  3.  B;  panng 
cblorina  into  a  aolutton  of  the  mono-iodide ;  a  pndpitate  of  tha  prate-iodide  u  them 
Ibiraad,  aad  afteilrwda  a  mlrtnri*aa  aolntion  wftieh  jisld*  tbe  tn-iodida  b;  trapcam- 

The  dieUoriodide,  {OB^VKICP,  ia  decanted  from  an  aqoMn*  acdntion  of  tha  tri- 
dlcHiodida  in  ahinjng  jglW  inodoioua  ajatal*  bdawing  t«  tha  diautrie  araten. 
(Weltii*ii.<M>.ciit.) 


1  an I ^CH'XCTH')^.— The  nume-iodidi  of  tiik 

baae,  obtained  br  the  action  of  methjlic  iodide  on  triethjlamine,  manblea  tha  iodida  of 
tetrethjlammoiuiiin  (ii  662) ;  it  ia  toij  aolnbla  in  water,  fbrmiog  »  nentisl  t«17  bitter 
aoluljon  which  ia  decompoaed  bj  potuh,  the  iodide  being  precipitated  wilhoat  allna- 

Tha  iodide  decompoaed  br  moiat  oxide  of  dlvm,  jielda  the  lijfdral»  iriiieh  diiae  ap 
to  a  djatBlliDa  maaa  reaembling  hjdmts  of  tatFethyujnmoninin,  and  tinming  ajatalUna 
aalta  with  ralphuric,  hjdrochuiric,  nitric,  and  oxalic  aeida.  The  ciloniplatitiatt  ia  » 
beantifiil  eiyatallina  precipitaU  contAiniug  MeB^CLPtCl*.  (Hofmann,  Cham.  Soc. 
Qa.  J.  It.  SIS.) 

Tbn  Iri-iodiat,  JSmB'SP,  obtained  in  the  manner  deecrlbed  below  for  the  coimpOB- 
ding  componnd  of  trimethjl-ethyl-ammoniam,  rrprtalliina  in  hlouh-TioM  qnadimlia 
lumnji, dnrk  reddiih-jdlov  bj  tnnamitted  light,  meltjogat  62°.  (B.  Mailer,  Ana. 
Ch.  PhArm.  etiii.  1.) 

p.  IMmatbrl-dl«tk7l-«mmoalBaa.  (CH^*(C'H*)^.— The  <<>({»&  obtamed  by 
punng  the  Topoor  of  diHhjIuiiine  into  iodide  of  ethjl,  and  heatine  ttie  icanllins 
liqnid  to  1(HI°  ia  a  sealed  tabe,  fi>Tnu  white  tabular  djatala  nailf  KdaUe  in  water  and 
in  alcohoL  The  oUaroplatinia*,  Ue'E'NCLPtCl*,  forms  ynlloinah  pnaas  oi  t>bletn 
modera(«lj  aalable  in  water,  ipaiingW  in  alcohol  and  ether.  (Faterten.  Ann.  Ch. 
Pharm.  xci.  122.) 

1.  Trlmetbji-atbylHunmanlnm.  (CH^^CH*)^.— The  Dumo-iodidt  of  thia 
baoe  ia  obtained  bj  the  direct  onion  of  tmnetliflBmine  with  iodide  of  ethjL 

On  adding  2  at.  iodine  to  a  warm  alcoholic  aolation  of  1  at.  of  this  mono-iodid*^ 
and  Imviog  tbe  aolution  to  cool,  the  tri-iodide,  Mr'ENP,  in  Ten  brittle,  rhom- 
bic prisma,  which  are  instuntlv  ceeolTed  b;  mter  into  the  mono-iodida  and  the  gnen 
panta-iodide :  in  alcoholic  solution,  on  the  other  hand,  these  two  compoiuda  tmnita 
and  fbrm  the  tri-iodide.  The  CTTitsla  of  the  latter  are  dnrk  brawn,  or  in  thin 
aplinten,  brownish-jellow,  and  aomewhat  dichromatio;  their  inrface-colaar  £a 
blniah-Ttolet;  they  melt  at  64°  without  decompoeltion.  "(RMiiller,  Ann.  Ch-Phum. 

Ihf  penia-icdide,  Ue'ENI*,  obtained  by  treating  the  mono- or  til-iadide  in  alcobolio 
aolution  with  cxceea  of  iodine,  or  aa  abOTe  mentioned,  I^  deeompoang  the  tri-iodida 
with  water,  cryBtolliaea  in  qnadratio  li'tninm'  exhibiting  the  combination  oP  .  cepco  .  P 
(Che  Utter  beea  very  sabonUnate).  Angle  oP  :  P  ••  141°  V.  lie  erystala  are  op^ne 
with  metallic  lustre,  jellowish  in  yen  thin  laT?n  when  pdiahed,  yellawiah-brown  in 
thic1c<^  layers ;  aorf^  ccJour,  metame  green,  becoming  dark  blue  on  e:q)oaun)  to  tha 
air;  they  melt  at  68°.    (E.  Mailer, :«!.  «(.) 
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I.  Til Itjl  I Itjl  ■ml I (^H^VrN  —  (CH*)\<7EfBr)H.*— Tha 


wbrnce  it  mst&llueB  in  whit«  ueedlM,  kn  Bolotda  in  cold  mlcobo^  ilIMlabl«  J 
NitMtaof  ■UTsruldedtotliFMilntioD  of  thiaidt,  thnnra  dam  railj  lulT  the  bl 
•nd  the  flitnta  freed  fram  ezccu  of  raliei  bj  hydiocUoric  idd,  jialds  with  plUmig 
chloride  iparinfflj  >olnble  octahedral  crritsli  otthtieUonplatiruUt,  C^Hi'BrNClPtCl'. 
The  oone^oDdiDg  gold-taU,  C'H'^rNCLA.nCl*,  oyitalliMa  in  gtJdea-Tellow  needle*. 
(HofmBDn,  CompI  lend.  xlriL  SSB.) 

*.  TrlnMtIijl-*lBrl-uunonlani.  CH^V  -  (CH')^C^')1T.— The  hrmnide, 
CH'^NBc*,  tieated  with  oiida  of  silTei  givea  np  die  mole  of  iU  bromine  and  neldj  k 
Mton^  ijkslina  liquid  oontaiuing  hjdiste  of  tximethf l-nnjl-unmODiDm,  C*H''NO  •• 
Hi  ^'  "'"^  *'""  nentxaliiad  with  hTdiodikrio  add  and  ebon^  eoncentnte^ 
jield*  *ith  pUtiDia  chloride  octahednl  emtala  of  the  flafiitmnait,  CH'*ITCLFtCll', 
and  vith  anrio  chloride  the  gold-ttUt,  (?R"SCULaCl'. 

Tbt  bremidt  of  thia  baae  ia  also  fbrmed,  together  with  the  pieoeding,  bj  the  action 
«{  bamathylamine  on  biomide  of  ethjlam,  part  of  the  latter  epiitting  ap  into  hjdio- 
hnmio  acid  and  loomida  of  Tinyl:  CH%*  -  HBc  +  CH'Br.    (Hofmann.&w. 

at.) 

C  Tiliiiallijil  Biiijl  ■ ■! (CH')\CV)IT.— Theonl^knowDtaltofthia 

baae  ii  the  Iri-iedida,  whieh  ia  obtained  bf  henting  a  nuztaie  of  tn-methjlamine  and 
•mjlic  iodide  br  aame  time  to  160°,  and  tieating  the  prodnct  vith  tinetnre  of  iodine. 
It  cryetalliBei  in  dtA  btomi  flattened  ihombic  raitmt,  exhibitins  the  combination: 
»P.  bPu  (oflflD  pndomiDaat),  sPv  .  Pi>  .iFx>.  Angle  a>F :  f  »-  104°38'; 
6-  .  «_  -•  <^B  pnndpal  axis  -  IIS"  4'.    The  oijitab  eihihit  trichpo&m  ;  if  thuy 


Thia  salt  and  the  peiozide*  of  the  other  bases  aboTe  mentioned  form  with  mercury, 

rnda  aaalogoQB  to  those  already  described  as  produced  by  the  action  of  mercoiy 
pOTiodidee  <d  tetramethylammoninm.    {Ifuller.} 
i|.  XMbrl-Mbyl-amrluDlDS.    C^'TT  -  (CH<XC^>)(C*H")N.~Thu  base  ia 
obtained  by  the  diy  distallHtioo  of  hydrate  of  methylodiethyl-amyl-ainmaniain,  watec 
and  ethylene  gas  being  giTcn  off  at  the  asme  time : 

(CIPXCra*)^CH")N.H.O  -  {CH^t7H*XCH")N  +  HK)  +  (?H'. 
It  ia  a  trannparent  oil,  having  a  fiagiant  teste  and  nnell,  sparingly  ealnble  in  water. 
After  diyins  OTerpoUah  and  rectiflcation,  it  boile  conetantly  at  136°.  It  diasolTea 
•lowly  in  ac»I&  The  platinian-ialf,  D'H^NCLPta',  which  ie  very  soluble  in  wster,  ia 
pncipilsted  oo  miziiig  ita  component  salts  ia  strong  solution,  or  on  eraporating  the 
miztore,  in  orange-yellow  oily  globules  which  graduuly  oolidi^  in  splendid  needlea. 
(Hofmann,  Chem.  Soc.  Qn.  J.  it.  817.) 

Obtained  aa  an  iodide  by  ^adually  adding  methfUc  iodide  to  diethylamylamine  con- 
tained in  a  tubulated  retort  provided  with  a  condenser,  the  miztnre  solidifjdng  on  cooling 
into  a  bard  white  crystalline  masa.  This  salt  is  very  soluble  in  water,  forming  a  veiy 
bitter  solntion,  from  which  it  is  precipitated  by  potash  in  oily  globules  which  eolidily 
but  slow^. — By  digestion  with  oxide  of  silTor,  it  is  converted  into  the  hydrate, 
C'*H**N'.H.O,  in  the  form  of  a  strongly  alkaline  aolution  which  when  evaporatpd  to 
dryness  and  distilled  is  resolved  into  water,  ethylene-gaa,  and  methyl-ethyl-amylamiDa. 
The  sulphate,  nitrate,  chloride,  and  chloroplatinate  are  crystailinb  (Bofmaao, 
Chem.  Soc  Qu.  J.  iv.  316.) 

mtTBTIi-AXCTK  aJrXKXn.     8ee  PitXIITI,UitKM. 

MMVm  1  l.-AJgTXJO  Wnam.  Oxi<U  of  AfetlmlandJiml.  CB}.(yW.O.  Sea 
Ajm.  (i.  2D£). 


See  Assanc-EuiiCLBB,  Oaauao  (L  400). 
Syn.  with  HBTETi.-AirTTJO  Ethib. 
See  EtBTLATi  Of  Hsthtl,  onder  Erxn,  Ozita 
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'  cw*©*  -  IcffX!  <'*'-*■''"  (*»*■ 


Ch.  Phum.  criii.  S4),  b;  distilliiig  ■  mixtnia  of  metiylic  and  ath;lic  almhol  widi  nil- 
phniio  add  uid  peroiidn  of  mtuiguieMi,  obtained  Sui  oompound  mixed  witJi  metlnl- 

(CH')-)  ' 

ethjUte  nf  sthjlens,   CH'    I O*.   A.  compound  hkTing  the  same  compoaitloQ  (C*E''0'> 

CfH*    I 
luiB  Fscantlf  been  obtained  bj  Danoer  (Cliim.  Soc  J.  x' 


spirit,  and  called  by  him  dimetb  jl-aoef  a1;  bat  itieby  nom< 
tnis  or  WuiIz'b  compomid  is  nally  a  dcriTative  at  acetal  (see  Acetai^  l  t).   Dancar 
piepared  bui  compouod  tm  follow  :^-Crad«  vood-spirit.  Tell  dried  over  lime,  wu  dii- 
tilled  upwaids  for  somcitime  vitli  a  eoncentntted  Bolntton  of  canitic  soda  todpcoinpon 

the  mptlijlic  acetate  present  "■  -    ■■■-'-""-■ .  n-  . j  _.-.i     >.     -.      . 

caliHnm,  aa  locfi;  aa  that  comp 
irith  a  eoDeeotnited  aolulion  of  add  aolphite  of  sodium,  to  remOTe  the  acetone,  and 
aftermrda  distilled  upvarda,  with  cBoatic  potash,  to  insnie  the  complete  deoampontiOD 
of  the  remaining  mellylic  acetate,  the  methylic  alcohul  formed  bj  the  deoompositiaD 
of  thia  ether  being  removed  b;  chloride  of  calcinm,  and  the  remaining  liquid  llnally 
parified  by  a  few  diatiUatians  on  sodium.  The  product  thus  obtained  had  Ten  cearty 
the  composition  of  dimethjlafeof  athjlena  (S3-3  percent,  carbon  and  Il'l  hjapogen^ 
boiled  at  63°— 61°;  had  a  epeciflc  ^vity  of  O'STRTat  6°C.  (compared  with  walsil 
4°C.)and  TapoDi^densitj,  by  experiment  3-I6S,  calc  3'114. 

The  liquid  called  {ignone  by  Weidmann  and  Schweizer,  and  syfrts  by  TSltkfJ,  n* 
probably  a  mixture  of  lliis  compound  with  some  of  the  other  consldtiienta  of  ende 
wood-apirit. 

Msnnx&n    or   voTABanriK,   CH'KO,   and  MBTKra&Ta   sr 

■OSZUM,  CH'NaO.— Componnda  similar  in  prapertiee  and  reactions  to  the  ethylatn 
of  the  same  metals  (ti.  542,  friS)  ;  they  are  obtained  by  the  action  i£  potaaaomand 
■odium  on  metiiylic  alcohol. 

Emuis  (i.  fi77). 

XVmXr-BmOMOBAXtOlUO  ACIXS.     See  Sukituo  Brms, 

MBTVTK-BKVOIWa.  CWH-NK)-  -  (?'H"CCH»)N"0'.  (Stahlsehmidt. 
Pogg.  Ann.  eviii  fi03  ;  Jahresb.  ISfiS,  p.  39 B.)— Obtained  as  a  l»dnodat<^  hj  bvadig 
kwnne  with  iodide  of  methyL  The  hydriodatt  eryataUises  bom  boiljiig  ~*—  •'■ 
■  ■  "  ig  laminn  wmtainiag  C*'H'^N*0'.H1.8H'0,  a   "         '     "        '       "  * 

odiile  of  methyl  By  decompoaing  thia  salt  ^ 
with  baryta-water)  a  solution  of  methyl-brucine  is  obtained,  whioh  is  ooloDitMS  at 
flnt^  but  noon  decomposes,  tnming  violet,  and  dark  red  when  evaporated,  giving  off 
carbonic  anhydride,  and  leaving  a  aolutinD  containing  a  base  difiraent  fitnn  mewl- 
brucine.  The  hydrobromaie,  C"II"NK>'.HBr.iH'0,  is  obtained  by  mixing  the  salalioa 
of  the  hydrocfalomte  with  bromido  of  potaasiitm,  as  a  crystalline  praeintatc^  esoly 
soluble  in  water  and  alcohol,  and  cryxtaliiiing  from  the  latter  in  amall  shining prismi, 
which  give  off  their  water  at  ISO",  the  kydrocilnratf,  C"H"lfK>*.HC1.8HK),  obtaiiwd 
by  neutralising  the  base  with  (be  acid,  forms  small  shining  crystals  easily  solnble  in 

water  and  in  alcohol.    They'-'-' "   ™'"-"-""'""  — ™«  ' " '-■ 

tale  insoluble  :' 

needles  from  the  latter.    T\\e  goM-»aU,  t , „_^.. 

[a^pltate,  nparingly  soluble  in  cold  water.  Stereurie  c^iiD'ir  added  to  the  Bolntionnf 
the  hydiochhirate,  forma  a  white  curdy  preripitate.  The  neutral  nlphatr,  (C"a«ITO']r 
E'SO'.SH'O,  obtainud  by  decompoaing  the  hydriodat^  with  sulphate  of  BJlveF,  Ibnni 
a  radio-c^BtHllmo  mas*,  easily  soluble  in  water  and  in  alcohol.  An  add  mlpialt, 
CH'^'OMI'SO'.iH'O,  obtained  by  treating  the  neatrel  aalt  with  dilnle  KulphnM 
acid,  forms  iodiutliict  ery.stula  somewhat  leM  soluble  in  water  and  aloAoL 

Methyl-brucine  dues  not  appear  to  be  poisonous;  10  grains  of  llie  sulphate  given  to 
a  rabbit  did  not  produce  any  poisonoua  eftcts. 

Ma'l'Mnb-su'r  lAA^  C'H'O.CU*. — A  compound  pradnned,  t«e*Ui<'  "^'^ 
butyral  CH'O.H  (L  889),  elhjl-butyral  C'H'O.CH',  and  bntrrone  (i,  897),  by  the  dij 
disIillHlion  of  bntyrata  of  calcium.  It  boils  at  about  111°,  has  a  specific  gravity  — 
0-327  at  0°,  and  vapou>denBity  -  3-l3.~Elliyl-bvlynit  boils  at  about  128°,  has  a 
specific  gravity  b  0-333  at  0°,  and  Tapoor-density  —  S'fiS.  (Friedel,  Ann.  Ch. 
Fhann,  cviii.  122;  Jahrasb,  lBa8,p.  29£,} 

IBBTBTX-OAJKVSOXXO  ACXXk     See  CamTzobic  Acm  (L  732). 

IMTWTl-OAUFgmMCT,  CH'*(CH*)0,— A  prodnet  obtained  by  the  action  of 
■odium  and  iodide  of  methyl  on  eamphrene  (L  733}.    A  mixtnre  of  eqiuJ  parts  of 


alcohol.     The  platinum-tatl,  C"H"N'0*.HCLPtCl',  is  a  yelioT  J«™i»- 
B  in  ether,  easily  soluble  in  alcohol  and  in  water,  and  crystallising  in 

1   the  latter.     The  geUt-taU.  (?'H-N'0'.HCLAiiCI',  is  an  oraage-ydloT 
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OUnphrane  and  benzene  i«  treated  with  Bodinm  in  ■□  ■tmosphere  of  hTdnsm,  tin  til* 
■odium  renuina  unaltered  even  on  h«atit^  ftud  the  snlatioD  is  UiMi  oohobated  with 
ezcesa  of  methylic  iodide.  On  adding  w&ter  to  the  reaultlng  liquid,  a  brown  oil  ia 
thrown  down,  which,  after  repeated  rectification,  jieldamathjI-iauaphreneuaoalaiiilMS 
aiwnadc  liquid  boiling  bgtwean  225°  and  230°.  (H.  Schwkneit,  Ann.  Ch.  Fhaim. 
czziii  2S8.] 

Camplirene  U  an  oiIt  bodj  produced  b;  hebtdng  common  eamphor  with  mlphmia 
4cid.  Chautord,  who  lUBCoTered  it,  as^gned  to  it  the  fonnula  CH'*0;  but  aoeiading 
to  Schwuiert,  it  hu  the  compoeition  CB^'O,  isomeric  with  phoione  (;.  n.). 

M»T»Ta-OAy»XWOI^  ^'^^'|.—Tfaia,  according  to  Haibordt  (Ann.Ch. 
Phann.  exiiii.  293),  ii  tbe  rational  oonatitntion  of  the  CBnDtial  conatitnent  of  oil  of 
me,  regaided  b;  C.  Q.  WiUiama  aa  anodic  aldehyda,  0"H"O.H.    (See  Bum,  CttL  op.) 

MMTB I J—C  APXOn*.     See  Hnan^Kian. 

o  (i  TBI);  I 


According  to  later  experm 
(CH")') 
thyl-earbamide,   (CO)~l'X<,  prepared  bj  the  aetioii  of  metl^lamiBB  on  t^anate  of 

methyl,  melta  at  1026°  and  boils  betweea  2fl8°  and  270° ;  the  (identical^  aompoDnd 
obtained  hj  treating  cjauate  of  math;!  with  water,  mfilta  at  OSS",  and  boila  between 
373°  and  288°. 

Bfethyl-ethrl-carbamide,  (CO)"  tlP,  netta  at  £2°  or  63°,  and  boila  be- 
tween 268°  and  268°. 

H.    See  Cabbokiq  BrHmna  (L  801). 
ISTOXi     CH*C1'.— A  annpanDd  ieomerio  witli  chloride 
of  tritylene,  produced  bj  the  action  of  pentAchloride  of  phoephorus  on  acetone  (i.  27)- 
See  Cttbio  Ermta  (i.  lOOl). 
CBTKTXr^K&OSOSAUOTXZO  AOID.     See  Sauctlio  Etkbbs. 
8m  Comn  (iL  6). 

1.  C^'W  -  (H.CH'.Cy)N.—I'rodnced,  together  with 

h  jdrochlorala  of  methytamine,  by  the  action  of  gaaeoaa  chloride  of  cyanogen  on  methjl- 
amine  (Cloez  and  Cannizzaro,  Ann.  Ch.  Phaim.  Izxriii.  228): 

2[^Jn]    +    csa    -    '^h'I^'^    +    CH'Jk. 

■tarrM  l  1.-0TAVAWXKIWS.     See  Pliaim.U[ina. 

XBTKTK-SXBVKrSOVHOBMOKXO  ACID.     See  Pbobphouo  Etbkrb. 

JUri'Ji I li-STmxoanc  AOID.  CH'SO*.  (J.  T.  Hobioo,  Chem.Soa.Qa, 
3,  X.  2i3.)~-An  acid  produced  b;  the  action  of  Bnlphntona  anhjdride  on  xinc- 
■nethyl.  The  dry  gaa  paased  into  an  ethereal  aolntion  of  DOc-methyl,  kept  cool  to 
moderate  the  action,  ia  rapidly  and  completely  absorbed,  and  in  a  little  white,  a  white 
crystalline  enbatance  is  formed,  which  ia  the  zinc-aalt  of  methyldi  thionic  acid,  CH'ZnSO'. 
This  >alt  maj  be  treed  from  ether  and  the  lost  traces  of  tulphnrona  acid  by  eraporation 
in  TBcuo.  It  may  be  converted  into  a  barium-aolt  by  treating  it  with  exceea  n  cauiitie 
baijto,  and  from  this  the  acid  may  be  prepared  bj  predpitating  the  baryta  with  dilute 
Bulpburic  acid. 

Hethyldithionic  scid  ia  a  liquid  having  a  feebly  add  taste  and  reddening  bine  litmus. 
It  decomposes  in  a  short  time,  with  deposition  of  sulphur,  even  in  a  very  dilate 
(olntion. 

t  be  conveniently  prepared  by  digesting  the  bee  acid 
n  account  of  tbe  fiidlity  with  which  the  acid  decomposes ; 

X  decomposing  the  dnc-salt  with  the  correspondins  basee, 
s  lul^tes.    Thaii  general  formula  is  CH^M^  for 
J  monatomic  metala,  and  CHIifa^O*  for  those  containing  diatomio 

The  methyldithiooates  are  all  ye^  eoluble  in  water,  but  insoluble  in  alcohol  and  ethei. 
The  barium-iait,  CH'BaSO'  <v  (?H*BbaS'0*,  is  prepared  by  treating  the  edntion  of 
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tli»  rine-wlt  with  CTBO— of  ewutie  baryta,  MtCTJiig  to  «epMata  oxide  of  rine,  ]»MipiUt- 
ing  the  nasi  of  baiTta  hv  «  itzcam  of  carbonic  aai,  and  eTaparatiag  thp  fiitnta  it 
tha  h«>t  of  the  wat«r-baUi.  It  ii  a  colomlen,  inodorona,  nTstiUliiie  aalt^  which  ii 
pirapitated  trom  its  itrang  aqneoiu  BolntioD  bj  aIcoh(d  in  the  fonn  of  a  whit«  gnoolu 
powdei.  A  ooowntraCed  nqoeona  nlatioD  left  to  cTSporatfl  in  Tacno,  depoaita  the  nslt 
m  enbea  arranged  in  octahedral  niBBwa.    It  aiwtBin*  »  hant  of  170°  without  decompo- 

The  oahHtm-t^.CBKeBO'  or  CH'Cea'SK)*,  prspared  in  a  similar  manner,  remains  as 
■  solid  nncnatallisable  mas*  when  its  concentrated  eolatjoii  is  left  to  eraporste  in  a 
TacDum.  The  eapprr-tatt  is  obtsiacd  as  a  grase-green  nlutioii,  which  is  deeompoaed  by 
ernporation  with  deposition  oT  mlphur.  The  ma^tiaiuiK-Kdt,  CB'MgSO'.lHV)  or 
CH'MD^'ffO'iiH'OiObtaiimd  bjdeeomposingthK  bannm-aalt  wilh  snlphateof magnenam 
itt  the  ame  salt  with  magnesia,  Dams  minute  ooloorian  aystalB.  Toe  ttkkd-*St  is  ob- 
tained I7  double  deeonmosition  as  a  grais-green  solotioD  which  dries  up  in  a  Taennm, 
with  partial  decompositKai,  toadirtj  bnff-odoored  amoiphoiu  mass.  The  >>IiKr-*aA  is 
oWained  bj  disaolTing  eaibraiala  of  lilTer  in  Qia  tna  add,  but  the  solution  decomposes 
and  Uwiens  when  exposed  to  lig^t  or  healed  to  100°.  Tbt  rimnatt,  CH^ZuSO*  or 
OM^cn'90*,  prapared  as  abore  dsscribsd,  sepaimtes  by  er^iaration  from  stoit  ooneen' 
tiated  aqneoos  sontion  in  small  ecjatals  solaUe  at  100°,  bat  blackening  and  deeom- 
posing  with  an  offknsiTe  odour  at  a  someirtiat  hi^a  tempantore. 

MtOa/ldiOiiimaU  of  BO^—k.  mixture  of  the  bariom-nlt  wilh  ethyl-sulphate  of 
potassiom  distilled  at  a  high  tempcntDrc^  yields  an  oily  liquid  together  with  laige 
qnantjtiss  of  salphoraos  anhydride.  The  pnjdnct  washed  with  water,  dried  orcr 
dilorids  of  ealciiim,  and  redistilled  in  a  Taenlun,  forms  a  light  BtnLw-colonred  Uqnid 
■li^itly  heaTisr  then  water  and  having  a  peculiar  fishy  odour.  It  dacomposes  at  the 
hi^  teouMratuie  required  to  prnure  it. 

Eth^ltrithianio  acid,  CH"SK^,  is  nrepared  in  a  similar  manner  to  methyl- 
dithionic  acid,  the  zine-salt  being  obtajaed  by  the  action  of  sul^nrons  snhydnda 
on  cino-athyL  Its  ulls,  whioh  Iutb  the  general  formula  CE'*H*8'0*,  or  for 
diatomie  metala  C'H"M'8'0*,  arc  for  the  most  part  more  stable  and  mors  eaoly  crys- 
tsUisable  than  the  melhyl-dithioQBt«s.  The  iartun-an/f  dried  oier  oi!  trf' Titriot  ooutauia 
CH"Bba^B*0'.H'0,  gires  off  its  water  at  \Wf>,  and  bears  a  heat  of  170°witj]out  decom- 
poailion.  The  somwr-sn/t,  C*H'*CcnEPO'  (at  lOO"!!,  crystallises  from  aqueous  or  alcoholic 
■olution  in  greeniah-blne  deliquescent  needles.  The  nlaer-taie  dried  over  oil  of  viCtid 
In  Tacno,  contains  CH^'Ag'S'O*.  It  is  whit<^  crystalline,  very  soluble  in  water,  and 
highly  duliqueaanit.  It  is  not  dseomposed  by  light  or  by  heating  to  100°,  bnt  eom- 
pleteiV  at  a  somewhat  higher  tsmparature.  The  tediwm-tail,  C<H>Va<S*0'.H*0,  ob- 
tained by  dissolving  cauwinate  of  sodium  in  the  aqueous  acid,  separates  from  the 
alcoholic  solntion  by  evapDralian  in  ■  TUimum  in  smsll  iU-defiusd  dystals. 

Zinc-iaJtt. — The  salt  obtsioed  W  the  action  of  sulphnrous  anbydrids  on  dno-ethyl, 
is  a  basic  salt  conlaiaiog  &n"0.2C'H"ZEn'S^.3H'0,  the  excess  of  linc-oiide  arising 
from  the  action  of  water  on  tha  nndecomposed  sine-ethyl.  By  crystallising  tiiis  salt 
first  from  alcohol,  then  from  water,  the  normal  linc-salt  C'WTxa'B'O'.BV,  is  obtained 
in  minute,  colonrless,  needle-sh^Md  eryitala  haling  a  peculiar  odour,  and  ■omewhst 
bitter  toits.  It  retains  its  water  of  crystallisatioQ  at  100°,  dissolves  s[Kringlyin  water 
either  hot  or  cold,  also  in  ether ;  is  nearly  inscJable  in  cold,  but  moderately  solnble  in 
boiling  alfohoL 

EXhyl-trilhianatt  of  ethyl,  C'H'^(?H')»SV)«,  prepared  by  distilling  the  crystjalised 
barium-salt  wilh  ethyl-siJphate  of  potaBsium  in  an  oil-bath,  is  a  yellow  oily  liquid 
heavier  than  wBt«r,  having  an  aflansive  odour,  insolnble  in  water,  bnt  miscible  in  all 
proportions  with  almhoL     (Hobson,  Chem.  Soe.  Qd.  J.  x.  6S.) 

ICHTKTWa.  CH'.— This  compoond,  the  first  of  the  series  of  hydroeaiboM, 
C*H^,  ethyleDB  being  tha  second,  is  not  known  with  certainty  in  the  fnta  state, 
Dumas  and  Feligat  in  1B36(Add.  Ch.  Phys.  Iviii.  28),  bypnssingchloride  of  methyl 
through  a  potcelain  tube  kept  at  a  cherry-red  heat,  obtained  a  gas  which  they  re- 
garded as  methylene.  Ailer  being  agitated  with  water  till  quite  free  from  hydro- 
chloric acid  gas  and  undecomposcd  chloride  of  methyl,  and  no  longer  yielded  hydro- 
chloric acid  when  burnt,  it  appmred  as  a  colourlcos  gas,  having  no  reaction  npou 
vegetable  cdonia.  It  burnt  with  a  yellow  fiame,  and  S  vol.  of  it  exploded  with  ei««a 
of  oxygen,  consumed  3  voL  oxygt^n,  and  produced  1  vol  carbonic  anhydride.  Now 
supposing  two  volumes  of  the  gas  to  contain  CB',  that  is  to  say  2  voL  hydrogen,  this 
ouaotifT  of  hydAjgen  would  consume  1  vol.  O,  snd  the  remaining  2  voL  O  would  form 
2  vol  CO*  with  the  1  at.  C  in  the  2  vol.  of  the  gas.  The  gas  could  not  however  have 
been  qoihi  pure,  as  charcoal  was  de^wsited  in  Ua  tube  during  its  formation.  Penot 
obtained  no  evidence  of  the  fiwmation  of  methylene  in  the  decomposition  of  methylie 
chloride  by  heat   (See  p.  987.) 
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Reguanlt  doabti  tlie  existeiioe  of  methyleDC^  inammdi  ai  it  jg  not  obtained  hj 
txffttius  msth7l-etliBr,  aiwood-apirit,wjtheicea<rf  Bolphniic  add.  Again,  Hotmann 
finds  tGit  it  ia  Bot  pradnced  bj  tha  deoompoaidon  of  by diate  of  tetnuaethylBinmoniam 
hy  h«at,  though  the  hjdittte  oi  tattethylimmonioBi,  when  treated  in  like  duuumt,  jielda 
abundance  of  ethjlene. 

Hethjlene  ii  a  tUatomio  radide  limning  ethsn  aoati^oiu  to  those  of  ethylene.  The 
acetate,  bromide,  chloride,  iodide,  oxide,  ■nlphide,  and  Bulpho-carboDate,  hare  been  ob- 
tained, but  the  eeriea  ia  at  prcBent  much  leu  complete  than  that  of  the  ethylenic  ethers. 


B  produced  by  the  action  of  iodide  of 

CHT  +    aC^H'AgO'     -     2AgI   +   CHXC'HTO)'0*. 

An  intimate  toiituTa  of  the  two  mbataneee  in  equiTBlsnt  qnantitieB,  vith  the  addi- 
tioD  of  cnrtsUiBahle  acetic  add.  ii  healed  to  100°  for  eome  houn ;  the  ceenlting  man 
ii  diatiUedin  anoU-bath;  the  distillate  is  rectified,  Qieponjou  vhich  distils  abore  160" 
being  collected  spait ;  this  poition  is  satniated  with  lime ;  and  the  acetate  of  caldnm 
is  diBscdred  out  %  water.  Acetate  of  methylene  then  HipaTatee  as  an  oil,  which  is 
dried  by  chloride  of  mlciiun,  and  freed  from  the  lut  trncea  of  iodide  of  methylene  and 
acetic  acid,  by  disdUation  orer  diy  acetate  of  silver  and  a  small  quantity  of  qTiick- 

>ater,  and  having  an  aromatic  taste  with  pungent 
a  cdtun  extent  without  decomposition  ;  but  when 
inclosed  in  a  sealed  Cube  with  a  qnantity  of  water  not  sufBdent  to  dissolve  it  at  oidi- 
nai7  temperatures,  and  heated  t<i  100°  for  twenty  hours,  it  is  diwoWed  and  completely 
decomposed,  yielding  acetic  add  and  a  solid  volatile  subetance  vhich  dissolvea  readily 
in  water  and  remains  as  a  white  residue  when  the  solution  is  evaporated  in  vacno. 
Acetate  of  methylene  boiled  with  aqueous  alkalis  (potash  or  baiyta-water)  or  heated 
with  them  in  s^ed  tubes,  is  decomposed,  yielding  an  alkaline  acetate,  and  perbsfia 
also  a  small  ijuanti^  of  formate.  Ifeither  m  this  decompoeition  nor  in  that  l^  water 
is  any  hydrate  of  methylene  (methyl-glycol)  formed. — When  acetate  of  methylene  is 
hnited  with  Tater  and  oxide  of  lead  b  b  sented  gtasa  tube,  acetate  of  lead  ia  fbimed, 
together  with  oxide  tf  methylene : 


|0']      +     2Pb*0       -       *C>HTbO»     +     (^H'O*. 


leoomp 
formed.    Thesefa 

MWrailiKVa,  MMOmtnm  or.  CH^r*.— Fn>diic«d  by  the  action  of  broodiM 
on  the  iodide.    (Batlerow.) 


ehloriae  gas  is  pMsed  into  iodide  of  methylme  covered  with  i^Mr  in  a  retort,  and 
the  retort  is  genUy  heated,  a  very  volatile  liquid  passes  ovsr  into  the  receiver,  and 
iodins  separates  in  the  dystaUiDe  fom.  The  oily  liquid,  whidi  is  chloride  of  nethy- 
lent^  is  purified  by  beating  it  with  ehlorinB  and  a  few  drope  of  potaah-lye^  drying  ovar 
dilcrida  of  calcium,  and  rectifying. 

It  is  a  coloiii4««s  liqnid,  heavier  than  water,  but  lighter  than  the  iodide.  It  has  a 
pmetrating  odonr  vetr  mneh  like  that  of  chloroibrm.  Does  not  solidify  in  a  mixtnra 
-' — w  and  salt    Boils  at  about  40°. 


According  to  the  known  bailing  points  of  the  chlorides  of  tetrylene,  tritylene,  and 
eth^riene,  tlut  of  chloride  of  methylene  should  be  96^  instead  of  40°.  Now  accordii^ 
o  Worta,  the  diflbrence  of  boiling  ^nt  between  chloride  of  ethylene  and  the  isomerio 


1iodycbl(nideofetI^lidene(ii.SM)itiS°.  If  then  thiasamediffiaence  between  the  bi 
ing  points  of  chlonds  of  methylene  and  chloride  of  methylidene,  ia  also  2S°,  the  latter 
dioiud  boil  at  40°,  as  the  compound  now  under  conddtration  actually  does.  Benee 
Batlerow  Ihiuks  it  not  improbable  that  this  compound  is  really  chloride  ofmet^UdoK, 
and  conseqnently  that  the  iodide  of  methylene  above  described  is  also  r«lly  an  iodide 
of  methylidene ;  but  till  this  point  ii  utu&ctorily  ascertained,  it  is  beat  to  designate 
thcee  bodies  as  methylene-compoanda. 

Chloride  of  methylene,  or  its  isomer,  monochloiinated  mcthylie  chloride,  CH*CLC], 
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u  pKxloeed,  togrthra  vith  chlorofonn  (CHCIF.Cl),  bj  bringiiw  dilaride  of  methjl  and 
chLniua  togetlwr  in  nuuhioe,  and  aoadeniiiiK  the  ptoducta  bv  nfrigxntioii  (p.  988). 
(Begsftnlt,  «""  CIl  Fbjs.  [2]  Ixx.  87T)<  The  compoimd  thna  obtained  hu,  hoir- 
erar,  a  mi^  lover  boiliog  point,  tU.  30-S°  (Hegnault).  It  anitefl  with  trietbjl- 
phoapbine,  fanning  a  erystnUine  masa  of  chloride  of  cbhumediyl-tnBthjI-pliaapboDiani : 
CBKP  +  [CB'fe  -  (CH^XCTa')T.CL    (Hofmann.) 

Ciloridt  o/Dinilrovitthvltne.  C(N0>)*C1>.  (HariBnae,  IlCT.Banit.T.  S7fi.) 
— Tbia  ODtapovnd,  which  ia  doady  related  to  ablorcmicrii],  C(N0')C1'  (L  S22),  and  is 
eonunonlj  knovD  bj  tha  name  of  Uarigna^t  oil,  ia  obtainad  t^  eoitdenaing  tba  gaaeous 
^odneta  of  the  actioD  of  cbloritire  on  DaphthaJaoe,  and  pazifjin^  tba  piodiiel^  wfaiiA 
•ffiuatea  after  a  wbils  from  tbe  add  liqfiid  in  tba  Teceivar,  by  duCillation  villi  wbUf. 
It  i>  a  ooloariflM,  tranaparent  liquid,  baTing  •  epetaOe  gnrity  of  I  635  at  15^,  & 
pnugent  odour  like  that  M  chloride  of  tyiimgm,  and  piodncing  great  irritatJou  of  tha 
ma.  It  ia  neutral  to  Tegetable  cokmn.  Watoz  diaBolna  oolj  traces  of  it,  but  anfB- 
aeut  to  impart  the  odour.  It  ia  tait  aolnble  in  alcohol  and  ether,  Tery  ■light]*' 
■olubla  in  hjdioehlariii  add.  Ita  boiling  point  ia  above  100°,  but  it  duitila  vitli 
Taponr  of  water.  H etallic  merenrj  abaivba  tba  vapour,  prodnciiig  a  mixture  of  chlorina, 
earbonio  auhjdride,  and  nitric  oxide.  It  i>  not  acted  on  b;  aqueooa  potaah,  but  alco- 
holie  potaah  dinoWaa  it  eaail/,  the  odour  diaappearing  after  aome  timi^  and  a  orystal- 
linB  Mt  b«ng  pndpitated  minh  ia  deoompoaed  with  deflagiation  when  heated. 

mmm^MM,  IOBZDB  or.  CWV.  rButlerov,  Ann.  Ch.  PbamLCTJI. 
110 :  ffid.  S42.) — Tbia  compound  ia  produced  hj  the  action  of  iodofonn  ob  ethylate  of 
•odium ;  probabi;  together  with  oxide  of  ethylene,  thna : 

OHI'  +  CJH-NaO  -  GOV  +  (?H'0  +  Hal. 
na  beat  leanlt  ia  obtained  when  0  at  ethylate  of  ■odium  (in  not  too  concentrated 
aolution),  and  not  tnincd  brown  by  expoaure  to  the  air,  are  gradaally  added  to  1  al. 
pnlvenaed  iodolbrm.  On  adding  water  to  the  prodnct,  iodide  of  methylene  acpaiatra 
aa  an  oily  liquid  which  mnat  be  waahed  with  water  and  rectified  over  diloride  of  eal- 
dnm.  It  ia  a  yellowiah  ationgly  refracting  liquid,  of  apedflc  gravity  3348  at  +  6°; 
at  «■  3°  it  Bolidiflea  to  a  maaa  at  broad  "'■'"'"g  cryatalline  laminai. 

Butlerow  regard!  it  aa  probable  that  the  aubatance  which  Sernllaa  obtained  (Ann. 

'    ^  " iction  of  pentachli   "       '    '       '  -   .  - 

B  compound  which 
u  with  alcoholic  p 
deoompoaed  by  a 


:iv.  187),  by  tnaCing  iodofbm  with  alcoholic  potaah. 

Iodide  of  mathylane  ia  not  deoompoaed  bj  potattiii 

on  allying  heat,  an  eviriutioD  of  gaii  immediately  takf 


BiploHon.  Sodium  acta  in  a  aimilar  manner,  but  the  explosion  is  leia  violent  When 
as^nm-Dflia/^?!)  containing  |  of  aodiitm  ia  rubbed  to  powder  aod  healed  with  iodide 
of  methylene,  a  combnatible  gia  ia  (fvolved,  aud  iodide  of  aodinm  ia  fbrmrd,  together 
with  a  blaekiah  ourbonaceons  aubatance  which  glinunen  away  when  act  on  fire.  The 
gaa  ia  chiefly  hydrogan,  but  appean  to  contain  a  amidl  quantity  of  ntathylaw ;  for 
whan  it  ia  paaaad  into  bromine,  alter  having  been  f^ved  &om  vapoon  of  iodide  of 
melhylelM  and  <^  alcohol  by  paaaing  Brat  through  alcohol  and  thrai  throogh  water,  and 
the  taofDitW  ia  afterwatdi  tre^ed  with  potaah,  a  amall  qnanti^  of  oil  ia  left  undiaacitTad 
hariiw  an  odour  like  that  of  Qnteh  liqoid.  Heated  with  m^allic  eopptr  and  water  in 
aaaledtsbea,  it  yielda  onprooa  iodide  and  a  gaaeona  mixtore  caotaining  (utMBio  anhy- 
dride, eaibonie  tnida,  and  maiah^oa,  together  with  ethylene  and  aoma  i^  h>  tu^iet 
hamologQ«a,  but  no  methylene  fBntlerow,  Ann.  Ch.  Fharm.  ax.  368).  Iodide  vi 
methylene  treated  with  luitaie  qfiUter  ia  oonrattad  into  acetate  (tf  methylene  (Bit- 
lerov).    With  tritthylpioipltiiu  it  reacts  aimilarlj  to  the  diloride.    (Hofmann.) 

mMTMWLMtn,  OKXDB  OF.     Jhoxyoutlplau,    CTH'O*  ~  ^l  O*.    (Bnt. 

lerow,  A"",  Ch.  Pharm,  exL  242  ;  cxx.  295.) — This  compound,  iaomeric  with  aeetie 
add  and  methylic  fbrmate,  ia  produced — 1.  By  the  adion  of  ox^ale  of  alvrr  on  iodide 
of  methylene: 

2C>AgH)'  +   SCHT     -     0^*0'  +   4AgI   +   aCC  +   SCO. 

2.  By  the  action  of  oxide  of  ailver  m  iodide  of  methylene. — 3.  Sy  that  of  lead-ozide 
on  acetate  of  methylene.—!.  By  the  dry  distillatioo  of  ethyl-glyeollie  add  (ii.  616). 
(HeintE,  JiOiresb.  1861,  p.  44a) 

iVipamttrm.— When  1  at  iodide  of  methylene  ia  intimately  mixed  with  1  at.  oxalate 
of  ailver,  and  heated,  a  violent  exploaive  action  takes  place  ;  but  if  the  mixture  be  pre- 
vionaly  tiitnisted  with  twice  its  weight  of  pounded  glasa— m'  better,  if  it  be  hfsted 
nndra  a  layer  of  lOcfc-oil — a  slow  and  regular  decompoaition  takee  place  ;  gas  ii  abon- 
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dantl;  evolved,  etnuutmgof  nrtxmicuilijdiideandcorboiiicciiidB;  u>d  diozymetf^IuH 
■uUImes  in  the  neck  of  the  letort.  or  pusea  over  with  the  vapour  of  rock-oil  into  ths 
receiver,  and  there  oanden«a  in  a  thin  white  layer,  irtiich  adheiea  dntiij  to  tha  «idM 
of  the  rtceiver.  It  la  purified  b;  prewure  betveea  paper,  and  washing  with  ether, 
alcohi^  and  water,  then  with  alcohol  and  ether,  in  the  order  here  mentioned.  Bud 
Uetlf  dried  om  oil  of  vibiol  and  mblimed  in  sealed  tBbea. 

AvHrtio. — DimTmetb^cne  toirca  trMudacent,  hud,  crratalline  eruita  hsrine  an 
indistinct  c^iHliilline  gtnicture.  Xt  is  odonrlen  at  ordinaiy  temperatnree,  but  emits  a 
peculiar,  sharp,  iiriutiug  odour  vhec  heated.  Tasteless.  Neutral  to  litmus  paper. 
llaj  be  mblimed  without  previous  ftuion.  Begins  to  volatilise  at  100°,  but  i>  not 
completed  vaporised  till  heated  above  150°  ;  at  about  ISS"  it  melts,  and  immedJatel; 
■fterwards  begins  to  boiL  A  lump  of  it  quickly  heated,  melts  aad  boils  at  the  same 
time,  Taponr-density,  obs.  —  207  ;  calo.  —  2*08.  It  does  not  dissolve  in  water, 
Kli»hoI,  or  ethar  whan  merely  boiled  with  them  ;  but  when  heated  with  water  to  100°, 
in  a  eealed  tube  Ibr  several  honra,  it  dissolves  completely,  fbrmins  a  solution  irtiieh 

when  Bvaporated  inai  '  ''  .■»-.  

This  oompound  does  ui 

and  indeed  cannot  be  regarded  as  the  ether  of  the  hypothetical  methjlene-glyei^  ii. 

much  OS  that  etJier  ahould  have  the  eompositioa  CH*0 ;  but  it  appeals  rather  to  be  the 
homdogne  of  dioiyetbylene,  (C>H')>0'  (iL  S99). 

Dicompotitiont. — I.  Dioxymethylene  has  a  great  inelinatioD  to  lake  up  an  additional 
qvantity  of  oxyotn^  being  thereby  converted  into  carbonic  anhydride  and  water,  and 
sometimes  partiully  into  ibnaio  and  oxalic  acid.  It  reducea  the  oxidce  of  ailver  and 
meicniy  wben  heated  with  them.  Mtrk  add  and  a  mixture  t^  mlphuric  add  and 
chronuite  qfpotaaiuta  converts  it  into  ovbouic  anhydride  and  water.  Ineloeed  together 
with  spcnuT  plaliamn  In  a  sealed  tnbe  containing  oxygen,  it  oxidises  bIowIv  at  ordi- 
nary, qoii^y  at  higher  temperatores,  yielding  carbonic  acid  and  watiT.  Enaled  to 
100<>  Jbr  about  10  hours  in  sealed  tubes  with  water  ajid  peraxidt  of  Uad,  it  yields 
carbonate  and  formate  of  lead.  In  the  preparation  of  ibis  compound  by  the  process 
shove  {pven,  part  of  it  am>ears  to  he  oxidised  by  o^gen  derived  £rom  the  oxalate  of 
silver :  tor  t£e  volnnM  <a  carbonic  SToIved  is  greater  than  that  of  the  carbonic  nzide 
(they  should  be  equsl  according  to  the  above  equntiDn)  ;  and  towards  the  end  of  the 
opersliDn,oialic  add  sublimes  in  aystiill:(?H'0*  +  ()■  -  C«H*0*  +  HK>.— 2.  With 
red  iodidt  of  piotp^onu  it  yields  iodide  of  methylene,  and  is  at  the  same  time  partially 
e>rboiUBed.~B.  When  omuumia-gaa  ispaeaednver  pulverised  oxideof  methylene,  heat 
is  svulved,  a  watery  liquid  ia  ■epaiafed,  and  a  voUtile  e^stalline  substance  ii  Ibrmed 
poaaenong  basic  properties.— 4.  It  is  dnnfimposfd  by  >™«"''B  with  Ans-tootsr  or  dihita 
fotaiK-lgt,  inl«  ibrmate  and  methylenitan  (p.  1008). 

MJTf  laJOT,  WyXJ>TII»»  OF.    (A.Hnsem*an,  Ann.  Ch.Fhann.  cxzvi. 

S93.) — Monomethylenic  tulphidt,  CK^S,  is  oblnined  by  heating  monosalpfaide 
of  sodiom  irith  iodide  of  methylene,  as  a  looee  white  insoluble  powder.  When  heated 
to  ISO"  it  is  converted  into  s  sablimable  body,  consisting  of  dimithglenie 
sulphide,  (CSTf&t  and  probably  identical  wim  the  compound  which  Oiiard 
(Aui.  Ch.  Pharm.  c  SOfi)  obtained  by  the  action  of  nascent  hydrogen  (ftom  zinc 
and  hydrocUiBic  add}  on  BnI[Mde  of  carbon.  When  obtained  as  above,  it  eiyetallises 
'n  long  monoclinic  prisms  having  an  intolerable  odour  of  onions,  melting  at  a  tem- 
leiBtnre  above  200°.  but  voIatiliaDir  in  considerable  quantity  at  •  mnch  lower  t«m- 
it  liquids,  most  readily  in 
lie  ^Cs  with  Iho  cIUotk 
and  platinum,  also  with  nitratt  of  diver,  and  unites  directly  with  iodine,  i) 
crystalline  compound,  but  not  with  brommt.  Fumie  nittic  add  attacks  it  violently, 
giving  off  nitrons  fumes  and  forming  a  aompound  which  tnystalliees  in  acnte  rbombohe- 
drunB,Biid  probably  coosistB of  dimatbyleoio  oq^phid^QQi!  S*0'  (Hnsemann). 
Girard's  compound  lessmhles  that  just  described  in  llM  behaviour  with  solvents  (tram 
bensene  it  aTstallises  in  quadratic  prisms),  and  in  fonnine  crystalline  compounds  with 
nitrate  of  silver  and  the  dkloridca^gold  and  platinum;  It  was  dissolved  without  de- 
eompoaitioQ  by  hydrochloria  add,  ali^tly  also  by  dilate  snlphuric  add  i  when  heated 
with  strong  nilplinrie  add  it  decomposed,  with  separation  of  sulphur.  Hot  ailric 
acid  deeompoaaa  it  oompletely,  with  nrmation  of  sulphuric  add,  caibonio  add,  and 

,  i  8<. — Separates  on  gently 
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tamina  nitric  add  into  tneA^nu-nd^nrans  odd  (Hofbuuin  and  Bncklou'i  dimtpbo- 

Hlf  !■■  ■  ■:^M^-»wo«»Bf>Mi.iilML    See  FacBmoBUB-RUiicuB,  Oaaimc. 

MTM  ■  i^mMM-KtmrmuMOvm   AOZD.    Sm  Sai.fmaoua  Emaa. 

nrXTXawiTAW.  <7H"0'.  rButlprov,  Ann.  Ch.FhaTm.ciz.2S6.) — A 
■afchacine  ButHtance  wmeiriiat  nacmbliiig  mannito,  pmluced,  logctha  with  liumie 
Mtd,  by  th«  action  of  itroig  bawa  on  dioxjmMhjlene : 

4CH'0'         -         (7H"0'       +       CH»0', 
Slair«(hjla>.  IfMhiltnitu.  Foniic  add. 

Dioarmethjlnia  diMolTea  when  boiled  vith  nceaa  of  baiyta-  or  lime-ntra-,  and  if 
lius-walcT  be  ecadiull;  added  to  the  boiling  nlutian  till  it  aaanmea  a  deep  vdloir 
cehMT,  Oit  liqmd  nmwna  nenttal,  ia  no  longer  pivcipitablfl  b;  earbonie  aeid,  and  vhen 
eraponl^d  in  a  Tacnnm,  jitJds  a  jellowiah  BTnp,  eonaiitin^  of  methjlenitan,  mixed 
with  ayitalline  caldc  format«.  On  treating  thii  reaidai  with  afaaotnta  alcohol,  the 
tD^jluiitan  diaaalvea,  and  renuina,  on  evaporating  the  alcohol,  aa  an  amorphom  body 
(oDDtaioiiu;  a  little  lime)  hsiina  a  aaccbarioe  taata,  and  a  fiuni  odour  like  that  of 
earan^rrhe  aolution  hu  a  alight  add  leaction,  is  oolanred  jellov  bj  alkaliis,  and 
decoloriaed  again  b;  acids ;  it  rednc«a  an  alkaline  cnpric  aolntioB  almoK  inatantlj 
vheD  hFated  with  it ;  has  no  TatiLtDi7  power  ;  and  does  not  i^qwar  Co  ferment  with 
Teaat  When  heated  ft>r  Beveral  hooiB  to  100°,  with  eiciwe  of  balTiie  add,  it  fonas  an 
oilj  bitter  compoond,  probablj  CH"(CH'0)^,  hsTing  an  odour  of  cheese,  inaoluble 
in  WBt<i.  partiall;  volutiliard  in  a  current  of  air  at  l&Oo,  and  yielding  tn^rate  of 
barium  when  laponifled  bj  baijtarwater. 


BUTK  nr-MVM  f  b&TB  OT  t 
getherwith  dimethjlate  of  ethyleae  (p.  1002),  b;  distilling  a  mixture  of  methjlio  and 
ethylio  alcohol  with  aulphnric  add  and  peroxide  of  manganeae.     (Warta.) 
8ae  CuBAiDDia  (i.  751). 
■.    9«e  COKnni  (ii.  6). 
See  SiETi,-][wrKTi.n]  Ethsb  (ii.  MS). 
See  PEETTLuama. 

Syn,  Witll  TW"«TirTr-»nrTU  i  on  »  uiTij 

Bjn,  with  EHFTII.-IIBTHTUO   ElfllB. 

:,  or  MetAyUaaprogl.    CH"  »  CH».C*H'*.— ObtMwd  by  tha 


mly,  probably  beeanaa  onanthylio  add  is  much  more  nnly  electiolyaed  than  acetio 
nciu.  On  KCtifring  the  reaoltiiig  oily  liquid,  the  pcction  which  diatila  at  8fi°  a  tbnnd 
to  eonaiat  chie^  of  methyl-hs^l,  having  a  T^ou-detiii^  a!  1-436  (eala  S'tSg). 
(Warti,  Ann.  Ch.  Phya.  [3]  zliv.  S7S.) 

Syn.  witJi  HwrKTUjOKi. 

nM.    Bee  p.  1006. 

_  .— Jt  compotind  obtaioad  by  t.  Babc^  by  tha  aetioB 

of  metiiytio  imlphata  on  ehinoline  (i  6T1). 

M  Iiionn  ErHsas. 
ra  (p  788). 
I   AflZD.    See  Ifuio  Bihew  (p.  79S). 
See  Jtotmaia, 
MMTKyK-anoOTUi  M.     See  KKximn, 

Syn.  witli  NiTKunmitin  (i.  804). 
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W&HTHII.    C*H"0  -  CH'.CH"0,     (StJdalBi,  J.  pt.  Chma. 

L  2411. ) — A  componLd  aMtone,  uomerio  with  caprylie  aldehyde,  obtain^  b;  djs- 


together  with  heptjlia 


itie  ^k&li  (see  Hbftti,  HiDBAn  or,  p.  Hi).    It  a 


kea  gwaapota  od  p^>er ;  doea  not  tam  acid  on  e^ioBiiH  to  Uie  aii,  er^l  ta  cc 
with  jutJDum^tlack ;  tniina  with  a  bright  vellow  flame.  It  ia  inaolable  in  *oaier,  hat 
mizea  in  all  proportiona  with  dlcoio^  and  etier ;  mizea  with  nt^iiuric  aad,  trTolTing 
heat,  and  ia  [oecipitated  from  the  yellow  ao]utk>n  hj  water,  apparently  Dnctuiig<£ 
Witb  onuTUHita,  potath,  tHeer-oxiiU,  and  ciromio  aeid,  it  behavea  hke  cuptylie  oldd)^* 

EL  7*6).    With  pentacUoridt  of  piotpJtonu,  it  yialda  ohloride  of  oc^lrais,  C^'Hl*. 
Daehaser,  Ann.  Ch.  Pbaim.  en.  289.) 
lUrS  I  Ir^UiAMTM.  I  liIO    MTMMWL     Srn.  with  HiFTTL-iaTRmo  Ethhi 
(iii.  »»)■ 
MBVM 1  b^XA^O  AOnt,    See  Oxujc  ZrHiaa. 
Wl  B  rt  ITWawin  AOnh    See  Ozuno  EraaBB. 
—  —■'■'-■*■*■*—"  AOXn.    See  CHOuaTBoraun  (i  029). 

M»»»  Ifc.»*«ATAaTAB«0  AOD.     Bee  TuxiBIO  SiKul. 
.    Sjn.  with  AmaiBun  (L  801), 
Bta'Panm.Axniaa. 
Bee  TMkD-MA.Tani.tii,  Osauno  (iii.  603), 
:    and    VSOBVMOJI  lUMS.      Sea   Pbimfbobdi- 
■AiiiOLBib  Osauna 
mTKT&-n>OSMIOazo  AOm.    8m  FaoBFBOSia  Etbxb*. 

IVSOmOVS  AOIS.     8a«  PooSFHOaOl;!  EihbbI. 
See  Ptrmman. 

See  Cubiuum  (L  TIT). 
m*!'*  1  !■■■  aTiTCT^IO  AOXn,     See  BuJOTuo  Eraxsa. 

a  and -•■xaMZOirs  JLOZlMh  See8B;sinaBadBE.nnot[s 

See  TlH-^ASiOLH,  Oxouno, 
See  AmwowT-Kuiniui^  Onounc  (L  S44). 
•WTKWCtanMM,    Sea  STKTommn. 
■•raVSmUO  AOW.    See  SuLPSUBio  Btbxbs. 

]  AOSn>    See  SfLFHOci^aoma  Btk>bi. 

■irXf  MAMZSOIiZO     AOIO. 
An  aeid  obtained  by  diBsolving  aniaal  in  strong  aolphnTic  acid  (eee  L  SM). 
MSm&-TABnUUa  AOIB.     Sm  TAJtTUuO  ErBBBO, 
Mmw  ■  ■—■gwwjMTTf  *■—■■»■     gfg  TniotiMAiiiira. 

MWM H.irB*MTW«.    (THtP.    (SsiBaignea,  Ciimpt.Fend.xxzTiii8S9.>— 

A  baae  produced  by  heating  an  a^neona  tolution  of  ereatdne  oi  areatinuie  with  met- 

cnptie  loide :  earbotiie  anbjdiide  u  then  erolTed  withont  a  tnee  of  unmoiua ;  the  oxida 

of  meniit7  ja  partly  Tsdtioed ;  and  oxalate  of  methylsnmine  i>  obtained  to  cryatali: 

aCEPIPO*  +  O*    -    (CHTf^.CH'O'  +  aCC  +  HK> 

CnaUna.  Oului  of  HMk  jl- 

2C'HT(^  +  0»    -    ((7H'H')'.0'HS>*  +   300*. 

If  the  quaatiij  at  oxide  of  mercmj  ia  too  anuU,  the  omtala  of  oxalate  of  methyl- 
Dramine  are  nixed  with  efyitala  of  creatine  j  bnt  when  a  miffident  qnanti^  of 
nercnric  oxide  ia  need,  the  oxaJate  of  methylBnune  ia  obtained  in  laige  quantity  and 
quite  fk«e  from  creatine.  To  Mpaiate  it  completely,  the  aolntion  mnit  »  mpetitedly 
treated  with  alwbol  end  eTS{>onted.  It  may  alio  be  produced  by  treatJng  creatine 
with  petoiide  of  lead  atid  s^phnrie  acid ;  bat  this  nuUiod  doea  not  yield  H>  pora  a 
prodnot  u  the  preMding.  (Detaaignes,  Compt  rend.  xU.  1258.) 
Vol.  III.  3  T 
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JOIO  METHYL-DREAR— MICA. 

HuthrlimiBiii*  u  oUiiiicd  in  the  frae  ibte  I7  beitmg  Qm  oxdata  with  &  tbAi 
tnnam  of  pun  milk  of  lima,  and  snoontiiw  tlia  flitnts  in  Tacno.  It  ii  a  white  nlid 
body  kanng  a  crjiuHioa  aiufaee,  doe  perup*  to  &bsorptioi>  of  carboaic  add;  Tery 
daliqnaaoeilt.  Ita  iMte  ia  txostic  aod  ammoniKnL  Heatad  on  pUtiaun-fbil,  it 
Trliiriliam  eonplele^,  "**»'■  "g  a  rtrong  odour  of  bnnit  creatina. 

HMhylnnminecotttaiBatbelamrataof  oreaandof  methyUmiae,  mimal  at.  water 
(Daaaaignaa): 

CHTIf  +  H*0     -.     CH-HH)   +   CH*K. 
It  mar  ilao  be  leguded  a«  twmed  bom  S  at  ammcoia,  b;  1^  n^Lwanust  of  3  at  H 

fCN 

bj  I  at.  cnnogen  and  I  at  nethjl  napaotiTelT :  CH'^  ^  IPJCH?.    (Gerkardt, 

Ih' 

TVotf^  ili.  MI.) 

Hathyhuamine  heated  with  bv^ta-watw  b  deoMnpoMd,  pTuig  off  amiDODia  with 
an  odoor  of  iaa-watei.  It  elimmataa  ammonta  fiini  ammoniakl  ealta  at  oidinarf 
tempantnnf.  With  the  uhloridca  of  baiinm  and  aldnm,  it  Ibnna  oopiooa  pre- 
^itatM,  wbi«h  are  aoluble  in  a  Urge  i^nuitity  of  water,  and  in  dilute  acetic  acid. 
With  mlphate  of  alsmininm  and  feme  chloride,  it  fonna  predpitat<e  wliieh  r^- 
diMnln  in  an  eteeae  of  the  predpitant.  It  prwdpitatea  the  salta  of  lend,  copper,  and 
meTemT ;  fbrau  >  whitiah-jdlow  pwwipitala  with  nitrate  of  aitrar,  and  dinolTea  oxide 
and  chloride  of  nlTfr. 

Methyloramine  comliioee  witii  acids,  forming  dyataniTie  aalia,  which  have  a  sli^t 
■IkaGDe  reaction,  and  when  heated  with  eaniHe  poleiifa-Bolntiint,  gire  off  copiona 
alkalina  Tapours  coniiatiiig  of  ammonia  and  methjUmine.  Hm  m^iate,  ij/dro- 
ekiorale,  and  nitratt  ma;  be  Msil;  obtained  by  decompooing  the  oxalate  with  the  cop- 
teeponding  caldnm-ealta. 

na  Moroplatitiate,  CS'S'.'RCL'FtlCP,  ii  obtained,  br  mixing  a  eoneentrated  «dn- 
thm  of  the  hjdrodilonta  with  platinio  chloride,  in  BpIendid(iEug»«(daai«driiombaid^ 
which,  iriien  ndieiolTed  and  reoiTBtalliBad  bj  eooliiu;,  oflnntakp  the  form  of  flat  priinu, 
arranged  in  panllel  groapa.    Hie  aalt  when  caLnned  awita  an  odour  of  trimslhjbmiiie. 

The  omiate,  prepared  »a  above,  forma  flatten^  prisms  arraiiged  in  pnrdlel  grouM 
etmtaimns  ((7H'K')'.C*HK)'.2HH>.  It  giTea  ctf  ita  wat«r  of  eryBtalfintiiHi  at  100°, 
ia  TCty  aoliMa  in  watev  hM  a  din^eetUe  taatcs  and  bloie  reddaoed  libnu  digUly. 
Heated  on  platinnm-fcil,  it  ekluke  tba  Mna  odcor  aa  ocatine. 

M»»M  Ifc-miM  HM'    See  HcTHTi'-oiBnuuiwa,  under  Ct.Ktuais»  (L  1M\ 

W^'^-'-T^IT""  AOnk    See  Xurraic  Bthbbi. 

MWOUtDnnu    Sjn,  witii  Mm.oBMinn.uam.    See  BMnn.uom  (J.  £70) 

MSRTSTtonii  A.  eiTttalline  anbctanae  obtained  tnKa  Kawirroo^  the  Mot 
of  Piper  litOi/ttiam  (ee«  Bi.WA,  p.  iU). 

r*  — ■■""—-*"'"  U.  Hftitina  (Arch.  Fhann.  [2]  ex.  39)  obtained  from 
S  Iba.  of  meaerenm-eeede  (Stnten  coaoffnidiC),  between  20  and  26  ok.  of  s  bttj 
-Maioiting  oil,  and  about  S  diou.  of  •  tabatMiea  trbiA  oyatalHeed  Aim  alaobol  in 
white  ca^idowerlike  maeaea. 


BriiDiudor^  aear  Freiberg  in  Saxony,  aaaodated  wiQi  ■rgentiferoua  anenial  pjritaa. 
It  forms  thick  tabular,  pycamidal,  or  short  prismatic  ci^Blals  belonging  to  Uie  mono- 
clinie  aystam.  Batio  of  axes  a:6:e:  =  0-3fieS  :  I  :  1-OS77.  Angle  c/ inclined  axn 
-  81°  38';  «P:  O.P  -  89°  88";  oP :  [P»]  -  lOB^  ff.  The  latoeJ  plam  are 
4e«pt]r  Knat«d.  Clearage  panllel  to  »P»  and  [F«  ],  imperiaet  Hiudiie«  ~  3. 
%Mifla  p»Ti^  —  6'2  lo  6-i.  The  tayUait  are  opK^ae,  witli  eab-metallK  adamantine 
mitn  and  iron-black  uolonr ;  thin  ipUnten  appear  Uood-red  by  tnutmuttad  light. 
Btreak  diA  cbany-red.  Fnioture  suboonchoidiJ.  Veiy  eectile.  Contains  according 
to  H.  Bois  (Pogg.  Ann.  i;t.  160},  21-9fi  per  cent  sulphur.  3911  antimony,  SS-40 
silver,  I'M  copper,  and  0'6S  Iron  (—  Oi'lT);  the  formula  reqoirea  21-2  lalphnr,  43-9 
antimony  aod  3i'0  silvar.  In  an  opaa  tube  it  mcU*  nmij,  givea  off  ndphmooa 
anhydride,  and  yield*  a  nUimaM  d  aatimoniona.  oxide. 
The  ^j^p<)r^jrri<«  of  Brtalba<qit  wntaina,  according  to  Plattner^  SB  per  cent  BilT«r, 


(Dana,  fi.  75.) 

WMXAMOSTM,  A  granriar  aUtT  rock  ooniisting  ti  ~rth<trlanr  miM,  and  elKciit* 
Mmetimce  with  <j'>*'^  aUriti^  and  homUeDde. 

MXOA.  The  ^eri«  name  of  a  number  of  mitiOTal  species,  inchiding  Mneaorite^ 
Phlogopitfi,  and  6iotit«,  distingaishad  b^  a  more  or  Ine  laminated  stnctnrs,  hence 
called  nHoaoMW.  Th^  an  nsoslly  dindad  optically  into  nniazial  and  Uaxial  micaa, 
botinreality  tliey  are  all  biaxial,  andqiparentlyliimetric;  bat  in  aomev  Ti>i  Uw  bia<it«a^ 
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le  maaamtea,  it  TsrieslMtwesn  45°  and  £6°. 

Ctmnieally,  tnicu  msj  be  JWided  iota  potash -micai,  coDlamina  litQe  or  no 

nagnedt^  tat&e  bcins  again  mbdiTided  into  thoaa  which  caotain  lithia,  and  those 

which  ars&TC  ftoiB  that  alkali;  and  magneaia-micaa,  ooDtaining  for  the  Dioatpart 

fiMin  20  to  SO  per  cent,  of  magneria.    The  micaa  Which  do  not  oonbun  magncaia  ar~ 

which  the  —" '^-    '  -^ "  "■-  ' '    ^ "■ 


thoae  ii 


i  thei^)do 


of  magneiia. 
10  an^  of  th 


the  ana  ia  the  laigeat :  hence  Ihej  are  commonlj 


a  aabdiTiaion,  preaent  mch  dlAtoeiMW  Id  chemical 
wmpoaittOD  (at  leaat,  according  to  the  analjsea  that  haTs  hitherto  been  made  of  thMn), 


0  brinfi  them  nnder  gcjieral  fbrmnlffi.     Aecordiiu;  to 

J  may  DC  rBpreaonted,  with  cr — "' — *"'" "" 

kl  denoting  a  mon-atomic^  and  It  a  aes^. 


laidersbli 


ar 


iproach  to 


that  it  U  not  an  ea^  m 
KammnJaberg,  howeTer,  they  may*^ 

MOOM^y,  aafcUowB,  r  ^ ---'-■ - 

Potaah-miaa aJPO.SSiO'  +  nfaBW.SSiO") 

Migneeia-miea        ....      aSl*0.810*  +  n(2B'0'.3SiO') 

According  to  these  fimntihfv  the  nugneo*  miraa  are  orthosilicalce,  both  terms  of  th« 

second  frawnla  beinff  mdaeible  to  the  tana  H*SiO',  whereas,  in  the  formnla  <rf  the 

potaah-mica^  onlj  the  Moood  Veaa  can  be  tbn«  rednoed,  the  flnt  eontaining  %  at. 

ailica  in  addition. 

L  FouaK-MtcA. 

■.  Sat  eontaMng  LUhia. 

MnaeoTltaa  Oommcn,  OdH^va  or  SioMol  Mica.  JUttteoeg  gtau,   Verre  de  Jfuteottt, 

GUmmer,  in  part. — Thia  miiia«l  occtm  in  trimeCiic  forma,  oaiully  hcmihedral,  and 

having  a  monodinic  aapect.   ccp  :  usP  —  120°.    Cleamge  balal  emioent ;  occaaioiially 

alao  at  right  an^es  to  two  opposite  sides  of  oP ;  separating  in  fibres.    ''     ' 


le  grantj  —  276  to  3-1.  Lostre  morr  or  leea  pearlj.  Colour  white, 
Knr,  paie  green,  and  TinUt-jelloir,  Kinietinies  brown  and  dan  oliTO-Eieeu ;  coloon 
difl^uit  in  tiie  axial  and  diametml  directiooB.  Streak  ODodonred.  TnLDspannt  to 
tranaloerat.  Thin  lanmue,  flexible  and  elaati&  Teij  toogh.  Sectile.  Biaxial  i  angle 
ltstw«eit  optic  axes  yaiTing  from  IS"  to  7G°. 

When  beatad,  it  rivea  off  more  or  leas  water,  which  exhibits  with  dasa  the  reaction 
of  hjdratlaaric  acid.  Melta  befiire  the  blowpipe  mora  or  less  eamlj,  to  a  grey  or 
jdlowiah  tameS«d  glaaa.  Gives  with  flnxes  the  reactimi  of  sQica  and  iron  (sometunes 
of  manganeae). 

Anafyta:  a.  From  Litchfield  in  the  State  of  Ifaine :  white  (Smftli  and  Brnih). 

■ — b.  Coonty  of  Carlow,  Ireland :   grey ;  angle  of  axes  —  73°  18'  (Hanghton). 

c:  GUndaloDgh  nlley,  Coon^  of  WicUow:  angleof  axes  —  70°  ^'■,  specific  grBvity  — 
3-7S3  (Hanghton).— if.  Ceni, near  St.  Etiennein  the Voages:  greyish-white,  reddiah 
by  transmitted  light;  speciflc  gravitT  —  2817  (Deleaae). — e.  ZaidoTa(s,inHaagBjy: 
white;  Bpedfle  gravity  —  2-817  (Knsain).— /  Schwaraenstein,  Zillerthal  (ehmme- 
miea;  ftidisite):  green  (Schafhtntli—f.  Ut5,  Sweden:  gtdden-yellow  (H.  Boss). 
~-k  Oehotak,  Siberia  (E  Rose). 


- 

i. 

c 

*. 

*. 

/. 

,-. 

M. 

Fluorine 
Silica 
Alnmina 
Chromic  oi 

Ferric  oxid 
Manganona 

s-^ 

Potaah 
Soda. 
Water 

ids  '.      '. 

oxid^       '. 

-U'OO 
S6-Sg 

i-84 

'o-87 

oeo 
a-20 

4-10 
6-26 

44-04 

80-18 

"s-si 

0-73 
13-40 
(-3! 

44-71 
30-18 

4-69 

0-90 
l-DO 
S-Bl 
1-27 
8-23 

it-is 

88-03 
's-4'8 

Vio 

'SM 
1-46 
413 

48-07 
88-41 

io-io 

'8-42 

0-36 
47-9« 
34'4« 
8-96 
1-80 

0-71 
0-69 
10-7S 
0-37 

0-63 
47-60 
87-30 

8-20 
0-81 

'  -'o 
'3-<8 

0-28 
47-19 
88-80 

4-47 

1  2-18 

018 

8-30 

1-07 

98-80 

B9-61 

96-93 

99-38 

100-00 

100'92 

101-47 

100-87 

constitnent  of^gTBaite  and  its  associate  rocks,  ^eiaa.  syenite  and 


iDlca-alate.  It  occnra  also  in  more  recent  aggr^te  rooks ;  also  ia  imbedded  ciTBtals 
in  raannlar  ItmBStone,  wacke,  trachyte  and  basalt.  Coarse  lamellar  agnvgations  ot 
it  mUa  fom  the  matrix  of  crystals  of  to^oM,  tommallnat  and  other  minwu  speciM; 
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Mica  ia  aoBiirtimn  altsrad  hj  Ae  Actioo  otmter,  lodng  its  etiatidtyuid  traiupemw;', 
and  oftaD  soms  poitioni  of  ita  lUalia  and  ferric  oxide.  JUaryarodUe  (p.  8(i3)  appean 
to  ba  a  mica  tbua  altraed ;  aln,  periuipa,  J)amouril»  (ii.  303);  GUbertitt,  a  miDtval 
IbaiHl  at  StoDsgTTii,  near  St.  Just  m  Cinnindl,  coDtaining.  aeoonliiig  to  Lehnnt,  U'lb 
per  oant  silica,  40'11  alnmioa,  2-4S  feme  oxide,  f-l7  lima,  1-9  migiwiia,  aiid  1*26 
watai;  and  Smeiit  (j,  c), 

»»pia»lt>«.  TiisMtrie,  often  oeearring  in  oblique^  rbamHc.  and  aiz-aided  prinm  of 
119°  to  120° ;  «]ao  in  owimIt  granular  manee  coiunstisg  of  foliaMd  acalea.  Clearaga 
biul,  lughlj  o^nanL  HaiJneaa  —  3-e  to  4.  Spedflc  gravity  —  2'S4  to  3.  Lnsln 
pearlj.  Coloar  nao-re^  Tiolat'pcy,  ^eUoviah,  vhiCuh.  Il^analnoent.  An^  <# 
arajwnt  apHe  bzm  s  70° — TS^ 

Wben  heated,  it  giTaa  off  watar  ealiibiling  a  itiong  reaction  of  hydraSoorie  add. 
Heated  befora  the  Mowpipe^  eitlier  alone  or  with  a  miztore  ti  floor  ipu  and  add 
nlphale  of  petaaaiiim,  it  cdoiirB  tha  flame  red  (in  the  tatttz  eaae  aomeCimea  alaa  grern 
from  the  meaanea  of  boron,  C.  Omelin).  M«UBeaaJljbef]Tellieblowpipe,andexbibita 
the  reactiona  of  iron  and  manganeae.  It  ia  attacked  with  dittonlhr  t^  Ir^diochlorio 
nod  gnlpbnrifl  add;  after  lamoa,  the  Anelj  palTcaiaed  minual  geMtuiw*  with  the 

Analj/Ma-  a,  Ttam  ZSnnwaM  in4he  Etvebiige  (Lohmajer);  b.  S^om  the  aame 
loeaUty  (Bamnelabrrg);  e.  Altenbrrg  in  the  £mgebme  (Stsinl ;  d.  Cornwall 
{Turner);  e.  Itoaena  in  HoraVia  (Bammelib«rg); /.  Dto  in  Sw^en  (Turner)  ; 
g.  Cihusdorf  i&aazonj(C.Qmeliu);  K  Jucbakowa in  the Ur^ (Boaalea). 


>. 

6. 

<. 

t. 

e. 

/■ 

1- 

t. 

Fluorine    . 
Chlorine    . 

iSOies 

Fenio  oxide 

fiarroaa  oxide 
Uanganic  oxide 

Lime 
UagKeaia  . 

Soda.        , 
Lithia       . 
Watn^        . 
Pho^horieadd 

6-se 

081 
*a-9T 
20-69 

1*18 

thsa 

I(HKt 
1-41 
1-60 
0-22 

T-dT 

4S'63 
21-Sl 

4-68 
0-80 

i-9e 
o-u 

.9-09 
0» 
1-27 

i>-13 

1-48 
0-40 
4701 
20-St 
14'8« 

i-GS 

B-fl2 

4-83 
1-68 

4-S6 

flO-82 
21-33 
1009 

9-8S 
4-OC 

7-ia 

si -70 
26-70 

129 

0'40 
024 
102B 
1-lS 
1-27 

016 

3-90 
60-91 

120 

9-M 
647 

4-81 

G2-2fi 
28-84 

4-oa 

8-90 
4-79 

10-32 
1-16 
48-92 
20-30 

4-67 

0-12 

10-96 
2-23 
2-77 

as-3B 

loo'fie 

lOO'H 

100-71 

100-88 

99-31 

100- IS 

101-35 

The  litbia-mieaa  contain  a  laigtr  proportioD  of  macnnaie  than  thoee  in  the  preced- 
ing dividon.   Banundaberg  leatiieta  the  name  lepidolita  te  thoee  which  we  fiee 


n  micaa  of  thia  diviaion,  moatly  of  daric  RMea,  hrtnrii  or  blac^  colonr,  contun  only 
t  40  pec  cent  nlica,  often  a  luge  qnanti^  pf  itoo,  and  magueaia  aa  an  eaarnlitd 


;  with .  flniea  thej  gire 


A  BtMoK  iron-meUan.  "Otej  am  attacked  with  difficuhj  bj  h; dn)chlori<^  but  com- 
jktelyaeiMmMiaed  tv  aulphnric  add,  the  silica  remaining  in  the  bnn  (rf  tiie  bunini 
^th  white  Mknir  and  mciCher<if-pearl  Inatie. 

FUoffoplto.  Bhamhie  Miea. — Trimatiiei  acenmng  in  rhombic  or  hengonal 
fDiama,  with  biaxial  refraction.  nP  :  aP  —  120°.  Coloar  jellow  or  copper-led ;  also 
white  or  colourleea  and  different  ehadea  of  biown.  Cleange  aa  in  mnacorite.  Angle 
of  apparent  optic  aiee,  6°  (^  le»)  to  26°. 

Anaiy*a  :  a,  b,  e.  From  Edwards,  St.  Lawlenog  Connlj,  Kew  Torii :  a.  dad:  jdlow. 
hiown ;  b.  and  c  coloorieaa.  with  ailverf  hiatre  (Craw}.—  d.  From  the  Vowea:  ia 
fnoularliiDe-etone:paeniihjKpadficgnn^,  S-746(DeIe8as).--«J<A(NiiO)anlf, 
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NffwToA: brown;  ftwai  easny  l*fore  llie  blowpipe  tosvUte  maiiu 
flanwnddubOfaitiendoTfO.— /.  Sila  inSvedan  (STftnberg), 


i<^  BsdooloimAa 


«. 

*. 

.. 

A 

.. 

/. 

FlnorinB       . 
Silink   . 
Alamms       , 

Huiguioiii  oxide 
H>gDe<dm     . 
I^e   . 
Potadi 
Soda    .        . 
Lo-byigmtta. 

4-SO 
40-U 
17M 

Wio 

10-M 
D'«8 

tzan 
*038 
lS-41 

true 

39'SS 
731 

trace 

*0'a 

16-OB 

tnoa 

80-20 

fl-07 
*Z9 
3-95 

Ma 

87S4 

19-80 
1-80 
0-10 

ta-»2 

7-17 
1-oa 

l-Sl 

s-w 

*1-S0 
lfi'B6 
1-77 

88-79 

9-7l> 
0-M* 
0-29 

o-«a 

42-64 

is-o« 

790 
IM 

as-9s 
e-os 

8-17 

10089 

9»-4fl 

9a-so 

100-18 

lOl-H 

lOD-lA 

This  kind  <d  mka  it  etp«d>Ilj  diaracteriatic  of  gnunlar  limeatooe.  Tbe  pblogopitaa 
■M  tm;  liable  ti>  cbuge,  loaing  their  elaaticitj  and  becoming  prar^  in  Inatra,  often 
with  browniah  apots,  w  if  &om  the  h;di»tioo  M  ilie  oiide  of  iron.  In  aome  caocs,  an 
altatatioa  to  atMtita  baa  been  obaerrad. 

BIMIM.  BiiMgaiutl  Mica,  UniaxM  Ittea. — Fnbriify  trimetrie,  tbmet'lT  iip- 
poerd  to  be  hexagoosL  Ocenia  uanallj  in  tabular  priama  with  baaal  clMvage,  nif^Uf 
eminant;  eoDUnoD  also  in  foliated  maaaea.  Bafraetum  bi»iial;  angla  between  (be  axea 
leesthsnSO.  Haidnw  —  a-S  to  S.  ^eeifle  ^rity  -  2-T  to  31.  Loatie  matIj, 
often  mbmatallic  on  tba  terminal  bcea  of  tbe  pnam.  Colonn  miona,  aa  in  the  jb*- 
ceding  apedea ;  nanallj  dark  green,  brown,  or  near);  black  1  aometimea  white  or 
eoloorieaa.    Btmtk  nno^uied.    Tnnfparent  to  opaqoa.    Thin  laminn,  flaxiUa  and 


Anaij/ttt:  a.  From  Xake  Bsikal  in  Siberia  (H.  Boae).  — 


itl). — /.   Sifel :  piDChbei:^  brawn 


(DeIeBBe>— 4.  Abberfoa  in  Finland  (STanberg). 


Fhurine    .       .       . 

soiM      .      .      . 

Alumina    . 
Ferrie  oxide 
ChiomiD  oxide    . 

S-^:    :    : 

Potaah      .        .        . 
Soda. 

e. 

t^ 

.. 

d. 

.. 

/■ 

f 

«. 

o-e6 
4a-oi 
ie-06 

4-9! 

26-97 
7-« 

S9-76 

iG-ee 

8-29 

a4-49 
0-87 
8-78 

fl-76 

0-lb 

0-SD 
40-00 
1616 

7-60 

si-si 

10-68 

8-00 
IWO 

4b-21 
19-09 
7-96 

21-16 
1-66 
B-4S 
0-90 
2-89 

47-68 
1S'16 
8-72 
S-00 
1-06 
11-68 

7-27 
1-17 
2-86 

4's-lO 

16-06 
26-84 

10-8*2 
0-81 
4-62 
0-82 
1-60 
1-08 

1-68 
41-22 
I3-S2 
36-00 

1-09 
4-70 
2-68 
6-06 
1-40 
0-90 

0-29 
99-44 

e-27 

87-39 

2-67 
3-29 
0-76 
6-06 

97-16 

99-02 

99-73 

98-97 

98-38 

108-69 

100-84 

98-06 

Thia  B^eciea  ia  perhafia  identical  with  the  pnceding;  indeed  no  definite  line  of 
demBKation  can  be  drawn  between  diem.  Sinoe  tbe  percentage  of  iron  decreaaea, 
fbr  tbe  most  part,  aa  the  magntaia  inaetM,  part  of  the  iron  mnatbe  pceeentaafanon* 
oxide.    ^Bammelaberg.) 

YeaoTian  biotite  oceme  in  brilliant  well-defined  ctTatala ;  that  from  Qreenwood 
Furnace,  New  York,  in  large  very  re^lar  riiombie  priama,  and  tettKbediel  pyramidi. 

Biotits  occuia  altraed  to  nbeUso  and  iteatite ;  it  haa  iIm  bean  obecrred  altend  to 
teintheTTrol. 
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For  fDrthei  dituli  nspectiiiK  the  optical  caopatias  of  nusM,  Ma  D  i 
logir,  ii.  317,  mDd  for  »  foil  l^lr>^n«nl^  of  i£e  chemical  fbrmalK  Bai 


ATario^cf  bfomodlutdecf  mlTsr.    (SceEkLTzs.) 
A  mifl^  of  Mthodawi  fiom  Azeodal  in  Norwsj.    Breilliiapt, 
uawersr,  nnnu  it  u  bricliiui^  altliaiigh  the  uigla  between  the  pnncipti  directloDB  of 
cteaTage  di&n  t?  only  SS*  Aom  90".    According  to  Brailhai^  olao,  the  felspar  of 
m{Bscite(p.  1009)  coniiataof  mieroclin. 

KXCniOOOSltn)  MMXT.  AmmouiD-Mdie  pbooiJiate,  (NH*)TTaHFO<.4HV, 
nindusBDxmUoi>|ap««aipariiiieiit«.    (BetSurwrm,  L  624,  and PxoaKAXBs.) 

WOSimnk  A  nrie^  of  pjioahlore  from  the  albite  Ttin  in  Chiateiflalcl, 
HaMtchnHta.    (Bee  Ptbochlobb.) 

■■  wmtmtwjmi-uim  TIM  ^  foaail  naln  Amnd  in  the  eoal-eeama  at  th»  Htddleton 
«ollieri«*  near  Leeda,  and  at  Newcaatle.  It  ii  bioimiah-rod,  of  speciflo  gnvitj  1'6, 
neailj  inacdnble  in  alcohol,  •tiiar,  and  oil  of  tnipentinc^  and  contauu  St'iZ  per  wetC 
cubon,  8-01  hjdiogen,  and  5'£fl  (ojgai.    (Johniton,  Phil,  Mag.  [3}  zii.  36L) 

MUH""™     Bjn.  with  DoLoiim. 

BnaWIT&    Bjn.  with  FTBOKOBFsrTB. 

imiiK  it  the  Uqiiid  aeoetad  br  the  mammary  danda  of  the  daw  of  animali  called 
Mammalia.  Ita  oouor  ia  geuralfy  white,  often  utuBh-vUte,  mere  ntrelj  jcJlowish ; 
it  il  opaqne,  hM  littia  la  no  aatell,  a  alightly  sweat  tiate,  and  in  gBDeisl  on  alkaline 
readioll.  Iba  ipedfle  grari^  al  milk  Tariea  between  I'OIS  and  1-QiS  (Scherer]  ; 
the  arvnge  neafla  naTi^of  hnman  milk  -  1-033  (Simon);  -  1-03287  (l-03fiSl 
—1-04643).   (VerBoiaaodBeeqBareL) 

ChamiM»diAraitothereaeti(Hicffhshm3k.  Be»eliDE,FeliBOt,aiidLBBBaigne 
aecribe  an  acid  reaction  to  normal  milk;  Simon  and  otlian,  an  tukaUoe  reaction,  and 
coturidec  that  when  it  !•  aod,  thatqnalHr  ia  due  eiflier  to  HieniilkhBTiiig  been  allowed 
to itasd  bifcre  tcatin^  ortodiaeaae.  Moleaehott,  however,  foond  thatintwoeaaei^ 
cow's  milk  (ftaltM)whidi  had  jnat  be«n  drawn  wm  add.  Elaisser  examined  tS5 
different  apwilMDa  of  human  miik,  aome  dia«Med,  but  moat  healtfaj ;  of  thaae  46  woe 
nential,  and  the  rc«t  alkalina,  Battenmann,  oot  of  373  apecimeaB,  foond  only 
—  >  add,  and  that  pnbMj  owiag  to  aome  extnneooa  eanse.    On  tin  oontxary. 


osla  (doga  and  cats)  alwaji  acid.    Dsmai  zemaibd  ti 


dog*!  ntlk  aoagnlatw  bj  heat  like  turned  cow's  milt  Peligot  foond  aaa**  milk 
alwaya  acid  (Ifi  caaea).  The  naction  of  the  milk  aesma  to  aome  meaaore  la  dcratd 
npon  the  nature  of  the  fbod.  Aococding  t«  D'Arat  and  Petit,  the  miu  nt 
siail-fed  animals  i*  atwaji  add,  and  beoomca  alkahne  oolr  when  thej  an  tomed 
oat  to  graaa.  Hermbstiidt  found  milk  that  had  ranained  long  in  the  odda,  add. 
Fraas  canaed  a  eow  to  be  milked  aix  times  in  a  da;,  and  tonod  Oie  milk  innuik  aas 
IcebW  alkaline ;  after  an  intoral  of  34  houn,  the  eov  was  ugaiii  milked,  whan  the  flnt 
poituai  of  the  milk  was  foond  to  be  alkaline,  tba  laat  add.  ScbloaHbarger,  how- 
ever, fbond  the  milk  of  a  cow  wtudi  bad  not  been  milked  for  14  daja,  ajkolincu  bi 
•OBu  ezpcnmeDia  the  milk  waa  aa  ollen  add  as  alkaline,  but  that  dntwn  in  the  mom' 
faigwaa  more  often  add  than  evening  milk 

^when  milk  ha*  atood  fbi  aoote  tuie,  a  thick  Tellowijli-white  stratum,  ridi  in  bt, 
eoUects  on  ita  mifitee  (ertam);  while  the  lower  pration  bpoomee  blniah-wliite,  and 
poorer  in  &t,  and  at  the  ame  time  iucreasea  in  apedflc  gnvilj.  If  the  loiiimiiding 
temperatore  be  IMt  too  low,  the  milk,  when  prsviooalf  sUialine,  neooireB  an  add  reae- 
tioo,  but  i«oiain«  homogeneous  for  a  time.  It  then  magolales,  fnek  milk  more  quicklj 
than  boiled,  and  more  r^dl;  if  the  temperature  be  rather  elevated,  and  the  atmoephere 
charged  with  eleetridty.     Mill  is  immediatel;  coagtilated  bj  rennets    If  it  be  rapidlj 

Theapo 


nndeigoing  add  fermentation,  and  thus  yielding  ladie  add,  whidi  ptedpitalee  the 
casein.  A  solution  of  pure  ea»in  is  not  predpitat^d  in  10  home  bv  rennet,  and  milk 
rendcnd  alkaline  I^  addition  of  alkali  is  not  coagulated  bj  reooet  (Denis).    Selmi, 

"he  mother-liqoor 
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rt  coagulated  bj  reooet  (j , 

however,  ooagulatM  alkaline  milk  in  ten  minotr«  with  mnnet,  and  the  mother-liqi 


ra  iddAd  a^«tlo  udd  to  tte 


HILK.  1015 

Vtsved  nndte  t&e  mienMea^  tftA  milk  appcm  en  ■  thKr  lii]iild  la  wltldi  tiM 
■o-callMl  flnU^vMabf  uv  nupendnd.  The;  noj  C0Ml4enhl*  in  rii«  (diamelsr  — 
betwem  0«lir  iBd  O-OOIS'),  aiid  tMelf  ia  trtA  milk  acUut  tb*  dUmFter  of  0-003B*. 
WithoQt  tin  addltiao  of  ntgiiM,  thqr  ^p<ar  mtr^  h  ^b«k«  of  ikt 

Hanleflnt jmnrdtiwcsiMeDMornratenuri  otrntepe i  fao iddad a^ 
milk.uidfoBDdtliattheslwpMof tLo^bnlexnmUienrijdinarUd.  Hit 
Ibimd  that  the  globnlcairera  not  ditaMmd  vhHi  uilk  wm  sh^en  np  with  ether,  whieli 
would  hsTB  htm  the  cass  ilOu^  wen  s  dmple  cmdWod  of  f»t ;  if,  howerer,  caoMdo  wittah 
or  carlraiiats  of  potaanain,  which  dinolvea  the  Fnreli^,  wh  pnirioiul;  added,  the  At 
wu  then  dioolTed  hj  ether.  Lehraano  kIso  ntDuked  thit  the  mrfluw  of  ttaa 
l^obnlee  in  milk  meMj  tre&ted  witb  ether,  appeared  tea*  tranipueat,  toriiid,  and 
wiioUed,  aa  if  it  had  beta  coagulated ;  tht>  ^her  took  up  tba  fttt  on  the  additiDn  of 
phoaphata  of  aodium.  Moleaehott  aeted  on  the  coHgnlmi,  obtained  hy  adding 
alcohtd  to  milk,  witii  Malia  acid,  and  tntMcted  the  bt  with  elher ;  than  remained 
maoj  mibrokea  fat  anrakiHa  is  the  fbrm  ot  little  TeaiBlM.  which  he  «a>  able  to  ItU 
withanathanalaoIotiontrfcUnophjll;  the;  eoDtaiBedBoht  t^wn  Ihii  ha  not  onlr 
pTaTedtlia«xiitaiM)aaf  tha  fU  anTdtxn*,  but  eon«l«ded  abo  that  liiaj  ate  oigamMd, 
lZeitleir.fi:  PI^M.  iMU.  xLp  tSd-TOS.) 

Another  kind  of  uor^udoglaal  abm«Dti,  tha  ao^allad  gramtiar  hoSia  (eorpa 
gratttUela,  OoImIi  wmAStiiervltm),  oewna  to  tba  oo  toe  tram  (tAe  milk  aeeretad  doiiag 
the  AM  two  or  thlaa  d^  after  Mitorition).  Thejcoiuiataf  irr^nkrcooglomarationa 
of  Torj  small  fiit-Teaiclea,  imitad  b;  an  amorphtau  and  aoniea^tat  gnnnlar  aabstaDoe. 
Their  diwneter  —  aboitt  O'Olir  (Henla),  but  nriea  between  OOMS'  and  O-OSSS". 
Their  fat  ia  much  more  eami;  diaeolTed  bj  etlier  than  that  of  milk-globolea.  Thej  ara 
dectrojed  hj  potash  or  by  acetie  acid ;  iodine-water  imparts  an  intensely  yellow 
eoloBr  to  them ;  hence  thej  connst  of  ran  imall  stobnlea  of  &t  imbedded  in  an 
albnminona  Babetanee.  Tliey  are  tband  in  bnman  milk  np  to  the  third  or  fourth  day 
after  child-birth,  amnelimea,  bowerer,  a*  late  aa  20  daya  after.  Uoleeehott  tbnnd  in 
tlie  coloatRim  ik  com,  together  with  milk-globule^  Ave  difi^rent  kinda  of  granular 
bodiea  and  globolea  (loe.  nf.). 

Haman  Coloatnun  is  at  vat  yellow,  on  the  flret  and  second  day ;  it  then  becomes 
Ushter,  aild  on  the  third  or  fuurth  day  beoomeg  white.  According  to  Q.  Teit,  in  the 
passage  of  edoatnun  to  mdk,  the  milk-slobnlea  (which  cohere  in  the  eoLwtram)  loea 
this  property,  and  tbelargeet  (above  000166'  in  diamct«r)  disappear,  whan  a  richer 
aacretioii  is  fbrmed,  and  ubamin  oeasea  to  be  present  in  the  tnilh.  The  secretion  of 
normal  milk  begins  on  the  fborth  day  at  Qia  earliest,  bot  generally  between  the  aixdl 
and  tenth  day. 

Spiliilium  ttUe  and  aumi^jfahiiei  are  of  only  aoddsBtal  ocearrence  in  milk. 

FVirm  oemra  only  when  the  milk  oontains  blood. 

Sometimaa  ii^foMoria  or  ptante  low  in  the  scvle  of  organisation  are  fnmd  in  Una 
cow'a  milk,  and  in  that  of  women  r7oBel^.  T.  Facha  ascHbes  the  blue  ooloni  of 
nulk  to  an  inAiscdnm  iriilcb  he  oaUa  Fibna  eyanegtumt ;  Baillaal  asbribas  it  to  a 

AKU.TBIS. — Ttia  analyata  of  milk  is  sltended  wi{h  eonriddrabU  difflinUiea.  It  is 
almoat  impossible  to  obtain  a  paifeetif  dry  residos  by  tfrapttfatioo,  ainco  tlie  eaaein, 
eatniBted  with  Ux,  forma  cniata  which  are  impermeable  to  stCam,  and  these  are  often 
bunt  asunder,  thovl^  oocasiom'ng  loss.  The  casein  is  not  oom^etelj  precipitated  by 
acetic  acid,  part  remaining  in  soliUion ;  uither  does  dried  CBaein  part  with  all  Itl  fiU 

l^M  aosa'n  may  be  approsJmttely  eatimsted  by  evaporating  milk  on  a  wstei^bati  or 
in  vacuo,  almost  to  diynaa^addi^  acetie  add.  and  eitractint  the  iMed  Residue  socces- 
aiveljwith  ether,  alcohol,  mid  water  (Schererand  Dumai^— ajTona-flfth  of  its  weight 
of  pcnrdared  gjpsnm  is  stined  ap  wilb  tbs  milk  belbre  enpraatioii,  whorfeby  spirting  is 
avoided,  tha  eaaain  becomes  tnsolnble  in  all  solvents,  and  tlis  dried  residiie  i*  rendered 
eaaiW  polverisable.  The /if  may  then  be  extntcted  by  ether'  and  alcohol  The  solid 
trsidne  is  determined  by  avsporatjog  I  To  S  grammes  of  milk  in  vacno,  or  in  a  water- 
bath,  anddryingtlis  nodDO  in  an  air-bath,  or  in  vacuoat  1S0°.  InorOerto-'-' 
the  sal,  the  dried  substance  must  be  ignited  in  o^gen  gas.    (Haidlei  ' 

""        '"  '     ""' '  '        '\     To  determine    . 

is  precipit.;ted  t^  • 

obcained  in  Hsddlen's  method  <tfe« 
ia  determined  by  Fehling'B  sunr-b 
Banmhaner  (J.  pr.  Cham.  bxxiT.  1<6;   JahresK  IMI.'p'  673)  evaporatea  the 


magneaium  orcUoride  of  e^eiDiii,  and  Uteeseesa  of  bsM  predpitatad  by  pMoah ;  i 
'    '  ilic  extract  obtained  in  Hsidlen's  method <rf estimating  casrin  my  boused. 
It  of  sngar  ia  determined  by  Fehling'B  sugar-t««t,  ta  \rj  polariaed  light 
"        "-   '—-'-    '16;   Jahres*    
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a  of  tlw  air;  10  e.  e.  of  neb 
o  diatribnts  tlw  nilk  mufitrmly 
iaau&no(tl>BMiidand'iiottsvattk«OBtcredge,  Hw  ituid  villi  ttw  flltor 
ta  tlm  (opned  in  tha  Mi«  ohunbar  to  a  BDnent  of  ur  hotad  to  ao°— 70°,  till  tha 
*»— r**^  ■>'  DO  loBRv  depodta  mcnahm,  aftai  wloeli  tha  tonpcratara  i>  Bradwllj 
Miwd  to  toe  and  k^  at  that  point  far  half  wi  hoar,  and  the  fliten  are  fliu&j  left  to 
eool  Ibr  an  bonr  otct  cUocidB  of  ealdQaa,  aoA  weighad :  tliii  dctsnniiiea  tha  total 
amorat  of  solid  eoudtnanla  in  tha  milk.  To  latiniato  tha  &^  the  dried  Bltera  aiv 
dzoiched  vith  anhydTooi  athar  inftinnela  cloaed  at  top  wiOi  glaaa  platca  and  banng 
their  baaka  proridad  Tith  ipring-dampa;  the  ediar  after  half  an  hovr'a  digeation  ia 
allowed  to  mn  In  opmiif  the  qaing-clamp^tliiaoiMratioBbeiiw  twice  iHwatod;  and  the 
Alten  Bra  rinaed  two  or  three  timea  with  edier,  then  dried  and  wel^led ;  the  Iom  ^tcb 
the  qoantitj  id  &t  The  mgar  and  •olvble  aalta  are  next  diaacdvtd  oat  in  %  auni- 
lar  manner  with  warm  water  (abont  SO  &  e.),  and  the  total  qoantitj  of  matter  Uioa 
itmorad  ii  determined  I7  again  diTing  and  weighing  the  Alter,  l^qnanti^tleanr 
in  tfaa  aqaaoaa  eolation  ia  then  dstaiminad  by  tibatioa  with  a  atanurd  oopric  aUD- 
tion,  and  tha  dilbnee  nrea  tile  amonnt  of  aolaUe  aalta.  'Hie  aom  of  the  amonnto 
of  tU,  sogar,  and  arinble  ealta,  dednetad  tram  tha  total  qnanti^  of  adid  matW 
preriMialj  dattmined,  gina  the  qnantily  of  inaolnbla  aalta  and  caaein  (the  taawn  ia, 
however,  ali|^illf  aolable).  To  determina  the  total  qnanti^  of  inonnnic  at 
a  known  qnantitj  <it  the  milk  (alight^  aeidnlatad  with  aoetie  ad^  ia  eti 
d^ncaa  OTer  the  water-bath  and  the  raaidne  ii  conoenDiited. 

^e  fbllowing  are  an^jaea  of  hunan  nOk  at  diffbrmt  perioda  altar  ^Kfl^-WrtJi, 
alaoofthemilkofdi*^ —!--.- 


iaet^Mntadtc 


Wat« 

..  8Ma 

89'3S 

fiogai 

.      600 

8-7i 

Batter 

.      4-20 

0-20 

.      0-68 

1(XMK) 

10-000 

BwtfamDkiatbu 

therieheatofaQmilkai 

172-0  (Solid  eonatitnenta.} 

it  of  Ae  goat  ia  but  little  inftrior  to  it^ 

e  another,  and  henee  the  laat  may  bs 

i^uij  nivniniwu  m  ■•»  ui>i,  w-  •  luu.  lo,  luJweTer,  deotdodly  richer  in  ear-' ' 

■agar.  Hie  milk*  of  tlie  aM  «id  mare  ue  thepoorsat  of  all;  th^  contain  tbt 
qoantitita  (rf  batter  and  cfcaaeiq,  but  arepropoitMialbridi(rinmgB(.  The 
uie  canuTOM  ditfen  from  thatottbe  btobiTont^anaunoaltot^  abienceof  a« 
I7  a  gniat«r  propcataon  of  &L 

Bt  pwlodi,  wttk  UMinUk  of  Uia  lui 
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flMRK  (tat  i.  Sioy  Simon  finmd  4-0  pnr  oant  ea«siii  in  human  ocdoatmn,  *ni  2*10 
per  cant  m  tha  milk  aix  d>js  altti  ddiyfiej.  Milk  Tuiea  in  compoaition  at  diffonnt 
times  of  the  da;.  In  the  ease  of  two  cows  ttd  «itli  baj,  oat-atraw,  beet-root,  oil-cake^ 
and  liean-podi,  tlie  milk  obtained  in  the  morning  (4  a.ii.)  contained  2'Sfl  and  S'fil  per 
cent,  casein;  mid-da;,  2-28  and  2'S8  rmpectirelj.  In  another  case,  the  milk eoolained, 
in  the  momiBg,  2-24  and  2-26  ;  at  mid-day,  2-37  and  2'36 ;  in  the  evenina  (7  r.M.\  310 
and  2'71  per  cent,  oaaein  renwetitely  (Stinckmann  and  Bodeker).  HejCEioi 
found  the  lint  portion  of  eotri  milk  richer  in  casein  Ihau  the  lait  portiana.  Accord- 
ing to  TernoiB  and  Bea^nerel,  the  amaant  of  caaein  inhuman  milk  variea  directly 
■irith  the  qaantitf  yielded ;  in  eow'a  milk,  iiiTerselT  ai  the  qaantity.  The  milk  of 
InronettM  eontaina  abont  O'S  per  cent,  miae  eaaeiii  uiao  that  of  bloadea.  Women  of 
Aebls  constitution  ^idd  almoat  DMnwl  nilk,  «4iile  thDM  of -rigonnu  eonalitiition  jidd 
milk  poorer  in  naetn.  In  aaOt  ditattt,  out  of  IS  e—ss,  the  STsiage  paieaDtan  of 
caaein  was  S-040  per  etmLJ 8-201^' 871) ;  and  in  27  cases  of  ehronie  dueata,  S-2fiT 
per  nent.  (2'S21— 3-»89)  (Vernois  and  Beeqnerel).  The  milk  of  nnrses  hetween 
Ifi  and  30  years  old  contains  S'JS74  p«r  cent,  casein  and  cztractiTe  matter ;  20— 2A, 
S-S7S  Hretmt. ;  25— SO,  8-60  pereent. ;  80— ^S,  4288  percent. ;  SG — 10,  4-207  per  oent. 

An  albaniinonB  mbatanee  has  been  met  with  in  muk,  and  especially  in  coioetnan, 

which  is  not  ooagulated  b  '"         ""  ■    ■ 

be  n/iwmit,  Q.  Teit  r< 
aftar  deling,  coagnla 
party.  Theftltcataol 
of  sodiom,  osTe  do  tnrbidily  with  acetio  acid,  but  yielded  a  [oecipitate  with  tauiiD, 
with  aloohd,  Bad  t^  hast ;  on  addiiu  «imiw™«  and  boiling,  an  abundant  [reeipitata 
was  formed,  bnt  the  liquid  remained  unchanged  when  tratfed  in  the  same  way  with 
Boetie  acid.  Hence  slbomin  mnst  hare  been  [oeaent  (Holesehott).  Vernois  and 
Becqnerel  fonnd,  in  the  milk  of  Ihe  boAlo-cow  and  <tf  the  goa^  1-3  per  cent  albDinin. 
Heynsins  fbnnd  O'S  par  cenL  albnmiain  cow'amilk  prerionsly  ooanlated  with  aeetio 
aeid ;  it  was  preeipitatad  by  boiling  ;  bat  if  the  milk  was  prerioDsIy  boiled  and  coagu- 
lated 1^  aeatie  amd  at  40°  0,,  no  turbidity  was  prodnead  in  the  lUtrate  by  aoetie  add 
or  ly  boiling.    Albumin  ia  also  fonad  in  mtlk  in  inllammatoiT  diseases  of  the  n 

cUuda,  and  when  it  coniains  blood  and  pna.    Hemthelcas,  it  most  be  remar     

Scbetei  prqiend  a  kind  of  «ueinfi^)m  normal  milk,  which  coa^pilated  by  heat; 
while  canine  milk  sometimes  becomes  thi^  on  heating  bntretnna  to  itaprenons  slats 
on  oooling.    (Dumas.) 

Fat.    The  Ikt  of  hnman  milk  has  net  been  examined  qoalitatJTely  with  any  degree 

* ' The  bnttai  of  cow's  milk  haa  howem  be«i  mora  partienlarly  inTceti- 

_tiL  .  .  i_  _    ._i — 1.|^  ^^  ^^^  pale  yellow  aobsUDce.  solidifying  at 

nam  to  83^.     It  h  s^  and  sticky  above  18°. 

„         hI  ot  speciflo  graTi^  0-822.    It  readily  breoineB 

ranoid  on  e^iosim  to  tiw  air,  yielding  TolBtiM  lU^  aoAa,  and  then  decidedly  reddens 


of  axadneaa,    The  bnttai  of  cow^s  milk  haa  howem  been  mora  partienlarly  in 
gated.    Pnre  milk-&t  ia  a  eelonrless  or  ran  pale  yeUow  aobsUDce.  aolidifying  at 
26'fi°,   wherenpon  the  temperatnra  rises  to  82^.     It  ia  s^  andstieky  abovt   "" 
DiMoWes  in  28'Spta.  of  boiling  aloohcl  o" 


litmna.    It  may  b«  comt^etely  sapomAed,  and  then  yidds,  together  with  glycerin,  n 
garie,  oleic,  capric,  capryliu,  capniic,  and  bn^rio  acids,  or  instead  of  the  two  Ian, 
Taceiuie  acid  (Le  rob),  or,  according  to  Hoint^  iJeIc  and  bntie  (C"H*0,  melting-point 


3-5S— 8-88  (Simon). 
t4-29T—3''!82— 8-846  (Clemm). 
S-6fi  (ChcTallier  and  Heniy). 
3-660     (0-666— S-S42)    (Temid 
Becqiwral). 

Cou, 


800,  304 ;  Fo^.  Ann.  zc  1 37 ).  Bromeis  reckons  the  eompositioa  of  batter  accordinK 
to  the  qnantitiea  of  acid  fonnd  —  68  per  cent,  margann,  80  per  cent  elain,  and 
S  par  cent,  pecnliw  bnttec  flit ;  bnttheoomponButsof  bnltei  seem  to  vary  conaideiably, 

Fer«mUg«o/Ftaiitiiffiimtiind»ofiimt, 

ft-nlt). 
,.  (Avfngeof  lOanalyMS.) 

-  -  , 1  oow.)  HVamoisand 

8-61  (Paris  flow.)   j  BecqnfMl). 

Mart. 

6-952(Clemm). 

2-44  (Vernois  and  Becqncnl). 

larMrthnHMtlrdT' 

It.  M)  imiD^  m  tks  mUk  Dm*  Ike  enlwisil  briM  el  ■ 
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1-31  (Sium). 
l-as  (PBligqtV 
1-86  (VttixH*  ud  BeeqaMcl), 


O-sa  (Tsnioli  mad  BecqiMrel). 


ll-l  (amoo). 
7-S2— 11-40  (Pamu). 
1-9S  (H.  Sehprai).  8-80  (Vonuna  ud  Bnqnard). 

SimonlbiiiMlfi-OO  p«r  osBt  &tiiilinmuiocJostrnm,Mid,u  nllM  BoniaiogasI^ 
S*60  pCToeot.  in  tha  cokiatnim  of  the  cow.  AcoaidiDg  to  L'Heriticr,  the  milk  A 
bnuiatMa  oaotaini  fi-63 — B'48  pei  cent.  hX,  iduls  that  of  blondia  ooDtaina  only  3-6fr— 
l-Oft.  TatuaiaaodBeoqaerellbiindtheooiiba^.  AeootdiDgtathem, thepoeeab- 
aoe  of  fat  Tariea  with  ag*  j  tha  milk  of  voman  ttoa  U — 30  eoalaina  8718  pn  eat.  i 
20-  as,  3-831  par  oMit. ;  36—10, 1-S48  per  cent ;  80—38,  3-864  par  cent ;  and  ftom 
■fi — 10, 8-338  per  eoit  It  ineraaaaa  hj  neari;  0-8  per  cent,  daring  Uie  ptnod  of  m 
ilraatian.    The  powDtage  of  hotter  TMiaainrcnaljrai ''  ■-'•>■ 

It  iliiiiiMecia  with  impofict  natrilion. 

MilkcooUinadifwent  propottiMWof  bt  Meotding  to  tho  line  of  dajat  iriud)  it 
ia  obtained.  The  milk  of  a  cow  contained  ia  the  nraininc  3-17  per  cent. ;  at  middav, 
3-88  par  CMit,  and  m  thenenin|b  £'13  per  cent.  (StrackuBDn  andBodekerV  It 
haa  beta  remlAed  that  tlie  flnt  pMticina  of  railk  ace  Itaa  rich  in  fU  than  the  laat  pep- 
lion%  from  which  it  ia  eoneloded  that  milk  depoaita  erean  in  tlia  nddcr,  and  tbat  tJia 
{U'.glabalea  adhere  to  the  aidM  of  the  milk-paaaagM  in  the  """II—  g*«"''"l"  anala  of 
tlie  odder  and  tcala.  This  difincencoliaa  not  bMsobattred  in  honan  milk.  Parnan- 
(ier  tbnnd  Ike  drat  portion  of  cow"*  milk  thne-bnrtha  poorer  in  batter  than  the  hat. 
Aeeordiagto  Vernoia  and  Beoq aarel,  thaamoant  of  lU  in  hvman  milk  inoeaaea 
daring  the  Srat  two  montha  after  <UliTa7,  botdecrcaaeabebnoi  tbelIfthaDduth,a« 
wdlaa  between thetenthandeleranthinODtlL  Thekindaf foodhaaakoaconaduaUe 
inflaane*  on  the  percentage  of  fiit  in  milk.  Hie  milk  of  a  cow  Ibd  apcm  ordinaij  kiod 
emitaina  I-fil  par  cant  &t;  on  aeaamebran,  4-87  pw  eant  Dnmae  Ibnnd  that  oaoine 
■ilk  waa  im  l£e  wbide  riehar  in  ftX  when  the  animal  waa  bA  with  TegetcUe  than  wilk 
animal  fbod.  In  diaaaac^  Vernois  andBeeqnerel  foand  that  the  percentage  cf  ht 
WM  aometimce  iofMoHd,  aometimca  diaiiniahad.  A  eoDaamptiTe  cow  jielded  10-78 
per  eenL  bnttrr.  In  entai^  himan  milk  win  fimnd  to  eontain  S-IM  per  ocnt.  U; 
ia  plenrisj,  3-77  per  cent. ;  in  aditicb  6'41l  par  c«nt> ;  in  dtUriam  aod  Ivrar,  O'filt 
cent  i  trphna,  0-SOS  per  ecaib 

BugarofMitk  {Laetm): 

ffiffirent  Unda  (tf  Milk. 
Gaa. 
)<3— 8-34  (Simon,  Gkmn,  Haidlen). 
4-864  (3-^21— S-Std)  (TemoiB  and 
Beoqaeiel). 

Ow. 
8-4—4-3  (Simon,  &&). 
4-36—4-61  (Stnickmann  and  Bod«kw> 
6-38  ^rerage ;  Fogi^iale). 
8-80  (Veniou  and  Becqaonl}. 


8-08  (Vanuna  and  Becqnaral). 
48  (Simon,  &c.). 

Mart. 

8-7  (Smon,  dU.). 

3-38  (Vernoia  and  Beeqnwal). 

The  milk  of  bronettm  cc 


Am. 
4-2  (Kmon,  tea.). 
yu  (Temoia  and  Becqnorel). 


8-02— 8-04  (ScJiaren). 
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HILK  1019 

bmnettw  gontuiu  4'M ;  Uoadt*,  4A1.  Sunon  (biond  7  pair  cent  milk-aiigir  In  hmtuui 
coloetnun;  in  the  milk  six  itjt  Ktba  iiitb,  6'21  p«r  oeut. ;  uttunraxia  tlw  qnantit;  d«- 
CTtaaed.  The  kind  of  rood  inflaauMa  tha  penentage  of  milk-ngsi  lo  a  nrHun  azUnt. 
"  h  foDud  tluC  it  almoat  diMmaaied  from  cuiina  milk  «lien  the  animal  was  fed 


■  found  that  the  laat 


exdnnTelf  vith  meat  j  on  asbftitotiiig  Tecetable  fcxid,  the  quantil;  of  milk-angar 
incrnued  conndeiablr.  Poegiala  found  in  the  milk  of  a  Ul«h  fed  with  meat 
and  bread,  2'Bfl  per  cent,  milt'^iigar,  but  after  the  animalbad  beeo  fed  «iclnaivelj 
on  meat  fbr  21  daja,  onlj  1'8S  per  cent.  Aeoording  to  the  obaerrationa  of  Simon 
and  of  Varnoii  and  Berqnarel,  rich  or  poor  nonriihmant  do«  not  anuiblj  aSbct 
the  percentage  of  laetin ;  it  Tarira  aa  tha  qnantitj  of  milk.  The  milk  of  women  from 
It  to  20  jaan  old  eonluini  3'GS3  per  cent,  milk^angat ;  fiom  20  — 2fi,  4-172  per  cent. ; 
25~Sa.  i'fi77^eent.;  30 — 39,  3'963  per  cant. ;  SS-'IO,  3'MO  wraent.  bi  theflrat 
month  after  birth,  the  quantity  of  sugar  in  the  milk  decreasea,  but  it  inaeaaea  con- 
•idarabl;  from  the  eightJi  to  the  tenth  month  (Vernoie  and  Becquerel),  Tba  milk 
of  a  cow  jieldedin  the  morning  430  pAT  cent,  augar;  at  middaj,  4-72  par  cent.;  .'  ' 
atening,  4'ie  (StrnekmaQD  and  Biideker).  HeTniini  found  tha 
portions  of  cditb  milk  contained  lesa  augar  than  the  Brat.  According  to  Simon, 
I>onni  and  others,  the  percentage  of  sugar  does  not  sniaibl]'  Tai7in  disuae.  Acorad- 
ing  to  Tarnoia  and  Becquerel,  thia  is  the  case  onlj  with  eiromc  diseaaea,  whavof 
in  27  casus  tha  average  amount  was  4'3S7  pai  cent. ;  in  aeutt  diseaaea,  oiJ;  8'31& 

Saltt,  The  toluilt  salts  of  milk  consist  of  chlonda  of  sodium,  ahlorids  of  potaanum, 
alkaline  phonihatea,  and  soda  and  potaah  combined  with  the  casein ;  the  tnao- 
Itiblt,  of  phoaphatea  ot  calciam  and  magneaium,  ehieflj  combined  with  oaaein ;  sdlphnria 
acid  and  Bmmonis'aalta  an  not  contained  in  &e«h  milk.     Hudlsn,  SohATen,  utd 

Pare«nt«ge  of  A«li  indiflcRntkindaof  Hilk. 

^"~*  &». 

0-lfl — O-ae  (moat  chemists). 
0-13S  (0056— 0-S38)  (Vemoia  and 

Becquerel). 


1-2— 1-5 

0-78  (Temois  aad  Baoqueral). 

1-63—208  (Foggiale). 


Biap. 
0-73  (Temois  and  Becquerel). 


Varnotsand  B  acq  nerel  found  In  tha  milk  of  wi 
P"  ««»*■      "      "       "      "     " 

The  milk  of  a  cow  yielded  in  the  momina  O'BS  per  cent  ash  ;  at  middaT,  0-73 ;  and 
intheeTenii«|}-78(StrnekmannaiidB5dekeT):  HeTneinafoand  slightly  less  aah 
in  the  last  than  in  the  first  portion  of  cow's  milk  ;  bnt  the  aolnble  and  inwiluble  salta 
remained  in  the  same  relationa  to  one  another.  The  first  portions  oontainad  0-78 
per  emt.  aalta;  the  last,  O-SB  per  cent.  Tvrnois  and  Becquerel  found  that  the 
penwntage  of  salts  inmeuad  both  in  ohronio  and  in  acute  diseases  (0-173  and 
0-lGS  per  cent.);  in  Muts  enteritis,  0174  par  oaO.;  aonte  pleuiisj,  0-070;  typhu^ 
0-220. 

The  quantity  of  solnble  salts  is  geDenlly  nearly  the  aama  aa  if  inscluble.  In  human 
milk  were  found  0-4 — Q-O  par  cent,  solnble  salts;  in  cow's  milk,  0-21  per  cent  soIaU^  snd 
0^  per  cent.  isaolnUe  salts.  AccndingtoWeber'nanaljai^theui  of  cow's  milk  con- 
tain )4'1B  per  c^t  chloride  of  potaaniim,4'74  percent,  chloride  of  sodium,  23-4B  per 
oent  potash,  S-9B  par  eent.  soda  (combined  with  phoaphorjc,  sulphuric  (?)  and  «arboni« 
•cida),  28-4  per  cant  phoaphoriea^  17-34  per  cent  lime,  and 2-30  per  cent  mac^naria. 
Almost  dl  Um  phoa^ioric  acid  is  tribssia.  Vernois  and  Becqaerel  found  in  the 
aah  of  human  milk  6-8  per  cent  oarbonate  ot  calcium,  70-S  per  cent  jihosphate  of  cal- 
«inm,  9'B  per  cant  ■■^■'™''<-  of  sodium,  7-4  per  oant  snlph^  of  sodium,  and  fr'3  pet 
cent  c^oOker  salts. 
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1020  MILK. 

with  Mstie  acid,  it  evolvM  t 
flat  add.    (LshmaiiD.) 

The  uiuMUit  of  exiractwt  f»aittr  in  milk,  ■■  irsll  u  its  uatfm,  ia  nnkDOwn. 

hactie  acid  it  not  mppoied  to  exist  in  tnab  milt.     mstlieT  the  milk 
owmmoniJIj  acid  Maetion  to  Uctdc  or  bo^ric  acid,  or  to  acid  phoephatea, 

Baea  foimd  i««i  in  the  milk  of  a  womanBofikniig  fivmaUnmiiiiiina  ;  alao  Piemrd, 
is  the  milk  of  a  woman  whoee  urine  coataioBd  no  atbomin. 

Fns  y<uc(,  eapemally  eaiboaic  acid,  an  alnjB  preaent  in  fresh  milk.  (LebnkUB.) 

Lehman  n  oonajdwa  u/AtimHi  to  be  an  abDOTmal  eonstitaeat  of  milk. 

Hare  hand  found  i^fnatai  diasolTed  in  the  milk  of  a  sick  cow,  but  no  blood  oeHa. 

Gltuon  ^ipean  to  pass  intu  the  milk  &nm  the  blood,  bat  coneitsd  into  lactili  ; 
Iodide  of  potasaiam  and  free  iodiaa  paaa  into  the  miik. 

Milk  if  oaa^nlatsd  bj  adds,  klom,  and  mioos  other  Mlti ;  also  hj  taimin,  aledMl, 
and  m>od'«pint. 

<Ua«(r>Hi  mnerallr  fonoi  s  tortiid,  Tdlowiih  liquid  resembling  soap^ads,  of  stidy 
flonsistenee  Bnd  stronpy  alkaline  nsetiini.  Itnndsrgoes  laetie  feimentation  moreeanlT' 
than  nllk,  and  amtams  mora  solid  constitaeDtj ;  in  the  milk  of  cows,  aoes,  and  goat^ 
casein  il  ehit^in  excess ;  in  human  milk,  laetin.  It  contains  albmnin  to  a  coniadn<- 
aUe  amount  Ternois  and  Beequerel  found  in  human  cdeatram  1 — 6  daja  after 
delireiT,  IS-S8  pneenL  solid  residue  (464  per  e«nt.  casein,  3'68  percent.  Ib^  VOI  per 
sent,  laetin,  and  0'16  per  cent,  salts).  Simon  found  10  per  cent  solid  lemdne  in 
""e  eolostziun  of  a  cow,  and  14  to  16  par  cent,  in  the  milk.    Craiins  fbund  iu  the 


daj,  30'1  per  sent.;  the  sesond  daj,  2S'l  per  cent.;  and  aAerwards  in  Uls  milk,  I3-S 

Bvmaii  milk  is  mora  bluish  than  cow's  milk  and  has  a  sweetn  taste,  reacts  stnm^; 
alkaline,  and  aadifles  lees  easilj  than  other  millu.  Specific  grant;  —  between  1-030 
and  1-034  (1-02J61  and  1-04648,  Ternois  and  Beequerel).  It  containa  fhim  11  to 
IS  par  esnt.  solid  constituents.  It  is  less  eaidlj  and  completdy  coagulated  by  mmet, 
the  coagalum  is  not  so  gelatinous,  nor  so  firm  and  solid  aa  '*•'*  of  cow's  milk,  and  it 
is  also  mora  digestible.  Its  ttt  containa  mora  eUio  than  eommon  batter.  Healthj 
ehildTan  of  bott  sexes  discharge  from  the  eerenth  to  the  tvelflh  da;  of  their  tHith  a 
white  sscretion  from  the  Ineast  IBoMWaick),  either  alkaline  or  neatnl,  and  containiiu 
_  tn_  i._^  __  .  .. ..  >  .   >         .        >-      .    ^ .-      .      prettr  mu<£ 


k,  but  DO  colostmm'^DbDles.    Acooiding  to  Guillot,  this  k 
the  eompodtion  of  humau  milk. 

Oaaft  milk  haa  gensrall;  a  pure  white  or  jellowiah-white  eolonr.  Its  spedflc  graii^ 
Tariw  between  1-030  and  1-038  (Simon),  1-0303  and  1-0396  (T.  and  B.).  It  contains 
on  an  STeraee  between  13  and  14  per  cent,  solid  matter  (12-29^ — 18-S). 

JVdn'j  milk  is  white.  Spedflc  grant;  -  between  1-0S4  and  1-046(1-0203,  Clemm; 
1-D337,  V.  and  B.).    It  yields  I6'2  par  cent.  (0-67,  V.  and  E)  solid  midue. 

jIiJ*  milk  is   white ;   sweeter  than  cow's  milk.       Spedfic  gniTi^  betwnen  1  -033 
and  1036  (•  1-0346,  V.  and  S.).     Coataios  between  9-ia  and  0-63  per  cent,  aolid 
!e  (10-99,  V.  and  B.).     It  readil;  turns  add,  and  nsil;  nndeigoee  alet^iolic  for 


between  1-036  and  1041.    Contains  14-38  pi 
•onstitnenta. 

BovTi  milk  contains  between  14-61  and  tl-83  solid  matter. 

Canim  milk  is  rather  thick,  and  becomes  thicker  tm  wanning  when  it  does  not  eo- 
•gnlate.  Speciflc  graTit;  —  between  1-033  and  1-036.  Contains  between  32-48  and 
37 '4B  solid  naidna.  On  eraporation,  the  latter  is  converted  into  grape-sugar,  and  the 
solid  residue  absorbs  much  o^gen  from  the  air.     (Bensch.) 

The  milk  of  women  confined  for  the  fint  time,  contains  mora  water  than  the  milk  of 
women  wha  have  had  aereial  children.  The  milk  of  cows  Taiiea  much  acoording  to  Um 
toeality;  that  of  eowain  the  neighboniliood  of  Axis  eontwns  from  8-S  to  37  pw  c«it. 
bt ;  1^  Tyrolpan,  Swiss  and  Dutch  cows,  between  7-0  and  9-S  par  coil.  The  compo- 
sitioa  of  cow's  milk  in  the  flmt,  third,  fourth,  fifth  and  sixth  months  ia  pret^  much 
the  same,  varj'tng  between  12-37  and  14-20  ptt  omt.  sohd  mattn.  In  the  first  month 
it  contains  13-29  percent,  modiie,  4-80  per  cent  caadn,  4-26  per  cent  butter,  3-67  per 
cant  lactin.and  066  per  cent  salts;  in  Uie  aecond  month,  17-32  par  eent  solid  reaituu^ 
6'8I  per  cent  casein,  7'06  per  cent  batter.  3*37  per  eent  laetm,  and  0-67  p^  cent 
salts;  in  the  eighth  month,  24'73  pec  cent  reddne,  11-60  percent  casein,  4-41  per  cent 
boltor,  7-67  per  cent,  lectin,  and  1-16  per  cent  saita.    (Vernois  and  BecqneieL) 
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Tha  "iiiy  of  a  oonBnmptiTe  oowjieldeda  Uxge  qnontitj  of  eraatn,  but  did  not  eoaga- 
lats  flithn  b;  rennet  or  on  boiliuff-  It  coalamed  24-07  per  cent,  solid  reiidiie,  10'13 
per  east,  esiem  uid  iuaolabU  f^ts,  1073  per  cent,  batter,  4'09  per  cent.  Uctm,  and 
•blnbleHtto. 

milk  U  the  nuwt  iodigectible  of  all  nuaMgidated  ftlbaniinoTds ;  it>  solnbilit^  in  tha 
guibric  joiea  depends  upon  ^a  coniutence  of  iCa  coagnlnnu  Hotqad  milk  u  more 
Modilj  digested  tham  cow's  milk-  Frerichs  ibond  tliat  2^  boms  Bft«T  he  had  fed  a  dog 
with  milk,  all  had  disappeared  from  the  stomach  eicept  a  few  flakes,  very  rich  in 
fat.  TWilV  introdnced  inU  the  atomach  wu  instiuitly  coagulated,  and  the  serum  *aa 
i^dlv  absorbed,  while  the  eOBgulom  formed  bulkf  and  more  or  less  hard  dots.  Tha 
digeetian  of  milk  does  not  begin,  properlj  speaking,  nnlil  Uie  liqnid  portion  has  been 

TkomsoQ  has  shown  that  the  penentags  of  ikt  in  nuIk  is  in  no  way  dependnit 
npan  the  sinonnt  of  sngar  in  the  food. 

Bensch  b*s  remarked,  and  bis  ejraarlments  have  been  conflrmed  by  Poggialo, 
that  the  milk  of  bit^hee  fed  ezclaaivel^  an  meat  still  contained  milk-sugai;  a&wing 
that  sugar  is  formed  in  the  organism  fiom  albuminoids. 

Cow's  milk  contains  30  pts.  onnitiogeniaed  substances  for  eTen  10  plastic ;  human 
milk  le  pts.  luuutrogeniwd  its  ererf  10  plastic  (Liebig).  Cow's  milk  contains  3'78 
par  eenL  nitrogen  ;  human  milk  l't[9  per  Oeat.  A  cow  yields  in  24  hoais  abont  6| 
Utree  or  aboat  6  k^.  of  milk. 

With  rnpect  to  the  gmeration  of  milk,  Lehmann  and  others  do  not  tuppow  that 
the  constitnents  of  milk  are  derired  directly  from  the  blood.  Neither  casein  nor  lactin 
haa  1>eaD  detected  in  Mood.  The  angar  of  blood  is  fermentable.  :F^t  might  tiaDiude 
from  the  blcx>d,  Init  it  is  not  probable  that  it  does  so ;  aince  chotestrrin,  which  Qmi- 
■udafl  with  much  bcilitj,  ia  not  foond  in  milk,  and  little  if  any  bntyiin  is  found  in 
blood.      Theconipositienof  themjlk-aalts  also  differs  widely  from  that  of  tlie  salts  of 


Te*UfoT  nuli;  adulteratieni. — Fleah  milk  on^tnot  to  change  Its  appearance  on 
boiling.  Sour  milk  deposits  clots,  or  partly  coaguates  on  boiling.  A  simple  instn- 
ment,  called  a  lactometer,  tot  roughly  estimating  the  amount  of  cream  in  milk, 
hat  been  constmcted  by  Banks.  It  conmsta  of  a  glass  tube  haring  an  inttmal  diame- 
ter of  4  centimetzea,  and  about  IT  oenlimetres  high.  A  anrolar  rmg  scratched  on  the 
{^ass  indicates  *  e^aei^  of  two  decilibee.  Above  this  line  80  email  diviaians  a 
_    a      ..t  r   1....-       .  ..    ,f  thetotal  c^iacity  of  the  Teseel  nptothehigheat  dirtsii 

luploD°and  allowed  to  standforSl  hours ;  the  tMckneas  . . 

rabereadoffi  Anothermethodiathatof Donni  Hehas 
invented  an  inatnunont  called  a  galaetoscope,  which  measures  the  opaci^  of  milk; 
the  greatflr  opadty  indicating  mora  fat-globnles,  and  thna  a  greater  amonut  of  bntter. 
U  ooDsiets  of  a  tabs  with  a  glass  plate  fitted  at  one  end,  and  at  the  other  a  movable 
glass  plata.  The  milk  is  introduced  by  means  of  a  small  fgnnel,  and  the  tirbe  is  length- 
ened by  edewing  out  the  movable  plate  nntil  the  liquid  no  longer  transinila  the  light 
of  a  lamp  placed  at  a  certain  distance.  The  plate  is  then  screwed  in  nntil  the  light  of 
&a  lamp  is  tendered  juat  visible.  According  to  Donni,  milk  which  ramoTee  the 
plate  by  27°,  indicate  3-627  pec  cent  butter;  31°,  2 '89  per  cent  butter.  40° t«  3S°of 
lie  galactoscope  —  fi  per  cent  Cream  (poor  milk) ;  36°  to  80°  —  6'10  per  cent,  cream 

(common  milk);  30°  to  ^6°  —  10  to  IS  per  cent  cream  (good  milk);  26°  to  20°  ~ 
16  to  2U  per  cent  cream  (very  rich  milk) ;  and  2(P  to  16°  indicates  an  eieeedin^y 
rich  milk,  the  last  portien  from  the  cow. 

The  most  common  adnltoatians  c*  milk  are  the  following  ;~Mi]k  obtained  the  diw 
before  is  cieamed,  in  order  to  sell  ths  cmam  separately ;  sometimea  the  creamed  mi^ 
IB  nuxed  with  fresh  milk,  and  abont  half  its  own  volume  or  more  of  water  is  added  to 
die  mixture.  Sometimefl  a  oolonringmatur,  auch  as  brown  extraot  of  chicoiy,  caramel, 
.  &0.,  ia  added  to  diupise  the  bluish  colour  of  "lilt  thus  adnlt«mtcd.  The  colouring 
matter  remains  in  £e  semn  when  the  milfc  is  coagolated,  and  may  then  be  detected 
(FayenV  Flonr,  starch,  and  finely-powdered  chabk  ate  ^so  oaed  to  adulterate  milk. 
As  ^e  i^aBi  readily  anbaides,  i(  may  then  be  recogniaed  by  its  effbrvescing  with  hy- 
droehlorie  acid.  The  Btarch-grBunlee  may  be  really  detected  nnd^  the  mieroscope, 
arid  difltingnisbed  from  the  rauk-globolee ;  if  a  pobuisii^  apparatus  be  a^usted  to  the 
microsoope,  each  of  the  ranules  will  appear  mariied  with  a  btack  ooaa.  The  addition 
of  tinctoce  of  iodine  will  also  in^cate  the  presence  of  starch,  by  imparting  to  it  the 
eharBcteristic  bine  colour.  The  macerated  brains  of  sheep  and  other  animals  are  said 
to  be  sometimes  added  to  milk.  In  this  ease,  the  microscope  wonld  readily  detect  the 
presence  of  ftaements  of  nerve  and  other  otganised  structures,  which  are  not  present  in 
pure  milk,  ^e  addition  of  water  is  not  so  easily  detected,  since  if  erean  has  bean 
taken  from  the  milk,  ita  spedflc  gravity  will  increase,  while  the  addition  of  water 
■gain  loven  it    It  may  nowever  be  detected  by  tlia  galactosoope,  if  no  storah  o« 
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brajoa  bare  be«D  added  Ths  milli  «f  diaeued  aoioula  u  Bometiaies  sold.  It  fttiigiallj 
hu  a  diBRgreaftble  taata  and  nnell,  Ui  rel)  U  B  ilighUj  Tumd  appaaimnoo.  Pua  or 
mmnu  globules  will  br  detactod  in  it  nndor  the  mienaeopcL 

According  to  Baamhaner  iloB.eii.)  all  delerminalioDi  of  tiu  eoldHmtivM  parity 
of  milk  bj  matmniFiilji  like  thews  aboTe  dncnbed,  are  vnj  inaoenrate  ;  nAgi-res  aa  tiM 
TtMilt  of  determinKtions  made  bj  bis  own  metliod  above  dsMnbed  (p.  1 0 1  (t),  tliat  aD 
milk  maj  be  regarded  aa  adnltarstod  with  mter,  irhich  gives  leaa  than  110  gnna.  of  solid 
residue  per  litre  (or  19SS  gn. — about  3  oa.  trov — per  quart).  The  mitiimnin  majttity 
of  bnttor  innomiBlcow'einilk  ia  13  grnu.  per  litre  (or  3E)fi  grs.  per  qiutt).  lUlk  um»j 
be  rwardedaa  creamed,  vben  the  ptopoitioD  of  bntterii  leas  than  jtli<rf  the  total  -mtif^ 
of  Boud  matter. 

Fmdier  information  will  be  Grand  in  tlie  following  Torka : 

Omelin,  Hmdb.  d.  Cirmit.  viiL  [S]  pp  346-37S;  Lebmann.  Lthrb.  d.  J%>. 
Ckem.  18S8,  ii.  pp.  287-801,  the  Mme  tnnalatod  I7  O.  Daj,  vcJ.  iL  pp.  S1S-34S ; 
Scberar,  Handmrttrb.  d.  P^no^u.  44S-176;  Simon,  Die /VaHmmtlel,  ^.,  Barliiv 
lS3S;rBrDaiaaudA.BecqQeTel,  Aim.  ikggiim,  Xm[,  1863,  anA  Du  lait  ehc»  U 
/rmnudam  litat  dttoMi  tt  dam  tkat  dt  miUadit,VaaM,  1BS3;  Fj^sn,  Sm^tamorw 
alvntenUaret ;  Bowman,  Mtdical  CAflKJifrv;  Pelooie  St  FMmj,  Tivili  da  flWaiii 
GMrale,  2nie.  ed.  Pant,  18fi7,  p  I9C.  Sat  alao  the  tsvenl  vtdnines  of  ^^pp's 
Jaintbantkt.  G.  B.  ll 

MI&K  qra^MTm.    See  QoiMS. 

MXbK-avOAm.  CH^".— Called  Zootm  by  Fastenr,  Laetom  hj  ThaiaM. 
PaateoT,  oa  the  other  hand,  ^lplie■  the  term  laelem  to  a  jaoduet  <d  the  dJUCnpiaitMa 
of  milk-sugar  (are  p.  1022). 

Tbiacomponnd,  th«aBi«harmeeraiBlitiienta(milk,TiaflrstpdM[BradI>7Fabrr  ' 
Bart!holetti,  in  161S,  &om  vhe;,  thence  called  Jtfanna  or  yitrum  t  '' 
and  aftarwarda,  Gaiaciic»m  Bartiaittli.  It  Iisa  been  chieflj  jgaminad  bj  Bonn  ion 
LagrBngeuidVogeI(J.F^Uxii.20S),BerEeliua(Anii.Chini.icv.  S7),BeDBCh 
(Ana.  Ch.  Fharm.  Ixi  221),  Vohl  {■Uiid.  Ixx.  360),  Winckler  (Bepert.  I^aim.  zliL 
ie),  Eranes  and  Stadelec  (Uitth.  d.  natnrC  Oeeellscb.  ia  Zdrich,  16£4,  -p.  tl3\ 
r:^x.^^n  .»  '^^"Ti.  ^KTiii.  ^"^^  Ti-..4-«... /.'/..'J  1-^'::   J4'T^    Tk*.i^...  ..«-.....«.*   /-^Lr..f 

.t(M<i.  L 
I1.O8);  see  also  Qm.  XV.  217;  Qerh.il  ._.. 

Milk-sugar  has  been  found  onl;  in  the  milk  of  rnamTBalia ;  it  msj,  however,  Iian 
been  onifiKiaded  in  some  caaes  with  glacoai^  the  presaace  of  whidh  baa  been  AtHteUd 
in  the  blood,  in  the  liver,  and  in  tibe  egp  of  tocds.  It  has  not  jet  been  faoed 
artiilciaUy  from  anj  other  compoond. 

It  is  extracted  bv  treating  milk  with  dilute  solphnrie  add,  or  ealTa  rennet,  to  {« 
opltate  the  cord,  then  filtering,  and  evaporating  the  whej  to  the  djataUiaiiiK  pouit. 
This {Bodnct  is  purified b;  treatmeDt  with  oninul  charcoal  and  repeated  crjEt&Uisaticm; 
finally,  aceoiding  to  Eniue  and  StJideler,  bj  repeatedly  precipitating  the  a^aeoas 
aolntion  with  alcoboL  In  aome  localities,  e^iecdBltr  in  Switzerland,  milk-Bngar  la  pte- 
pared  on  the  lai»  scale  from  the  wh^  obtamed  In  the  &biicHtion  of  cheese. 

Milk-sB^ria  deposited  &om  its  aqneoiu  solntian  in  hemihedral  trimetrie  ujititi. 
cxhiUtuigthecomtrinaldon  «f  B  .  ?  .cP.Sfn.  Angle  oPrSJ^B  -  tO»°M';oP:  - 
-101°  41'.  Ilatioofaxea,a:ft:a  -  O-Saifi:  1  :  0'21S3(SehBbnB).  It  ia -riiilis 
Bsmi-tnnsHrent,  hard,  and  grate*  between  the  teeth.  Ihs  crntals,  which  oootsiB 
C"H'*0".fiX>,  do  not  gjve  off  anj  vater  at  100°,  bnt  the  wlu^  amountii^  to  6-OS 
per  cenL  (1  at.  —  S'OO  per  cent,)  at  130°,  or  more  qniokl;  between  140°  and  1M°, 
The  anhTdroDi  milk-ongar  which  remains,  Sums  *  otwnriess  melted  masa,  tdiich  sob- 
diflefl  in  Uie  cr^stalliae  atate  on  eaoliog. 

Ciyatalliaed  milk-augar  ia  alightl;  hygroscopic,  and  dissolvse  in  6  (»'  6  pts.  of  cold,  and 
2^  pts.  of  boiling  vialtr.  The  saturatM  solution  produced  by  prolonged  contact  of 
water  with  excess  of  milk.«igar  at  10°,  baa  a  density  of  I'OSd,  containa  I4-(U>  per 
cenL  cryRalliMd  milk-sogar,  and  when  Idt  to  sv^Muste,  begiDS  to  deposit  ayatals  as 
soon  aa  it  aUains  the  density  of  1'083  and  contains  Sl-U  per  oenL  milk-sngar.  The 
aqueou  solation  tnms  the  plane  of  polaiiBation  to  the  ri^t  Dextro-rotatoiT  power 
for  Ula  tmnattion-tint,  [o]  -  GO'S"  (Berthelot);  6028°  (Biot).  Acceding  to 
Poggisle,  SOl'Q  pis.  of  muk-sngar  produce  the  same  deviation  as  164'7  pta.  rant  imgr* 
The  d»tt^t«l>toi7  powsr  of  a  recently  pnpared  solntioa  of  milk-si^iBC  ia  p«aler  in 
*'io  of  8  :  C,  than  that  c^  the  aame  solution  after  standinit  lor  some  time  or  after 


C  heated.    Tbs  xotitarj  power  diminiihea  slowly  at  0°,  moM  qnicklj  01 

^tiie boiling  heat  it  diminishss  in  two  minuti"  ''  '«-.«*— •■ 

(H.  O.  Erdmftnn,  Jahiesk  1S68,  ^  671.) 


and  at  tlie  boiliiig  heat  it  diminishss  in  two  minutes  to  K-fP  fbr  njataUisnd  n 
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Mlft-mgu  !■  ImoloUe  in  aleoM  uid  in  tfier,  bat  dii 
Vtruyor,  ciTaUltilitig  out  aiiKltcnd  on  enpontioD. 

Ikeon^atitunu. — I.  Di;  milk-sogu  tanu  brown  when  Iih 
ftuing,  and  st  ITS'*  gJTU  dT  water,  and  jielda  lactocaian 
melts,  aitd  at  k  fa^er  tempentnre  yisldi  hnmiw-like  substai 
ynthdiiuiinilpliurieacidit  conrertedintol&rtoaf)  (t«I,  in/.) 
appean  slao  to  be  n^odaced  by  prolonged  boiliog  with  wb 
or  hydnKUorie  aeid,  uid  aliaiii,  deccmposa  it,  eapociaUi 
mBtkm  of  brown  or  black  products. — 1.  Hilk-augar  la  easil 
mgenC*.  It  rednexa  meCallie  eilvtr  from  ailver-KilutioDB  (1 
xcriii  132).  A  solubon  of  milk-sugar  niixed  with  potaah 
fbnuing  a  deep  blue  aolution  which  depoeita  caproOB  ozids,  t 
aolutioD  ot  polaiwio-ciipTie  tartrate,  it  Uirova  dawn  a  naallBr 
(sboDt  ^),  than  riaooae  (iL  8S0).  Distilled  with  oiidismg  n 
acid  and  ftroxidi  of  mangatutt,  it  yields  fiirmic  acid.  V 
mndi:,  saccluirie,  tartariiv  siid  a  small  quantity  of  racemie  acii 
Very  ttrong  TiU/rie  aeid  or  a  miitnn  of  Jtitrie  and  nUphwie 
into  B  sabetitntioii-prodiiiA  called  nitro-lactin,  which  is  ] 
wlntion  by  water,  and  OTStallises  from  alcoholic  solntiou  ii 
atiDR  when  heated.  (Beinsch;  Vohl,  Jahnwb.  tS49.  p.  i1 
When  milk-nigar  is  heated  to  100°  fbr  soma  honra  wiUi  hr 
formed,  probably  by  dirMt  addition  of  bromine,  a  brominate 
decompoeed  b^  bases,  yields  isodislyeolethyUnio  or  la 
Milk-aogur  is  not  brought  immediiUely  by  yant  into  the  t 
tatiou ;  bnt  when  it  is  left  for  soma  time  in  contact  with  yeas 
sets  in.  When  chettt  or  gluten  is  used  as  the  feimanl,  the  mil 
lactic  acid  (ii.  S31 ;  iiL  46S).  Alcohol  is,  however,  always  f< 
eapecially  if  no  chalk  is  added  to  neutralise  the  acid  as  it  Sirmi 
formed  is  greater  also  at  the  solntiDn  is  mora  dilute. 

CbmMiatioai. — Uilk-vngar  unite*  with  bases,  but  the  ooi 
Mndi  namined.  It  diUbn  fi«m  dneos^  in  not  fbrming  a 
ehloride  of  aodinm.  It  abaorba  abont  12-6  per  cent,  omnu 
it  again  siTee  up  on  enoanre  to  &ia  air.  It  disoolvea  in  ibonj 
a  thick  iiqnid  m>m  which  alcohol  tlirowa  down  white  flocks  r 


titiniDS  8'S  per  cent.  soda. 

Milk'sogar  disaoWn  easily  in  mtU  of  Ume,  tc«inii^  a  aolntit 
ducea  tnrbiditj,  and  if  the  liquid  is  concentrated,  throws  down 
taining.  when  washed  and  iiitA,  from  11'2  to  19'7  par  oent. 
mmilar  eumpoond  containing  401  pure  baiyta. 

Hilk-sagar  gently  heated  with  ixricft  of  lead,  giires  off  w 
sqneoaa  Mntion  with  lead-oiide,  at  a  temperajnra  bdo* 
duatdTCB,  and  an  insolnble  compound  remains  enspanded.  conta 
per  cent  Itad-oiidB.  The  disBolTed  portion  evaporated  in  k  t* 
tnlnUa  masi^  conlstning  18-1  per  cent,  lead-oxids:  ammonia  I 
throwa  down  an  inaolnble  ooraponnd. 

^Uuwtftm  of  ilitk-Bugar.    Hilk-ngar  may  be  estimatfld      i 
Foggiale  (Conpt  rend,  xxnii.  606)  prepares  the  lest-Uqnor  1 
of  cDpris  anlphata,  10  grma.    of  croam  of  tartar,  and   3D  gr     . 
200  grma.  diMilled  water.     The  Sltered  b'qnid,  which  has  a  dee) 

S  determining  the  anounl  of  pnre  milk-sngar  regnired  to  dec 
it     To  determiaa  the  quantity  of  angar  in  milk,  it  is  neceesai 
separate  the  fat  and  the  casein  (p.  1016).    Uilk-si^ar  may  alst    I 
lotatoiy  power. 

ProdvaU  of  tie  TVat^fortiuilion  of  SlUi-mi,   i 

1.  LuToa  or  Oauoioa,  CH>K)*  (Pasteup  Compt.  rand.    : 
aB»r  isomerie  with  ^nccee,  and  bearing  considerable  reaamblan   ! 
btuling  milk-sugar  for  aereral  hours  with  4  pts.  of  water  and 
aoid,  nenlnliaing  with  ohalk,  sr^oraliDg  the  filtrate  to  a  syrup,    i 
OTrtaUise. 

T^^nma  oiystallises  mora  zeadily  than  gT^»-sBgar,  in  nodule 
fei^(^  limfad,  rectangolaz  prisms  acomiiiatail  at  the  ends, — m 
dded.  ronnd-edsed  laminB  UtTitis  a  pen-ahaped  pn>tabei«nce  in 
Ntatory  power  Iff  the  tranailion  tut,  [a]   —  SS'23°at  1(0;  Jq    | 
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Bolntiini  it  it  ftrongw,  \a]  •■  139  tf,  but  imki  to  tlie  fbnnai  mignitode  alowlj  at 
ordiBBi?  tsmpeimtiirM,  uutantl*  on  boiling. 

IdctOM  dia*olT«  -in  leaia;  does  not  oombtna  with  eUonJt  of  teHiaiL,  ud  diMolvea 
bat  vsr;  ipuii^j  in  cold  aieokoL 

LactoH  jielda  with  nitric  aeid  hrice  ■■  moeh  mada  add  as  taDk-tngir.  From  as 
alkalioa  lolalioii  it  ndacen  ai  mneh  eupria  oxide  as  enpe-aagar.  It  fcTmriita  in  con- 
tact iritb  tfaut.  If  the  fermentation  be  interrupt^  bejore  it  ii  complete,  ths  liqnid 
■till  oootauu  onaltand  lactoM^  vhich  Ihnefon  ha«  not  nodngone  an;  diri^n  or  nir- 
UwT  alteration  doiiag  the  fanuentation.  In  thii  feraentatiM]  the  nine  prodncta  an 
fbnned  as  in  the  fennentation  of  cane-cngai.    (Pasteac,  Ann.  Ch.  11^  [3]  IniL 

3se.) 

2.  Lactocakuoi,  CfH'*0*.  Piodueed  *hen  milk-nigar  ia  hasted  tor  tame  time  to 
180°.  It  i>  a  duk  brown  inbatanee,iolDblaiDVater,inwi!uble  in  alcohol,  and  capable  of 
comhiiiiiig  with  the  oxidra  of  lead  and  eoppec.  (Lieban,  'Wien.  Akad.  Bar.  xriii. 
180;  Gin.IT.  227,) 

S.  Qtis-kano  and  PncTOE^OTia  Aetna.  Theae  namaa  are  giren  br  Bodeker  and 
Stinekmann  (Ann.  Phum.  e.  261)  to  two  aiddj  ptodncsd  when  milk-aDgsr  is 
OXidked  in  alkaline  aolatdon  hj  eopric  oxide.  Both  are  irrimT,  and  form  uDOTAallis- 
able  aalt^  reapectdi^  the  mppoaed  eompoaition  of  which,  see  Om.  xr.  22S. 

4.  NnaotACmi  la  bert  prepared  b^  tcmtii^  miik-flngar  with  A  mixture  at  nitria 
and  aolphiiiie  acid,  ftodpvcipitating  with  water.  It  OTsuiUiaca  &om  alcoholic  aoLntkm 
in  nameoua  lamiua,  which  detomta  iriien  heated. 

wa^^MttTTm,    Natire  anlphida  of  nickaL     (See  TfioziL.) 

MIKXnrvrOMIA.  The  baik  of  i 
TCmedv  againit  bTsr,  eontaina,  according 
— beodaa  ataich,  gnm,  sacar,  HI,  wax,  and  an  iron-greening  tannin — a  imall  qaantity 
of  a  bitter  aabetancf,  ana  certain  bodiea  deacribed  aa  homio  acid,  to  which  the  fiir- 
nal*  <^fi"0"  and  C**il»0"  are  aangned. 

MtXrlMCKIW.  A  compact  chnaniferona  miaeral,  piobaUy  a  mechanical  mixture 
jimitjining  according  to  Eeraten  {Fogg.  Ann.  zItiL  486),  27'60  per  cenL  ailica,  U'Ol 
alumina  S-91  ohromia  oxide.  0-30  lime,  0-20  nugnnia,  and  US'SO  watei  (~  90-S2). 
Colcar  indigo-bloe  to  celandine-^een.  Hardneaa  —  2.  Spcciflc  grari^  —  2-13. 
Tielda  watel  irtien  heated  in  a  tobe.  Infnaible  before  the  blowpipe ;  partlj  diaaolTed 
bj  I^dtoehloria  add.    Found  at  Bndniak  in  Serria,  aaaociated  with  qoaita  and  blown 


a  cf  thia  componnd  with  the  eoneaponding  phoaphato-chloride,  and  a 
analoBooa  calcinm-compoimda.  The  enatala  an  hexagonal  mama,  e  '  '*'' 
eambuiatioDaP.<>F(^.330,iL789).P.  BP.oFOC7.2iOX  o^.oP.i 
and  F :  oP  .  cbP  .  odI^  Length  of  pjadpal  azia -07392.  Au^P:P;(iarmiDaI) 
-  I420  7';  (lateral)  -  80°  2S'.  Cleavage  imperfect  parallel  to  F  and  sP.  Hard- 
neaa  —  8-0.  Spedflc  gravitj  ~  719  to  73$,  nimetene;  S-S  to  fi'fi,  bedjphane;  8-S  to 
"  "  "      ipylito.     Lnatre  reeinona.     Colonr  pale  jellow  paaaiDg  into  brown, ""' — 

■bUow  (kampjlite)  from  the  preeenre  of  chromate  of  lead 


orange-ji 

Bnbtranapamnt  to  aobtranalaoent.  Sectile.  Helta  before  the  blowpipe  on  ciiarooal, 
bnt  leaa  ead^  than  pjiomoiphite ;  exhibits  a  eryatalline  awlBce  on  coding  aod  ia 
(aailj  redoced  to  laaa-f^obnlea  with  erolntioli  of  aiaeoical  fomea.  Solnble  m  Bitxw 
aeid  and  in  potaah. 

Ani^gtU. — a.  From  the  Ainlaqiiea  mine  near  La  Blanca,  Zaeatecaa,  Mexico :  yiUmr 
needle-ahapad  er/ttalt  on  wnlfenite(BeTgemann,  F(^.Ann.lxxx.401). — b.  Pheenix- 
Tille,  Cheater  County,  Pennsylrania :  mlrnirlnm  or  jdlow  ecjatala  (Smith,  KIL  Ami. 
J.  [2]  XX.  342].~e.  Johann-GeorgeEmtadt:  jellow  oratalHaed  (WShler,  Pogg;  Aim. 
i*.  leiy—^  Caldbeek-fell,  Cumberland  (Bnhhaiipfa  kmmfiU)  (Bammeleberg, 
ibid.  xn.  3161— &  Honhanaen  in  Saxonj  (Dnfiinoj,  tnriti  da  JKa.  iii.  4S). — 
/.  Cornwall  (Dnfrino;,  Inc.  trti,). — g.  Preobr^anak  mine,  Sibena:  erntak  yallow 
within,  bnt  black  on  (he  oniaide,  from  a  coating  of  [^rolnaita  (Strn*e,  Stnmiuiiber^t 
Mixeralclieniie,  p.  3B2),— i.  UiigbBiiBliTtta.  Sweden  (Bieithaupf  a  liedjfpianii) :  maa- 
aiv^  greTiah'white  (EeiBten,  Scbv,  J.  liii.  1). — i.  Mina  Qnnde,  near  AiqnertM  in 
Chila ;  jellow,  earthf.    (Domeyko,  Ann.  Uin.  [4]  xir.  146.) 

L  Oontaiiiitiff  efUg  Jneuie  Aaid, 
a.         A>>ot.         polo. 
m.    3-44        SS-Oe        74-9S     -     100-46. 
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n.  Containing  Arteme  attd  PHetpJurio  Aeiii, 

CI.  A^J".  P»0>.  rVTK 

b.       S-8B  23-17  0-U  74'6B  a          10028 

c  iiotdet«i^  3119  notdstoi-  TfH 

mined  mined  Cita, 

d.      3-41  lS'4r  3-31  7S-17  0-60     -     101-19 

a.        2-6S  22-20  0'38  74-02  -            WH 

f.  2-81  21-65  0-79  78-87  -          08-S3 

g.  2-38  )e-6S  3-44  76-14  -         100-U 

CI.  Alio*.  P>0>.  ViOi.         Pb>0.         CVO.         Cd>0. 

k.    2-66        22-78    not  detcniiiiiBd   .    .        61-08        14-09 

i.      2-41  1206  6-36  1-94         68-46  8-31         0-96   -  99-60* 

Hie  mincaa]  L  u  a  componnd  of  diloride  of  lead  and  pnie  triplomtae  UMtute, 
PbCa.3Pb'A.O'. 

ThoBe  iDcluded  Dndei  IL,  sie  iaonunphona  miztnrei  of  tnie  mimet«sita  and  P7>t>- 
KorpMte  (plioaphattMhIoride  c^  lead)  rapreseDted  Inthe  fbrmnlm  FbCLSPb^As ;  P 

In  tha  two  micenla  indnded  nndai  III^  the  lead  is  partlj  replaced  bf  caJrium;  tlie 
fompomtioBof  A  may  be  nearly  mprawnttd by  thBEMmiilaPbCL3[K°{  }^'E^T 

Uls  earthy  minenl  from  Chil«app«an  to  b«hedyphane  mixed  with  a  little  wadata 
of  lead. 

lb  at  AO&CX&  aim.    See  Qmx.  (ii.  963). 

a  AOXO.    Syn.  with  Ck-noHu-Tunno  Atsrn  (L  S17). 
Acetate  of  Ammonium  (i.  IS). 

.    Thu  torn,  io  ita  widaat  wnac^  denotea  any  nhataiKe  not  fonned 

t>y  ths  prooeesee  (f  ornnio  life ;  in  its  more  restricted  and  moie  nioal  senae,  it  sisnillea 
any  homogeneons  solid  or  liquid  inorganic  body,  formed  by  natoral  pnxtmte,  without 
the  cooeiuTeDce  of  art  Hinaiala  understood  in  this  aensp,  constitute  ths  essential  part 
of  the  earUi'i  crust.  It  is  usual,  hoireTar,  to  include  under  the  same  Keneral  denomi- 
nation, serei^  mbstances  which  are  evidently  the  remains  of  oreaoised  beings,  chiefly 
Teget^les,  which  lived  upon  the  earth  in  former  ages,  i.g.  iioal,  Ggnite,  amber,  and  the 
■eTeral  Tarieties  of  fossil  rosins  and  bitumena.  Snch  bodies  should  perhaps  in  atrict- 
oess  be  called  fbsails,  but  they  are  mora  usually  classed  with  minarus,  and  daMribad 
as  snch  in  works  on  Mineralogy. 

H ' "  "B  *•*-  »*— -M  are  acids  of  inorganic  origin,  either  existing  ready  formed 
in  natoral  miaeiala,  or  formed  from  inotganio  materials  by  artificial  processes.  The 
tenn  a  chiefiy  applied  to  the  sttongec  addi^  anlphnrit^  nitdc^  phosphoric^  hydro- 

.    An  old  name  of  Soda.    (Sas  Aixiu,  L  IIG.) 

A  t«rm  fometimM  applied  to  Rnasian  bine  when  mixed 

with  certain  white  substances,  such  as  cjay,  heavy  spar,  gypstun,  ftc,  which  giTe  it  a 
light  bins  colour. 

■   OAOITTOMOTra.     SyQ.  with  Eunnm  (ii.  374). 

Hanganata  of  pDlaaniun  (p.  818). 
Soheele's  green.     (See  Gasair  PioKmrrs,  IL  814.) 


n  applied  by  KaUer  to  the  Une  oxide  of  mtdyb- 
in  of  tin  or  stannous  chltside  on  recently  pnoiri- 


denun,  formed  by  the  reducing  action  of  tin  or  stannous  chltside  on  recently  pnoiri- 
tated  moljbdie  acid.    (See  HoLTm>mnjii,  p.  1030.) 

Amofphona  Trisulphide  of  A«wmo»»  (i.  330). 

(See  PaTBOLXUK.) 
Oold-pnrple  ac  Purple  of  Casdns  (ii  988). 
Syn.  wiUi  HaTCHBTm  (p.  14). 

Ueronric  sulphate.    (Bee  Boamam.) 
leWxTXR. 

m  sometiinee  applied  to  tile  yellow  ozyeUoiide* 
of  Isad,  used  M  ^gments  (p.  666). 


•  ARM' didiittiooefl-ltluaiiuiiiidtnrie  oxide,  IdaTiB 


^dbyGooglc 


1026  MINNETTE— MISLETOK 

HUlfl'A'nL    An  emptiTe  rock  occnniug  in  the  Vosgn,  where  it  forms  Bntall  -nnni 

ehieflj  in  gnuiit«  mid  ajNiita,  It  coosiBta  of  miea  (the  (^haTseteristic  eonstitiieDt) 
Tuying  in  colaur  &om  browiiidi-black  to  ^reeliigh,  snil  orthoclBBe  imbeddeil  in  m.  fel- 
■p&thic  giDUDd-niMi.  It  i>  BJIIUU7  dne-gmnect,  often  porpb^rdiial,  vhea  the  ttHaprnt 
crjBtali  &re  wall  derebpad.  The  Roond-maa  freqaentl;  bJ«o  contains  grejish-greni 
OT  d>A  green  horobleode  klreadj  an  sdrBDced  in  deeompogition.  The  lock  alao  00a- 
Isina  qaart*  (in  ynj  gnatl  qaaodtf ),  trielinjc  fslipor,  ohloiile,  cslcspai,  &c^  o&Ba  alao 
cn>cii£ilit«.    A  apttajoea  from  the  Ballon  d'Aluce,  gkve  bj  analysis: 


«0».     AHW.     lln'O".    F*>0«.   CO,     MftO.     K'O.     NmiO.*    WO.    CXH 

66-96    I2'Sd      e-eS      7'S8     4-63      663     4-3e      a-Sl     I'4t    ISi 

PoIsssB,  Ann,Min,[fl]  x.  617  ;  Jahresb.  18*7,  p.  70«>.    A  rock  of  sL 

tion,  from  Hittenbanii«&  in  the  Odenwald,  has  been  analysed  byBunsen  (Jahieab. 
1861,  p.  106S). 

»m*UM.    Bed  oxide  of  lead  (p.  SGI). 

mSwrAa-VJantA-VAM  ot  T1»&&WA«,     a  solid  vegetable  &t  obtained 
from  the  fruit  of  ■  Uee  groiring  in  Bortteo  tud  Sunatca.     The  prindp&l  poiticm  of  it, 
iasolnble  in  eold  alcohol,  consiali,  like  oaeao-iat,  of  stearin,  palmitin  and  olein ;  a  BmaII« 
portion,  solable  in  eold  alcohol,  contains  free  stearic  acid,  palmitic  odd,  ood  teacea  of  ■ 
lolatUe  &tt;  acid.    (E.  Bage,  Jahreeb.  1BS2,  p.  £06.) 
See  Fann  (a  711). 
1.  with  QUabei  salt.    (See  StrtpuTis.) 
,   Acid  snlphate  of  potassinm,  KHSO',  occurring  in  «Mt«  silky  Itbns 
In  a  hot tnia cavtrc  near  Misene.   (Seaechi,  Uem.  Qeol.  snlla  Campania,  1819, p.  98.) 

msncXXb  Fa'AsS  —  FfeAaS,  Ar4micalpsf^l/i,  Anmopt/rite,  Danaitt, 
fUmm,  Fer  aninieal,  pritmatiteher  Arntiikkia. — I'hia  mineral  ooenrs  in  trinutn 
erretaU,  in  which  the  mtio  of  the  axea  a-.b-.c  —  0676  :  1  :  1189.  Anrie  aP  :  <»P  ^ 
*8°  7';  i^%  :^Foi>  in  tlie  basal  principal oectlon  —  31°  31'.  Ordinaiy  combina- 
tion oDp.^Fiii.  Cleavage  lather  distinct,  parallel  to  oP.  Occurs  also  colnmnar,  eom- 
paet  gnnuor,  or  impalpable.  Hardness  ->  fi'fi  to  6.  Spedflc  gravity  —  6  to  6'4. 
Loetre  metallic  Colour  silver-white  incLning  to  steel-grey.  StreaJc  dark  greyiih- 
black.  Frootare  nneven.  Brittle.  Heated  in  a  tabe,  it  firat  yields  a  red  or  bnnm 
aaUiniBto  of  solphide  af  arsenic,  then  a  black  sublimate  of  metallic  arsenic  Oa  efaaRoal 


.  . .  a  blowpipe,  it  melts  to  a  black  magnetic  bead,  which  sometimes  exhibits  the 
reaetionBof  oobaltaa  wdl  as  thoas  of  iron.  According  to  Berthier,  when  h(«ted  in  a 
elosed  emdbls,  it  giTea  off  half  its  sulphor,  and  a  fourth  of  its  arsenic.  Nitric  add 
deeotDposcH  it,  with  aepBrotion  of  sulphur  uid  arsenions  acid;  nitro-muristie  odd,  with 
•epSTation  of  sulfur  olon^  which  may  be  completely  dissolved  by  prolonged  digntion. 
Analj/ta.  a.  Freibe»  (Behnke,  Fogg.  Ann.  zoriiL  ISl). — b.  Eliren£ri«dnadcd': 
Tiinian  (Plattnar,  &id.  IxxviL  127,  txxix.  ISO).— e.  Iteiebenst«in  (Weidanboaeh, 
Bammdiber^t  Mineralchaitie,  p.  6S').—-d.  MelchioiMolleD  near  Jauarnid  io  Austriaii 
SilMia:m>asive(Freitag,iiiil).— tf.  SalainSwedeQ(BBhDl[f^^.ct(.).— /.Alt«iba^ 
neai  Eupferbarg  in  Sileaia:  loRn  erystalB  of  spncific  gravity  S'DIS  (Behnke).— y. 
Bothxaohan,  near  Idndshut  in  Sileiia :  epeeiBc  navity  6067  (Behuke).— A  Wetlin: 
■mall  twin-crystals,  of  specific  gravity  6'3Sfi  and  6-637  (Biintgeh,ZeitsdiT.  Cd.ge«. 
Notnnr.  viL  372) : 


Uispickel  is  also  found  in  beds  at  BreitenbTunn  and  Baaeban,  Andrasbng  and 
Joxihlmrthal ;  at  Tnnab«n  in  Bwedan ;  and  at,  Hael-Handlin  and  Unanimi^  in  Can- 
mm ;  alao  at  Franeonia,  Jacksoa  and  HiivcrhiU  in  Hew  Hampdiire,  and  sevenl  other 
looolitiM  in  the  TJnited  States.    (Dana,  ii.  63.) 

DaadUe  fil.  303)  and  Otaucodott  (ii.  846)  arc  Tarietiea  of  mispiAsl  in  vhidi  the 
Iran  is  poruy  replaced  by  cobalt,  to  lAe  ainoiint  of  one-sixth  in  the  fonner  and  one- 
third  in  the  latter.    (Dana,  ii.  62.) 

MXSKLSTOa.  Vitmm  tdintm. — Ths  chemieol  constitution  of  this  plant  has 
mined  by  F.Beinach(Jahieab,  1860,  p.  911),  who  baa  found  in  ittwoviscooi 
a  caUedviscaontchin  and  viicin  (;.  e.). 

■WllkallttltUllilij  iHh  or  coppnwMilB  found. 
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Uan.    (i5oe  8mfU.ta8.) 

XXTXS-OBBMM.     AiMDate  of  eopper,   2Ca*0.Aa*0*.    (S«e  Osm  naxxwra, 

li.  B**.) 

UlTUfmri'M     Syn.  vith  UBonTB  (p.  866). 

HOOMA  mrtatm  ta  Mou  AgaU.     (Se«  Asu-n,  i.  62.) 

HOnVMITa  oi  BhiiUrvdiU.  An  uaemde  of  cobalt,  Co'Ai*,  tomA  at  Skuttsrud, 
near  Modumin  SoTwt.j  (L  1012). 

MOSBtMa  Sja.  witli  Lenoopfiit*  or  natiTe  pratD-aiwmide  of  iron,  FeAs 
(p.  868). 

MOBSXra.    Natira  tiUn&te  oriroii.     (9ee  TiruncM.) 

mzaoiTX^  Thii  term,  in  ita  strict  chemical  icDBe,  denot«a  the  smaUcat  quantity 
of  a  componnd  body  tlut  can  ukr  put  in  any  chemical  reaction.  Thng,  aa  explained 
in  the  article  Atomic  WnOHra  (i.  407-469),  the  moleenle  of  mter  is  aasnmed  to  be 
HH)  —  18  and  not  HO  —  9,  beouue,  in  the  great  majority  of  eases,  IB  pta  by  weight 
(H  ~  1)  IB  the  imalleat  quantity  of  water  that  can  be  taken  np  by,  or  eliminated  from, 
any  groap  of  elements  conceraed  in  a  reaction.  For  a  similar  reason,  the  molecule  of 
ammonia  ia  assnmed  to  be  NH*  ••  IT,  and  not  any  mnldpla  or  sabmnltiple  thereof. 
(aee  Odling,  Chem.  Soe.  Qa.  3.iL  lOT.) 

To  enter  into  all  the  eouddemtions  by  which  the  molecnlar  weights  of  budies  are  de- 
termined, would  be  to  repeat  what  has  already  been  treated  in  some  detail  in  other 
arlicleaorthiswoit,Wpecnal]f  that  aboTs  referred  to  (we  also  CLASSincAiTOM,  i.  1007). 
It  m^  therefore  infBee  to  point  oat  ia  tbis  place  that,  among  the  purely  chemical  coa- 
aiderationa  which  enter  into  the  detenaiiiation  of  tilia  point,  a  prominent  olace  matt 
be  assigned  to  the  manner  in  which  the  elements  of  a  componnd  are  replaced  by  other 
radicles,  sim^  or  componnd.    Thus,  in  the  fbor  typical  molecules, 

HCl,  HK),  HiN,.  B.*C, 

the  hydrogen  in  the  flrat,  via.  hydrochloric  add,  mnst  beeitherwhoUy  rrplaoed  ornot  at 
all ;  whei«as  in  water,  either  the  half  or  the  whole  of  the  hydrogan  may  be  thos  re- 
placed, bat  no  other  bmction  ;  and  in  ammonia,  the  snbstitation  takes  place  by  thirds  ; 
and  in  manh-gu,  bv  fbnrths.  Again,  solphuiic  acid  is  resarded  as  dibasic,  and  repre- 
sented by  H'80' ;  phosphoric  add  as  tribasic,  and  denoted  by  fCPO' ;  tartaric  acid  as 
tjtrabasic,  by  H'.C'H'O*, for  similar  reasons. 

Physical  coosiderations  likewise  enter  largely  into  the  dettnnination  of  molecnlar 
veigiits.  Thas,  in  compound  gases  and  all  componnda  whose  spedflc  grarities  can  be 
determined  in  tile  state  of  vapour,  the  moleenle  ia  aseamed  to  be  so  conititated  that 
Its  weight  is  doable  of  the  specific  gravity,  that  is  to  say,  of  the  weight  of  a  unit-volome 
of  the  vapour.  This  assumption  cannot  at  present  be  said  to  rest  on  any  physical 
basis  1  bnt  it  is  found  to  be  tme  in  namerous  case*  in  which  the  weight  of  Che  molecole 
can  be  fixed  independently  of  it  by  purely  chemical  considerations ;  aod  hence  it  is  ex- 
tended to  others  in  which  such  verification  cannot  be  obtained.  Other  physical  con- 
aidenlions  which  enter  into  tlie  dcterminotioo  of  molecular  veigfats  are  spedflc  heat, 
boiling  pointy  isomorphism,  &c  (See  AtoiOO  WuafiiS,  L  466-173  ;  Hut,  iiL  30-40 
and  8S-81;  IsoHOBFmsii,  iii.  423-432.) 

The  term  molecule,  as  applied  to  elements,  mnst  be  onderatood  in  a  somewhat 
different  sense  from  that  which  it  bears  when  applied  \o  compounds.    The  smallest 

sntil;  of  on  elementary  body  that  am  enter  into  a  reaction  is  called,  not  a  moleonle, 

'  —  atom ;  and  the  nu>lecale  of  an  element  is  the  smalleet  quantity,  or  greup  of 
aioiDB.  that  can  exist  in  the  &ee  state.  Many  consideratlDns  lead  us  to  suppose  that  in 
the  m^ority  of  cases,  tbis  group  consists  of  two  elementary  atoms,  the  molecule  of 
hydrogen,  tar  example,  being  HH.  (See  Atdkio  Wbiobtb;  L  486;  and  Chskicu., 
AmNTTT,  L  857.)  There  ore  also  certain  componnd  radicles,  vis.  the  alcohol-radidea 
methyl,  ethyl,  &e,  whose  molecules  in  the  tne  state  are  generally  sapposed  ts  b«  the 
doablee  of  those  by  which  they  enter  into  combination;  t.g„  free  methyl  •  CH'.CH*; 
bat  recent  inveetJgationa  on  the  relations  between  these  radicles  and  their  hydrides 
(pp.  182,  IS8),  have  thrown  considerable  doubt  on  the  existence  of  these  paitjcolar 
componnd  molecules. 

HOKnsu  VM.  BjpnM,  Vo.  Atomic  WdgU,  S2. — A  metal  oocurring:  in 
Email  qnantity  as  a  sulphide  (vutlybdenitt),  and  aa  molybdate  of  lead  [vTf^miW).  The 
native  sulphide  was  first  distinguished  from  plumbago,  which  it  miich  resembles,  by. 
ficheele  in  1778  ;  the  metal  was  first  prepared  bam  the  trioxide  by  Hjelm  in  17S2. 

The  most  mmplete  investigations  of  the  properties  and  combinations  of  this  metal 
have  been  made  by  Berielius  (Pogg.  Ann.  iv.  163;  vi.  3S1,  369;  vii.  261); 
Bvanberguid9truve(J.  pr.  Chem,  iliv.  297;  Jahresb.  1647-46,  p.  408);  SttBT* 


gaantity 
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(J.  pr.  Chem.  Ixi.  449;  JsbrcrijL  ISM,  pt  846);  Blomattand  (J.  pr.  Chno.  IzzL  449 
lxxTii8B;IxxziL433;  J«)umb.  18(7,  p.  191;  1SS9,  p.  164;  1S61,  p.  2S9) ;  luid  " 
8eliiiltae(Aim.Ch.P)utnucEZTi  49;  JabtwlL  1S6S,[l217).  Tba name ciDljbdHii 


and  otlur  Itad-eompoiuHli.* 

iVaporaftcn. — Metellie  ndUbdeunm  ii  piepued: — I.  By  arpoaiiig  either  of  tha 
oiidca,  or  moWbdate  of  ammomam,  or  aind  mol7bdat«  of  pctaninm.  to  a  fbll  vhitebeai 
in  a  eraobli  lined  witli  charcoaL  Tha  radnetioii  is  eanlj  efircted,  and  maj  even  ha 
HTftnmed  on  charmal  belbn  ths  blovpipe  with  carboDat«  of  sodiom ;  bnt  to  obtain  a 
fluedbnttiai  of  ths  metal,  a  Ten  itrang  beatia  reqniied  (Berietina). — 2.  Bypaarang 
dij  hTdfogan  gtt  orer  either  of  the  ixddea  of  molybdennm  haat«d  to  whiteneaa  in  m 
poie^in  Cube.    (Barielina.) 

Praperiia. — Ho^r''^''''''**  redneed  t^  l^diogen  ii  a  grrj  pnlTemlent  maoa  wfaid 
•oqnirea  a  metallie  hutm  far  tritniation,  and  coudncta  electiieitr.  Bj  fiuion  in  a 
DeVilla'a  blaat-fimae^  it  ia  (Aitaaned  aa  a  white  maaa,  with  Daarhr  riItoj  Inatie,  haider 
than  tmaa,  and  of  apeeifle  gtanty  8-6.    (Debraj,  Con^t.  rend.  tin.  1098.) 

HolybdMinm  ia  unaUaMle  in  the  air  at  iKdiQan  temperatuiea,  but  when  alowlj 
hcted  it  aoqnirea,  fltat  a  bromiiih-yeUoir,  then  a  blue  tainisti,  and  finallj  takes  Ora 
(1  the  pnlTeTulent  metal)  and  bnnuto  moljbdic  trioijde  (Beraelias).  It  is  npidl;  oxi- 
diaed  b;  ftuion  with  nitre,  ilowlj  bj  kgdraU  of  potauntn,  and  it  ie  not  disKitTed  b; 
boiling  potaih-lTe.  It  diaaoWea  id  nitric  aeid  witJi  evolntioii  of  mtfooa  ftimea,  and  in 
hot  itrong  udptmne  acid  with  erolation  of  mlphunma  anhydride.  If  the  aeida  ara 
naed  in  aniall  qunli^  only,  the  metal  ii  oouTerted  inti>  moljbdio  oxide  ;  with  a  largm 
tBupOrtion  of  ndpbnrie  aad.  the  bine  oxide  is  formed ;  and  with  a  larger  proportion  of 
nitnc  acid  the  piudnd  ia  molybdic  acid,  which  ia  also  partially  deposiled  in  the  aolid 
■tat«^  Holybdennm  ia  likewise  oiidiaed  and  diaiolTed  by  elUorin»-viata-  and  by  a  mixtai« 
of  mtric  with  wuipkuric  or  hgdrocUorio  aeid.  It  ia  diaacdved  by  boihng  aqneona  artaae 
aeid,  aliBhlly  also  by  jukonioris  and  borieacidt;  not  by  hydiodilorie  oidilule  anlphnrie 
add.  JU  reduHia  the  oxidea  of  tiivtr  and  axnnirv  ■wata  tritanted  wi&  them.  Ignited 
I  of  aquetna  vt^imr,  it  ia  ozidiaed,  wiui  aepanCian  of  hydrogen. 


CtnaiiMiiMiHU. — Molybdnnun  enten  into  combination  aa  a  diatomii:,  tc 
■lomie,  and  aametimes  also  aa  a  tri-atomia  radicle  -.  thua  it  tbrma  the  oxidee  Ho'O, 
Mof-O",  Mo-'CP,  the  dilorid<«,  Mo"a'  aad  Mo"CI' ;  the  bromides.  Mo"Br«,  Mo'Br', 
the  bromo-ohloride.  Mo''Br*Cl',  the  o:rfdiloridB,  Mi^'CPO,  fte.  Its  exact  pogrtiaii  in 
the  metallic  seriea  ia  not  jet  exactly  aacertained,  inaamDoh  aa  ita  specific  heat  haa  nut 
been  determined,  and  these  of  ita  compounds  which  an  Tola^e,  aaanme  the  gsseooa 
■tateat  too  high  a  tanpetatim  to  allow  of  tha  detenmnatioD  of  their  Tapoar^eaaitiea 
(tee  page  B««). 

MO&TSSBWl^  AMUMTm  VW.  Uolybdennm  nnitea  with  tin,  lead,  iron, 
Mpper,  nlvar,  gold,  and  platinam,  rendering  them  len  fudble,  mote  brittle,  and,  except 
in  the  case  of  eilrer,  whiter.  MUybdidt  of  <!Opper  ia  of  a  pale,  eorawi^red  eofoor, 
malleabU  if  the  molybdennm  ia  not  in  axoeea.  With  2  pta.  at  gold,  motjbdeDan  fbrraa 
a  black,  brittle  globule. — Iliob/bdide  of  inn  conititates  the  ao-^Ued  "  b«ats"  fonnd  on 
Ae  hearths  of  oopper-ftimacea  (p.  3SB).  Equal  paRa  of  molybdennm  and  fAiAmint 
yield  a  hard,  brittle,  shapeleea  lump,  haTing  a  light  grey  eoloar  and  metalbc  lostre, 
and  appearing  compact  an  the  fracHued  mr&oe.  4  pta.  platinum  with  1  pt.  molybde- 
nnm farm  a  hard,  brittle,  bluish-grey  alloy,  haring  a  granular  fracture  (Hjelm). — 
The  alloy  of  1  pt.  lilver  and  2  pta.  molybduinm  ia  grey,  sranular,  and  brittle. 

Mfdybdidt  of  Aluminiitm,  All'Sfo,  ia  obtained  by.diasolring  molybdic  add  in  hydro- 
Snorio  add,  eraparatinff  to  dryness,  and  ftuing  the  residue  with  a  miztnre  of  80  pta. 
cryolite,  30  pta.  of  a  nnxtnre  of  the  chloridts  lA  sodium  and  potaasinm  in  equivalent 
pniportiana,  and  IS  pta.  alnminimn,  at  a  stiong  red  heat.  On  tieating  the  naulling 
regains  with  ■oda-fya,  then  lemains  a  dystallins  powdoE  eoloured  black  by  a 
film  of  metsUic  molybdenum,  but  ssmnoing  an  iion-^n?  colour  when  Izealed  with 
nitric  sdd,  and  appearing  nuder  the  microscope  to  oonsist  of  ihombic  prisma.  It  acquires 
a  eteel-blne  tarnish  when  ignited  in  the  air,  and  dissolTss  easily  in  hot  nitric  and 
hydrochloric  adds.     (Wohler,  Ann.  Ch.  Pharm.  CIT.  102.) 

HOKTSDMOTIK,  BmoiOU*  OV.  (Blonalratid,  J.  pr.  Chem.  IzxriL  88; 
IxuiL  433;  Jahreab.  1869,  p.  l«i;  1861,  p.  339.)  When  bronune-Tspoar  is  passed 
orer  stmngly  brated  molybdeinim,  an  oiybiomide  ia  first  Ibrmed,  then  a  gniyiah-gTeen 
■ablimste  (fltribromide  doss  to  thshealM  part  of  the  tube,  the  metal  atUi*  same  time 
sMloiring  a  y(Uowiah-ced  ooloui  and  being  si  bst  oomplatalj  confsrtBd  into  dibromide ; 
between  these  two  prodncte  there  are  also  fonnd  isidated  «h»ni»ig  needles  of  the  tctra- 
hromide,  of  a  pun  black  colour. 
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>  f  eltov  solation  coDUming  moljbd 
SMoBr*  +   2KH0     -     SKBi  +   H<0  +   Ho'Br^. 
Omceiitnted  soIotiooB  of  caustic  slk&lia  dacompowi  the  bromide  oompletelj,  with  piB- 
cipilBtion  of  >  black  hjdistrd  oxide. 

The  yello*  solution  abors  mentioned,  «hen  expowd  to  the  tie,  giadnallj  d«poaita 
•mAll  ehining  golden  yelloir  erjetala  of  a  hjdrated  molybdoDi  oxybromide, 
AcfBt'O.eWO ;  but  when  nentmlieed  iriUi  an  oxjgeQ-tdd,  it  yieldi  a  dju^  tbIIow, 
floccoleat  or  gcamilar  piedpitate  of  tJie  aame  ozjlnoniide  with  a  smaller  quajititj  of 
water,  ifo'Br'O.SH'O.  The  oxybromide  dinolvea  with  fellow  colaor  ia  alfcalii  and  in 
tlie  stronger  omren-acidi,  and  from  the  acid  Bolutioni  tiiw  obtained,  the  bromine  ia  not 
precipitated  t^  ^Tsr  aalta. — The  scJntion  of  Uie  oijbromide  in  dilute  aqneone  aUulii 
ibmn  with  ligdnbrtMme,  iydroMorie,  or  Mifdriodie  acid,  a  yellow  pnicipiMit^  inoolnble 
in  adda,  but  aolnble  ia  alkalis,  and  coiviatiDe  of  Bfo'Br'.SHK},  lIo^r*Cl'.3HK)  ot 


I  renrdi  all 
ioBrTe.  J,  th 


th«  o^bromide^  (U oBr*)"0,  the  dilorobtoaidc, 

'  The  trtiromid'*,  Mo~&*.  or  Molgbdoio-molgbdic  iron{<i<^ HoBi'.UoBr',  !■ 
prodnced  aa  above  mentioaed,  by  direct  eombinatioD,  or  wiUi  gmter  hcilityby  paasing 
DnHuine-raponc  OTor  a  heated  mixture  of  moljbdic  oxide  and  ehsicosl.  It  is  sometimea 
obtained  in  separate  crTStols,  but  more  freqnentlT  in  blackiah-grsen  memiw  consisting 
of  delicate,  captllaiy,  interlaced  needles.  It  is  dimcmlt  to  anblime,  and  at  a  bright  red 
heat  is  resolred  into  the  dibromtdn  and  free  bromine.  It  ia  not  even  wptted  bj  wster, 
and  not  attacked  bj  boiling  hydrochloric  add  or  bj  cold  dilnlo  nitrie  add.  Dilnte 
alkalii  act  upon  it  slowly,  and  at  the  boiling  heat  decompose  it  oonpletely,  with 
■juration  of  black  moljbdic  hydrate. 

The  Ttlrabraviide  or  Xolvbdic  bromide,  X<fBr',  formed  also  I^  direct  com* 
bination  (p.  102S),  is  ftisible  and  Tolatile,  ftnroing  a  brown-red  raponr;  it  deliqneacea 
in  the  air  to  a  black  liquid ;  and  fisnns  with  wkber  a  yellow-broWD  eolntion,  from  which 
alkalis  throw  down  molybdic  hydiateof  a  nuty  yellow  eolonr.  It  ia  easily  mcdved  by 
heat  into  the  dibnmide  ojid  tree  bnimin^  the  tempaiatniea  ftt  which  it  ia  formed  and 
decomposed  being  very  dose  together. 

The  hexbTonide,  Mo''Bi',  has  not  been  ohtained,  bnt  the  oorreaponding  oxgir»- 
mide,  Ho^'Br'O',  is  prodaced  by  passing  bromine-Taponr  OTcr  heated  mol^)d]e  oiidc^ 
MoC,  or  by  heating  molybdic  triinida  with  liorie,  or  phoapbocic  anhydride,  and  fosing . 
the  pnlTeriaed  mass  with  bromide  of  potja«iiim,.«.j.  ■■ 

MoC   +  BW   +   2KBp     -     aKBO"  +  MoBiW. 
When  qmckly  niblimed,  it  fbrms  indistinct  crystalline  acalea ;  bat  br  alow  saUiniation 
it  may  be  obtained  in  more  distinctly  derelcfied  oystalline  plata  of  yellow-md  colour 
■Old  fhtty lustre,  irtiich  deliqaeacein  contont  willi  the  air,  and  fcona  colonrieaa  aolntioii 

MOXiTmSMWK,  cmiMmammm  or.  H<dybdennm  forms  thma  ehloridei^ 
analoeoos  to  tbe  bramldee.  The  tri-chloride  and  tetradikicide  were  first  prepared  by 
Berulins,  who  slso  obtained  the  dicbloride  in  solution;  tbeea  compoands  hare  been 
more  hlly  examined  bj  Komstrand,  vho  has  also  obtained  the  anl^drons  dichlorids 
and  sereral  mydiloridea. 

Dichloride  or  Slolybdoui  ChloHda,  Ho'CP. — This  compound  is  fbnaed, 
t<^ether  with  the  other  (Uorides,  by  passing  chloiine-gas  over  heated  molybdennm.  It 
may  be  prepared,  thongh  not  in  a  state  of  purity,  "oj  exposing  the  triehloride  to  a 
moderate  heat  in  an  atmosphere  of  carbonic  anhydride,  or  other  gas  which  does  not  act 
upon  it,  or  by  healing  metallio  molybdenum  with  calomel ;  also,  though  in  vary  small 
qoanti^,  hf  paaaii^  dilorins^iBB  laigaty  diluted  with  carbonic  anhydride  orar  mode- 
rately QeateamolTbdennm;  it  is  Ukewise  formed  in  small  qsantily,  together  with  the 
tetrachloride,  by  r**""?  chlcnina  over  a  heated  mixture  of  molybdic  oxide  and  char- 
coal when  the  tmnprrature  is  tsit  hi^.    (Blomstrand.) 

MolybdoDS  chloride  is  obtaineilin  solution,  by  satimling  hydrochloric  add  with  mo- 
lybdons  hydrate.    The  dark-biown  solntion  yitdds  on  evaporation  a  black  msss  which 


redissalvcs  elmost  entirely  in  water,  hut  on  eri^ioTBtioD  invacno,  gives  off  hydrachlori< 
add  and  water,  and  is  converted  into  a  black  pulvemlent  oxychknide^    (Berielins.' 


i^dT 
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The  KobjiioaM  didiloridc  ia  in  uBoipboiu  povdar  c^  dull  71U0*  ooku,  inclinitig 
(o  gi«nu>h  from  tbe  pnaenee  of  impuridn.  It  brtura  with  aliaii*  like  tho 
dibromide,  but  dierolTB*  (Milj  md  oompletelj  in  ^dnwUnrie,  iydrobromie,  ud 
itjiMoittc  octdt.  ^Hie  Ukalins  aolotion  wiien  eapcard  to  the  air,  dcposita  molybdoaa 
oiychloride,lio*Cl'0,incomMDation  with  w»t«r.  »omc-tim(ia  in  tbij  nnall  eijKaU, 
but  ^enll;  u  an  amorphcnu  ganua;  pwdpitste.  Jcidt  (wpcdall;  acetic  add) 
added  to  the  nma  Botiilion,  thror  down  flie  hydntdd  oxjAlonie,  lio'CI'O.SHH),  in 
the  tbnn  of  %ht  yellow  fioeki,  which  when  recently  precipitated,  and  washed  with 
w»tor,  dinolTEa  osily  in  the  atroogtr  •cide.    (Blonntrnnd.) 

The  hTdratedondiloRde  boiled  witli  hydioteomic,  bTdriodieand  hjdiTMihIwie  adda, 
jialde  Miliitioni  wliich  di^iadt  eomponnda  of  exactlj  analogoue  ooutitntion,  haTing  the 
oxynm  leplaced  bj  an  equiTalent  qoanti^  of  bFomine,  iodine  or  chlorine,  with 
ly£vbrmiiic  add,  the  ehlorobioniidc,  If o^'Br'.  3H*0,  ie  obtained,  in  thia  reddish- 
fallow  aealea,  ineolobbin  water,  but  aDlnbla  in  aloohol;  the  alcoholic  aotntion  highly 
ooneratnted  at  100°,  deponta  ihoit  pnamaCic  errstals  containing  fio*CI<Bi*.eHK), 
eaiil;  aolnble  in  WBter  and  forming  *  tolntion  which,  after  a  while,  becomea  tnrbid 
nnleu  it  cootaina  a  luge  qnantitj  of  free  add),  and  depoaits  a  gianolar  powdsr. 
Similatlj  with  kydriodie  acid,  the  compoond  lloHJl'P.SBK)  ia  obtuned,  aa  a  acilj 
dTstalline  rabetance,  inaolnbU  in  water;  dao  lIoH^lT.eH'O,  which  reeemblea  the 
coireepooding  bromine-componnd,  bnt  fomu  darkar-ooloured  ayetala.  The  cor- 
reeponding  eJUonM-mNpowub,  M^'.3H<0  and  lf^'.SH*0  (or  BtoCl'.Hra  and 
lIaCl*.2H*0),  an  obtained  in  like  maimer,  the  former  in  thin  scalea  inscdoble  in  water, 
the  latter  in  light  yellow  dender  needlw  or  raiama,  which  also  diaaolw  in  wkIm^ 
ftirming  a  aoliitioa  which  non  becomes  tQri>id.  The  acid  airfations  of  theee  eomponnda 
may  be  repMttedlT  snporated  to  diyneaa,  ATeo  in  contact  with  the  air  without  foeep- 
^Mx  deouBpodtun.  The  eolid  eomponnda  heated  in  an  atmo^here  of  Arbonie 
anhydride^  flirt  gtre  off  nothing  bat  water ;  but  afterwards,  if  the  hwt  be  quickly 
niaed,  a  certain  quautity  of  acid  is  given  oS,  so  that  the  reddue  always  oontainH  more 
or  leea  of  the  correspondiug  o^cbloride,  or  even  molybdous  oiid?,  c^. 
Mo'Cl'Bi'  +  H-O  -  MoKJlK)  +  aHBr 
and  MoH^l'Br*  +  SEK)  ~  SMoO  +  2HBr  +  4HCL 
The  aame  decompodtions  take  place,  but  to  a  getatex  extent,  iriieu  these  eampoonda 
ore  heated  in  contact  with  moist  air. 

lie  haloid  molybdoiueompoiudajitBt  described  unite  with  UiehaloTdtaltii  of  potudnm 
and  ammonium,  fonnins  double  salts  having  the  compodtion  Mo'Cl'.KCl ;  Ho*0'Br*. 
2NH<Br,  Mo'Gl'Bi>.2KBi,  &e.,  which  cryrtallisa  ont  almoft  oompletel:r  *">"  their 
acid  solntioos  on  cooUdr.  These  doable  aalta  vary  in  colour  ttoat  ehining  straw- 
yellow  (the  chlorine-salts),  to  deep  yellowish-red  (the  iodinentslta) ;  they  are  of 
varionB,  naually  prismatic  Cinn  ;  acn  decomposed  by  pure  valer,  the  alkali-metal  salt 
dissolTing,  whila  the  molybdous  componud  (MoVl'Br*,  for  example)  s^iantea  in 
combination  with  3H*0 ;  bnt  diasolve  without  decomposition  in  wnler  coDtsining  fita 
add.  Alcohol  diasolvee  some  of  Ihem  (Mo'Cl'Br'.2NH'Br,  for  exam^e)  without 
deoompositioo,  whereas  fhim  others  (as  McWl'Bt''.2KBF)  it  dieBolves  the  molybdixtt 
oumpound,  and  leaTca  the  aolt  of  the  alkali-metal  Nitrate  of  lUtier  added  to  iJw 
eolations  of  these  double  aalta,  throws  down  only  half  the  amoont  of  halcfeu  cootaJned 
in  them  (e.^.  from  Mo'Cl^r*.2EBr,  only  the  1  at.  bromine,  end  from  MoK)l*.lKGl,  cr 
Uo*Cl*Cl*,2KCl,  only  i  at  chlorine) ;  morearer  tbdr  add  sidntioiia  aie  not  decompiMed 
by  Eulphydric  acid,  even  afUr  a  day's  contact  (ip  the  alkaline  solntiolis  it  prodoces  a 
slow  aecomposicioE),  and  they  are  not  precipitated  hj  femwrpnide  of  potassinro. 
From  these  reactions,  and  ftom  the  cranpotiition  of  the  double  aalls,  BloraBtrand  infers 
that  all  these  COmpoonds  eontiun  the  diatomic  radidc^  clUoronuilvbdaium  Uij*Cl',  that 
molybdous  dJoricu  is  (Mo'd^rCl*,  the  oxychJoride  (UcKl*)'D,  the  cMorobromide 
CM(«l')Bi»,  8(0. 

TrieAioridt,  Mo''a',  or  Xol^bdoso-motsbdie  vhlorid*,  MoOPJIaa*.  This 
compoond  is  obtained,  though  not  in  the  pure  state,  1:7  pasaing  tbe  tapom  of  molybdio 
chloride,  MoCl*,  over  heated  uohbdemim.  Bendius,  who  wspared  it  in  this  maimer, 
but  does  not  appear  to  hare  anMysad  it,  regarded  it  as  the  dicuocide ;  bnt  Meordingto 
Blometnind's  onalyaia,  the  compound  thus  obtained  has  nearly  the  compodtion  H<a!!1*. 
The  trichloride  is  aim  easily  obtained  by  r*"""T'g  hydrogen  gaa  over  the  tetivchloride 
heated  in  •  ^laas  tube  by  a  spirit-lamp ;  or  better,  by  passing  the  t^hjut  of  the  tetn- 
chloride  mnced  with  carbonic  anhydride,  through  a  tnba,  one  part  of  which  ia 
Tuiy  strongly  huut«d ;  the  tridiloride  then  collects  behind  this  portion,  aaathickhom*- 
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OB  cran  i^DiDDiBiTaDa;.  »  aw  s  cuite  copper-iea  eoionr,  mDa  « 
.eltiitg  poiDt  of  ld&>S|  in  &  tcshI  vhieh  doei  not  sllow  >oe«>  of  aii 
mna  k  eonfiiaem;  crfBlBlluie,  d&rk  briek-red  aablinuto  (Bectielii 
le  in  Wtter,  but  eoloon  that  liquid  t«ddisb  when  nupaoded  in  it ;  . 


nd).    It  hw  B  dark  eopper-ied  Cfdonr,  mod  vhen  hMtad  to 

—     '     '■'    ■  •     "  gf  air,  it  ToktOiae" 

...  ^         iBlins).     Iti.ii: 

■oinble  in 

and  ^  inaoLnble  Ua^rii-b: 

Teiraektoride  la  Xolyhdie  chloride,  Mo"Cl<. 
B«neliiu,  a  produced  when  chlorine  gaa,  free  from  ai  .  . 
moljbdanimi.  The  metal  then  takes  Sie  and  bame  tta  the  MD&ee  tat  a  tew  asaouda; 
but  this  eSpct  soon  ccaaea  and  a  daii  nd  eaa  ia  formed,  whieh  eondenaea  on  the  txAA. 
parts  of  the  vnael  in  daifc  colouied  metauio^hiniiw  erjabila  haTing  vecf  miah  the 
aspect  of  iodine.  Blomstrand  prepares  it  by  the  action  <»  chloiine  on  stnmglj  heated 
maljbi^a  anlphide  (the  natiTS  salpbide).  Tbe  eijBtala  are  Tarj  AuiUa  (BeiielinB^ 
someirluitdiiBcnltof  fiuiioD{BloniBtrand),  andsabliineBt  a noderata heat.  Whe> 
eipaaed  to  the  air,  thejfnme  at  the  flntinatBDt,  and  Iboi  deliqaeeee,  liie  oiinnal  Uack 
colonr  of  (be  lignid  passing  Chrongh  bloe-greeo.  greeniah-j^ow,  and  dan  red  into 
felloir.  Whoa  kept  in  a  Teasel  containing  Ax,  thej  abeoib  o>7gea  and  jiaU  a  sobli- 
natn  consuting  of  an  oijchloiide. 

Holjbdic  emoride  «hen  thimra  into  water,  diaaidTea  vith  sooh  Tiolanea  tliat  the 
liquid  nffirreaME  and  boils,  as  if  a  gu  irere  pTen  ollj  irMch  howerer  is  not  the  c— a. 
A  small  quantity  of  the  cUoride  diMlched  with  a  large  qoantity  of  water  bitna  a  adB> 
tion  vhtcn  soon  tnms  green  or  bine  ftom  the  oiidlBiug  action  of  the  air ;  a  sttmigv 


vtAj  alao  be  obt&iued  in  solation 


thui  remaining  aa  a  blad  mais,    Ibljbdie  ohlcoide 

ing  nitric  add  from  time  to  time  till  the  Bqnid  aoqnirea  a  red-brown  coloor,  or  by 
digesting  molybdio  anhTdride  and  pDlTeriaed  molybdenam  (or  metallio  coH)er)  in 
hydrochloric  acid,  till  all  the  molybdic  aohydride  ia  maaolTod  and  the  liqnid  lua  become 
red.    In  all  theee  solutions,  ammonia  fbrma  a  precipttate  of  molybdic  hydrate. 

Ammonia-molybdie  eUoridt  ia  obt^ned,  acewding  to  Benelios,  by  """"g  a  aolntion 
ofmolybdie  cfalcndewith  ammonia  till  llie  precipitate  joat  begins  to  be  permanent,  and 
' — ^--■<--     -<---■—  --  eraporate)  the  donlda  aalt  then  aaparaling  in  amall  brown 


leanng  the  eolation  to  oraporate)  the  dontdi 

e^sUfa  whioh  decoomaee  in  eralact  with  air. 

A  aolBtioB  of  mo^bdic  ehloride  saturated  w 


.  _.  ,       d  with  aal-ammoniac  and  left  to  evmorate 

OTeroil  offitriol,  first  deponta  brown  erystals  of  aal-anunoniao;  and  the  tnother-lianor 
ultimately  Tielda  green  oct&hedroaa  of  the  doable  aalt  3Moa'.2MH'CI.SH'0,  \^aih 
soon  deliquesce  in  moist  air  to  a  black  liquid  becoming  reddish-yellow  when  diluted, 
and  yielding  with  ammonia  a  yellowiah-rM  precipitate  of  molybdu  hydrates  (Blom- 
strand.) 

■  or.    Thia  oompoand,  Uo*Br*Cl*,  ia 


, ATtoM  or.    1.  Slow- 

pipe  reaction*. — Molybdic  triozide  heated  on  charcoal  in  the  outer  flame  ia  Tolad- 

Used  and  ibrms  awhile  ciTStalline  snblimateon  the  charcoal;  in  theinnerflameitmay 
be  redaced  (eren  without  carbonate  of  sodinm)  to  metallic  molybdmnm,  which  is  aepa- 
rated  aa  a  grey  powder  on  leTigatiiig  the  ehaieoal.  With  borax,  all  the  oxidea  <d 
molybdenum  ^re,  in  the  onter  flame,  a  bead  which  is  yellow  while  hot,  and  eolouileaa 
on  cooling;  in  the  inner  flame,  a  dark  brown  beed,  which  isopsqae  if  excess  of  molyb* 
denum  is  prearnt.  By  long  continued  hnoting,  the  molybdic  oxide  maj  be  sepantad 
in  dark  bromi  Haiee.  floating  in  the  dear  ;dlDW  glasa.  With  ntteroeotmie  lati  in  the 
'    ne,  all  oxides  of  molybdenum  give  a  bead  *bkh  it  graeniah  while  hot,  ai  ' 


continued  heat. 

2.  Seaetioniin  Soltilion. — a.  Salutfons  of  molybdons  aalt*  oUatned  bf  dis- 
solving molybdona  oiide  in  adds  ace  opaque  and  almoet  black.  The^  yidd  with  (uf- 
phydTic  acid  a  brown-black  precipitate,  and  with  ttdpkidt  of  amnuMmm  a  yellowish- 
browu  precipilato  of  salphide  of  molybdenum  easily  soluble  in  sulphide  of  ammoroom. 
Alkali*  anSalkaiim  earboaate*  produce  a  brownisb-blaok  prempitato  of  molybdoos 
faydiate  insoluble  in  eansCie  alkuis,  ali^itly  solnble  ia  the  oeutnl  earbonatca,  eaailj 
soluble  in  acid  EBrhcoate  of  potassiniB  or  carbonate  of  ammonium.  Ftrreegamd*  and 
^rriwimJ&qffotoSBumlbrm  dark  brown  preci}Htat«B  insoluble  in  exMSB.  Fhotphait 
(/soiSwulbrmB  a  white  precipitate. 

fi.  Sgbitioiii  (tf  molybdic  salts  have  a  reddish-brown  eolonr.    When  heated  in 
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thfl  air,  the;  huTe  k  traden^  to  beomis  blue  by  DxidatioiL  In  contact  wilb  mrtallie 
mnc,  they  flnit  blA^en  and  tlien  viald  ft  black  precipitate  of  muljbdcniB  hTdntr. 
Then  rtHCtJouB  vith  i^taliM,  ndphydrie  aeid,  Ac,  am  dmilai  to  tboss  of  tbe 
molybdooi  wlta,  excepting  that  the  predpitatea  an  lifter  in  ooloor. 

y.  HoljbdatBB  are  eoloaiieHunlcaBthmooDtoiaa  eolonmd  baas.  Sotntioiis  n^ tb« 
aUaline  moljbdatea  yield  vitb  aeiilt  a  preopitate  of  moWbdic  add,  lolnble  in  excna 
ot  the  precipitant  Tbey  are  oolanted  yelloir  by  tulphsdrie  acid,  fnnn  fbmatioii  of  a 
nlphomolybdate  of  the  alkali'inetal  lt<MoS<,  and  then  yi^ld  with  adiia  a  blown 
pna^tate  of  triiolphide  of  nwlybdanmn.  Thia  ia  an  extremely  delicats  test  ftr 
mtdybdic  add.  Thij  fiwm  «4ut«  precipitatea  with  the  aalta  of  the  tartt-mttaU,  and 
pndpitateaof  Tazioos  «olonn  with  Mlts  of  the  lum^metaU;  a. f.  white  with  lead  and 
ailTar  aalta ;  yellow  with  fErrte  Mlta ;  and  yellowiah-white  with  meremoiu  ailta. — 5(a»- 
flOTw«UBr»i£>pn>dDCMinin)*diatelyaf;ieemsh-blaepreapitate,  soluble  in  hydrodklorie 
acid,  terming  •  green  Mlatioa,  which  tnriu  blue  on  the  addition  of  a  Tetj  bhuH 
qnantitT  of  (lietill-Mdntion.  Mereuroui  nitraU  forma  a  TeUowish-vhile  piedpilat<-,aoliible 
ui  mtnc  add,  blukened  by  anunoma.  When  fH&uts  photphorie  add,  vtz  a  liijoid 
containing  it  il  added  to  (he  lolatioii  of  molybdate  of  anunoiiiiuii:,  logetlier  with  an 
eiceaa  of  hydrocMoiie  acid,  the  liquid  tnnu  jelhiw,  and  afler  a  whLe  deponla  a  TtJlow 
precipitate  c^  molybdic  acid  combined  with  small  quantities  of  phoephoric  acid  and 
ammmonia.  This  precipitate  ie  eolnble  in  anunonia  and  likswin  in  excee*  of  the  phoa- 
phata.  The  reaction  la  therefore  eepMially  adwted  for  the  detection  of  aiaall 
qnantitiea  of  phoaphorio  acid.  The  dibamc  and  monobasic  pho^hatea  do  not 
'produce  the  yelCnr  precipitate.    Anmio  aeid  prtet  a  similar  reaction. 

3.  Quanlilalive  E$liraat>on,  and  Separation.  When  molybdenom  oecnn ia 
the  form  of  Iriojdde  or  moiybdie  anhydride  (MoO*),  the  beet  mode  of  estiinatinR  it 
ietoeonTert  it  into  the  di-oiide,  MoO',  bv  ignition  in  an  atmoaphere  of  hydrogen.  Thia 
oxide,  which  ie  not  at  all  Tolatile,  may  then  be  weighed.  When  molybdic  add  eiitli 
in  Bolntion  in  ammonia  or  in  other  lunda,  the  aolndon  mnit  be  caiefnlly  eTaporated  by 
dryness  and  the  reaidne  treated  u  above. 

Molybdenomie  eepitrated  fhim  most  metals  byita  Balnbility  in  m^iuis  a/' amMMnHM. 
The  flilered  solation  containing  enlphomolybdate  of  ammoninm  it  t^ea  treated  with  an 
excflss  of  very  dilate  nitric  acid^  to  precipitate  tJie  triaolphide ;  the  precipitata  is  col- 
lected on  a  weighed  Gltar  and  its  weight  detennined,  afLer  which  a  known  qaanti^  of 
it  is  ignit«d  in  en  almcaphere  of  hydrogen,  to  convert  it  into  th«  disaljAidt^  J(a6| 
bom  tbe  veigbt  of  which  the  amoont  of  molybdenum  ia  calculated. 

From  araenic,  molybdenum  maybe  separated  by  conTarting  the  ai«enic  into  annie 
add,  and  precipitating  it  by  a magnennm-ealt  (i.  3B7).  Antimony  may  be  sepaialcd 
fh>m  molybdenum  by  the  same  praccaa  which  eerves  to  separate  it  from  aiMoic  and 
tin  (i.  3S9),  the  alkaline  molybdatee,  like  the  arsenates  and  etannatee,  beii^  stdnbl* 
in  water.    For  the  eepamtion  of  molybdeniun  &om  tungeten,  see  TuHOarsH. 

Molybdic  acid  is  sepeiated  from  <lie  earths,  by  Ajsicg  the  compound  with  carioittU 
of  todiinn,  and  digeetmg  the  fused  maaa  in  water,  which  disaolTsa  molybdate  of  aodiniL 
and  tearea  the  euth  as  carbonate. 

From  the  fixed  alkali^  molybdic  acid  maybe  aqtaraled  by  precipitation  withaui^ 
mroai  niiratt.  The  predptate  ii  thorougUy  washed  with  a  dilate  aolntion  of  tjw 
mercnroni  nitrate,  then  drieil  and  ignited  at  a  moderate  beat  in  a  stieam  of  hydro- 
gen, whereby  it  is  reduced  to  molybdic  oxide. 

4.  Atonio  Weight  of  ilalyhdtnvm.  Benelini;  in  1813  (Schw.  J.  zxi. 
SI),  endeaToored  to  determine  the  atomic  weight  of  this  metal  by  the  quantity 
of  molybdate  of  lead,  FpbMO*,  obtained  bv  predptation  &om  a  known  weight  of  the 
nitrate ;  in  iJiia  way  he  obtained  for  moly bdennm  the  number  96,  whidi  howenr  ha 
regarded  as  only  an  approximation. 

Svanberg  and  Strove  (Ann,  Cb.  Phann.  Ixriii  200),  from  an  eztoiaiTe  scriea  of 
Fxperimenia,  considered  that  the  most  accurate  results  were  obtained  by  roasting  the 
disnlphide,  MoS*,  in  air.    They  found  in  ten  eiperimenta,  that  the  artifloally  prepand 
disnlphide  lost  by  loaating,  from  0620  to  10'3S6  par  cent,  uf  ita  weight;  wheocr, 
taking  dM  atomic  weight  oftnlphur  at  S2,  they  obtained,  as  a  mean  result^  the  number 
S2'14 1  but  the  reaulta  of  the  individual  eiperimenta  (even  excluding  the  three  which 
diffised  moat  widely  from  the  reat)Taried  bom.  SO'SS  to  07 'IS,  so  that  no  great  depoi- 
denee  can  be  placed  on  the  mean  result 
Berlin,  in  lMO(Aiin.Ch  Phano.  Ixxvi.  272),  analysed  the  ammomnm-nlt, 
{NH')TtfoK>".8H«0  or  2NH'a6MoO'.8H*0, 
and  Ibund  the  quantity  of  molybdic  anhydride,  HaO*,  left  on  igniting  it,  to  vaiy  in  bar 
experimente,  only  between  81-66fi  and  Sl'ei2:  mean  81,fiai,  whence  he  obtains  fin 
molybdenam  the  number  92,  nesriy  (he  same  as  that  found  by  Svanberg  and  Strnve. 
Od  the  oUior  baud,  Dumas  (Ann.  Ch.  Pbys,  [3]  Ix.  120),  by  redudng  dj-ataUisMl 
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tnoljbdic  Bnhjdride  in  k  coTTent  of  hTdiogen,  obtsiiuKi  in  Eix  experiments,  Talaea  erf 
Mo  between  9fi'2  kod  9S-2  :  mean  9S-7 ;  be  nsnrda  86  as  the  tme  atomic  veigbt  of 
molybdenum,  which  ii  Ihe  same  aa  llist  originallj  jbnnd  by  Beneliiu. 

BKOftTSDSVUM.  >%VOmxnB«  or.  a.  Malybdaut  Fiiiaridr.—mHjhdotu 
oxide  diesolvea  in  hydrofluoric  acid,  forming  a  porple-red  liquid  wliicli  diiei  op  at  & 
eoiitle  heat  to  a  Tarnieh  of  the  same  colour ;  tme  midne  when  mora  (tmngly  neated 
bocumea  darker  in  colour,  and  partly  iosoluble  in  water. 

Polatno-mnigbdinu  fiaoride  u  precipitatad  in  pale  red  fiocki  on  mixing  tt  solntion  of 
molybdouB  flnoride  with  fluoride  of  potoenum.  It  ia  diiiaolTed  by  water  containing  » 
little  &ee  aind,  and  separateat  duiiiig  eraporatioD  or  on  eoolins,  as  a  daik  roee-coloiued 
powder,  which  becomea  Iwhtra  when  dry.  The  OTnmonilnit-tSt  ii  exactly  eimilar ;  tbo 
todittm-taU  is  more  soluble. 

fi,  itoMidie  Fluoric. — The  lalnlioii  of  molybdie  hydrate  in  aqoeous  hydiofluoria 
acid  is  red,  unleaa  the  add  ia  in  Teiy  laige  excess,  in  which  case  it  is  almost  colourleea. 
Aiter  geetle  eraporatioa,  wheiel^  it  is  sotm  rendered  blue  if  the  odd  i>  not  in  excess, 
it  leaTes  a  black  aystalline  residue  (of  molybdiB  fluoride  F),  which  redissolTee  perfect^ 
in  water,  forming  a  red  stJntion;  bat  if  somewhat  more  stnmgly  heatad,  loses  add^ 
and  when  diesolrra  in  watar,  leaves  a  residue  of  nuilybdic  oxide.    (BarEeliuB.) 

Double  salts  of  molybdie  fluoride  are  obtained  by  nuxicg  the  solutioa  jiut  described 
with  the  fluorides  of  the  alkali-metals.  They  are  maty  yellow  powdami  somewhat 
Bolnlde  in  water. 

The  blue  oxide  of  inoljbdeniim  yields  with  hydrofinoiie  adJl  a  de^  blue  solution 
whiehdoes  notciyslallise,    (Serselius.) 

y.  Haffhwridi.  Molybdie  trioiide  dissalvM  readily  and  abundantly  in  aqueous  hj- 
droflnorio  add.  The  eolonr1«a  solutioa  has  a  BUur  and  disagreeable  metallic  taste,  aad 
yields,  on  evaporation,  a  yellowish  syrup  which  exhibits  no  signs  of  crjutallisatian  ; 
assamea  a  greenish  or  bluish  tint  when  heated,  in  coDseqnence  of  minute  oigauie  nu^ 
tjeles  &lling  into  it ;  redissoWes  but  imperfectly  in  water  after  evaporation  to  complete 
dryness  1  andleaTeeaninsolDble  compound  of  molybdie  trioiide  wiUi  a  small  proportion 
of  hydrodnorio  acid,  or  of  molybdie  trioxide  with  hexflnoride  of  molybdeoum,  which, 
though  soluble  to  a  certain  extent  in  pure  WBt«T,  is  preoipitated  from  it  by  the  fizst- 
mentioofd  add  solution. 

Sereral  combinatioDS  exist  of  hexflnoride  of  molybdsnam  with  the  more  baaio  metal- 
lie  ftnorides ;  tbej  are  not,  however,  known  in  the  &ee  state,  but  only  in  oombinatioii 
with  salts  of  molybdie  acid  :s.^.,E'MoOrKTMo£*.    (Berielins.) 

I  O&AKCm    IfaUve  sulphide  of  molybdenum  (p.  1043). 

E,  XOBOMia  or.     Molybdenum  and  iodine  do  not  act  on  one 

another,  ptsd  at  a  red  heat.  By  dissolviog  molybdoui  hydrate  in  hydiiodic  add,  a  ti>- 
iDtion  of  noiybdowi  iodide  ia  obtained  resembling  that  of  moljbdous  chloride  (p.  1 039). 

Molybdie  iodide  is  obtained  in  solution  by  saturating  hjdjriodic  add  with  moljbdio 
hydrate.    The  soluCion  ia  red,  and  yields  by  eTspomlion  in  contact  with  the  air,  a 


lasidne  left  on  spontaneous  eraporabon  redissolTPS  in  water.    (Berieliua.) 

MOSiTSBSVIIM,       t03MWM»Wn>B      and      XOSOOX&OBZBB       OF. 

llfo^r*P  and  MoK^'P.— Thew  compounds  are  obtained  by  the  action  of  hydriodio 
add  on  molybdous  oxybromide  and  oxyehlonde  respeotiTsly  (pp.  1029,  1O30). 

MO&TSBMVinC,  VXTXnkBS  and  AIKXItXB  or.  (Tattle,  Ann.  Ch.Pbarm. 
d.  2SA.  nbrlaab,  Fogg.  Ann.  fL  60S  ;  Jahresb.  ISST,  p.  194.}— These  compound^ 
which  have  not  betni  very  madly  investigated,  are  obtained  by  passing  ammonia-gas 
over  molybdie  trioxide,  or  the  chlorides  of  molybdennm,  at  high  temperatures. 
Tuttle,  by  he&tiiis  molybdie  chloride  in  ammonia-gas  till  the  resulting  diluride  of 
ammomum  was  volatiltSBd,  obtained  a  black  sintered  mass  containing  82'8  per  cent. 
meJjbdonnm,  probably  consisting  of  2MoN,MoH'N'. 

Ubrlanb  baa  also  obtained  compounds  of  similar  constitution  by  the  action  of  diy 
ammonia-giis  on  molybdie  chloride.  The  action  takee  place  even  at  ordinary  tempera- 
totes,  and  is  attended  with  lufSdent  evolntion  of  heat  to  partially  fuse  the  mssa  and 
drive  off  chloride  of  ammonium.  On  aubsequeo  Fly  applying  a  gentle  brat,  the  product 
beoomee  visdd,  and  soon  solidifles  to  a  bla<^  tumefled  mass,  exhibiting  stellate  groups 
of  brownish  ayetals  on  the  colder  parte ;  when  completely  treed  from  Eal-ammoniac  by 
rapid  wasbii^  with  water,  and  then  dried  in  a  vacuum  over  oil  of  ritricj,  it  exhibited  a 
composition  expressibLe  bj  the  form^  Mo'^H'N'*  or  4MoN^  MoN^*.  This  eompound 
bums  brightly  m  oxygen  gas,  with  formatioo  of  watsr,  and  gives  off  ammonia  when 
ignited  in  hydrogen  gas,  or  fused  with  hydnite  of  potassinm.  A  compound  resemblina 
Ud  preceding  in  ext^ual  appearance,  but  oonsiBtiDg  of  BMoN JffoH'N*,  was  obtained 
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hj  luktiiig  molf bdit!  chlorida  in  unmomB-gu,  tlie  haat  bang  wt   lut  rswd  to  Icnr 


napectM,  bnt  faul  ■  greyer  ocilour ;  «ometJmes,  howsrer,  nitrides  vere  obtained,  intennA- 
diite  in  conpoaituiD  bntweeo  MoV  and  Holf*.  All  tbeee  compooDdi,  vhen  heated 
to  vhitenen  la  uDmooia-gu,  yi?ld  metallic  caoljbdfnam. 

Moljbdoiu  chloride  treated  vith  ammonia-gaa  rielda  the  samB  eompooudi,  together 
vith  aootiuiT,  which,  """^'"g  to  Uhrlaob,  ia  analogoiu  in  eompoaitiiui  to  aome  of  the 


Ea  on  molTbiiic  anhydride.  The  reaetioD  appeaia  to  ha  Teiy  complicated.  Uifl  products 
aV,  MoH'tP,  Uo^,  and  Ho*N*,  being  obtained  in  difl^Dt  proportioiia  according 
to  the  tempenUirs,  and  ofton  nniting  together  to  form  oompounda  mjing  greatly  in 
compoaitioa. 

WtnKWMDMMUWK,  •XZDH  W.    McJybdennm  forma  three  oxidea,  having  the 
following  ootnpoaition  i 

Pnitoiide  o>  Molybdooa  ozida  ....    HoO 

Dioxide  or  MolyMio  ozids UoO* 

TiiaBdaOTMoljlidie  anhydride  ....  MoO> 
^e  flHt  ten  arr  he^toea  and  form  aallB  with  acjda ;  the  third  alao  tudtea  boady 
with  aome  of  the  itronger  acida,  bnt  it  ia  decidedly  of  a  chlorooa  charaeter,  uniting 
leadilj  with  the  mote  hmhtu  mtteliie  oiidn,  and  forming  definite  rrfatilliwiTilii  oalta 
called  Molybd&tea,  There  ia  alao  an  oxide  (or  perluipa  more  than  one)  interma- 
diate  between  the  di-  and  tri-oxide,  which  nuy  be  i^nided  aa  a  molybdio  midybdateL 
FraUtaiac  or  IKolrlkdvaB  oxia«s  MoO.  Tbia  oxide  ia  prodneed  by  bringing  tha 
di-  or  tri-oiid(^  in  pnaanee  of  one  of  the  atronger  acida,  in  contact  with  tMj3  the 
mrtala  wUeh  are  eap^da  of  decompoeing  water.  Tiioa,  when  mnc  ia  inmond  in  a 
ooneentratfd  eidiiticn  of  an  alkaline  suifybctste  mixed  withaquontilfof  fajdroeUoria 
add  aoffleient  to  ndiaaolTe  the  molybdie  add  whidi  ia  at  Bnt  dirown  down,  the  l^aid 
beoomee  Ibit  bin*,  then  raddiah-bri>wn,  and  finallT  black,  and  '"■>*'-t  dilorfde  of 
nne  and  motybdona  chloride.  1^  acpumte  the  tnoljMnom  frwi  the  bob,  MBBonk 
ia  then  added  to  the  liquid  in  qnsDtity  just  auflhoent  to  precipitate  the  BotrUMiBa, 
•ablaek  moljbdona  hydrates  while  the  dm  ramaina  in  aolntiaB.    Tk»  fnd^itat% 

"- '—  ' — a  with  it  a  certain  qnaoti^  of  ■fae.oxide,  from  which  it  maybe 

— ■    •  molybdana 


freed  by  waahing  with  ai  ,  _. 

hjrdrata  quite  froe  from  zinc  A.  better  mode  of  prqiaration  ia  to  aoitate  the  acidnlaled 
•olnlioa  of  the  molybdate  with  an  amalgam  of  potnasiQm  contunins  onlyavrayanull 
qnantitjr  of  potaisiam,  and  predptate  the  reeolting  aolution  of  mo^Mona  cUraide  with 

Anhydrona  mdybdona  oxide  may  be  obtained  by  drying  Qie  hjdnte  orrr  oS 
of  TitntJ  in  a  racunm,  and  then  igniting  it  out  of  contact  with  the  aJr ;  ot  direetl* 
t^  digesting  the  fliaed  or  anblimed  tiioxide  for  a  conaiderable  lima  with  hydiocUone 
add  and  nne. 

Anh vdroua  molybdmie  oxide  ia  perfktW  black  by  ordfauirdaylif^;  bnt  that  pi» 
peied  by  the  last  method  exhibite  a  dan  biaas-yellow  eolonr,  when  orpoecd  to  the 
oirect  rays  id  the  enn ;  it  alao  exhibits  the  crystalline  form  of  the  trioxide  from  which 
it  haa  been  prepared,  and  oxidiaea  in  the  air  more  rapidly  than  that  which  ia  obtained 
by  igniting  the  hydrate.  The  anhydrotu  oxidas  wh^  heated  neaiiy  to  redoesa,  emit* 
a  vivid  hut  momentary  light,  indieatJDg  its  paenge  into  another  modification.  It  is 
insoluble  in  adds,  but  the  hTdrate  dinsolveg  dowlv,  forming  the  molyb  do  us  Balta,the 
aolntiona  of  which  ore  black  or  purple,  and  neari;  opwjue,  except  when  luvel^  dilntad, 
in  which  caae  they  are  tranaparent,  and  ha*e  a  greenieh-broWD  colour ;  tneir  tast«  ia 
•stringent  but  not  metallic  j  when  eqioeed  to  the  air,  they  oxidise^  but  not  ao  rapidljr  M 
the  m^ybdic  aalta. 

Stoxld*  or  MalTb«la  OztOa.  HoO*.— Thie  oxide  U  obtained :  1.  By  igniting 
molybdie  hjdnta  in  a  vacuum  (Bene line). — 2.  By  exposing  the  trioxide  inastieam 
of  hydrogen  to  a  heat  not  greater  than  that  of  an  ordinary  Bpirit-Ump  (Svanbergl 
It  i*  also  said  to  be  produced  by  igniting  molybdate  of  ammonium  m  a  dose  veeBel, 
or  by  igniting  a  mixture  of  potaadc  or  aodic  molybdate  with  aal-ammoniatv  and 
dieaotving  oat  the  soluble  ehlonde  with  water ;  but  the  oxide  thus  obtained  appears 
to  he  oontaminated  with  nitrate  of  molybdennm, 

Holybdic  oxide  is  red-brown.  It  is  not  attacked  hj  aqneoni  hrdroflnorie  or 
hydrochloric  acid,  or  by  hydrochloric  add  gaa  at  a  red  heat.  Sulphuric  acid  or 
solution  of  add  tartiate  ot  potaaaiom  takea  up  only  tracts  of  it;  even  on  continued 
digeition,  and  the  teddne  left  after  decanting  the  liquid  is  not  attacked  by  fresh 
qoaotitiea  of  sulphoric  add  or  aolution  of  cream  of  laitsr,    Molybdie  oxide  ia  further 
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oxidiMd  by  ignition  in  the  air,  or  by  tTwtmetit  will  nibie  Mid.    Canitie  potwi- 

Jdolybdic  Iijdcitc  is  obtained  by  prrdpitating  a  loluljon  of  molybdic  ohlondd  or 
other  molybdic  ttll  Titli  ammonia,  which  must  b^  added  in  eiceaa,  aa  oth«rwim  a 
soluble  besic  salt  will  be  fbimrd,  espaciallj  with  the  chloride.  The  hjdial«  ilaiil  is 
also  samjwbat  loluble  m  pure  water,  bo  that^  in  vei;  dilute  Bolatiom,  aaunonia  ^>eanot 
form  any  prec^itata  until  Bal-ammoniai:  ii  added.  Fra  the  aame  leaaon,  th«  washing 
most  not  be  carried  too  tti,  and  is  beat  flushed  wiUi  water  oontaining  alcohoL  The 
waabed  bydiate  ma^  be  pieasad  betwecD  m>er  and  dried  in  a  TBCunm.  It  has  a 
nuty  brown  oolonr,  just  like  that  of  t^iric  I^drate  preei[ntat«d  by  ammonia.  Wben 
ezpoaed  in  the  moiaC  ilata  to  the  air  on  filtering  paper,  it  acquires  a  darker  eolonr  and 
ahining  snr&oe,  and  begioa  to  deliquesce,  p*"'";;  into  a  higher  and  moch  more  soluble 
oxide.  It  diisolrra,  aa  already  observed,  in  a  largn  quantity  of  water,  fonnina  a  dark 
red  Bolnlian,  which  gelatinises  when  kept  tor  t&ee  or  ibur  weeks  in  a  closed  Tesiel, 
raddens  litmui,  a  proporty  likewise  retained  by  the  hydrate  precipitated  from  it  bj 
sal-ammoniac,  and  has  a  somewhat  satringeat  taste,  with  metallic  sAar-tasta.  This 
solution,  when  left  to  evaporate  Bpontaneously,  first  gslatioiaea  and  then  dries  up  to  a 
dark  brown,  nearly  black  mass,  green  and  blue  on  the  edges,  which  ia  no  longec 
soluble  in  water.  The  hydrate  is  inoolubls  in  caostia  potash,  but  dissolvea  in  aqoeons 
nenCral  carbonate  of  potaaiinm,  and  more  easil;  in  the  acid  carhonat^  from  which  solur 
tion  it  is  partiall;  precipitated  on  boiling.  It  dissolves  also  in  carbonate  of  ammo- 
nium, and  is  completalj  precipitated  therefrom  by  boiling ;  the  precipitate  ia  denser 
and  of  a  lifter  vellow  colour  than  that  obtained  with  caosdc  ammonia,  bnt  diseolvea, 
like  the  latter,  when  washed  with  water.  A  solution  of  molvbdic  oxide  in  an  alkaline 
carbonate  is  converted  by  atjnospheric  o^dafioa  into  a  molybdate  of  the  alkali-met^ 

Molybdic  hydrate  dissolvcB  in  aa'da,  forming  the  molybdio  salts.  These  salts  may 
also  be  obtained  by  digeeUng  on  excess  of  metallic  molybdenom  with  the  add  in 
which  it  ia  to  be  diasolyed,  and  adding  nitric  acid  drop  by  drop  till  the  other  add  ia 
Haturated  with  noljbdie  oxide;  or  by  digesting  an  ezcsas  of  molybdenom  with 
molybdic  anhydride,  and  the  acid  which  is  leqnired  to  dissolve  the  resaltinK 
molybdic  oxide— hydrochloric  acid,  for  example-— dll  the  blue  colour  first  product 
changes  Id  reddish-brown;  or  lastly,  by  digesting  molybdic  anhydride  with  copper  and 
an  acid,  which  in  that  case  dissolves  cupric  and  molybdin  oxides  together.  The 
molybdic  salts,  in  the  anbydnua  state,  are  almost  black,  but  when  hydrated  they  are 
red,  and  yield  reddish'brown  solutions  in  water.  They  hare  a  rough,  somewhat 
aaCrincent  and  subsequently  metallic  taste.  Their  soIutioDS  when  heated  in  contact 
with  the  air,  have  a  tendency  to  became  blue  by  oxidalloiL  ]Tor  their  behaviour  willl 
reagents,  see  p.  10^9.] 

The  oxides  intermediate  between  the  di-  and  tri-oxidea  will  be  described  aa 
molybdic  molybdates  (p.  1039). 

TrlaxUe.  Molybdic  Ankydridt,  Anhydrom  Mdybdie  aaid,  HoO". — This  oxido 
oecare  native,  aa  molybdic  ochre  or  molybdin,  forming  an  earthy  coating  on  the 
native  aulphide,  •omdunea  ako  independent ;  at  Altenbcog  in  Saxony  it  occnn  in 
riiMnbieprismsof  18e°48'(Bretthaapt,  Jkhreab.  1868, p. 683).  Itmi^belbnned 
Bitiflciallv  by  exposing  aidybdsiiiim  or  Its  lown  oiidMt  or  molybdic  sol^hide,  to  long- 
continued  bait  in  eonlast  with  the  air,  by  fusing  the  same  sabstance*  with  niti^  or  t^ 
heating  die  metal  or  its  ozidea  in  an  abnoapbne  of  aqneoos  vaponz,  or  with  hydrate  of 
potassium. 

Fnparation.  a.  Trom  Mo^/idie  Stdphide. — The  precipitated  sulphide,  or  the  DatiTO 
mineml  finely  polverised,  is  rusted,  with  continnad  stirrm^io  an  open  emoible  placed 
in  s  slsnCiug  position,  so  lliat  the  air  may  easily  play  upon  its  sumce.  The  native 
sulphide  however,  generally  contains  alumina,  oxide  of  oi^^ier,  and  pho^horic  acid, 
tlie  separation  of  miich  fiom  the  piodnet  is  very  troublesome.    Henoe  it  is  better  to 

*"  Bat  Uie  mineral  in  lumps  in  an  open  glass  tubs,  through  which  a  s' *  "~  ~~ 

rawn  by  an  aspirator ;  the  trioxide  uien  snbjimei  in  cryatala  in  s  i 


drawn  by  an  aspirator  ;  the  trioxide  uien  snbjimei  in  cryatala  in  s  state  of  peifed 
purity.    (Wohler,  Ann.  Ch.  Pharm.  e.  376.J 
B.  From  native  Molybdatt  of  lead. — The  minttal  finely  ponnded  and  freed  from  car- 


n,  and  calcinm,  by  digcation  in  dilute  hydrochloriG  acid,  and  thop 
1  by  decantatiop,  is  heated  with  1}  pt.  strong  sulphuric  acid,  with  coiistai 
ring,  till  tbL  sulphnrioadd  begins  toeruKnate.     It  is  then  allowed  to  cool,  a  considerable 


quantity  of  water  is  added,  and  the  msduble  snlphaU  of  lead  is  filtered  nS.  The 
filtrate  is  mixed  with  nitric  acid  and  evaporated,  with  constant  stirring  in  a  porcelain 
basin,  till  the  acid  begins  to  evaporate ;  the  molybdic  anhydride  then  separatee  as  a 
white  powder,  which  ma;  be  freed  [roai  phosphoric  acid  by  washing  with  wster, 
mixed  at  the  last  with  a  few  drops  of  nitric  add — Orthe  mineral,  after  treatment  with 

*'"''' ■   '  ■    dijneis  wiii  strong  hydrocUorio  acid, 

d  and  mtJybdia  anhydride)  exhtuuled 
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. ..„,    _B  uumoniMal  lolittion  OTBtoUiwd,  or  enpont«d  m  bpfbn  with 

niuic  add;  asA  the  naidae  tnated  with  Ttiter.  Or  Bgrniii,  tlie  nunenl  ii  hard  irith 
ill  on  m^tM  o'  aleined  enain  of  tutaj;  the  fOwd  maw  i«  lahantbed  with  witer ; 
the  aqaeou  aalutiou  exaponiod  to  drjDen,  ftfter  wtarstian  with  nitric  add ;  aod  the 
nitnta  of  poUaainn  ia  diaaolTed  oat  of  the  reaidaa  with  wmtec :  trioxide  of  moly bdennm 
"UlMi  Twnwpn  bffhind. 

JVop«rtui.— Trioxide  of  molybdeanm,  u  tantSlj  prepared,  fomu  s  white,  light, 
ponrai  mua,  which  when  tlirown  into  wbUt,  lepantea  into  amall  thin  aaJea  having  a 
•ilk;  loatre  and  gliatenisg  in  nuuhine.  BptaBc  gnvitj  —  S'19.  At  a  red  heat  it  melta 
to  a  dark  jellow  liquid,  whidi  on  oooling  fbmui  a  >traw-f  allow  maaa,  breaking  up  into 
dTMitlline  acalea.  Bj  alow  cooling  of  the  melted  maas.  alenderneedUe  an  obtained 
beloagiiig  to  the  trimetric  STBtem  and  exhibitiDg  the  Sue*  aPcc ,  nP),  {  fa  && 
(refeiTed  to  the  priam  cbP,  obaerred  by  Brathaapt  on  molybdin).  Batio<tf  aeeondaij 
*xea  to  principal  azia  -.  1 :  0-3872  :  0'47»2  (Nordeaakiold,  Po^  Ann.  dii.  ISO). 
In  rloM  Teeaela  it  baaie  a  etrona  red  beat  wiUioDtToIatiliiing ;  but  in  npnn  Tfannla  nr  in 
a  rarrent  of  air,  it  aablimee  at  ita  melting  point  in  ooloorina  l«"''"°> 

Dtoompotitiont. — 1.  Holybdic  trioxide  ia  reduced  ; — I.  TothemetaUicilatebTignitioD 
with  potattivm  or  toditim  (with  Tivid  incapdMcenee)  or  with  ehareaal;  also  when 
atroaglyheatedinaatreamofi^'Ati^ni. — 3.Toiiiolybdo(uoxida,bjdis«*tiaDwithijHln>- 
Moric  add  and  anudgath  of  folaitauit,  or  tine,  at  other  metal  capable  of  decompoaing 
water. — 3.  To  moljbdie  mde,  by  ignition  in  oombination  with  aipinmiit,  or  by 
digeatJOD  with  Ay^nwAforM  aeul  and  mo^iAiJnitnii  or  oopptr;  alao,  accradins  to  Buff 
(Ann.  Ch.  Pharm.  ex.  161),  hj  nilgecting  it  in  the  fhaed  state  to  the  action  of  the 
tteclrie  evrrtttt;  the  nK^bidie  oxide  thus  •eparuted  nnit«a  with  the  aiceae  of  tri<ixid<^ 
forming  the  compound  MoO*.2MoO*  or  Men)*,  which  aeparatea  ia  cryatallina  I'T't-'ri 
and  gradually  liuma  a  eondneting  commnnication  between  the  polea. — 4.  To  the  atate 


i  1^  iuipiarotu  ocM,  with  piodnetian  of  anlphurie 
acia ;  ny  aqnaona  i^/anoaw  acta,  with  aeparation  of  fiee  iodine,  and  formation  of  a 
liquid  which  at  fliM  ia  green,  bat  literwsrda  bine ;  hy  boiling  hj/droeiloric  add,  with 
diaengagemoit  of  chlorine ;  by  nilric  oxidi  in  preeence  of  water,  with  fbmation  d 
gBacid<Eaatner,Eastn.Ajrch.izn.4M)i  bytftmivnueiUffridl^withfininatioDaf 


Btannicchlonde;  also  by  digeation  with  waira and •vfotfKmnEjiMniHm. — CTosnliihidei^ 
molybdenum,  by  ^ulptju^ncociil  in  excen,  in  presence  of  water,  or  wben  aidedbybeU. 
Holybdic  trionde  ia  not  affected  by  fnaion  with  metallie  malybdeniun.   (Bene lias.) 

Cmnbinatioiu.  1.  With  Water. — Molybdic  trioxide  ia  bnt  eti^tJy  bygroeeuii& 
It  diaaolTca,  according  to  Bnchoti,  in  AOO  parta  of  cold  water,  and  in  a  mDi£^amaUcc 

quantity  at  a  higher  tem      "' _3._  .  ..  tt...,.  ...   ,. 

water.    The  aolation  b 

precipitate  with  toKXjL ^ , ^ 

added.  Q  rah  am  (Cham.  Soc  J.  xvii.  S26),  by  dialydug  a  adation  of  aodic  molybdate 
mixed  with  a  large  eiceaa  of  hydrochlono  add,  ha«  obtained  a  •olntiMi  of  molybdie 
acid  (containing  aboot  60  per  cent,  of  the  qnaati^  j»«MDt  in  the  wi^al  Bolnlion), 
faaTiug  a  yellow  coloor,  aMrinesnt  to  the  laste,  aod  to  teet-p^xr,  aod  oapable  of 
decompoaing  carbonate*  with  efferreacence.  Braporated  to  diyneaa  at  100°,  u  Wna 
molybdic  tnoiide  in  acalea  like  gam  or  gelatin,  and  atill  aolnble  in  watei.  It  doM 
not  appear  poaiible  to  obtain  molybdie  acid  in  the  solid  alatai. 

2.  With  Aeidi.  The  affini^  of  molybdie  add  for  other  adds  ia  Toy  fbeble.  Aftw 
ignition,  it  ia  bnt  alightJy  aolalile  in  a  bailing  aqneona  aolntion  of  cream  of  tartar ; 
before  igniUon,  bowcTer,  it  diaaolTefl  in  some  of  the  atronger  adda,  E.  g.  in  boric,  pJkot- 
piorie,  talpiitric,  ailric,  and  ^drocUDric  addt,  fbmuDg  compoanda  vlueh  mar  b* 
called  permolybdic  aalti.  The  aolntioni  thna  obtained  are  aomelimn  colooHesa, 
aometimea  yellow  or  browniah.  By  metaUie  vnc  or  tin,  they  are  firat  tamed  blae,  thai 
green,  and  lastly  black,  molybdooa  oxide  being  piedpitated ;  I7  digestion  with  eoMier, 
Uiey  beeome  dark  red.  Stannoua  cUorid*  prodnoes  a  graentab-tdoe  predpitat^  wtaidi 
dinolTes  in  hydrochloric  add,  forming  a  green  aolntitm.     Suhiltgdrte  add,  ia  amall 

'  lackish-brawn 

ace>»ding  to 

.-  snlphydric  add 

^ ,  as).    JViwcyanfrfe  D/'po(a»«'iH7i  prodneeo  a  dense,  reddiah-bpown 

^^pitate,   Bolable  in  excess  of  the  reagent,   and  uso  i 
^rrHcyaKidt  af  ^tattmm  giyee  a  son 
likewise  solnble  in  ammonia  (H.  Boi 
predpitate.     (Smithaon.) 

Pernuil]/bdie  BoraU.  Bfolybdic  trioxide  disaolvea  in  boiling  aqneona  boric  odd,  and 
the  Altered  aolation  yields  by  STaporation  eolonrlesa  cryatAls,  decomposible  hj  aleohtd 
into  a  yellow  powdwand  boiio  acid.    (Beraelins.) 


qnantities.  eolonra  them  bine ;  in  laiger  qnantitiea  it  nrodncM  a  b 
Tmdpitate  (a  mixture  of  disulphide  in  molTbdeanm  with  sulphnr, 
Buxelina).    Bi^Ude  of  ammontum  behaves  m  a  similar  manner  to  sc 
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Ptrmelffbih  Nitrate.  The  lOlatiDD  of  moljbdie  triaxide  iu  nitric  acid  ii  reddiah- 
broirn,  hu  a  feebly  acid  and  anlMtquciiitl;  bitter,  metallic  astringent  taste,  and  giTM 
off  nitric  acid  irhen  eTsponted. 

Ptnnelj/bdie  FliMpiate  cr  PlMpXonurfyMu  Aeid.  Holybdic  triozide  digested  irhile 
■till  moist  with  K  smkll  qnanti^  tS  aqneons  phospboric  add.  yinldi  a  lemon-jallow 
■alt  insoluble  in  wM(T  (BBrBalius)^  With  a  laif;ei  proportion  of  phoaphorie  aind, 
this  vellov  salt  diMtdvea  on  tbe  application  of  heat,  fbiming  a  coIoiirleB*  lipoid,  irhich 
yields  by  enqicmlian,  a  tenacioas,  nncrystaUisable,  transparent  man,  having  a  verj 
rough  t«te,  Bod  va?  solable  in  water  and  in  alcoboL  The  aloohoUc  solation  u  yellow, 
but  tuma  blue  on  evaporation,  and  leares  a  brown,  opaque  residue,  iriiicb  rediMolvM 
in  water,  forming  a  blue  solution.  (Berseliul ;  see  sJso  Svanberg  and  SiruTe, 
Ann.  Ch.  Fhum.  IxriiL  209,  £93.) 

The  jeUow  precipitate  forioed  on  adding  molybd&te  of  ammotiinin  to  the  solation  of 
•  tribasic  phosphate  (p.  103S)  appeals  to  Taiy  in  ooinpoeitiou  according  to  tlia  eitcnm- 
■tancea  of  its  formation  ;  at  all  sTButB  the  framnls  (all  van  complicMed)  anian«d  to 
{TeewilboaeMiotliBr  (seeNutEiDger,  Jabreab.  ISIS, 
I.  p.  376.— Eggerlz,  Aid.  1860,  p.  62Q).~\¥(a  the 


pale  yellow  Sokes  o< 
though  the  tatter  colou 
A  Bplntion  of  molybdie  trioxide  (not  in  excess)  in  dilnta  fulphaiic  add  haa  a  light 

yellow  coloor,  and  dries  up  to  a  Innon-yellow  cryatalline  nua^  which  daliqr '~ 

■     '    ■'-      '-        rtially  so'  ■■    '---"■-    -"-->       .---«-■--.- 


i).     Acoording  to  Andei 
solution  of  molybdio  acid  in  snlphniio  add  does 


oot  yield  crvBtala  on  erap<nation  ;  but  when  molybdata  of  barium  is  daaomposed  by 

excess  of  dilute  anlphn  '-      "   --'  "-      '         -" '-' "  -*-■—-' 

erystals  are  obtBined. 


e  snlphnric  add,  and  the  dear  soiiition  evaporated  oret  oil  ca  litiic^ 


doohoL  A  fa«iliug  solution  of  add  tntista  of  potudum  easily  dissolTea  molybdie  trt- 
ozids,  even  sAw  igtution.  The  Kilnlioa  dnee  up  to  B  gummy  mass  of  potaaia-per- 
mUsbdic  Ua-tratt.    (Berselins.) 

3.  'With  Bases,  forming  the  HoLnnlTss.  Molybdie  trioiide  exhibits  with  most 
metallic  oiidca  the  cbsracters  of  an  anhydrons  add,  or  anhydride,  fbrming  neutral 
moljbdates  containing  R'O JfoO' or  K*MoO' ;  acid  and  double  moljbdates, 
which  may  be  represented  by  thn  general  formula  R*Mo'0'',  the  molecule  E^  being 
made  ufi  of  two  or  more  metals,  incluiUug  hydrogen;  and  anhydro-molybdates, 
Bipressibie  by  the  general  formula  Il'*Mo*0*".niMoO*,  the  letters  m  and  n  represent- 
ing whole  numbets.  The  uantral  molybdates  of  the  alkali-metals  are  easily  soluble 
in  water,  and  are  obtained  by  digestiug  molybdie  anhydride  with  the  aqueous  alkalis 
la  alkaline  carbonates.  They  are  decomposed  by  the  stronger  acids,  wilh  precipitation 
either  of  a  lew  solnble  add  salt,  or  of  molybdie  anhydride.  Their  behaTiourwilh  other 
reagents  has  been  already  described  (p.  1032).  The  molybdatee  of  the  other  metals  era 
insoluble,  and  are  obtained  by  pcedpitatJou-  They  are  colonrless  unless  they  contain 
a  eolmired  base. 

Molgbdatt  o/  Alaraifii-um.    White  precipitate,  insoluble  in  water. 

Molybdatei  of  Ammoniun.  The  neiilral  talt,  (NH')"MoO',  is  obtuned  b» 
txealiDg  molybdie  anhydride  in  excess  with  atmng  aqneouB  ammonia  in  a  dosed  TCBS^ 
precipitating  the  solution  with  alcohol,  and  drying  over  quicklime. 

J^  tailt. — These  are  obtained  by  eraporating  a  solution  of  molybdie  anhydride 
in  excess  of  ammonia.  If  the  CTaporation  takes  place  qiuckly,  a  ciystaUiae  powder  is 
pr^pitated,  which,  according  to  Svanberg  and  Strure,  is  an  anhydro-molybdatek 
(MH-)'0.2MaO>  or  (NH«)'MnO'.MoO'.  It  is  probable,  however,  that  the  salt  thus 
pr^ared  contains  1  aL  water,  [(lIH*W).2MoO'.S>0],  in  which  case  it  may  be  regarded 
M  an  amnunUa-i^rie  nuJifbdaie,     j,  i  MoD'.    A  salt  having  this  GOmpositioo  is  in 


foot  described  by  v.  Rath  (Pogg.  Ann.  ex.  18)  at  crystallising  in  monodinic  prisms, 
»P  .  egPS  .  [  cdP  »]  .  i»Pa>  .  —  F  .  +  2P,  and  having  the  ratio  of  the  axes 
0  -.  b:  B  —  0-6297  :  1  :  0-2930 ;  the  ang^  of  the  inclined  axes  -  61°  12*;  and 
perfectly  deavable  parallel  to  [  ccPco  ], 

«.    A  tetramtiumio'ttx^Jrie-motgbilaet,    ^      J,!Hi/0**,  lepamtea  from  a  solution 
of  molybdio  anhydride  in  ammonia,  when  concentiated  to  the  crystallising  point  or  left' 
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bra  enuKiratad  to  the  oTitBllisiiiB  pointy  double  nUts  *n  obtniix 
1  of  wbkh  mar  b«  npieaented   bj  that  of  the  ■Inmiuic  Mtit,  t 

]  +  iIl--O'.«JI«O'  +  20H«O  or      AUt    1I<«)«.T] 

1,  vbitr,  «Mm'ng,  qiudimtie  plate*,  itm  nlDUe  In 
nm-flalt  (which  diMolvM  in  40yi7  pta.  water  at 
IF  when  rxpoaed  to  the  air,  and  3}  aL  more  (the 
irwD  100°  and  130°,  witlKiBtlomng their  loatiei 
■t  a  bighai  temperatare  only ;  wdmi  atroo^T  h 

jdlonrijb  nndM'  of  almina  and  Moljbdia  anl^ridt^  retaining  t 

ori«na]  oTAJa. 

Thea>M*mi»iAlrpfit<eMUaTitalfiBM  in  imall  Ta*»-red  qnadntio  platei, -wUA  pra 

ctfS  at.  water  at  100°  and  Sat  manM  ISO'.andiriienhnted  toredneo^learaaDiz' 

tar*  of  ellrOBic  oxide  a>d  midybdie  aDbrdride ; 

_i... ^_, .. .._  'atdifflcnitt. 


■  yUffy.iBfO,  ia  iaomarphaiiB  with  the  coneepcmdiDg  potaniniB-salt  (p.  1049); 
o-  / 
duai^na  in  lOl'Tpt*.  water  at  17";  ia  permanent  in  the  air ;  and  giTte  <rff  Ihro-lbnitha 

ofititotalqnantitjof  wiilarat  100°,    (StruTe.) 

itolvbdatet  o/ Barittm.  The  mmoiarvAo  w/',  BballoO',  ia  predptated  na 
■parinKl;  nlnbU  eijitiilliiM  powder,  oo  adding  ehloiide  of  baiinm  to  a  aolntioii  of 
iDolybdie  acid  in  ei««e  of  ammonia.     (STanberg  and  Stri 


with  4  pta.  BOdie  diloride  ft 

The  aalk Bba'HQbHJu.H'O  andB£a*H^HoK>".3H>0  an>  obtained  bjprraoitating 
tbe  Bormiponding  potaMiom-  and  ammoniBm-aalta  with  ehloride  of  barium ;  and  by  de- 
tUKpodag  monobvTtu)  mcdjbdate  with  dilute  nitrio  aeid,  an  anhydro  aalt  ia  Ibanad 
iMitainin^  Bba'MaO'.SHoO*.4H>0,  emtallbed  in  anwU  aix-aided  priHaa,  ladble  and 
inaohible  in  watrr.    (Sranberg  and  StrnTe.) 

""  iyftiota  0/ CaiwiBBi,  Ced'MoO',  a  obtain*;' 
s  twether  2  pU.  molTbdate  at  aodiom,  7  pta.  cl 
aDB&.    (Schaltie,) 

Molgidali  of  Caloiuvi,  CcalbK)*,  ia  obtained  hj  ftaaing  together  2  pte.  molyb- 
date  of  aodinm,  S  pta.  chli»ida  of  ealdnm,  and  4  pta.  common  rait,  in  white,  well' 
dcrelopad  qnadratio  pyramida.    (Seh  nltie.) 

Ctrovi  Molgbdatevi  obtained  b;  pndpitation,  in  white  flakes  inaoloMe  in  water, 
bnt  aolnUe  in  avreial  aride.    (Berielins.) 

StelgbdaUi  af  Chromiurn.  Ammonio-  and  pofatiia-ckromdc  Jmotsbdatet  tia  ob- 
tained,  ai  aboTe  dracribed,  bjr  diasolnng  chnmuc  hydrate  in  the  acid  molybdatfa  of  an- 
muninm  and  potaaainm. 

3fD  2y  Alfa  <  t  o/ (70i  a '( ia  obtained  in  gTeyieh-gTsen  indistinct  dyatal^  byfonna;  t  pt. 
moljbdate  of  aodiom  with  3  pta.  eblonde  of  cobalt  and!  pta  common  ult.  (Schnltse.) 

Cupria  Molybdate.  Tellowiih-green  precipitate  epariaglj  nolable  in  water,  deeom- 
poard  by  acids  and  by  alkalis  (BerieliuB).  Add  molybduite  of  ammonimn  aiided  to  a 
boiling  Botntion  of  capiic  sulphate  throws  down  a  heary  green  amorphons  powder,  ocm- 
•iatuwof'BbHBicnipncmolybdate.lCcii'O.SHoO'.fiHV,  ar3Ccn"MaO'.C«i^KP.4H*0. 
By  tIMing  molybdate  of  anunoDiaro  in  excess  to  a  cold  solntioD  of  cupric  eolphat^ 
an  armMnao-tavrie  tail  ii  tbrroad  connsting  of  C(.'u'(NH')'Mo*0*.3]foO*.9H*0  or 
[Cen''(NH')'H*]MoH)".eH*0,  It  is  s  white-blue  crjsuUine  powder  which  giyea  o 
4  at.  wiler  St  100°  and  ■    "  -  ■.—.      -"-      -    > 

Molybdaltii  of  rr. 
brown  monodiiiie  prisDU  oy  nisinv  i  pi,  moiyooaiP  ca  sooinm  vim  a  pu.  mnHia  cuoruw 
and  S  pta.  rommoii  salt  (Schaltss).  Feiioiu  solphateadded  to  ■  nilationof  potaa- 
aic  molybdate  redncee  the  molybdic  acid  to  a  lower  stage  of  oxidation ;  but  if  chioriiM 
be  passed  through  the  solution  at  the  same  tiins,  a  bulky  predpitale  ia  formed,  whid. 
when  dried  in  tie  air,  forms  a  light  mUow  powder  consisting  of  Ffe'O'.eMoO'.ieH'O 
(StrnTe).  A  solution  (^add  molybdate  of  ammonium  mixed  with  a,  neutnl  aolntion 
of  ferria  chloride  immediateh  raodoces  a  bnlky  snlphuF-yellow  piedpitata,  which  whoi 
dried  contains  FfeH)*.4MoO*7E'0.    (Bteinacker,  Jahresb.  1861,  p.  338.) 

A  mineral  (lom  ITeTada  dty  in  California,  described  by  Owen  (Jshreeb.  ISeS,  p.  S87) 
•a  a  ferric  molybdate,  is,  accoidii^  to  Qenth  (Sill.-  Am.  J.   [2]  xiTiIi.  2*8),  very 
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rariaMs  ia  eompoaition,  and  appran  to  b«  menly  ft  mixture  of  molybdic  ochra  and 
brawn  hiematite. 

Atnmom0~ferrie  and  PoUutity-firne  nelsfbdafa  «n  obtainad  in  thi  mumir  abead  j 
mantion«d  (p.  1037). 

MoisbdaUofUad.  Pb^JfoC  -  I^b-UoO'.  ThuaaltoMoBiiatiTflaa  ITxf/'- 
anit^or  71^010  X«aiI»r«(GyA6M(r«)  io  modified  aqnua  tabl«a  and  octahedrana  bakmg- 
iuf  to  the  dimetric  systeiii,  the  most  (rHjaent  fornii  being  F  and  P .  oP.  Letwth  of 
principal  azia  —  1-S74.  Angle  P  :  P  in  tlie  terminal  ed^  —  9fl°  iV;  in  the  ^tornl 
edgu  —  13I°8S',  Clearage indistinct pantllel  to  P.  It  ocotm  also  granulaHj  masnTe, 
Mane  01  fine,  &RDI7  coherant.  Hardneaa  —  270  to  S.  fipedfio  gravity  —  6'S  to  fl-9. 
Iiiutie  i«DDona  or  adsDUDtiDe.  Colim  ms-yeUoir  paanng  into  onngft-jJknr,  alao 
Bifcia-  and  olirp-grsen,  yeUovish-gnj,  grejiah-vhite  and  biDWO.  SCreu  white.  Sub- 
tmuparent  to  anbtc^ulaeent.  ^acture  anbconchoidaL  Brittle.  When  heated,  it 
decre^HUtea  Btranglj,  and  aHnmee  a  darker  colooF,  disappearing  howerer  on  coaling, 
and  foMB  to  a  jelhiw  maas.  When  fiiaed  on  chananl  befinv  the  bloirpipa,  it  nnka  into 
the  efaarooal,  leaving  globoles  of  lead,  the  charcoal  at  the  laine  time  beooming  impreg- 
■aMd  with  molybi^ain  and  moljbdids  of  lead.  It  diaaolTM  easily  in  borax  and  m 
MJcrvManttD  tail,  sxhibitiDg  tiie  reactiooa  ot  moljbdannm  akeadj  mentioned  (p.  1032). 
li  dimdvea  in  hot  lairicacid,  with  sepaiation  of  jellowiih-wfaita  pennoljbdio  nitrate, 
{]>.  WaTy  Strong  hgdrocitoric  aeid  diaaolTn  it,  fbiming  a  pnen  aolntion,  t<wetfaer 
with  chlcmde  of  lead,  which  leparatea  more  completely  on  addition  of  alcohol  It  dii' 
mItsb  also  in  caoatic  poliuA. 

Molybdato  of  lead  ocean,  with  other  lead  ore*,  in  rein*  of  limectone,  at  Schwanen- 
bnch,  EkibetA  and  Windi^-Eappel,  in  Caiintlua;  it  ia  alao  fi>i)nd  atBetabanja,  in 
Hnnpin,  and  at  Holdawa  in  the  Baonit,  where  Uia  OTitala  are  red,  and  bear  coo- 
aiderable  reaemblance  to  chromate  of  lead ;  in  email  qnantitiea  alao  at  the  Soothaniptoii 
lead  mine,  Uaanebiuetta,  and  in  fine  reddish-orange  oTitals,  containing  a  tnoe  of 
ehromioBoid,  atWheatle^BleadmincnearPhcsnixTiIle^PennajlTania,  The  ■pecdnieQa 
from  then  mt*!*!  localities  aie  nearly  pore,  the  proportion  of  motjbdic  uihjdride 
flmnd  bj  waljaia  -mying  from  37'8S  to  40'S  per  cent,  and  that  of  lead-oxide  bom 
S90  to  <3-3  per  Mnt,  while  the  farmoln  Pb*Oj[oO*  reqnirea  38'fi  per  cent  MoO'  and 
6t-S  FtM.     The  BIdbeig  mineral  contains  a  amall  qnanti^  of  Tvnadiiun. 

Holybdate  of  l««di«fiamad  artUoally  by  prcdpitatuig  nitrate  of  land  vitb  nentrsi 
Ko^bdate  of  aminoniiDll;  alio,  according  to  Schnlae,  17  hsing  2  pts.  molybdate  of 
•odinm  with  fl  pta.  chloride  d'  lead  and  4  pta.  common  aalt.  Ag  thna  prepared,  it 
forma  crjltali,  whiKv  when  pore,  yellow  if  they  contain  a  little  phoephocic  acid.  Mix- 
tnrea,  in  waning  proi>artiaua  of  raolybdate  of  aodium,  chiomate  of  potaesinm,  chloride 
of  lead,  and  common  aalt,  yield  a^atalliaed  salts,  which,  when  they  contain  notmore 
than  ii  percent,  chiomate  of  lead,  are  quadratic  litce  those  of  pure  molybdsto  of  lead, 
bat  with  a  deep  red  colour;  with  from  42  Co  90  per  cent,  ehromate  01  lead,  they  are 
moDDclinie  and  yellow. 

A  molybdate  of  lead  from  Pampluaa,  in  South  America,  was  tcmai  by  Botisaing- 
anlt  (Ann.  Ch.  Pbya.  [3]  ilr.  325)  to  contain  73-8  per  cent.  Pb*0,  10-0  MoO*,  2-9 
CO",  1-3  HCl,  ISPH)*,  1-2  CVO*  1-7  Fe'O',  2-2  Al'O*  and  3-7  qnarti  (-  98-1);  he 
ng^  it  aa  a  banc  ult,  SPVOJtsiO'  or  Ppb<UoO>.2Ppb-0. 

Slum,  Hmg'MaO'.SH'O,  ia  obtained  in  distinct  ciyBtnla 
1  magnuia  alba  with  water,  and  eraporating  the  flltntei 


Molybdate  of  liagniiiun 
by  boilinff^molybdic  acid  and  nu 
it  girea  c^  3  at  water  at  100°. 


oonlaiung  Mnm'iUoO'.H'O,  by  treatiiig  carbonate  o 

potaaainm  or  aodinm ;  it  giTCe  off  its  water  aboTe  100°,  dissolves  sparingly  in  nomng 
water,  and  when  boilid  far  aoine  time  with  the  acid  molybdate  of  potassium  or  sodium, 
yields  donbia  lalts  (SlruTe),  Sahnltic,  by  ftising  1  pt  molybdate  of  sodium  with 
8  pta.  manpsoos  ohloiide,  and  2  pto.  common  salt,  obtained  the  anhydroua  aalt 
HaaTltsXi*,  in  large  dingy  jfflow  amtalt  bftTins  the  aspect  of  bitter  spar,  and  iqp- 
psaringimdiac  the  minosoopeaa  mall  moooelinicT?]  tablets.  Together  with  this  salt 
thsra  are  often  farmed  huge  red-En«wn  <«'"■■—>  of  indeterminate  ibrm. 

AMmanic-  and  poloMi^-nimjiaMii  MoIfMiita  are  prepared  by  boiling  the  acid  molyb- 
datss  of  amiDoninn  and  potassinm  with  manganic  hydrato  (pp.  1087,  1040). 
'  lilolybdaUt  of  Mtreurv.  On  adding  msrauroitB  nitrate  to  a  solotioD  of 
trimolybdats  ofpotassinm,  a  yetlowish-whits  flocculent  precipitato  is  ibroied,  which,  if 
immecUately  eijiectod  on  a  filter,  uid  washed  till  the  vaah-water  leaTes  no  reodne  on 
erapoistion  and  ignition,  consiiFts  of  mtrourout  dimoivbdate  or  tmiydro-molybdate, 
Hhg*0.2UoO*  w  Ehj^oO*.MoO*.  It  is  yellowish-white  and  non-eiyatallins,  but  ia 
eonTer*«d  by  pndoi^^  mtshii^,  or  more  quickly  by  boiling  in  the  motber-tii^uor,  into 
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Bolden-jeHow  n»edIe-Bluq>«d  erysltin  of  neutral  si«rmroiu  tnolybdatf,    Hhg'MoO*. 
(Strare.) 

Motpbdatet  of  atolgbdentim.  There  an  • 
•u^wt«  in  eompoaitian  between  the  di-  ani  tri-oiii  . 
oontaiiuDg  nudjbdeniua  u  Uunr  bsMi.  Wlmi  a  eolntioii  of  mol^bdats  <]f  ai 
nised  inui  >  (olntiou  of  moljbdie  chloride,  ■  blue  wedpitata  is  ftnud  hariBg  tha 
wmpomtianafamoljbdic  moljbdate,  Mo"0'.4Ma'K^  w  MoK)".  ThepradpilaU 
thna  fimned  ii,  hmrerM,  a  hjdiste,  iriiieh  beeomea  nnarij  black  whan  ignited.  The 
aame  blae  hjdnta  ii  formed  b;  the  oxidation  of  molybdic,  ortlie  ledncdon  of  peimolTb- 
die  aalta  (pp.  103fi,  1D36).  It  is  Ten  iwinglj  Bcdnble  in  aal-ammoDiae,  aomewhat 
more  in  watar,  ilightJj  alio  in  alcohoL  The  aqneooa  aolidion  haa  a  dail  blue  eolonr, 
TCmaiiia  nnaltared  nt  oidinaiy  temperatnree,  bst  bleachea  more  and  man  by  oiidatioii 
irtien  eraparated  bj  heat.  A  eoaccntnted  aolution  ia  reaolTod  b;  alkalia  inuoediatelv, 
-  j:i_._  __i_-?^ —^. '__  _-_* i_i.a?_  L^j 1.^ J f^A^S: 1 j_'j_  ' 


mohrbdic  dilorids  ii  ptedpilated  b;  ammonia,  alaa  iriien  the  blue  oxide  is  digeatod 
with  polTeriaednudjbdennm,  or  when  3  pti.  of  Uie  pnlToriaed  metal  and  1  pLmt^'bdia 
triomde  an  digaatad  with  a  Uige  qnantitj  of  water  in  a  cloaad  reaad,  the  ooloar  it  tho 
liqaid  then  '*"'g''y  from  blue  to  green.  Rom  theae  aolntiona  pnlreiiaed  nl-ammct- 
Diae  throwB  down  the  oomponnd  aa  an  oliTe^reen  precipitate  which  rediaaolTea  whea 
waahed  with  water.  From  the  prodact  obtained  l:^  the  Snt  method,  watte  dinolTo, 
>iat  the  compound  MoO'.4UaO>,  and  afterwards  mrjybdie  hjdiate.    (Benelina.) 

Molgbdatt  of  Sietei  tonat  aa  a  light  apple-sTcen  pt«dpitale.  SehnltEe^  bj 
ftudng  moljbdate  of  aodiam  with  chloride  of  nicked  obtained  i(  in  leek^gceen  mtmo- 
elinie  pnaaa,  together  with  lemon-jeUow  cTTntala  of  indetenniQate  form. 

Molyldatat  of  Potatiiiim.—a.  The  ncufrol  or  moiumoMdale,  K^.UoO*,  or 
K*HoO',  ia  obtained  bj  agitating  the  trimoJybdata  with  alcoholic  potaah;  it  lb*D 
•epanita  aa  an  oilj  maaa,  which,  when  drifd  over  lime  and  oil  of  vitnol,  crystallisi* 
in  tbnr-iiided  prianu  containing  SK'MoO'.H'O.  It  ia  also  produced  bj  mixing  a  go- 
IntioD  of  molybdate  of  ammaninm  with  ezceaa  ctf  carbonate  of  polaaaium,  and  erapo- 
lating  to  a  >7np. 

A  when  a  Bolutioii  of  moljbdie  acid  in  carbonate  of  potaaaium  ia  mixed  with  strong 
nitric  or  hydiochloric  add,  till  a  alight  permanent  precipttale  appeaia,  the  liquid,  after 
awhile  yiehia  aratiila  of  a  aalt  oantaining  1K*0.9MoO*.6H'0,  or  (E*H")HoK^.E% ; 
and  this  aalt  is  decompoaed  b;  waUr  into  the  monomoljbdate,  which  dintdTea  nadilj, 
•nd  the  trimolybdate,  which  ia  sparingly  soluble : 

a{*KK).eMoO')   -   3(K'O.MoO')  +  fi<K»0,3MoO'> 

The  trimiilvbdate  disaolrea  eanlj  in  boiling  wat«-,  and  sepanUaa  aa  a  milkj-whita 
pieoipitat«  when  the  aolation  ia  quickly  cool^  ;  but  by  alow  cooling  it  ia  obtained  in 
beantiftil  nll^  aeedln  containing  E'O.SMoO'.snK),  or  (K'a<)MaK)^*.H*0. 

Nitric  acid  added  in  «zceaa  to  a  aolution  of  molybdic  add  in  carbonate  of  potaadam, 
throws  down  a  white  precipitate,  oonsiating  aometimes  of  K*0.4UoO*,  aometimee  of 
E*O.SHoO*,  both  anhydroni.    (SvanbergandStruTS,) 
KM 

PetaMio^iaaitiie  MaiybdaU,  AU"  1 3&>*0*<.7H*0.— This  salt,  anatogona  in  compo- 

rition  to  the  ammouo-aluminie  mo^bdate  already  deacribed  (p.  tOSTX  is  prepared 
dthec  by  pndonged  bdling  of  a  solntion  of  trimolybdate  of  pMaadnm  with  alnminie 
hydiate ;  or  by  predpitatifi{j  a  aolution  of  alnm  with  a  neatoal  molybdale,  that  of  mag- 
Donum,  for  ezaniple,  and  boiling  the  washed  predpitate,  eoniisting  of  alonuiue  hydrate, 
aoli^iate, and  mohrbdate(mizedperhaps  with alittle potash),  with* solntion  of  potMne 
trimo^bdate,  and  er^nrating  the  filtrate  to  the  dyatalliaing  point.  It  ciyitaBisM  in 
gioupa  of  small  irtiile  aquaiv  tablets,  soluble  in  10*7  pts.  water  at  17°;  it  peiman^tin 
air  at  ordinal  temperatures;  gives  offSaL  water  at  100°;  malta  when  more  atrong^ 
heated,  and  solidiflea  on  cooling  to  a  yellowish  oTRallitie  nam,  vary  slowly  aolnUe  in 
water  and  eren  in  adda.    (Struve.) 

The  petatiie-ehromie  a(Ut  of  similar  constitution,  erystalliaol  in  Tose-coloared  taU^ 
solnble  in  3S'S1  per  cent,  water  at  17°,  permanent  in  the  air,  giving  ofT  10  at.  water  at 
100°  and  behaving  at  higher  temperatures  like  the  alnminic  salt.     (StruT&) 

The  poliutio-ferrie  »Mt  fbrms  jellowtah-white  oyiitals  of  the  same  form  as  the  pre- 
ceding silts;  difficult  to  obtain  in  any  conaidaable  quantity.     (StrnTH.) 

K'    1 

The  HfausuMMiuaidc  tait,  SE'O.MDUi'O'.ieHoO'.lSE'Oor  Umn~  tMbK)".2H*0, 
H"    ) 
it  prepared,  either  by  boiling  manganic  hydmle  with  trimolybdate  of  p 
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tMtter,  b;  pssnog  cUotuw  Uimngh  >  hot  Miliition  of  potaaiic  brimotjbdale,  and 
gradiullj  idding  sinall  otuulidea  of  mumiMMii  mlpbste,  as  long  ■■  tlM  aolntioil  ia 
thereb;  raDderad  du^sr  m  colour.  The  filtered  liquid  jields  tlu  double  nit,  aftm 
coolinK  or  eoDoeutntion,  in  Bbimng  omue-colonred  rhombobednmi,  hKTing  the  mgle 
of  their  termiiul  edg«a  -  107°  U'.  It  dinolvw  in  3M-3  pt&  water  at  17°,  more 
easily  id  boilinf;  water,  b;  wbich  hownar  it  is  pnitiallj  deeompowid.  It  givMi^B  at 
vatAT  at  ino°,  2  at.  muie  at  100°,  acquiring  at  the  suae  time  a  daricer  colour ;  melta 
at  a  tugber  tcmperatDRi,  and  solidiSea  on  cooling  into  a  brownish-red  eiTatalline  mass. 
With  nitrate  of  silTBT,  it  forms  a  pracipitate  oontaining  moljbdie  acid,  mangauie  oxide, 
and  silvFir-oiide,  which  decomposes  daring  washing.    (Strove.) 

1/olyidatet  of  Sileer. — <l  ffiulrat  atyenlu  nu^bdatt,  Ag^UoO',  la  obtained  by 
prrcipilating  the  neutral  potaninm-aalt  with  nitrate  of  silTpr  as  a  jellowish-wliite,  fioo- 
cnlent  precipitate^  which  dailens  on  exposure  to  light,  dissolTes  snariDgl;  in  water, 
FHsil;  in  dilute  nitric  acid.— A  Trimoljbdate  of  potassium  fbnna  with  nitiata  of  silver 
a  jellowiah- white  floccolent  prMipitate,  of  somewhat  variable  compositian,  but  agreeing 
best  with  the  Ibrmala  2Ag;^oO'.»MoO*.     (Svanberg  and  Struve.) 

Argrnlous  noigbdatt,  Ag'0.2HoO*  —  Ag'MoO',  is  produced  bj  the  action  of  l^dro- 
gen  gas  at  oidioaiy  t«mpeisCnreB  on  the  neutral  a^entic  salt ;  or  better,  b;  paasing 
hydrogen  gaa  through  a  tube  having  a  narrow  aperture,  into  a  saturated  solution  of 
the  argentic  salt  in  moderately  strong  aqneotu  immonia:  the  reduction  tfaen  also  takes 
place  at  ordinaty  temperatoree,  but  much  more  quickly  at  B0°  (at  higher  temperatures 
some  of  th«  silTcr  may  be  reduc<d  to  the  metHlUc  stale).  Bj  the  first  method  it  is 
obtained  as  an  siaorphoDB  mass  ;  by  the  second,  as  a  block,  shining  aTstalline  powder, 
conniBting  of  rwnlar  octahedrons.  It  is  dissolved  by  nitric  acid,  with  evolntion  t^ 
nitric  oxide,  and  decomposed  by  potash  (not  by  dilute  ammonia)  with  arparation  of 
black  aigentous  oxide.    (Wohlsr,  Ann.  Ch.  Phann.  exiv.  119.) 

lialybdalit  of  Bodiuai.~ThB  neutral  or  duodie  me^/bdale,  NaTHoO'.H'O 
(commonly  called  the  monotiiolgbdatc),  ia  obtained  by  famng  molybdic  anhydride  with 
an  equivalBntqaantitjofciTat^liBed  carbonate  of  sodium.  It  is  easily  soluble  in  watra, 
and  ciystaUiees  in  small  octahedioiis,  which  melt  and  give  off  their  water  at  a  moderate 
heat.  aodio-Affdric  molybdat*,  HaHMoO*  (or  dimolyidaU,  Nb'O.2Mq0'.H'0),  ob- 
tiiined  in  a  similar  maimer,  {rystallisea  in  needles,  and  dissolves  ^mrinely  in  cold, 
readily  in  boiling  water.  The  duadio-ttlralkvdrie  maivbdate,  Na*H<aIo*O".aH'0  (or 
ItimJyhdale,  Nu>0.3Ii[oO'.7H'0),  is  obtained,  bj  adding  nitric  acid  to  a  solution  td 
molybdic  acid  in  carbonate  of  sodium,  as  a  bulky  white  pracipitate,  more  soluble  than 
the  corresponding  potaesium-saJt  Nitric  add,  added  in  excess  to  a  soluIioD  of 
molybdale  of  sodium,  throws  down  nothing  bnt  mdybdic  anhydride.  (Svenberg  and 
Struvev) 

Trimolybdate  of  aodinm  boiled  with  alumina,  chromic  oxide,  &c,  fbnna  double  lalti 
analogons  to  the  potssainm-salta  above  deacribecL 

Xolybdatt  of  Btrotitittm  is  obtained  in  well-^veloped  squaw  pyramids  bj 
fhaing  together  I  pt.  molybdate  of  Bodinn^  2  pta.  chloride  of  •tmntium  and  3  ptA 
oommon  salt.    (Schnltie.) 

Molybdatt  of  Zinc,  ZedIKoO*,  ia  obtained  I^  ftuung  3  pta.  molybdate  of  aodinm 
with  S  pta.  chloride  of  sine  and  0  pta  common  salt,  in  white  needles,  with  a  tinge  of 
yellow,  appearing  under  the  microscope  as  square  irisms,  also  exhibitiag  the  oomtn- 
natiou  P  .  'xP;  fuaible  without  deoampoeitioD  before  the  blowpipe.    (Schultie.) 

MOXiTBBXWinK,  OaCWIBmOBKnnW  or.  Holgbdoia  Oxybnmide,  l£<^r*0, 
is  product  by  heating  molybdona  bromide  with  dilTite  aolntions  of  eau^ic  alkalis; 
when  treated  with  hydrochloric,  hydriodie  and  hydrobramio  acid,  it  yielda  molybdons 
chloiobromide,  &c.     (Blomstrand,  see  p.  1029.) 

PenaolBidie  Oxybroaddt,  Ho^'Bt'O',  is  produced  by  pafmng  bromine  vqionr  over 
the  heated  dioxide,  or  by  fusing  molvbdic  Inozide  with  boric  or  [diospboric  aahydrida^ 
and  heating  the  pnlTarised  mass  with  bromide  of  potaarinm: 

UoO*  +   B'O'  +   2SBi     -     2EB0>  +  UoBt'C. 

When  qui^y  sablimnd,  it  fbrms  indislanet  ojatalline  eealee ;  by  alow  snblimatioii, 
more  foUy  developed  ojatalline  plates.  It  has  a  yellowish-red  colour  and  fott;  lustre^ 
deliquesces  in  the  air,  and  forma  a  colourleee  solnljon  with  watar.    (Blomstrand.) 

WOXinilMVUlK,  OXTOXUmiBHa  or.  atolgbdolf  Oxgeklorida, 
rfoK^K),  i«  produced  in  the  same  mamier  as  the  corresponding  oiybromide,  and 
reacts  in  a  aimilar  manner  with  hydrochloria  add,  &c,    (Blomstrand,  p.  1039.) 

Peratolgbdic  Otyeiieridn.  a.  Mo''Cl"0'  or  MoCl'.2MoO'.— Disoorarri  1^ 
Vol  UL  S  X 


DQ-zostvGoot^lc 


1042        HOLTBDENTTH:  PHOSPHIDE—SULPHIDES. 

B«(Mltiia,BntcoR«ca7Mi*ljsBdti7H:Boie(FcigK.  Abb-xI.  S99).  ICiajiiodiitMd 
In  tb«  WDOiplKini  ftate,  irheo  anj  oUnir  ehlorine-conqKiaiid  of  nolybdmani  u  hckUd 
Ja  miitaet  with  the-iir,  uid  whtm  the  uhm  ooDtponndi  an  cxpoBcd  to  moist  air,  sren 


at  lad^MUT  tanprntaia  (Biomitrmnd,  Jahreab.  ISST,  p.  1S3>  In  the  erjttai- 
lineitBt*  it  is  obUuned  b;  the  toUowing  pioaMBM :  1.  Bj  punng  ehlfsme  over 
llu  hMted  dioiidfi  (BerKlina). — 2.  B;  ponnng  strong  mlpboric  mad  on  ■  miztnre 
of  Boljbdia  tnazideBiid  potaaaie  folduto,  sntponitiag "  '     '■  -   -  -       ■    - 

the  oncnk^de  njjinua ;  bat  t£i«  prceeit  does  not  ; 


ToUtiluM,  without  Auiii^  at  a  beat  bdow  ndne 
molvbdio  Kud  hTdioohlone  aeidi,  Ixitb  ol  vhich  n 
in  eJoohol. 


of  add  in  a  retort  aa 
and  haatJng  again,  vherenpoD 
jield  BO  pnie  a  product  ------ 

le   Inown  oxjchutiide    ( 
_  ocnnpDQDd  and  the  am 

inof  a'fBlomitraDd).  It  fbma  7eIIowi«li-irhit«,  delicate,  dyBtalliiie  acalea 
(Berielina);  thm,  tzaiulDcenI,  Dcarijr  aquare  pbtM  of  pale-ieddiah  colour,  or  if 
obtaiiwd  b;  the  fborth  method,  thicker  OTMala  of  honay-jellow  ocJom  and  Maitely 
tnuuhuiait  (Blomitrand).  TMtea  ahatp  and  aitxingent,  withaweetiih  after-taate; 
— '-■■'---  — ■■'  -■  -  '  .  .  I  ._^  t..._^  wdneM;  and  is  renlved  by  water  into 
D  diaaolred;  it  ii  eolabla  alto 

A  hjdiata  ef  tlw  pieceding  eonwomHl,  HoCl*0*.H*0,  whidi  maj  also  be  regarded 
ai  a  JiidroeiiorattofuKtyhfy  fHonde,  lfoO*.2BCI,  IB  obtuned  by  paennghjdrodilaTui 
add  ga>  orer  ch«  trioiide  heated  to  150° — 200°,  M  a  white  OTsUlline,  ytrj  volatile 
■abatanee,  which  ii  reeolTsd  \>j  heat  ioto  hTdnwhloric  add  and  trio^de  of  mcljb- 
dennm,  bnt  maf  be  TOlatihaed  without  decompontioa  in  hjdnchloiie  acid  gaa.  It 
diaaolTea  eaadlj  in  water,  bnt  the  aolntion  when  eTaporated  leaTea  nothing  bnt 
ndjbdio  tiiouda  (Bebray,  Ann.  Ch.  Fharm.  cviii.  2G0).  The  permdybdie  annate, 
niliate,  fte^  deaeribod  at  p.  1037,  arepeihapaanalogoiu  in  conatitiditni  to  the  componnd 
joat  mentioDed,  bot  tfae^  hara  not  been  analjaed. 

A  Uo'KS'O  or  SHaC3'.HoO*r.  Thia  ia  a  Brsen,  taalj  toAU  mnchlorida, 
obtained  bj  panaing  dilwine  orer  an  intimate  miitnre  of  moijbdic  osde  and  chaieoal 
(or  eT«B  lapeiftctlj  redneed  molybdenom  atiU  containing  oxygen)  b(ated  b;  a 
oomnMiD  ^int-lamp.  The  bnlkr  amorphmu  oirchloridB  iriiicb  £«t  (bnna  ia  to  be 
ramored,  and  the  aabHniate  which  fbrma  when  On  vapour  hu  acqoired  a  permauetit 
hlood-ied  colour  ia  lo  be  collected.  It  is  indiiliDctly  cryatallind  in  dufc  green  tofts; 
if  tbnned  at  a  nomewhat  atronger  heat,  in  light  green  metallic^ahining  sealiia.  It 
Maha  and  TolatiUaee  below  100°,  Ibrtning  a  dai£  lefbrowu  TLponr,  and  ii  deeompoaed 
bjr  water,  yielding  hydrochloria  add  and  blue  oxide  of  molybdraiun.  Henc^  and 
ftom  tba  reBultsofanalyaia,  Blomatnndregaida  itaa  HoMS'K)*  or  2(HoCl*.2MoCI')  + 
lloO*.2HoO*,  bat  otaervea  that  the  analytical  nnmbeta  do  not  differ  mndi  biaa  those 
reqnired  bj  the  aimpler  formnla  abore  giyen. 

J.  MoHa'-O*  -  (Moa',MoCl').fMoO'JHoO').     Thii  ia  a  brown,  eaaOy  foaible  anb- 
atanee,  piodoced  by  the  action  of  chlorine  on  a  mirtnre  of  charcoal  and  aeaiiuioxide  cf 
motybdennm  (fbnned  tram  tbe  trioxide  by  Qie  piolonged  iictioo  of  hydrogen  at  a  red- 
^—t,  or  by  tne  ndooi^  adion  of  linc  in  the  wet  way).    The  latter  part  of  the 
.__.  ,    .....^  1    _.  ^      1         ......      .      ., — '-"-T  in  an  atmosphere  of 

black-brawn  oiTatala. 


*.  Mo<ClH)*  —  MoCf.MoO'.  Floduced,  thon^  only  oecanonally  and  in  ama]] 
qnantity,  by  the  action  ci  chlMine  at  a  modccala  heat  on  a  mixtnn  of  molybdie  oxide 
and  charcoal,  aoccHncanying  thepeen  ozyohloride  A  whicA  ia  (btmed  towania  the  latter 
partof  theproceaa.  It  maybe  (reed  from  the  latter,  and  &omauT  otbernanpoDDda  that 
maT  be  praaent,  by  ita  infericr  ndatili^.  It  ibrata  welt-deflned  pciamatic  aratala  of  a 
daA  Tiidet  eoliHir  bj  reOoi^ed,  niby-red  br  tianamitted  light  i  it  volatiUaaB  with 
difllenl^,  bnt  withovt  nenooa  ftiaion.  Water  fiiat  diMolTea  it  with  aH^t  rigs  of 
tanipenliu!«i  and  Dien  tbiowa  down  a  while  jneipitate,  aolnble  in  a  brger  quality  of 

WOXiTaSSHTrW,  MMBVMDIB  or.  MoP.— Amixtnreof  1  pLyelloWIriauda 
<£  molybdenum  oontaining  phcaphorie  acid,  and  3  pta.  ftiaed  phoaphorie  acid  cco- 
taining  lime,  ia  ezpoaed  for  an  hour  in  a  diareoal  cmcible  to  the  beat  of  a  raj  Mpatg 
coke  Ir^  whenl^  a  grn  bliatered  maaa  ia  formed,  eonsisting  of  small  metaliio 
■hinins  oyatala  of  pho^iide  of  mo^bdeniun,  mixed  with  calcic^oaphate,  and  haTing 
Ita  caVltira  lined  with  the  aama  ayrtala. 

Pboaphide  of  nolybdamm  finrna  a  powder  of  apedfle  giavi^  6'IST.  The  raratala 
Modaet  deetiioi^.  It  la  tnj  difficult  to  Aue;  oxidises  ^adually  in  the  otr  withoot 
bununft  bnt  with  ineandeacenoe  on  melting  nttre.  Byhot  nitrie  acid  it  ia  eonrerted 
into  pboaphono  and  molvbdio  acida,  and  diBKilFed.    When  ftently  heated  in  eUoriiu 
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dlonda  of  phon>honiB.  In  contact  with  nne  it  eliminktai  hjdiogen  from  AjiJreetorw 
add,  and  od  addiHoB  of  a  copper-talt,  ndnoea  copper  on  iU  soriboe.  (Wohler  and 
BaDteabcTa  Ann.  Cb.  Pharm.  dx.  374.) 

ICOIiTSBBWVlK.  aVK»Z]>»  or.  HohrbdMnun  mitw  vith  ralpliiu  in 
tlii«e  proporticnu,  formiag  the  compoondi  HdS*,  HoS*,  and  HoS*.  The  laat  two 
are  Bulphiii~add>.  Our  knoiri«dge  of  thcM  solphidea  and  their  salta  is  almoit  irhoUj 
doe  to  the  Teeeu^chM  of  BcRelina, 

Uaal^bld*  ow  Mo^r'Mle  SnlpUdw.  UoS*.— This  compound  oocnn  natir«  u 
itetybdeniU  {Meij/bdoTyliatM,  Wauertiia),  geceiallj  in  ervalaJIa-lainiiiar  Tntwiw,  moM 
nnlr  in  tabular  OT^tab,  aP  .  oP,  belonging  to  the  hexagonal  Bjitem,  oleaTabl* 
panUal  to  oP.  Baidnea*  ••  I  to  I'fi ;  eanl;  impreaaed  bj  the  naiL  Spedfia 
gravity  —  4'41  to  48.  The  minsnl  haa  a  Blrong  metatlie  Inatre  and  pure  leM-grty 
coloar;  streak  Bimilar,  bnt  sli^tly  inclined  to  green ;  it  forma  a  grqr  traea  on  paper, 
and  a  greeniah  trace  on  poiceUm.  Itii  op«qDe,  aactile,  and  almoat  malleable ;  latidnM 
highly  flexible  and  elaatio. 

Molj'bdenite  ia  of  fFeqnent  ocemronce  in  pnmitive  locka,  being  lometilaee  (bond  in 
metallifenHU  Tcini;  especially  of  nugnetie  inm  ore  and  tin  oiva.  It  ia  fonnd  in 
Cornwall,  at  Caldbeck  Fdl  m  Combtdand,  in  Saionj,  Bohemia,  Sweden,  Kofwbt, 
•nd  Oreenland,  and  at  nnniflToaa  localitiM  in  the  United  States.  It  ocean  nenrl^ 
pnre,  bnt  according  to  Sranbcrg  and  Strung  gensrallj  cootaing  a  ddbU  qnantj^  Ot 
pbo^ihoric  add  (or  pho^homs),  ft  bet  whii^  mnot  ba  bome  in  mind  when  the 
mineral  ia  oaed  tor  the  preparMion  of  molybdate  of  ai 


Disolphide  of  molybdeoiun  is  piodaced  artificiaUy  by  heoCiDg  either  of  the  higher 
nlphidea,  alao  by  igniting  the  tnoiide  with  nlphor.  The  aiUflcial  anlphide  ia  a  tuack 
ahiiking  powder. 

Tht  diaolphide  heated  in  doaed  Tmnnli,  anitaina  a  high  tamperatnra  withoat  Aimng 
in  nndergoing  any  ahang^  and  aoeording  to  H.  Rose,  is  not  deeoinpoaed  by  ignition  in 
d^  hydragen  gas.  Wlw  healed  in  the  air,  it  ia  converted  into  mo^bdic  anhydride, 
with  evolution  of  sDlpbnrooS  anhjdride.  Befiire  the  blowpipe  on  eJuawml  it  gima 
off  eulpbnroDS  anhydride,  covmng  the  eb«MO«l  with  a  Tellowiah-white  inerastatMQ ; 
but  itbnrna  wilb  great  difflcid^,  and  the  eombulion  ia  cmt  imperfect.  On  plalinian 
iBirt  it  ooIoDia  the  oater  blivi^pe  flame  greoi.  It  cokwrs  a  bead  of  borix  mixed 
with  nitre,  daA  brawn  ia  the  inner  flamc^  and  light  brown  in  th«  enter. 

It  decompoaes  mpour  ij  watar  at  a  red  heat  oli^tly.  but  at  a  higher  tomperatnre 
with  greater  fiudli^.  It  detonatei  with  tdtrt,  forming  a  molybdate  of  potasdam ;  dia- 
•ulvea  readily  in  warm  tAtfommriatia  ocU,  producing  molybUc  and  niipbnric  acitls,  is 
eaai^  oiidiaed  by  mtrie  aeid ;  dimolvco  m  boiliDg  oil  of  vitriol  with  evolutioa  of 
anhydride,  and  fbrma  a  blue  solntion. 

THsolvIiM*.  Butipkomotsbdia  aeid.  Ho9.— This  conrponnd,  &b  analogne  of 
the  tiiozide,  is  formed  by  decomposing  that  componnd  with  aolphydric  acid,  vii. 
(1 )  by  passing  the  gss  into  a  eoncantnled  solution  of  an  alkaline  molybdate  sod 
predpitating  with  an  acid ;  or  (3)  by  adding  sulphide  of  ammonium  to  the  solntion 
and  uien  hydrochloric  add.  both  in  excess.  The  whole  of  the  malybdennni  is  then 
predpitated  as  triaolphide,  jrbich  settlea  down  quickly,  and  must  be  rapidly  washed  on 
a  fllt^  with  watn  eontainuig  snlphydrio  and  bydrodilorie  acids,  to  prevent  oxidation. 
Asthna  obtained  it  is  a  bladl-brawn  powder  which  makes  a  dark  brown  streak  on 
porcelun.  When  heated  it  gives  off  sidphnr,  and  is  eoQverird  into  the  dianlphide.  It 
dissolves,  bnt  not  lesdily,  in  caustic  alkalia,  more  easily  at  the  boiling  heat,  nnder- 
going  partial  decompontion  at  the  same  time.  It  is  most  easily  dissolved  by  aUcaUju 
moiwtidphidr*  and  nJpAydraiet,  forming  salpbnr-salta  called  anlphomolybdates; 
the  alkaline  disnlphidee  do  not  dissolve  it. 

The  sulphoinolybdates  are  the  anati«Des  of  the  molybdates,  mo»t  of  them 
being  coDstitntcd  according  to  the  foimnis  B*S.Ho8*  or  B^oS*.  Iliere  are  ijao  a 
few  containing  2  or  3  at.  ^  the  snlphnr^dd.  The  sulpbomoIybdatM  of  the  olkali- 
metals,  alkaline corth-metals,  and  msgneeium, are  soluble  in  water;  the  reotare  insoluble. 
The  alkali-metal  salts  ore  obt^ed  by  pasdng  snlphydrio  acid  g^  into  oonoHitrated 
solutions  of  the  corresponding  molvbdatca ;  the  insoluble  salts  1^  pna^tating  a 
neutral  o^gen-salt  of  the  metal  with  a  Mlnbls  snlphonKdybdatft 

The  aqneons  solutions  of  neutral  snlphomo^bdates  have  a  fine  red  eolonr  when  pure, 
f}iang(ng  (o  browu,  howBver,  if  they  contain  a  small  quantity  of  iron  or  an  nvnrmn  of 
the  nilphnr  add.  During  evaporation,  th«  emit  a  constant  odonr  of  sulphydrio  add. 
When  (opoaed  to  ths  air,  they  remain  unaltered,  if  they  contain  an  excess  of  the  aol- 
phur-actd  i  in  the  contrary  case,  the  solutions — and  likewise  the  dry  salts— are  rapidly 
ixidised,  the  sulphide  of  the  alkali-metal  being  converted  into  hyposulphite,  wMla  the 
partly  converted  intotrioxide 
■  ue  decomposed  bj  acidi, 
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vith  aTolntioa  Of  nilphjdiid  add  and  predpItatioD  <rf  moljbdie  tnnil[Jiide.  Vb«a 
baatsd  to  ndDcao,  ttu;  yuU  M^bdona  ad^We  and  a  disulphide  of  tba  baas,  or  ^ts 
off  1  ab  anlphni. 

8ulpi<imolfbdattofAn7iionium,i,VB.'yMfS;fBpazwtnlfjia  a  eosoDtnted 
■qneoiu  aolntioD  mixed  irith  alcobel  in  einiuibap-colonrsd  hsIh,  bvoomiiig  dark  bnnra 
OD  npoann  to  tba  air.  Ths  iqueou  aelntion,  if  left  to  sraporato,  jields  at  ths 
cdna  a  namlHr  of  raTvtala  wluch  an  fMQ  b;  reflectHl  light,  while  in  the  middle  it 
dnea  np  to  a  bladi  amorpboiu  man.     The  aalt  is  nnnngl;  eolnble  in  alrahoL 

BodeoBtatt  (J.  pr.  Chem.  UxriiLIBSi  Jahre^.  1 8£9,  p.  IfiS),  1^  paning  Bulplrf- 
drie  add  gas  to  aup* natnntion  into  a  aolatiaD  of  impan  moljbdic  acid  in  hydio- 
ohlorio  acid.  mizsdwilliBUrgflqiuiiti^of  aal-ommoDiiic  imdjireTioiulyiapenn  tors  ted 
vith  ammoiiia,  obtained  deep  red  cr7stala  of  a  mipkoxymolgbdiat,  (NH*)4loO*S^ 

Smlpkomolfbdaltt  of  Barium.— The  netOraltidt.RhATiiiS',  ia  obtained,  aa  a 
4mA  Dsd  amraphoai  tnaa^  from  the  motbor-liqaor  of  the  foUowing  aalt.  Tba  tnmd- 
fiomolybiUle,Bim'&.nto9  or  Bba'MoS*.2Ho9',  is  obtunpd  b;  bailing  niliAide  of 
kariinn  witlk  an  exeeai  of  moljbdie  trianlphide,  aiid  Hpant«  fivm  the  Eot  flllrate  on 

abining  povdn'  of  the 

and-are  deeompoHd  bj  dilute,  bat  not  ^  eo 

T3m  oadmiim-aait  ia  ailut  brown  swcuniaie  inaoisDie  in  water. 

An  add  eaicium-taU,  probablj  Cca'HoSl SUDS',  ia  obbuned  like  the  conwond- 
!ng  baiinm-nU,  and  dTHtftlliaea  in  ebort,  ehining,  Tsnnillion-colonred,  needle^haped 
OTatal^  pwmaoent  in  air  ei 
tke  in^bide  of  maljbdenan 
the  ntulral  ealcium-taii  in  the  fonn  of  ■  dark  i«d  Tarnish. 

Ceroui  Mulpkcmotybdattii  a  dark  gnj  precipilatit  On  adding  an  atkaline 
aaIpbomol;bdate  to  the  iolntion  of  a  ceiic  salt,  onlj  b  slight  prrcipitate  ia  fanned,  bat 
ammonia  throwa  down  from  the  reaolting  jellow  solnlion  a  Laiic  aalt  in  the  torm  ot  a 
trewp  gnmmj  msM. 

Vkaekmmie  lalt  ia  a  dark  brown  [owjpitate,  whii-h  tuma  green  in  dijing.  The 
coin  If-  sad  eofptr-aalti,  an  dark  brown  predpltatfla,  thefiimiarBalable  in  nilphido 
«f  potBsainm. 

Tiiegold-iAlt  (aBnc)  ii  aiduble  in  watw,  whanee  it  aepantaa  afla  soma  time  aaa 
4juk  brown  powder,  bMoiBiDg  black  when  drf- 

Iron-tatt; — -The  ferrmu  aalt  ia  adnble  in  water,  terming  a  wine-rod  solntion, 
wliidi  beoomea  darker  and  nearly  blad  on  expo<nire  to  the  air ;  when  etapmatsd  in  a 
diaUow  Teasel,  togrtber  wKh  snlpbomolTbdiite  of  potaseinm,  it  ultimata);  n^Mratea 
from  the  latter  as  a  block  jelly,  wbich,  aa  well  aa  the  dQote  Bolntioii,  depoaita  a  pale 
led-jellow  powder  bj  apontaneona  eraporation.  THiti  ferric  tali  ia  a  dail  red  predpi- 
t«Ie  which  dissolTn,  with  black  oolonr.  in  ezraaa  of  sulphide  of  pataanani,  bat  gmer- 
•IW  separatee  again  aita'  14  haura.     When  dij  it  ia  black  and  jialda  a  brown  powder. 

The  Uad-tall  a  a  Wack  pt«dpitate,  which  wbendij,  forma  »  lead-grey,  matalUe- 
ihining  atreak  on  paper. 

ISagHtiivm-taltt. — "By  boiling  ma^fbdic trimlpliide  witli  sniphydrata  of  mant*- 
riom,  and  cooling,  a  dark  brown  powder  uobttuned,  conaiBtIng  of  an  add  ndpiamoigb- 
date  ofaagmivm.  The  snpematiint  liqoid  eontaint  the  nentnl-aalt  and  diiai  op  to 
^  dark  red  Tsmiah. 

llM<»goritte-ialtt, — Br  digesting  aillphide  of  manganese  in  ez«eM  willi  molybdie 
*iisulphiA^  a  browniah-yellow  liquid  i"  "iJ-i— >J    — (....k  A^^m  -.  *.  .  i •. 


by  a  larger  quantity  of  ai 
molybdie  tnenlphide  forms  ai 

tteremry-talti.—Sltrairoiu  OH^fiiofno^yMiift  is  a  neaiiy  black,  the  • 
ftUgbtbrownprecipitate.ThrnicAcJ'aaldeaeniblee  the  cobalt-Baft.  Tits  plat  in%m- 
*aft  ia  a  daik  brown  precipitate,  block  ofter  dijing. 

PotaaaiHm-saJfi.— «.TheR«fraijaJ(,K^o3',iapTDdncedbyheotingBmixtanaf 
potaonie  carbonate,  snlphnr,  eharooal  powder  aiidennss  of  molybdie  tiisnluiide  in  acivi- 
eible,  gently  at  first,  afterwords  very  stronglj.  The  black  nnfuaed  man  yiejda  witb  water. 
ofler  cooling,  adnrk  red  apoqae-solntion.  A  similar aaloCion  ia  obtained  b^satHrating  « 
aolntioD  of  potassic  molyhdote  with  snlphydric  acid.  When  eisporsted  in  a  -(^Undrical 
VHoel  at  4<F,  it  yields  four  and  eix-sided  prisms,  with  dihedAl  sninniat^  which  Bni 


liqilid  depoails  BEolea  o 


dotk  red  \ij  transmitted,  but  of  a  flae  doik  green  colunr  bf  nflected  light,  and  y 
dork  red  powder,  beooming  grecai  and  Bhining  by  preaaure.  AlcobtM  added  t 
itA  aqneoos  •slntion,  throws  down  a  dnnabar-CDloured  powder,  and  the  i 
■"■■■'  ....  j^^^  metallic  Init 

^dbyGooglc 


MOLYBDEmJM!  SULPHmES.  104! 

dtyiDK    The  ult  htated  in  ui  atinaaphrre  of  hjdngen  ii  only  putiallj  deeooipoaed 


Bolntion  of  the  neutral  ult  ii  mixed  with  a,  qoMiititn'  of  acetic  add  suiBdeDt 
lo  give  It  an  acid  reulicD.  It  ia  black  a&rt  dfjlnf ,  aod  diasolvca  aanty  in  boiling, 
■Itnrlf  in  cold  water,  fonning  a  yellow  eolntiao.  A  aalatiDa  of  the  neutial  aalt,  mixed 
vitb  a  email  quantity  of  aaj  othec  add,  becomea  daikei,  in  conaequenae  of  the  lonnatioa 
of  this  compound,  bat  doM  not  yield  a  precipitatA. 

A  compound  of  lulpliomolybdale  sad  ruirafc  tff  poteuimi  ia  obtained  when  * 
aclutioa  of  equal  parta  of  the  two  salta  ia  left  to  eraporate.  It  then  aepanrte*  ia 
gneu  metallic-ahinLng  acalea,  reiy  much  like  anlphomolybdate  of  potaaainm,  iriuefa 
burn  away  like  gnnptnrder  when  heated. 

The  tilttr-talt  reaembles  the  lead-aalt  in  oolonr  and  atnak. 

Boiiutn-ialtt. — The  ntutral  lalt  fbrmi  amall  dutk  red  grannlar  djatala,  mneh 
e  arable  in  alcohol  than  the  polaarium-ealt.      It  ia  almoat  completely  reduced  br 


vi-ialU  leeemble  Ae  barinm-aalte. 

I-  and  >i'Rc-Halta  are  dark  brown  jmdjiMM;    the 

dpitate;  the  dnnitie  aal^  a tranalnoeat  brawn  ptedjntal 


■ttlpliia*  of  Motrbdamoa.  Ftriuh>it»iutjfbdieaeid,1lSca:~ThiMBtlibiia 

down  by  hydroehloric  add  frwn  the  >(iIutaona  of  alkaline  penDlphomaljbdatM^ 

aa  a  floeculpnt  traaalncent  precipitaU  of  a  Que  dark  red  colonr,  ahnnking  toeether  when 
dij,  into  a  ODana-grained  mas^  posscBting  a  dark  green  metallic  Inatie,  and  yielding  s 
dark  red  powder  when  triturated  mth  water.  It  u  inaolable  in  water  and  in  siada. 
When  heated  in  a  ntoit,  it  gifea  off  water  and  a  amall  quantity  of  sulphntotu 
anhydride,  llieii  a  large  qmnti^  of  anlpbnr,  and  IwTaa  diaolphida  of  molybdennoL 

in  Iphomolyb  dates.   Tetramlphide  ofmolybdennm  unites  with  banc  metaUio 

'      ■         '-  "'S.MoS'  -  HTKoS*.    Mort  of 

in  dry.  The  pennli^omolyb- 
datee  of  the  alksli-metala  are  eolnble  in  water,  and  theic  BofoCioDa  yield  wiui  add*  a 
predpitate  of  molybdic  tetrBsniphidp. 

The  atRjaoniun-iail  is  abtamedby  drenchins  moist  moljbdie  tetrasolphide  witli 
•ulphydiate  of  ammODium,  %o  iriiich  a  Uttle  eauati*  ammonia  may  be  adrsntagecnuly 
added.  A  yellow  powder  is  then  foonad,  whinh'  becomes  daA  led  when  dry,  la 
inaolable  in  alkaline  liquids,  sparingly  eoluble  in  cold,  eaaily  in  hot  water, 

.Barium-ia//.— Yellow  or  red  predpilate,.  insohible  in  water,  and  not  decomposed 
l™  dilute  hydrochloric  add.  The  eatetata-iall  ia  precipitated  aiW  eimie  time  by 
alcobol  from  a  mixture  of  Che  potaadnm-aalt  with  chloride  of  coldum,  aa  a  cinnabar- 
oolonred  powder  sIMUy  eolnble  in  water. 

The  eofper'trSt  ia  a  predpitate  daAcolonred  at  flivt,  bnt  becoming  red  inclining 
to  brown  afler  it  ia  collected.  The  geld-talt  (aaric)  ia  a  Krown  precipitate  which 
tnma  yellow  and  decompoeaa  in  diying,  and  when  healed  in  contact  with  the  air,  boma, 
giTes  off  Bulphnroas  anhydride,  aasumea  a  golden-jallow  colour,  and  when  very  ftronglj 
neated,  yields  a  sublimate  of  mofybdic  trioxide. 

Iron-ialt. — Bed  predinlate  formed  on  adding  the  potaadnm-aalt  to  au  exoen  at 

•  Kirrona  aalL 

The  litkium'tait  resemblea  the  potaMium-aalk  The  ma§nfium-»alt  ia  an 
insolnble  red  piedpitate. — The  marvuroua  fait  ia  adaA  almoat  brown  precipitata. 

Potttttium-talt: — When  sulphomolybdate  of  potaaaiumis  boiled  with  molybdio 
triiulphide  (each  a  BLiture  ia  obtained  by  decompoeing  an  add  molybdata  of 
potaaainm  with  sulpliydric  add),  the  boiling  beiJuE  contiiHud  for  sereral  hours  in  a  retort, 

*  large  quantity  olTButphydric  add  is  given  off  with  the  wat)ery  rapoui^  and  a  ooEaoaa 
predpitaCe  ia  fbnned.  On  collecting  the  prMnpitata-  after  eoDUng  on  a  Alter  and 
waahmg  till  the  vnsh-witer  girea  a  dark  red  floccnlent  predpilate  with  hydiochloria 
add.  a  residue  is  obtained  &Dm  which  wat«r  eztraets  peranlphomolybdate  of  potassiiuii, 
learing  disniphide  of  molybdennm  briiind.  The  reanlting  aolution  is  red,  and 
generally  yields  Uie  salt  on  evaporation  in  the  fi>rm  of  a  red  maaa,  having  tha 
conaiateuee  of  an  extract.  On  one  occasion,  however,  Benelina  obserred  the  aalt 
to  aeparHte  bom  iJie  boiled  mixture  on  eooting,  in  small  ruby-coloured  cryatalline 

Colea  whidi  coold  be  aepaiated  from  the  rest  of  the  precipitate  by  levigation. 
J  appeared  under  the  miooecope  m  transversely  atriated  rectangular  ac^ea;  wert 
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inKdnble  ia  cold  wsbr,  lifdrochloric  add,  and  potaih,  bat  lolnble  in  hot  water.  At 
a  low  rad  beat,  Ibaj  d«cnpitat«d,  pnr  off  wat«r,  a  imall  qvotitT  of  mlphni,  and 
■■]{d^jdrie  add,  aftac  «4iiah  watac  utiaetad  tolphide  of  potawinai  Aom  them,  Iranng 


dwUphide  (tf  moljbdMinDL 

Vhan  a  dilnta  aolation  d  anbliomciljlidats  of  poti 
•(  MolydM  brira^hid*  ia  axpaaea  to  a  haat  of  M'- 
gradoallj  jielda  a  lightar  ootaand  depoait  of  pMaalpboraolTbdate  of  potariunm,  iriiich, 
aAar  dijinft  firaa  a  Tellow  cohoant  maa  enrnwitiiig  of  anall  raTaUUins  paitielaa 
iMTing  a  ail^  Inibv.  Tba  aame  hum  ia  obtained  hj  drsndiii^  moljbdu  Utea- 
■nlpbida  with  aalphjdMla  d  potwainin.    It  ia  intelBtJe  ia  cold,  but  aolnUe  in  h«« 

Ftr$utfkemolg6dtlt  of  I 
ooUmsted. 
TIm  tediuM'  and  « 


TtM-tdltA— The  4 

u  a  daA  brown  [««eipiMt«.     If  the  oixtnra  be  left  for  h 

the  ataimio  aalt  u  fbmed  and  the  npenutant  liqnid  beeomea  lad — ■ 

It  ia  onlj  paitiallj  pwcipilated,  the  Mat  lemaining  diaa^nd  with  the 

Wi    Sjn.  with  mo^bdie  ochre,  or  natiTe  txiozida  of  moljbdenmn. 
a    Aeootdiny  to  Lepine  (J.  Phaim.  [S]   xL    16),   MomerJiea 
olid  hi  melting  at  U°. — On  the  amonnt  a    '  '    ' 


eUtatin  contuned  ii 
at  dilKient  anaanni.  aee  Wala  (N,  Jahib.  Fhaan. 


•  (it  MI), 
itial  ihI  <rf  an  American  labiate  plant,  the 
MonarJa  fimctala.    It  eadl^  ■epu>tiB  into  a  liquid  oil  and  a  eamph<n\    The  oil  or 
—  jraUoiriab'Ted  I'^n'o'i  having  an  odonr  of  thym^  becoming  lig^  jellow 
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thannm,  ilIhu  containing  thorianm  afooidingtoaonieanthtailica,  oeenmng  in  mcnodiiue 
priamB,  naully  email  and  flattaied.  Batio  of  axea,  a:b:e:  «  I'OSU  :  1 :  D-947I9. 
Angle  of  iindo  -  7B°  H'.  Obaervad  planiM,  cbPd  ,  [  aiFs  ],  4-Fn,  — F»,  +P, 
—  P,  ocF,  f<BP2],  and  otheta.  CleBiTage  bual,  ytfrj  diatioct  and  bnlliuiL  Hudnea 
~  5  to  d-S.  Speeifle  myitj  ~  4-9  to  5'2fi.  Ttia  cTTatala  bare  a  biowniah-nd, 
b^acinth-»d,  or  jellowi^-biown  oolonr,  and  ic«n«u  Instre ;  ther  an  eubatian^annt 
to  mbtiBiulacsnt  and  rather  brittle.  The  mineial  ia  inftisible  bdbn  the  blowpipe ; 
diMoliee  slowl/  in  bonx,  fi>naing  a  bead  which  ia  jellowiah-gnsa  or  TaQowiu-ced 
while  hot,  coloarleaa  when  cold. 

Anali/ta — a.  From  SUtouat  in  the  tTral ;  Bnx^'a  Mtmgitt  (Keraten,  Fogg.  Ann. 
zMi  SSS).—b.  The  aame  (Hermann,  J.  pr.  Chem.  xixiii.  BO].— e.  Bio  Cluoo^ 
Antioqnia,  in  New  Qranada : 

P'0>.          Tb>0.          CeK>.          LM>.         tWO.       llt*0.       lfo<0.       ^». 
*8M        17M        2*-78        SS-M        W8        .     ,        1-80        3-10     -     100-27" 
38-05         .     .         87-36        37-41        1-48        0-80        .     .        ITS     -       M-83 
291  .     .         M'4  84-<  -     100-00 

^nw  pceaenea  of  thorinnm  in  momidte  haa  been  oonflimed  bj  Benelina  and  WohlfT. 

ftmncd  in  the  analjMa  haa  been  nuafei^en  ftr  anipbala  of  tborinnm.  The  wialTtioal 
leanltj  maj  be  repreerated  bjr  the  ibrmnia  ^Ce;  laJipO*  CB  (Ce;  la ;  Th)TO'i  bot  new 
ana|yBca  are  leqnired  to  llz  the  Ibnnula  with  cerCaint;. 

Honadta  wa«  flnt  obtained  from  SUtooat  It  oeciuB  alio  at  Novwidl  and  Wtfo^ 
town  in  Connecticnt;  at  YoAtown,  Cheater  Conn^,  New  YoA;  and  near  Crowdei'a 
Honntain,  North  Carolina. 

Tarie^  of  monaaiu  from  tha  Unl,  diatiogniahed  faj  iti 

■  WIUnnmnruuiikKMuilpsUih. 
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MONESIN-MOBIC  ACFD.  |04* 

P^^'VC"  fi'381),  uid  hj  the  pnKanee  of  hmtoliim.  Henuno  found  in  it  17-94  tm 
CBntFWMB-SfiO'O,  ai-aOLftK),  IMCaK),  1  36  HK),  md  6  27  T«0".  It  gi«.^ 
a  rauU  qnanti^  of  chioriaa  whm  tnaUd  *ith  hjdrochlorie  aoid,  and  duiolm,  Imtdw 

B  «Jiisid«i«ble  jsllo*  MddiM. 


.    .  A.  campaund  reumbliii^  ■wonin,  contunad  in  an  eztiaetin  mbsttllM 

oalled  AToneno,  which  appean  to  li«  obtained  from  the  barii  of  ChytapifUum  glyeg- 
piaum,  aBnuiUan  plant  of  the  aapotaetona  order.  (Dearone,  Henr;  and  Pavin 
Ann.  Ch.  Fhami.  xzzrii  3S3.) 

MOHKBZMrVM.    87a.  vidl  EAFmrn  (p.  445). 

MOMO-OOMPOinVBB.  This  term  i*  MBpHei  to  eomponnda  conlaining  1  at.  of 
the  element  ^edOed,  Ay,  C^*aO*,  tmumMrraeelic  acid,  CTH'JS'.H,  vHmepieit]^ 

HOVOnAVa.    Bjn.  with  GfuniwTB  (iL  401). 

MOWTKOVA.  AocordingtoF.L.  Winck]ar(N.  Jahri>.P1inin.TiiLl33),th« 
hub  of  llonotrrma  iimi/piiyi,  gathered  when  Uie  Bowcn  aie  almoat  fUly  ezpaudad, 
Tieldi  hj  diatillation  with  water,  a  volatile  oil  identinl  with  that  of  OaiUtAaiapnaim- 
bent  (ii.  SZfi).    The  raaidae  of  the  diatillatioa  contaioed  u  add. 


DITM>  A  Dugneaio-fanDiia  silicate  from  Bergen  in  Norway,  when  It 
e  munlar ;  alio  foliated,  with  one  diitJuct  and  another  imperfect  eleavage 
inclined  at  180°.  Hardneae  —  S  nearlj.  SpeciOa  gnnt;  —  SSSTS.  It  bat  a  p2e 
jellow  coloDT  incUning  to  red,  and  a  itzong  Titreona  Inotie.  Contains  6S'17  pet  cent. 
■iliea,  81'S3  mafnegia.  8'fiS  farroai  ozidt^  and  4'04  water  (—  1DO'40,  anedng  lusriy 
with  tha  tormu^  4(fMg.^e)'SiO*.HK}.  (Erdmann,  X.  Vet.  Acad.^aii£  1841 1 
Dana,  ii  280.) 

XOWmOKrr&    Sjn.  with  ErAinn  (p.  449). 

MOVTAVXVM,  An  allwloid  eaid  b;  Van  Horn  to  «drt  in  Ckina  montma,  the 
bark  of  Exotleama  Jloribuiuiuni.    Winekjer  waa  not  able  to  find  it. 

MOMi«»»»»^.'».j.—  »■■■»  ^  Toae-rad,  fragila,  argillaceana  rabatanee  bond  at 
Hontmorillon  near  CSoofolens  in  Cbarente,  and  near  Sc  Jean  da  Cdle  in  Doidaene. 
Containa  10*04  Mceent.  eilica,  20' IS  ^nmiua,  O'SS  fenie  oxid^  1-48  lime,  O-SS  mag- 
Maia,  127  poU^  and  260  watar.    (Damour,  Boa  BocgaoL  de  France  [3]  iv.  464.) 

araOMSTOWai  A  TariM^  of  tmulneent  feUpat  from  Cejlon.  (8aa  FkLopaa, 
ii.  630.) 

ICOSDAVT*.     See  Dnma  (iL  iS2). 

JKoanawxTA  Aflbronanolitafkwn  the  trap  of  the  Bay  e^FnndjiKora  Scotia, 
the  name  being  derived  from  Morden,  a  Tillage  ueai  which  it  ia  found.  It  oceora  is 
■mall  concntiona  or  geodea  of  white,  vellowiah  or  pinkiih  colour,  and  Miong  ailkj 
luatre,  weathering  dnll ;  cleares  readily  in  direetioae  parallal  to  the  flbna  ;  ii  tranaln- 
cent  on  tha  edgea.  Hardneee  a  little  above  6.  Specifio  graritv  —  2-08.  Satber 
brittle.  Before  the  blowpipe  it  Aues  at  a  aCrong  heat  to  a  guasy  bead,  wilhont  intn- 
meacence ;  with  hjdioclUonc  acid  it  doee  not  gelatinise  but  jiidda  alim  j  ailiea.  Containa 
(mean  of  analyses)  88'40  per  cent,  ailiea,  I3'77  alumina,  8'46  lime,  S'Sfi  aoda,  and  IS-OS 
WBter(-  100). agreeing Tery  nearly  with  the  rormula,  (lNa.|CB)'0.Al'O*.0aO>.6HH), 
which  u  redociblB  to  that  of  a  metaailicat^  ]l?<H*)'>H>^SiK>>^HK).  (How,  Chnn.  Soe. 
J.  xvii.  104.) 

BCOBIO  AXJD,  JVonn.  (B.  Wagner.  J.  pr.  Cbem.  11.  82  ;  Hlaaiweti  and 
Pfanndler,  ibid.  le.  44G,)— An  acid  existmg  in  old  hBtic  (.Vom*  Mncloru),  and  de- 
poaited  aa  a  calcinm-aalt,  together  with  motintannie  add,  from  an  infuaiou  of  tha  wood 
on  oooling.  To  extract  it,  the  depoait  (aometimes  called  iiK>riti)U  tteated  aeraral  timea 
with  boiling  alcohol ;  the  alcoholic  liquor  ia  diluted  with  aix  tim»  it*  bnlk  of  water, 
which  prrcipilatM  tlie  inomte  of  caldom  in  the  form  of  a  yellow  errBtalli&e  powder, 
while  tha  whole  of  the  morintannic  add  remaina  diMolted.  The  caleJnm-aalt  ia  then 
disBolTud  in  boiling  alcohol,  the  caldnic  predpitated  iT-oKalic  add,  and  tha  morieadd 
ia  wiparated  from  the  hot  fUtrate  by  water,  pnrified  by  re-atdntion  in  alrohol  and  rs- 
pnuipitatioii  by  water,  and  Onally  dried  over  the  water-bath  out  of  contact  with  *it 
(Wagner).  Hladwetz  and  I'btiitdlar  treat  the  deposit  above  mantioiied  twieewjth 
bdling  water,  aftar  preedng  it,  and  therebj  obtain  a  solution  of  morintumie  add 
(p.  1046),  and  a  raidne  omaiating  of  onde  moiic  add  and  nitnte  <rf  caldlnn.  nua 
Msidiie  IS  heated  with  water  and  a  little  hydroddoric  add  (to  decolmraM  the  caldom- 
aalt),  then  washed  with  vMtr  and  diaaolTsd  in  hot  aleoboL  The  filtnle  uixed  with 
two-lhiids  of  ita  voliuna  of  hot  water,  deposits  the  greater  part  of  the  mOTM  add 
in  jellow  cryatula,  which  may  be  purified  by  solution  in  weak  alcohol  (using  filtua 


^dbyGooglc 


fraa  from  lim*  and  Imn),  and  fnvnution  of  a  nmU  quantity  of  Uad-nlplude  ii)  lira 
■olntion,  to  can;  dowD  nWKXif  mattera. 

Hocic  acid  is  a  vhite  mntaUiae  ptnrdeF,  witich  padnallj  tnni*  tsUow  in  ecotaet  with 
the  air-  Aeooiding  lo  HlamwHa  and  Pf^ondln'.  it  crysUlluea  in  needlie  BeTeisl  liatv 
louK  moMlj  grvapfi  ia  tnfUi    It  ia  ytxy  ipariDgl;  Hlablo  in  maier,  requiring  4000 


pU  at  30°  and  1060  pta.  at  100°  b 
(WajDcr),  aparin^jadabla  in  « 
and  PfanDdler).   THu  lolntioni 


la  Kilntioni  have  a  deep  jello*  ooLnir.  and  alight  add  reaction. 
Dried  at  130°,  it  """'•"''"i  aceoiding  to  Wagner,  M'i  per  ceot  carbon,  aod  3*2  h;dn>- 
gca,  zmnbaia  whidi  may  be  rajvcaented  bjtlie  formala  C"H"0'.H*0.  Thii  coinpo- 
■itioa  diffen  but  littla  from  that  of  morintuuiic  acid;  indeed  D«lffH(Zeita>:hr.  Cfacm. 
Phann.  1S62,  p.  IIS)  etmclndM,  from  hl>  own  ezparimenia,  that  Wallet's  moric  acid 
ii  iKidiiiig  bnt  morintannie  add  conlvninatad  with  otdonnng  matter.  On  tbe  othar 
hand,  Wagner  (Chem.  Cantr.  1863,  p.  399}  atiU  muntaina  Um  diatinetiMn  ol  morie 
frfMD  morintamiic  add,  iwmneh  ai  (as  fcmner  ia  odooriaM,  much  laaa  aolnUe  in  water 
than  the  latter,  and  TMcta  diffbrentlj  with  alkalia.  The  diffimnce  between  the  two 
add*  ia  ftuthv  eatabliahed  bj  the  e^qienmenta  of  HUdwtts  aod  P&andlar. 

Horic  add  bean  «  rather  hia^  temperature  without  decompodng.  At  300°  it 
blacksn*  and  giTea  aft  a  eonaiderable  qnantit;  of  carbonic  inhjdride,  hwether  with  a 
yellow  oil  whieh  partly  conerstee  on  cooling,  and  coninBtB  of  a,  miztnie  of  phenol  and 
coyphenie  add  (pyroeatachin).  It  diaaolvea  In  weak  add!  without  coloiatioD ;  in 
Mmig  aWpAwic  aeid  with  brown-yeUow  colour,  and  ia  prednlated  by  water  ia  its 
original  atate.  The  iiUphnric  add  aolotion  deeompoaea  when  Deated,  giriog  off  anl- 
pharona  anhydride  and  pbenoL  Strong  nitric  acid  conTarta  moric  add  into  oxypicrie 
acid.  With  eavitic  altaliM  ani  their  earbimotrt,  moric  add  form  aolntiaoB  of  a  fina 
yellow  oaLnir :  paper  impregnated  with  it  afTmds  a  delicate  teet  for  free  alludis.  The 
Bolndon  does  not  predpitate  gelatin,  but  it  ataina  atirtnmt  tUn  yellow.  Ftrrie  dUi>ridt 
ColonritheealntioDgainet-ndrWai  '    '  ''  '"'  '"' 

ler).    Aaolntion  (»r moric  add  boil 
pMaili,  yield*  a  predpitate  of  caproua  oxide,    from  an  ammoniacal  aolntioD  of  tiiver- 
Miratt,  it  immeiuately  reduce*  metallic  lilTer. 

Jferafe  <if  Sarium  ia  produced  by  boiling  the  add  with  reerntly  precipitated  car- 
bonate of  barimn:  the  rranltiog  solatiou  when  evaporated  yields  tht-  salt  in  the  form 
of  a  rad'brown  powder,  apparently  containing  3C''H"BaO>.C"H"0'.HK).  The  eal- 
eilMi-aa/f  exiata  ready  formed  in  fnatie,  and  ia  deposited  from  its  alcoholic  solution  in 
anlfiinr-yellow  crntala  irtuch  apparmtly  conUdn  0"H"Cb0'.H*O,  and  giTe  off  their 
water  at  lOO".    (Wagner.) 

Wtamxmnat.  A  substance  obtuoed  by  Andsnon  (Ed.  PML  Trans,  xvi.  [61 
4>S;  Ann.  Ch.  Fhann.lzii.  Z16)firamthe  root  ol  Jioriniia  citrifiiiia,  tlu  "Al"n»t  <A 
the  Hindoo*,  frrquenllT  osed  as  a  dye-staff  in  the  Uadiaa  Preaideney.  When  this 
root  ia  eihanstsd  with  boiling  alcohol,  the  first  decoctions  deposit  brown  flocka  of 
morindin  contaminated  with  a  red  colouring  matter,  but  the  last  portions  yield  it  in 
small  radiated  yeUow  crystals.  The  wbole  i*  purified  by  repsatsd  oystaUindoo  &«ai 
dilute  alcohol  alightly  addulated  with  hydrodikiTic  add. 

Uorindin  Jbrms  crystal*  baTing  a  Sne  yellow  colour  and  satin  lustre.  It  is  apar- 
ingly  soluble  in  cold,  more  soluble  in  boiling  alcohol,  espedalir  when  dilute ;  in  ah»o- 
lufeoAwiWit  isleaa  soluble,  and  quite  insalabte  is  rlAer.  Cola  vater  dissolTce  it  bnt 
sparingly,  loffidenlly  however  to  acquire  a  yellow  cotoDr ;  boiling  water  dimolTM  it 
easily,  and  deposits  it  on  cooling  as  a  gelatinona  maaa,  destitate  of  ciystalline  atruetura. 

Morindin  dried  at  IW  gires  by  analyds  fiJS'1  per  cent,  carbon  and  fi'l  hydragen, 
whence  Anderaon  deduces  the  fiHrnnla  C"fl"0"  or  (?"H"0"  (reqniriog  Cfi**  pfrcent, 
C,  4-0  H,  and  3B'6  O).  BoeUeder  r^ards  it  as  identical  widi  tbs  rdierythrio  acid 
(M-6  C,  fi'SH,  40-3  0),  which  he  obtained  from  madder. 

Morindin  diaaolTee  in  aUcaUt,  tiwming  orange-red  aolntjona.  Strong  ndpkitrie  add 
coloun  it  dmp  purple,  or  riolet  in  thin  laycn ;  the  tolotion,  if  diluted  with  water  after 
24  honra,  deposits  yellow  flock*  of  onaltsred  substance,  quite  insotnhle  in  cold  water, 
and  fonning  with  ammmia,  not  an  orange-red,  bat  a  Tiolet  solution. 

IHtrie  cad  of  apeciflc  gravity  1-38  diasolres  morindin  slowly  in  the  cold,  acquiring 
a  deep  red  ctdoor ;  on  heating  the  Uqnid,  a  brisk  reaction  takes  place ;  the  nation 
boiled  with  nitrie  add  and  neutralised  irithunnotiiado«anot  predpitate  mlcium-aalts. 

Satie  aaetatt  of  had  pi«dptat<s  m<niadin  in  crimson  flock*,  which  ore  not  reij 
stable  and  cannot  be  wished  withont  loss  of  eolonring  matter.  Solutions  of  ioryte, 
Hnmlia  and  Hme  fbim  btUl^  preejpitatea  sparingly  (ohible  in  water. 

FiirHe  cUoridt  produces  a  brown  oolorwon,  but  no  preciptate.  An  ammoniacal 
solution  of  morindui  forma  with  <dmit  a  reddiah  liquid,  and  with  firrie  cUorida  a  pr»- 
eipitate  baviug  the  colour  of  furia  oxide. 

Morindin  h^l«d  in  a  claw  Tassel  mdte  and  boils,  giring  off  coai^e-coIoDredTapaun, 
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which   oondann  in  long  deiKUr  ;«Uowish-ied  neadlw  of   ftlisarin  (AudnsoD'a 
morMiIoiu). 

'misD  powdand  moriiMla^not  ia  boilfld  with  modgmtalr  dilDte  tiUpitirie  aeid,  m  in 
tha  ordinaiy  ganuuin  praceai,  ita  moriudia  u  oaam^tA  into  alinrin,-  bol  the  Isigo 
qDutlitjr  of  Iwown  matur  pradneed  at  Um  Moe  time,  greatl;  diminuhaa  tha  niae  of 
the  Ayi-titaS  obtained,  as  it  randera  tha  eoloon  doU  and  the  whites  difScult  to  clear. 
Th<"Al"  nrat  ia  Hanton  never  likelj  to  ai»npet«  mooeasfiiUr  with  maddar,  at  least 
in  Eunpe;  neverthelees  it  affocda  the  best  known  aotme  ofpnre  aliaarin,  tbii  anb- 
•tancc^  when  prapand  fnnn  it,  twine  quite  free  from  parparin.  which,  ae  ia  vdl  known, 
i*  Tai7  difflinlt  to  supamte  complatelj  from  the  aliwio  prapand  fiom  ordinarj 
madder.    (Stenhonae,  Chem.  9oc  J.  zrii.  334.) 

MOBnnua  ACim.  CH'O*.— An  mlj  aeid,  homologooa  with  deia  ftdd, 
obtained,  together  with  atearic,  pabnitie  and  banic  add*,  bj  the  a^ioniOcation  of  oil  of 
ben  {Marina  aptera).^  It  is  colonrieaa  oi  Stintl^  jellow,  has  a  daniitr  of  O'SOS,  a 
mawkish  taste,  which  irritates  the  throat,  and  a  faint  odoar.  It  reddens  Ltmos  paper; 
is  yeiy  soloble  in  oommon  alcohol,  even  in  the  cold ;  sollilifiea  at  the  freezing  point  of 
water;  ia  dscamposed  br  heating  with  anlphoric  acid.  Walter  tbnnd  in  it  760  pep 
cent,  carbon,  and  117  hTdrogen,  tiie  abore  formula  requiring  Tt'D  0,  Il'S  H,  and 
13-3  0.     {GerJuirdei  TraiU  de  CMm.  org.  JL  382.) 

IseXxnAWVXO  AOX9.  liaelvnn.  C"H'*0'.  (B.  Waguer,  J.  pr.  Chem. 
liSS.  HlaaiwetiandPfanndler.tMi.  xe.  146;  Jahresb.  1303,  p.  fiei.)~A variety 
of  tannic  acid  which  conatitntes  the  chief  oolonrtng  matter  of  eld  fustic  {Morv  UTiciaria, 
or  accoFding  to  Hlaaiwetz  and  Fbundler,  Itaclura  timtoria).  It  fbrms  ■  largn  portion 
of  the  deposite  found  in  the  ii>terior  of  ftiggots  of  that  wood,  and  maj  be  oblnined  W 
treating  lliese  d^xiaita  with  bailing  water  and  leanog  the  extract  to  cool.  The  acid  vt 
then  depnaited  in  tha  farm  of  powder  and  ma;  be  puriSed  b;  dj'Btallising  it  aevenl 
timea&«m  pure  water,  and  dissolving  tha  {i7Stalltne  deposit  in  water  slightly  acidulated 
with  hydrochloric  add,  to  sepante  a  r«ainoiis  subetaoccs  and  filtering  tlie  sedation  irtien 
it  ia  no  longer  turbid.    (Wagner.) 

A  BtrDuglj  FDDceDtnled  aqueous  decoction  of  fnstic  left  to  itaelf  for  some  dajs  pelda 
an  abundant  crystalline  deposit,  which  when  preased  and  twice  boiled  with  water 
fields  a  reiddne  consisting  of  cnids  moric  add  and  monte  of  calcinm,  and  a  solution  of 
marintannic  acid,  which  deposita  a  portion  of  the  acid  on  eraponticoi,  the  rest  on  addi- 
tion of  hjdrochloric  add  It  ma;  be  freed  ftom  resinous  imporitiea,  flrst  bj  a^stal- 
Usation  mim  water  addnlated  with  hydrocMonc  add,  and  fluall;  b;  adding  to  the 
solution  a  small  quantity  of  acetate  of  lead,  and  precipititting  with  siupfajdiio  add  in 
presence  of  free  acetic  acid.    (Hlasiwetz  andFfaundler.) 

Morintannic  acid  is  depodted  fnim  its  aolution  aa  a  light  yellow  ci?stalline  powder, 
composed  of  micnweopic  prisms.  ItdiMolres  in  64  pts.  ^cold,  and  2'14  pis.  of^boiling 
water,  thasolution  having  a  slight  acid  reaction,  and  sweetish  eat  rin^nt  taste;  easjljalso 
in  alcohol,  utoodrtpirit,  and  lUer ;  but  Is  insoluble  in  oil  of  tuipentine  and  in  fixed 
oils.  The  ethereal  solution  ia  greenish  bj  reflected  and  brown  bv  tntnamitted  light. 
(W,gn„.)     .... 

The  composition  of  monntaniuc  add  ia  ahown  by  the  following  analjsea  and 

At  IW_1W.  At  1IW. 

Cnlnfattiw.  HJu)>M>  ud  bmicwbltfnt.  Wism.       Dew!! 


O*  3666         3661  

CH^O*  100-00      10000      100-00    C»H'*6*.H'0  iboiXI 

CelfRi  regards  the  oomponnd  dried  at  100°  a«  identjcal  with  mode  add ;  but  aa 
•tread]!  olnerved  (p.  1047),  the  differenoe  between  tha  two  adds  may  tie  coosideied  aa 
Gompletel]'  established  bj  the  recent  researchea  of  Hladweta  and  Pfaundler. 

HorintsDnie  add  melts  at  200^,  blackens  and  gives  off  water  and  add  vapoun  at 
3S0°,  and  undergoea  complete  decomposition  at  27iy,  yielding  a  large  quaotitj  of  car- 
bonic anhydride,  and  an  oily  distillate  wliich  partly  solidiflcs  on  cooling  and  leaving  a 
bulky  dnder.     The  distillMl  oil  is  a  mixture  of  phrnot  and  pyrocatochin.  (Wagner.) 

The  aqueons  solntion  of  morintannic  add  is  not  prrdpilated  by  hydroclilonc,  sulphu- 
ric, phoaphuric  or  arsenic  add,  hut  completely  by  gdatin  and  ■oftencd  aninuU  bladder. 


ic  add  dissolves  in  cold  stntna;  svlpt^rie  aeid,  ibrming;  a  yellow  solulion 
from  which  it  is  predpitated  by  water;  on  heating  ttip  solution,  it  blackeus  and  gives  off 
•nlphnrooaanhydrideandpheii^  Thesolntion  iiieddtulphatie«ud,ifi<iAta  itself  for 


^dbyGooglc 


1050  MOBOXITE— MORPHINE. 

nmedrrB,  TieUi  b  brick-nd dfpoat  of  rnfimarie  seid.  Tbi*  add  li  alio  deporitad 
after  ■  whiu  boa  the  aolntioa  of  ttoriDtaanic  udd  in  boilliig  dilate  igdrntUone  aeid, 
Bj  baBiiig  cODCeiitnttd  hjdrDehlaria  icid,  and  by  oziduiiig  ageiiU,  narintaiiiiie  add  h 
dceompoMd,  giTing  off  tin  odou  of  jitund.  With  pmaidt  »f  «»«imjmw  and  aW- 
ftmneaia,  it  ^na  off  a  laigo  qnanbty  of  eafboaic  anhTdiide,  togtUarwitli  fiirmia 
add.  Sinng  inM«  mM  oo&rMa  it  into  i^pluue  (cnpierio)  aeid,  drnww  ocM  d*> 
compoaea  it  eadlj  and  eompM^.  CKoriM  pacMd  iiito  iti  aqacoM  nlntioa  tluowa 
down jellDir icaiiioa*  floduL    (Wagnar.) 

Tha  add  niud  with  a  MlUion  of  S  pti.  MraU  ^fetatibm  and  en^tnted  in  » 
J. —  i-_i  ^i>  m,.  I — ^.  paa^ie  nadnd  into  phlOTOglaein  «u  protoc»- 


lahaioaeid.    (HUiiwfltiandFfasndlei 


Itoriiitannata.  Morintannia  add  unite*  directlj  inib  caaitie  alkaUa  and  decom- 
posea  tha  alkaline  and  earthj  carbonatea  wbaa  hoUtd  with  them ;  tha  adsdoaa  of 
die  alkatine  morintanDatea  aie  jellow,  but  qnidd;  taza  brown  or  blaA  In  etnlaet  with 
the  air,  ao  that  tbeae  aaha  cannot  be  obtained  pu«  in  the  aolid  atata.  A  aolntion  of 
the  add  tonoM  a^ncoiah  pnd|>tBte  with  firreta-firrie  tuCpltaie,  jeltow  with  oMfoto 
Iff  had,  brown  with  yofant0-a«tMwaufar(ra<4  reUowiah-brown  wilheMpricflitnkltt^ 
Tellowish-nd  with  ttatumu  Moridi,  jdlow  and  Soecolent  with  platmie  eUoHdt,  It 
doea  not  innncdialdf  predpitate  a  aolataon  of  oJim,  but  on  adding  oarbonate  of  potaa- 
ainm.  a  nllow  lake  la  thrown  down. 

A  modentalj  ooneentiated  adnlioa  of  morintannie  add  mixed  at  the  boiling  heat 
withadiInt«*dntionttf««M(rafbai{-«M<a(<,and  qniddj  filtered,  dt^iodta  aaull,  jtIIitw 
laminar  o^ilala  eoDtaining  when  dried  at  110°,  which  tompotfnre  thej  aoatain  vitli- 
ODt  altarBtuo,  SS'M  percent,  caibon,  300  hTdnigra,  and  4676  leed-cnide,  agneing 
with  the  formula  C'H'FbO'.FbHQ,  irtiieh  leqnirea  8S'S4  C,  3-lD  H,  and  49-00  Pb^ 
(Hlaaiweti  and  Ffanniller).  Wagner  Ibond  in  the  iMd-nlt  dried  at  100°, 
g2'Dl  per  cent.  C,  317  B,  and  4437  I%H>,  which  agreea  neaiiT  with  the  bsmnla 
CHPbO'JbHO'.iH'O. 

MOBOXnnk  A  gie«niih-blae  TsHe^  of  ^alite,  finmd  at  Arsndal  in  Norwaj, 
and  Faigaa  in  Finliuid. 

KOmOXT&XO  AOID.  A  Tolatile  eijirtalUae  add,  aaid  b7  Zlaproth  to  ndrt 
aa  a  ealdam-ealt  in  the  atemiof  the  mnlbany  tree (ifonu alia).  Lander Brroiu>d 
the  aaaae  ealdnm-aalt  in  the  «o-ealled  Lackrjpim  Mori,  which  aznd«  from  molbran 
atenuL    (Handw.  d.  Chem.  t.  112.) 

araBMimTUiKi    A  product  of  the  fmdaKon  of  morphine  (p.  1052). 

araBMBVB,  or  1COBVBX&.  C^^OIO*.— Tbii  alkaldd,  the  moat  in^ortut 
of  the  opiom-baaeB,  ww  known  in  an  impnn  Mate^  aa  ItagUttrnim  opH,  in  the  anen- 
tnnlh  eentory  ;  bat  it  ww  not  obtainad  aa  a  wnll-daflned  ot^de  baaa  till  1810,  wtwi 
SertDrnerpablifheda  aeriea  of  important  reeaaichea  npon  it  (Oilb.Ann.  It.  61;  InL 
103;  lix.  GO).  Ithaibeenftirtherauminedl?BobiqQet(Ann.Ch.Fh7a.[3lT.  27S; 
IL  232}  i  Pnllatisr  and  CaTentoa  (iMd.  xiL  12S}iDnmai  and  Pel  1  eti er  (iii^ 
xxir.  lB2)iLaieaigDe(iMiJ.  izr.  103) ;  DnbUne  (iMl.  xxriL  84);  Liebig  {ibid. 
il™.  lOS;  Ann.  Ch.  Phann.  ixri.  41);  Merck  (Ann.  Ch.  Pbann.  xriii.  78  ; ;     ' 


l-  48)  i 


l);Begnault(Aiin.Ch.Phy«.[3]biTiii.l81);  LanrBnt(i«i  [S]  lii.  Ml); 
Lefort(XPhana.  ^3]  xL07);  and  Gnibonrt  {aid.  xli.  07,  177).  Good  Smnu 
opium  geDaraU;  eontune  ftom  10  to  1£  per  esnt.  morphine.  Egyptian  opium  Bom 
E'8  to  6-S  per  cent ;  Eaet  Indian  &om  5'3  to  7'7  per  cent. 

Preparatio*. — 1.  Opiom  >a  exhanated  with  cold  water ;  the  extract  alt«r  er^mratioB 
to  a  sjnp  at  a  gentle  hea<^  la  heated  while  jet  warm  with  a  large  irrfii  of  caibonata 
of  eodinm  aa  long  ai  ammimia  contianea  to  eaeape  ;  the  rsanltiiig  predpitale  is  edlaeted 
after  twentj-fonr  houn,  and  waahed  with  cold  water;  and  whoi  the  wadl-watar  ii  aa 
loogn  colonred,  the  predpitate  ia  trcated  with  aloohol  tl  $A  pec  oenL,  again  dded,  and, 
eahaoat^d  in  the  cold  with  Toy  dilate  acetic  add,  can  bdng  taken  not  to  add  too  mod 
add  at  once,  and  to  wait  till  each  pntion  ia  nentinliaed  before  adding  more.  Tbe  ao- 
lntion ia  then  filtered,  deooloriasd  with  animal  chancal,  and  pradpitUed  by  ■""■"■^^^ 
care  bdng  taken  to  avoid  an  riceaa ;  and  the  predpitate,  ttia  being  weD-waahed,  ia  dla- 
BDhrod  in  boiling  alcohol.  The  liqnid  on  cooling  d^iomta  ciTelala  of  nwi^ihincs  and  an 
additional  qtunti^  mB.7  be  obtained  b;  eonceulrabngthe  mother-liqaon.     (Merck.) 

2.  Twenty  pta.  of  opinm  cot  in  alieea  are  boiled  in  aixtj  pta.  water  tat  half  an  hoar, 
or  until  all  the  slicea  are  opened  out ;  the  liquid  ie  then  atnioed,  aad  the  midne  i* 
■qnraicd  and  again  twioe  treated  with  fieah  water  in  the  aame  waj.  The  united  ax- 
tmcte  are  boiled  down  to  half  their  bulk,  then  atiirad  into  a  boiling  lime-lje  compoa«d 
of  3  pta.  slaked  lime  and  40  pta.  watn ;  the  liquid  ia  boiled  for  a  qoartar  of  an  ooiul 
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mod  thm  Btrained ;  utd  the  ealeareons  neidiu  ia  pnoaed  md  agun  twtet  hmhi  in  60 
pta.  water.  The  vhole  of  tha  calcuwnia  liqoon  are  ixnr  boiled  dawn  to  40  pla.  ud 
mixed  at  boiling  heat  with  2  pta  wl-Bmmoaiaa ;  tha  heat  ia  kept  vptattiu  bonr, 


-.  „  preaoS':  uie  liqaid  ia  then  ailowed  taeool;M)daftat«ightclm  tha 

inanhin%  which  ae^anitea  in  die  fonn  of  brown  miinlea,  ia  eollaMcd:  die  mothai-UqnM 
jieldaanotherenniifiiiither  boiled  downandlcAtoitHU  Tlie ptodnot mn be pnnfled 
by  waging  in  cold  water,  eolation  in  bjdrochloiK  add,  repeated  boiling  with  eiaeea  of 
iailkofliiaa,aadprecipitatiun«iUilal-anunoiuBO.  (Mohr,  Ajin.Oh.Phum.  zxzr.130.) 
3.  The  piDcees  moet  geuenllj  empk>;ed  ii  that  of  Bobertaoi^  modiflfld  l^ 
BobiqnetondOregorjfAiui.  Ch.  Fhum.  t.  87  ;  Tii261).— Opiunia  nuaaratedin 
WBtar  of  38°,  till  all  the  aolable  principliM  are  aitimcted;  the  aolntioD  ia  enooMtad 
with  cartionate  of  caldnm,  which  nantnlieea  the  &ee  add* ;  and  irtien  the  liqnid  i« 
■ufftciendj  Daneentoatad,  chloride  of  calcium  ia  added,  whenbr  ■  predpitata  of  meco- 
nate  of  caldnm  ia  farmed,  which  eairiea  down  villi  it  a  eoniidaiable  qnand^  of 
otdonring  matter.  The  opium  baaea  remain  in  die  aalatioa  aa  hydrocUontea,  and  the 
liquid,  whenanin  aonceotrated,  flnldepoeita  mora  meeouateof  eaIdani,aiidaftarwardB 
erntala  of  t»drodilorata  of  morphine  mix«d  with  hjdrDchlonUe  of  ooddne.    Theee 


aalta  are  eaauj  nrified  bj  repeated  cryetalliaation,  with  additioa  of  ai 

Tha  two  hj^odiloiBtea  are  next  diaaolTed  in  water  and  treated       

irtiieh  predpitatn  the  morphine,  tiaving  tho  ooddne  diaBolrad.  The  moiphiiu  ia 
finally  pniiiled  l^  CFrstalUaation  from  alnoboL 

Hoiphina  jH^iaTed  by  either  of  the  preceding  prooeaaea  ia  often  ooataminated  with  nar- 

mliiiii.  fiiiiii  iiliii  li  li imi  it  iiiiij  liii  fiiiriilli/  riilhii  iif  llm  fiilliiaiimpiiiimiia  — I.  By 

digestion  in  ether,  which  diraolvea  narootins  much  more  eaaty  than  morphine. — 3.  Tij 
dimolring  thn  mixed  baaea  in  hydrochloric  add,  eirapanting  to  tha  erystalliBng  poi  nt,  and 
preesing  tlie  cryatala,  <B4uch  coneist  entirdy  <d  hydnielilorate  of  mt^ihine,  th«  nuootiQe- 
aalt  remaining  in  the  onciyHtHUitsblo  mother-bqnM. — 3.  By  mixing  the  hydrooiilorio 
add  aolntion  with  oommoD  aalt,  which  renden  the  liqoid  milky,  and  throwa  down  tha 
narratine  after  aome  dayi  in  oyataUine  agglomflntionB  ;  die  mor^iine  ftiay  then  be 
precipitated  by  ammonia. — 4.  By  potuing  a  weak  aolution  erf  canatic  potash  into  the 
dilute  aolntion  of  the  hydroehloiatee ;  the  morphine  then  diaaolYea  in  a  alight  exceas  ol 
potaah,  while  the  narcotine  ia  dapodted  aa  a  ciudy  precipitate,  whidi  maybe  aepanted 
by  filtration. 

For  a  full  aoeoont  of  the  Toriou  madiodii  need  Ibr  the  fsepaiation  and  porifioalion 
of  morphine,  see  Sauiin'i  Handbook,  zri.  416-423. 

Pntptrtia. — Horphina  cryatalliaee  in  ooloorleaa  Izaniparent  pnama  nsuaUy  Tery  abort, 
belongiDg  to  the  trimetric  BTSTem.    Obaerred  combmoboa :  osP  .  aiPai  .  P« .     Anris 

wP:   ooP  -127°  80';  oiP:  «? b  -  IWSO";  P«  :  aia,   -  ISa"  30":  fw  TKo 

_  9S°  20'.    deavage  paralld  to  uPoi .    It  i 

taatf^  and  ia  eitremfly  poigonoiu,  exerting  a  at 
ia  much  uaed  in  medidoe  aa  a  aedatiTa. 


HoTphine  it  but  Taiyaligbtly  aolnbleincoldwfvr;  bmUng water diaatdTea about  {aof 

"   dflpodtiiig  the  greater  part  of  it  in  the  dyatalline  fbim  aa  it  coola.    Cold  iMokot 

■aoWea  bat  little  of  it ;  boiling  alo^I  a  laigar  quantity.    It  ia  inaolnble  in  ether,  and 


mi^  thua  be  Maily  aqtarated  from  narcotine,  whidi  ia  duaolved  by  etber.    Morphine  ia 
likewiae  inaolnble  in  tvlnttb  etia.  Aqueona  atiaUt,  eren  Um^^oattr,  ^aaolTe  it  readily ; 


mt  qiarinsly. 
le  plane  of  po 


The  nyatala  of  morphine  molt  irtien  heated,  giving  ctf  S'S4  per  cent.  (—  1  at.) 
water  of  eryrtaUJaation  ;  at  s  high  tempenCiiTe  they  become  carboniied. 

lie  eompoddon  of  morpbine  dried  at  120°  ia  •xpreaaed  by  the  fimnnla  0"B.'*SO', 
aa  aeen  from  the  following  reinlta  of  anafyaia ; 


14        4-91        4-90     .     .         fi-Dl 
48      16-8<      ie-97 
SSfi     100-00     100-00 


>rphineorphormin(^  oceaiionally, fimnd Inr Pellelier 
.....        .  ...    .* "eiBodUiei     - 


i  fM.'m'ila.'Mj.' 


In  die  aqneous  extract  of  opium  containing  aUrgeqaaiititTof  naatotine,  and  die  meta- 
morphiuetrfWiititein,  found  on  ona  ooeaaion  only  in  ua  teaidue  trf  tha  prepaiatlon 
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of  opimn-tinctoK,  won  pndwblr  nothiDg  bot  impora  nun^un^    (Sar  GhuUh'*  Biai4- 
t^  ITL  4*0.) 

Beaatmu.—Marptam,*aiitM  ulU  ueTerrmintinto  the  utian of  oxiduing ■gent& 
I.  SmUc  »eid  is  radnmd  bj  morphins  eidiffl  bnt  or  eMnbinsd,  the  liquid  tuning  brown 
■nd  aniittuig  ma  odonr  of  iodine  This  reaction  will  indieits  the  pnaeuee  of  1  pt.  of 
■KvptdiM  in  7000  pU.  of  liquid  (SerQUsg).  I^riodie  aeid  acts  in  th«  ■saw  muner. 
Animimia  deepmu  tlie  colcMir  of  a  MlntioD  of  iodic  add  and  morphine  (J.  Lefert, 
).  Phano.  [S]  xL  B7).  When  solid  morphine  or  a  morphino  ealt  ii  moiitened  with  a 
tolatioD  of  1  pt.  iodic  add  in  IS  pta.  wauv,  and  a  aolntion  of  I  pt.  itercrk  in  400  pto. 
wato:  t«  sddc^  a  blue  oolour  ii  prodnoed.  In  vhidi  jjgth  of  a  Rrain  rnav  be  drteded ; 
if  a  dmp  of  tir  Btanfa-aolntion  be  prerioaslj  evapovtad  with  Che  moiphiiu,  the  nao- 
tioa  will  taStea  tar  the  detection  of  igJo^th  of  a  grain.  If  a  layv  of  Tery  dilute  ammo- 
nia be  ponred  npou  a  aolntion  of  moq>bine  mixed  with  iodic  add  Bod  itarch,  thn^ 
BTFD  if  on]  J  fnsa  P^  °f  mtsphine  i>  pment,  two  colonred  rinf^  will  be  formed  at  tha 
nuboe  of  contact,  the  n[ner  being  bln^  the  lower  brown;  inmoredilnte  ■elatitoa  onlj 
the  brown  ring  ia  nodaced.  Other  anbetancea  euable  of  redndng  iodic  add  maj  lik«- 
wjee  prodnca  the  una  ringi  but  not  the  l»awn  nng  at  the  lame  time.  (A.  Dnpil^ 
Chem.  NewB,  TiiL  367  ;  JUreab.  18A3,  p.  704.) 

3.  Hbridiine  and  ita  aalla  alewly  radnea  nitratt  o/  mher. 

t.  CUonde  o/gM  cokmn  them  blue,  btmi  redaction  of  the  metaL 

4.  They  wdnoa  ptrmangMiaU  ^fotanaaii,  irfiich  acqmreaa  green  colour 

5.  Ftrrie  «att(  impart  to  moRihisa  and  ita  eolation*  a  Uoe  coknir,  which  howerer  is 
not  pamanent,and  ladeatnyedl^  exoeai  of  add,  by  heat,  or  bT  contact  with  alo^oL 
Thia  reaction  ia  chararteriatit  of  moiphiiH  (Bobinet).  A  aolntion  of  morphine  in 
anlphnrie  add  pmiondy  healrd  i*  colonred  deep  red  by  feirie  chloride^  the  etdonr 
chanpng  after  ■  while  to  dirtr  green.    (HuaemiDii,  Ann.  Ch.  Fbann.  czxTiii.  30S.) 

B.  WheD  nlphate  of  morphine  mixed  with  dilsts  culphiirie  acid  is  boiled  with  ptr- 
oxide  of  lead,  till  the  liquid  is  do  longer  pindpilated  by  ammonia,  the  exoras  of  anlphone 
acid  then  remored  bj  carbonate  of  lead,  and  the  lead  by  HnlphnreUed  hydrogen,  Che 
flltarsd  liquid  yield*  on  erapoiatjon  a  brown  amorphous  slightly  bitter  substance  (fxor- 
plutitu),  which  reddeca  litmoa,  ia  aolnble  in  water,  sparingTy  eoinbla  in  stroag  alcohol, 
acquires  a  dariter  colonr  by  contact  with  alkalii,  and  is  oot  pmdfutated  by  acetate  of 
lead.  Bj  continued  action  of  the  pertoide  of  load,  it  is  eouvetted  into  a  yellow  deli- 
qnncent  add  body. 

7.  Nitrie  add  coaimnnicate*  to  morphino  an  oiange-ced  oolonr  gndnally  fTonging  to 
y«Ilow.  In  Chii  rraction.  an  add  body  is  produced  which  when  bailed  with  potaah 
givpa  off  a  volatQe  oiL     (Anderson,  Ann.  Cb.  Pimm.  lixv.  80.) 

8.  Warm  dilute  njpjvric  aeid  conTsrts  moiphiae  into  Bolphomorphide. 

9.  Uorphiue  disBolved  in  strong  sulphuric  sdd  containing  b  little  mlrie  aeid  forma 
a  ykJet-nd  aolnlion  <J.  Erdmann,  Ann.  Ch.  Fhann.  cxx.  S8).  AecOTding  to  A. 
Haiemaan  (ibid,  cxxriii.  SOS),  this  reaction  maybe  rendered  much  more  certain  and 
delicate  by  first  disBolriag  the  bue  in  stroDg  iBlphnrie  add,  in  the  pn^toition  of 
0*002  to  0'OO4  arm.  to  6  or  8  drops  of  the  add.  and  then  adding  a  drop  of  nitrie  add, 
wherenpoD,  if  ue  morphine-aolticioD  haa  been  recently  prepare^a  rose^oloor  is  yto- 
duced,  changing  after  a  few  aeoouds  to  yellow,  then  to  greenish,  and  finally  to  brown. 
If  ■  small  quantity  of  water  be  Mdded  to  tlte  solution  of  the  morphine  insulpiiurie  add, 
so  that  the  miztuni  becomas  hoC,  Che  colourii^  produced  by  ths  suboequeot  addition  of 
nitric  aeid  ia  of  a  much  deeper  carmine-red,  and  much  more  durable.  If  the  aohi' 
tion  be  heated  for  a  few  mioatee  to  100°— 150°,  the  addition  of  a  drop  of  nibic  add 
produce*,  utter  coaling,  a  eplendid  deep  violet  oolonr,  which  giaduaily  disappesia  fhm 
the  centre  outwards,  pusmg  through  b!ood-ied.  If  the  tMnperatnn  be  raised  abora 
ISO",  tiie  liquid  acquires  of  itaelf  at  a  certain  mommt,  a  Tiolet-naa  colour  i.  at  ttiH 
higher  tempemturee,  a  dirty  ^reen  coloor  ia  produced.  On  adding  a  drop  of  nitrie 
acid,  after  cooling  the  liquid  immediately  tuma  red,  without  paoaing  through  Tiolst. 
A  solution  of  morphine  m  sulphuric  add,  left  to  Itaelf  for  12  to  24  honra  at  ordinarx 
temparstuTfa,  behuTes  as  if  it  had  been  heat«d  to  100° — ISO". 

BypocfUorite  of  lodium,  cMmtu-aater,  and  Moratt  of  potauium  exhibit  with  mor- 
phiue  the  same  reactiona  as  nitric  add. 

With  regard  to  the  seadbility  of  these  reactiona,  Euseroann  finds  that  1th  of  amilli- 
granune  of  morphine  is  suffldenCtoprodnce  a  Tiery  bright  carmine  colour ;  Xthmgr.  givea 
a  veiy  distinct  reaction,  and  ^hf^  "V'  '^  gi^es  a  parcpptible  tint  aft«T  half  ft  minute. 
I.  When  eUoritu  is  paosed  into  watar  containing  moiphine  in  suapenHion,  the 
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Horphim  hMt«d  to  200°  viUi  evxm  at  hydrate  of  potatiiuM,  yields  *ii  aJkaline  di>- 
tiUM«  itwitiiniTig  miethjlumiM. 

IS.  HcwphUa  baited  with  Uie  iodida  of  nuligl  and  «%j,  yields  hydiiodate  of 
sMthyl-nnphtne  oi  of  etJiyl-morpIiiiie. 

To  detect  the  wauBce  MT  morphine  wbta  mixed  with  animal  matter,  tJie  aabetanoe 
!■  mixed  willl  altumna,  diied  bctireBti  100°  aod  110°,  then  well  polTerued  and  mace- 
rated in  cc^  wata  acidulated  Kith  aeatic  acid.  The  eolation  treated  with  ammonia, 
depcaita  tnoridune,  which  may  then  b«  rrcognieed  bj  t^  chaiactera  ahoie  doecribed, 
eepedaUy  by  ila  leactione  with  iodic  acid,  fcxrie  ealU,  and  nitric  add. 

AtnHoiiofi  ijf  XorpiiTie  in  Opium. ^IS  grma.  of  opium  ent  in  piecea  an  triturated 
with  60  grma.  alcohol  oF  71  p?r  ceaL ;  the  solution  ia  atrained  thnnigh  linen ;  and  the 
leadoa,  afier  bang  premed,  is  again  treated  in  the  same  way  with  40  gnaw.  alcohoL 
The  aledioUc  tinctoie  mixed  with  4  gema.  of  aqueous  ammonia  yields  in  12  honn 
sryetala  of  moiphiDe  and  nstooline,  wnieh  are  collected,  washed  seranl  limes  with 
water,  axul  stirred  up  in  the  water ;  the  crystals  of  morphine  then  sink  to  the  bottom, 
while  those  of  nareotine,  being  lighter,  reaiain  longer  suspended  and  may  be  sepanted 
by  decanlation  (Quillecmond,  J.  Ffaarm.  [3]  xn.  17).  Kiegel  (Jahrb.  pr.  Pharm. 
TTiii  292)  temoTCS  the  narcotine  precipitated  togetJur  with  the  morphine,  by  vaehiug 
with  ether  or  with  cblorofomi.  AccordiDg  toBereil  and  Ouibnurt,  the  qiuntitj  irf 
alcohol  employed  byOnillermoiidiB  not  sufficient  for  the  exhaustion  of  the  opium,  and 
12  hours  ifl  not  time  enough  for  complete  cryHtallisatioD.  Quibourt  therefore  treatadry 
powdered  opium,  or  the  iqneona  eilnet  of  opium,  with  alcohol,  either  wana  or  cold, 
allowing  it  in  either  case  to  stand  in  Ihe  Hold  for  24  hours,  to  permit  the  separation  of 
the  rrein,  the  wax,  and  a  portiou  of  the  narco^e.  The  tincture  is  draim  off  with  a 
pipMe,  the  residue  washed  wiUi  alcohol,  and  the  entire  liquid  predpitated  by  a  slight 
excess  of  ammouiL  AJter  eyaporation  of  the  exceea  nt  ammonia,  the  morphine  is 
allowed  to  crystallise  out  completely,  thru  collected  and  washed  with  alcohol  c^  fifl  per 
cent,  afterwards  with  alcohol  of  40  per  cent„  and  flnally  with  ether.  The  extract 
prepared  with  cold  water  Aom  20  to  80  gnna.  ol  opiam  may  also  be  redieeolTed  in  cold 
water ;  the  solution  precipitated  by  ammonia ;  and  the  precipitate  collected  after  M 
hours,  washed  with  cold  water,  then  with  alcohol  of  40  or  SO  per  cent.,  and  crystallised 
from  boiling  aleehol  of  86  per  cent.    (Qui  boa  rt.) 

F.  F.  Hayer  (Am.  J.  Pharm.  xxxr.  2S)  has  given  a  Tolumetrie  process  (br  rstimat- 
ingmorphine  and  other  alkaloids  founded  oo  their  predpitability  vy  pottuiio-nurettrn 
iodidt.  The  standurd  salation  eontaine  13'646  grma.  (U  at.)  mercuric  chloride  and 
4S-8  grms.  iodide  of  potassium  in  a  litre ;  it  is  to  be  added  to  the  eolutioa  to  be  tested 
{andnotthecontmj),  and  gives  a  perceptible  ppeeipiiate  with  1  pt.  of  morphine  in  2600 
pts.  water.  The  fbrmaliou  of  the  precipitate  ia  not  interfered  with  by  eilractiTe 
matters,  but  is  prevented  by  alcohol,  anmionia,  and  acetic  acid ;  to  obtain  greater 
accnncy,  the  eiceefl  of  the  precipitant  may  be  estimated  by  a  standard  silver-eolntion. 
On  Uie  animation  of  morphioe,  see  further:— For dos  (Compl.  rend.  xliv.  12£6j 
Kopp's  Jahrteb.  18S7,  603)i  Uearein  (J.  Pharm.  [3]  xiiii.  176  and  262);  L. 
Kieffer  (Aim.  Ch.  Fhsrm.  dii.  271);  A.  Petit  (J.  Pharm.  [1]  xliiL  4S) ;  on  an  older 
procow  by  Ouillermond,  SCO  J.  Pharm.  ziv.  436. 

On  the  detection  aad  identidcation  of  morphine  in  case*  of  poieooing,  seeLassaigne 
(Aim.  Ch.  Phjs.  £2]  xxv.  1D2);  Xermer  (J.  Chim.  xiiii.  12);  Stas  (J,  Pharm. 
[S]xxii.2Sl);  Flan  din  (Compl:  rend.  xxivL  S17);  Otto  (Ann.  Ch.  Pharm.  c  46) ; 
V.  Dslar  and  J.  Erdmann  (Ann.  Ch.  Pharm.  eix.  121);  J.  Erdtnann  (Ann. 
(Ch.  Pharm.  exzii  380);  Helrif^.  Sai  UilcTyteop  in  der  Toxicotoffie,  Munti,  1864, 
p.  6  ;  also  the  article,  AikAi.oiDS.  m  this  DictioBsiy,  i.  126. 

>>»■  itf  WKarphimm, — Morphiiie  diasctvee  easily  even  in  dilnte  acids,  forming 
perCeetly  neutral  salts.  It  decomposes  certain  salts  of  lead,  iron,  copper,  and  mercury, 
combining  with  their  adds.  Moat  morphine-aalta  are  crystsllistible,  inodorous,  bitter. 
and  Tciy  poisonous ;  they  ars  solnble  in  water  and  in  common  alcohol,  ineolnble  in  ether, 
ftod  in  amylie  alcohoL  The  solutions  exhibit  the  reactions  above  described  for 
morpbine.  According  to  lassuigBO  and  Fsneullc^  they  deposit  in  the  drcoit  of  the 
TtAl&ie  battery,  needlea  of  moridiine  at  tlie  negative,  and  the  add  at  ihe  positive  pole. 
Tbeir  aqneoiu  solutions  mixed  with  ammema,  polati,  toda,  hargta,  limt,  or  magnaia 
dqweit  morphine  aa  a  etystallina  powder  solable  in  excess  of  the  predpilant,  except 
in  tiw  «Me  of  magnesia,  difScnllly  soluble  in  exccM  of  ammonia.  Aocoiding  to 
Anderson  (J.  Phum.  fS]  xiiL  14S),  the  ptedpitate  fbrmed  by  ammonia  is  composed 
of  midoscopic  riiombobedral  oystals.  If  orphine-salts  are  predpitated  by  the  tuulral 
atrbonala  of  iJki  altaii'tiutait,  and  Ihe  precipitate  is  not  soluble  in  excess.  The  ootif 
atrboHotn  of  tht  ^kaU-mrttdt  predpitatn  Muy  a  portion  of  the  morphine  from  neutral 
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With  JbutilMe  aMtol  (aaatiuated  ilroholic  aolutioD  of  Snoride  of  ■ilinain)  maTphiD*- 
nha  Tidd  a  07>tklline  rndpitale ;  with  piKitpioniotybdtc  tad  (p.  103T),  t  palp  jellow 
floecdltot  pnapiUte  ;  the;  an  iIm  precipibitod  hj  pkoniotun^ttie  aoid  (b  mixton  at 
■odk  tansalata  and  phcnphorie  aeul],  and  by  piotpkantimonic  aei4  (prepand  bj 
diop|]iil^  pentacblorids  of  uitiiDoiij  into  aqaeons  phoq^Huie  add),  Dot,  howmr,  vhoD 
thsmlntloa  ia  dilated  1000  tiraw.    <F.  Schnltie.) 

Aettatt  ef  J/orphitit  nyKalliMt  b;  sponUnsana  erajjioratioii  in  tofta  of 
Dsedlea  tbtj  soluble  in  watar,  ]««a  aolublc  in  alcohoL  Ila  Kilatioii  when  erapoiBted 
b;  bant,  ia  partly  decompoMd,  nnng  off  ae«tio  acid  and  dnwaitiiig  crjisla  ot 
noiptiiiie ;  bj  lapid  eTaporatian,  Eowarar,  a  nrnith-like  rcsidae  la  obtained. 

AMpartatr  of  Jtorpkint  ia  a  gnnm^  nuua  containing  aUning  ojitala,  raj 
aolabloin  watat 

SromomereMrat «.— H famhlaa  the  iodonuKiirata  (p.  1065)  and  ia  ofataiMd  id  a 

Carionate. — Ibi^iiiie  dlaaolTN  io  mtar  atnogfy  diargad  wiUi  tatbome  acid 
Mtdarpwaiiw;  and  the  Mlntion  «od«d  to  a  k*  teBperators  dapoaita  carbonate  of 
■QipbuM  In  dioitaMd  pcinM  Mtnble  Id  4  pta.  iraur,  and  da«^pa«ad  by  heat 
AlfclljM,  eutoikatM  added  to  tdolkD*  of  moiphina  throw  down  the  free  bMA 

Citoraf*  of  Iforphin*  Ibnna  Img  alendai  neadlaa  irtueh  deoompoae  aaddeiJj 
iriisn  heated,  (welling  op  and  eaiboniaiiig. 

CMorhydralt  or  HydrotHoratt  ef  Iforpkint,  C"H»NO'.ECLSH*0,  er;*- 
talliaea  in  silky  llbrea.  (^aUa  in  3D  pta.  of  odd  walar,  in  1  pL  boiliiig  wmtor  mad 
atill  more  aolDble  in  alcoboL 

The  tkloramireurate,  C"Hi*K0*.E0L2Hhg"a*,  lepaMte*  aa  a  white  ojstaUine 
BMdnJtat^  on  ninDg  the  aalntiona  d  ita  ccmpoDent  aalta,  and  thr  Bllered 
Uqida  depoata,  aft«t  a  while,  tnfiaof  ail^  aratal^Danng  theaune  oompoaition.  It 
la  TOT  aparUD^7  adnble  in  water,  aleohtd  and  ethw  at  ordinaiy  temperatuea,  mora 
aolnble  in  boUJng  alo^wL  which  depcaita  it  in  the  crrttallina  firm.  HydroeUorio 
aeid  diHoliea  it  aauly  and  depoaita  it  by  apontaneoni  eraporatiOD  in  laiga  oyatala. 

The  tktoroplatiuatt,  G"W^O».E.Ca.FtCP,  ia  ohtained  at  a  jtOaw  enrdj 
pndpitata;  a  certain  qnantilj,  howwrer,  ran^na  diaaolTcd  and  m^  b«  ci7«talliaed  t^ 
aT^ontion  at  a  gentle  heat 

Creee)ia<(o/Jtfar;it»f  ita  datfc yeSow nDeiTitalliMbIa bittw maai,  aolobb  in 


potaniiUB  thmn  down  fMm  the  aqneona  aolation  c  ._ 

BSMnphonf  cw^  precipitate  wbidi  coon  becomea  crfataUinc,  eanaiiig  the  liqoid  to 
■cdidify  into  a  briuiaat  white  sum.  It  forma  ihining  glabalea  and  fcmnd-aliaMd 
defovaaed  diaca  conaialiiig  of  null  micniacopia  neadlea  baTJnp  a  miky  tutra  wbm 
diy;  beeooMa  daA-yeUow  when  heated  and  wbitaanin  on  coohsg;  Kclti  partially  at 
ISOP  to  a  biowni«li>yf>llow  nuua,  and  when  ftirtacr  be«t«d,  ai^lt  m,  girea  off 
cyanogen,  and  banu  with  a  no^  flame.  It  doea  not  gire  off  any  wattr  ca  iiijilalliaa 
bonat  13i°.    (Schwaiticnbach,  Chem.  CenUr.  1  SAO,  p.  304.) 

Cyanurali  of  Uorpkine  fbnna  tnfta  of  long  needlea  mixed  wiUi  eryatali  of 
cyannria  add,  eren  when  moipbine  is  [o^aent  in  (xceM.  It  ia  deoompoaed  by  reoya- 
talliiatian,  with  fbrmatioD  of  a  white  amoifJiona  maM. 

Fluorhydratt  or  Hj/drofluaU  of  Itorpkint  forma  long  ooloodeaa  pitMna 
qiaiingly  solable  Id  w*tar,  inaafable  in  alodiol  and  ether. 

^orasatc — Small  bitter  [nismi  ftiaibla and  MtaQy  solnble  in  water. 

Oallatannatt. — Morphine-aalta  Ibnn  with  galiotannic  acid,  or  tinetare  ef  galK 
a  white  precipitate  sparingly  aolable  in  water,  freely  in  uetie  add,  gtUie  add,  and 
mineral  add^  soluble  alao  in  alcdioL 

Sippurali, — Ttaaaparent  amoipluni*  maaa. 

SgdroftrrUfanat*. — AqQeeaa  fmiejanide  of  potaMJam  addad  to  aqner 


s,  after  a  while,  a  CTTMalUne  easHy  decoanodU* 

,       a  (Dollfna)*;  aeending  toMeabaner,  on  tlie  other  han^  no  ptMipitat* 

I  fcnsed. — Bj/dreftrr«ej/analt. — EydtofencM^anie  add  throws  down  from  an 
alcohdi*  aidntion  of  monbiat,  after  long  itapding,  mall,  white,  eaaily  dFcunpoaibla 
needke.    (Dollfna.) 

lodhydrnU  or  Esdriodatt,  C"H")fO'.HL|HK)?— On  nixiDg  Iha  aalntiona 
of    1    pt    iodide  of  potaadmn  and  3  pts.   acetate    of  moiphine,    small    shining 
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lodomtretirale*, — lodomaKimtcof  potaadnm  thrmra  duwii  baa  aqneaiii  mlpluU 
in  hvdiodilonts  <>f  moiplanc^  a  polTenilml  piedmtatc^  which  «oon  becomes  gdituoM, 
BDd  u  inaohiblr  in  hjdnMhlwie  acid  (t.  Planta,  Dalffs).  When  Duuphine,  msrcaric 
chloridiB,  and  iodida  ot  potaarinm  ue  bioi^t  togtther  in  aqnaoua  aafiitioa,  a  donble 
■alt,  C"H»NO*3JigP  [or  Ci'NHi*0*.Hi:HhS|l'7T  ii  freeniitatad,  iparinglj  sdabls  in 
mter,  more  ■olobla  in  alooboL  It  i>  crjatulirable,  n«e  &om  vatra  of  oritiilliMtian, 
not  docompoacd  bv  dilute  adds,  eren  on  boilii%  or  on  addition  of  io£de  of  potM- 
nnm;  dsoampOBsd  bj  onudc  alkalis.      (Qrovas,  Chem.  Soa  J.  li.  97.) 

Ktnaie  of  Storpkine  is  a  transparmt  gam  exhibiting  tcacw  <rf  crjatallintion. 

Mteonatt  of  HarvXini  is  nnaystalliaable,  Teiysotnble  in  water  and  in  aleohol; 
reddens  ferric  Mlts.     This  lalt  is  cootsinad  in  aqaeong  eitnet  of  opium. 

Mellitate.  C'H'fKO'.CrH'O*.— Ths  solution  of  nioit>l>i°*<  ">  hot  concenmt«d 
•qaeoiu  mallitio  add  soon  deposits  whit^  microeeopic,  needle-ehaped  djstala,  wbich 
give  off  3  per  cent,  of  their  wei^t  at  110°.  Thej  are  nther  mora  soluble  in  eold 
than  in  hot  water,  &ee^  in  aqoeons  smmooia  and  potash,  not  in  alcohol  or  in  ether 
(Karmiodl^  Ann.  Ch.  Fharm.  \ntL  171).  A  diioMie  meililah  appears  to  be  Ibmed, 
as  a  toown  amorphoos  brittle  mass,  when  cold  aqneoos  njellitic  a<na  is  satimted  with 
norpUni^  and  the  solotian  ia  eraporated.    (Karmrodt.) 

Nitrata  of  Sfarpkint  fonoa  etallBte  ti,jt  solnble  in  Ij  pt.  water. 

P»elate, — Beeentlr  raedpilaled  pecttc  acid  dioolTM  morphine,  eren  in  the  cold, 
forming  a  thick  gam  which,  after  £latiOQ  with  water,  is  thickened  ugain  hj  adds. 
(Braconnot.) 

Pkoipiatti. — Two  phoaphates  of  morphine  appear  to  exist,  the  neutral  saltcnslal- 
Umng in  cubes,  the  acid  salt  m  tofts.  Phosphate  of  aodiam  added  to  solutionsof  mar- 
phine-ialts,  fbrma  a  ciTetalline  predpitats  rer;  soluble  in  hydrochloric  add 

_ tie  add  Ibrms  with  niortJiiDa  iiltB  a  snlphur-yelltn 

dpitat*  {t.  Planl 

Pyrotarlrati. — Fiarared  gum,  soluble  in  watte  and  in  alaohoL    (Arppe.) 

Bkodiaonatt. — Hyadnth-ied g  soluble,  with  reddish  eolcnu',  in  water  end  in 
alodtoL    (Heller.) 

Sulpkattt.—Tiu  neutral  taU  (C"H>fKO')<.n>SO^.10H*O,  CTTxtalliscs  in  tofta  of 
cokinilesa  prisms,  Terj  soluble  in  water  andhaTing  a  taOcj  Instre.  ThejaiTeofril-ST 
per  cant.  (—10  at.)  water  at  130°.  Here  appears  aboto  exist  an  ana  sulphate  of 
moiphine,  which  is  obtained  bf  snpemturating  the  piecsding  salt  with  sulphuric  add, 
enporaling  to  drjneas,  and  remoring  the  oicess  of  acid  with  ether. 

when  morphine  is  disaolred  in  dilute  sulphuric  add,  the  eolntion  eTaporsted  till  it 

begins  to  deeompose,  snd  cold  water  then  poured  into  it,  a  sabatance  called  aulpho- 

uoiphide  igpredpitatad,  having  a  constitution  limilsr  to  that  of  an  amide — that  is 

to  B«7,  it  ma;  be  regarded  as  prodncad  ftom  sulphate  of  mor^iine  b;  elimiaatiDn  of 

'   vatn: 

(C"E^O*)^H^O'      -     2^0     -     C?'WW}>a. 
Bnlpkus  al  iMorpblu.  Bqlphnmorptatda. 

Snlphomorphide  recently  prepared  is  white  and  amonhoui,  but  eoon  turns  green 
eren  in  aealed  tnbaa.  It  dinMslms  in  dilate  add  and  «lt«Hna  liquids.  Strong  adds 
and  alkidie  decompose  it,  ibtming  a  brown  sabstauce. 

Bulpkoesatiate,  C"H"KO'.CtHB.— An  aloahiJie  solDtion  of  moiphine  saturated 
with  madarat<lj  concentrated  lulphocTsnic  add  jield*  small,  fining,  limpd  needles 
irtiich  meU  at  100°. 

Neutral  sedations  of  morphine  are  not  predpitatad  b;  inlphocjranate  of  potassium. 

Tartr4lUt.  a.  Seutral,  C"H"KO>.C'H*0*.»HK).— When  a  KilntiDn  of  cream  of 
Iwtar  is  nentralised  with  morphine,  oeam  of  tartar  crrataUiBas  out  flrs^  tJian  nodul« 
of  the  morphine-salt^  which  must  be  remored  in  time,  (o  as  to  keep  them  separate  finm 
Qie  nentnu  tartrate  of  potassium  which  afterwards  cTjatallises  ouL  The  salt  maj 
also  be  obtained  bv  alow  erapocation  of  an  aqaeoas  solution  of  tartaric  add  neutralised 
witll  morphine.  It  forms  nodolor  gronpe  of  eryHtals  consistiiig  of  doav-lj  aggregated 
needka;  efflorMCM  on  the  anr&ce  at  3(^:  loses  on  the  STCZSge  6'<I4  per  cent  water  at 
1S0°  (S  at.  —  <-8  per  oent),  no  more  at  I4S°.  Exhibits  ciyrtsl-electricilj  (ii.  411) 
when  heated  to  130°or  140°,  aDdretainaitfbranhonraftercooIing.  Sdnble in  alcohol. 
The  eari^fbrmed  aqueous  solutioD  is  not  predptatedbj  caustic  slkalis,  alkaline  carbo- 

iiL  3S2.) 

A  .^eid  taU,  l7'E'>H0*.CfHK)'.iH?0.— Obtained  hj  mixing  the  solution  of  the 
neutral  Bait  with  as  mudt  tartaric  acid  ss  it  atreadf  eonlains.  Crrtrtalliaes  bj  qion- 
tanems  er^icaation  in  tuAs  of  long  reetangnlM  SattMied  piiima.  The  aii-daed  Mtlt 
givsa  off  1-99  p«  cent.  (|  at.)  waUt  at  140^ 


n.,.,.,^..,.,G()(it^lc 


lOSfl  MOEPHTUM— MOTHER-LIQrOR. 

Urate  ofMorpiine  a  obtiuapd  bf  boiling  nrii:  add  aikd  morpfaine vith  vofrr,  and 
CTTitallUM*  tm  tooUng  trcaa  t  aolnti™  nfiumted  at  the  buling  hnit,  in  riiort  brovoub 
pnmu  Thidi  daoompoie  vhoD  iccr7«UIliaed.    (EldcThorst.) 

Valtralt  o/  M, 

■melling  ition^j  of 

■i«al«ii7*lMmiliednL0bMiredeambiiiatMii  obP,  aPs.fa.-^.    As^metmaed 

•ppcoimUetT,  «*:»?-  100°; t  :f  »  -  iaBO*r;f"o:  |-Mr'2a';|-:  o.P 
- 130°.    (Paatcni,  Aim.  Ch.  Ffajt.  [S]  uzriiL  iS6.) 
DeriviUivt*  t^f  Har^uiu. 

loDOMOBrMiVB,  4Ci'H"NO*.3P  (T).— A  nuxmn  of  equal  pta.  of  iodina  and  mot- 
l^une  duBolTca  complctdj  at  the  boiling  bnat,  fonning  a  bromi  liquid,  vhich  bj  apon. 
taneoot  ersporation  di^naitt  this  Dompoimd  in  tlis  S>nn  of  a.  brown-nd  labatanee,  the 
motber-liqnoT  ntaiDtug  hjdnodato  of  moiphina.  Tha  KUne  compoond  ii  obtained  bj 
hnating  a  eolDtiDD  of  ralphate  of  moiphina  with  iodine.  It  diaolvea  in  oiad  and  alkaline 
tiqaidi  wiwn  hnttad  thcnrin.  It  pna  b;  analTiia  3S'S4  gtt  cent,  iodin^  the  fiumnla 
teqairing  19-87  per  cent 

lodomoiphine  tntiinU«d  vith  taetallie  mercnij  and  a  little  alcohol  pTot  up  part  of 
it!  iodine  to  the  mercoi?,  and  ia  coBTertad  into  a  jellor  unorphoua  nun,  inaolnble  in 
ajd  vatar,  iparin^;  mJnble  in  boiliiig  water,  moderatvl;  siilnble  in  alcohol,  rerj 
■olnble  in  alkaline  liqnida,  inaolnble  in  acida.  Tnated  wit£  nitnte  of  nhar  it  jielda  a 
large  quantitr  of  iodide  of  eilTer.  It  melb  when  hented,  giving  df  ammonia,  viduint 
anj  tnee  of  iodine.    (PelLetisr,  Ann.  Cb.  Phya  Ixiii.  18S.) 

Mbtiti.  aKD  EtiTL-KOBFHiifB.  The  iodidfi  of  ethjl  and  methjl  act  upon 
nmphinc,  prodndng  hjdriodatca  of  baaee  in  which  I  at.  of  the  h]pdiDgeQ  of  moiphine 
ia  raplaoed  bj  ethTln  methyL 

E^riodale  of  Xttift-^MorpUnt,  C»H■^CH•)NO•.HLH>0,  ia  vei7  aolnble  in  hot 
water,  and  ia  dcpodled  on  eoaliag  in  oolonrlBaa  rectangolai  needlea,  containing  1-M 
per  cent,  water  ("  I  at).  The  ndntiiHi  treated  with  oiida  of  aUTor  jielda  a  brown 
anarphoiie  niiaa,  which  ia  qaicklj  attacked  by  iodide  of  methjL 

HydriodaU  of  Et\sl-aoTp)m^  C"H'VCH')NO*.HI.H'0,  pcodoced  by  heating 
morphine  with  lo^de  of  ethyl  and  a  email  quantity  of  abeolale  alcobd,  in  a  Nalrd 


la  very  aolable  in  boiling  water,  and  eryatalliM*  on  oooling  in  alendw  needln, 
_.-__  .  „.      _  .    .  _   .  _       ..  ■     _.    _!_.! ...jijg  jji  3,^n(,      1    >   ■ 

!,iieona  solution 
_  y  analogoua  to  iu 

thyl-am'nioninin,  and  the  gitrap  C"H>*0>  in  morpSioa  appeara  to  M  eqnivaleot  ta  S  at 


containing  1-98  per  cent,  water.  It  ii  qiaringlv  soluble  in  absolnte  aloohol,  mora 
■olnble  in  ordinaiy  apirit,  umnanent  in  the  air.  The  aqueons  solution  i>  not  piedpi- 
tated  by  potaeh  or  ammonia.     HenM  this  saltia  probably  analogoua  to  iodideof  trti«> 


hjdrogen. 

The  hydriodata  i«  deoompoeed  by  oxide  of  nlver,  yielding  a  re^  eanalae  liquid  which 
when  evaporated  leaTea  a  dark  brown  amotplunu  mata.  (H.  How,  Chem.  Soe.  Qa. 
J.  It  126.) 

MOMVBXVK.    Syn.  with  HoapKiHa. 

tmKWXmiCT^M.  Earthy  concretions  fonnd  in  Bweden,  eocnsting  of  mail  with 
tietwaai  47  and  49  jier  cent,  carbonate  of  ealcinm  ;  tttej  hare  a  sla^  stmclure  with 
larniBB  of-saeqaal  tbieknea  and  diwimilar  cdonrs.  (See  Iiutba  srons,  p.  24&) 

MOKTAX.    See  UrJ*  Dictionary  of  ArU,  Maxi^faehire*,  and  jtfmet,  iii.  IW. 

WOIKVWMXTM.  A  brilliant  variety  of  baryt^harmotome  Ibnnd  at  Stnmtian  in 
Argylrghire  (p.  13). 

MOBAtO  OOXA,     Or  nula.    An  alloy  of  ooppar  and  nne  in  oqnal  paitt.   (8«« 

COPPMB,  AlXOTB  OP,  ii.  4S.) 

A  aillco-titanate  of  cerium,  isldum,  Ac,  found  in  csdista 
iperfectlj  deTsloped  (monoclinic  ?)  prisma,  imbedded,  Iiwelhar  witi  lecno- 
pbaM.  tttaniferoua  iron,  fluor-spar,  &c.,  in  the  lyenite  forming  the  i£t  of  I«nuii«rBk- 
jSret,  M  tile  rntiance  of  the  lADgHOndQoid,  near  Brpvig  in  Korwaj.  It  haa  a  datfc 
rsd-brows  ooloui,  ritreons  to  faUy  lostre,  and  i>  nsually  more  ir  len  weathered.  Haid- 
neas  -  4.  Spprallc  gravity  ~  2'93  to  2-98.  Contains  2993  par  Cent  siliea,  9-90 
tit&nic  anhydride,  2S'S6  oxides  of  cerium,  Umthaniim,  and  didymiom,  I'SSfcniooddt^ 
0-7S  magnesia,  19-07  lime,  0-62  potash,  2'B7  soda,  and  8-90  water  (  ~  10O'33> 
(Erdmann,  Ben.  Jahnab.  zzL  178.) 

MOM  AOAT&     See  Aatrm  (i.  62). 

MOTBXB-&ZQiraK  01  MoHer-water,  The  portion  of  a  mixed  aolntiaii  wliieb 
nmaiiu  sfter  the  lees  (oluble  salts  OS  othcx  bodies  Jutve  oystsUised  out 
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HOTBKB-or-vmAjaH  His  hard  iSTeiy  bnUiaot  internal  lajm  of  seTeral 
kinds  of  ahella  Mpeeially  o^rter  ahBUi^  often  ezhibidi^  brilliant  irideaeence  arising 
from  the  atriated  stracbaro  of  its  nirbce  (we  Liobt,  p.  608).  It  uiDtaiui  about  66  per 
cent  cartiaaate  of  cddam,  2-6  organie  matt«r,  and  31'6  water. 

WtnnrrAXX'  IMWK  or  MOWTAXV  XaAXmrnm.    X  taritty  of  aabaatoi 
in  irhich  the  fibres  are  so  intadaecd  that  the  flbrons  itructiiia  is  not  aj^arant. 
fljn.  with  AitratTB.  (See  CuBcarAns,  i.  7S3.] 
.    Sjn.  with  UALumra.   (See  Cubohitms,  i.  7BS.) 
See  SmAim 

(?H'»NK)«  -  (C^HJO^-lgi.  (Malagiiti.Oompfc    loid.  xxii. 

id 'b;  the  ae(ifm<tf  ammonia  on  mode  ether.    It  is  white,  reiy  sU^tl; 

n  boiling  water,  and  sqiaratet  on  eogling  in  micioacopie  CTTitals  hanng  the 
lorm  oi  an  octaJisdnm  with  rhombic  base,  buocatfid  on  both  minnu^,  and  looking  like 
berelled  fjatae.  It  is  tasteteu  and  insoLubls  both  in  altxjiol  and  in  etJier.  Bpodfle 
graritr  l'SS9  at  ISf".    Heat«d  with  water  to  136°-140°,  it  ii  oonTertsd  into  marate 

ovyvpo'  +  sHK)  -  wH^im')^. 

A  boiling  Bolntion  of  mncamids  mixed  witJi  ammoniacal  acetate  of  Isid 
unouiacal  mucate  of  lead  or  mueaie  of   laid  end 
.  b)0*.3HK).     A  boiling  satnrated  ■ololion  of  m 

oaiaau  nitrate  of  silfera  specular  ^poait  of  metallic  silTer. 


C%*PUNH'Pb)0*.3HK).    A  boiling  satorated  lolalion  of  mncamide  forms  with  w 

moniaciu  nitrate  of  silfera  specular  ^poait  of  metallic  silTer. 

HaCBmide  turna  brown  when  heated  a  few  degmfs  abore  200°,  and  fields  br  diT 
dittiUatioii,  water,  dipTTomneamide,  a  nuall  qnantit;  of  pjromncic  add,  caibome 
anhTdiide,  and  carbonate  of  aaunoniom ;  the  residue  contains  carbon  and  pan- 

AOm.    OB.'KI'  -  (CH'Qi)''  [C.— Ibis  add,  isomeric  with  8acchari« 
H*       ) 

add,  was  discoTeied  bjScheele  in  1760,  and  has  been  examined  ahieflvb;  Laugier 
(Ann.  Chim.  ili.  79);  BerceliQa(M£  xdl  Ul ;  idv.  6;  icr.  31);  Ualagoti 
(Ann.  Ch-FhTa.  [2]  Ix.  19e  ;  Ixiii.  8e)iLiebig  and  PeIonEe(Ann.  Oh.  Fharm.  xix. 
26S)  ;  Liebig  (Aid.  xxri  IS)  Hagen  (Fogg.  Ann.  Ixxi.  G31) ;  Johnson  (Ann.  Ch. 
Pharm-xdT. 226)j  and  8ohwanert(>U(icxTi.  227);  see  also  am.xi.fi02;  QBrh.iL  143. 
It  is  diblde,  and  was  fbrmerlj  represented  by  ths  diatomic  fbrmnla      ^^  '  [0*,biit 


Qte  Anrnola  (d'H'O')'*  \  0*,  tbe  nnmber  of  its  bade  hydragen-atoms  being,  m  in  other 

similar  euMt,  eqnal  to  the  number  of  mygen-atoms  which  hsTs  entered  into  it  W 
■nbetitntioo.    (Keknit,  i>ArfrucA,  ii.  2370 

Hude  add  is  formed  by  the  oxidation  of  milk-sugar,  lael<we  ai  galactose  (p.  1023), 
mditose,  dnicite,  and  vanoua  kinds  of  gnm  (rii.  gnm-anbic,  tragacanth,  &&).  It  is 
raepared  bj  beating  milk-sumr  wifli  modcratdy  dilute  nitric  s«id.  AoDording  to 
Ouckelberger  (Ann.  Ch.Fhann.  Ut.  848),  the  best  prcnortiotu  ara  1  pt.  milk- 
■ngar  to  2  pts.  nibic  add  of  spedfie  graTity  1-42,  the  Tosel  bdng  wanned  till  the 
reaction  twm  tl>si>  cooled,  and  afttcwarda  gentlj  wanned  towards  the  end  of  the 
pooeaa.  The  product  thus  obtained,  amounts  to  SO — 65  m>  mat.  of  the  milk-SDvar 
employed.  According  to  Fastear,  lactose  treated  wiUi  oitrio  add  yields  twice 
aa  much  mudc  add  as  milk-sugar.  Qum-arabic  may  also  be  mod  for  the  wepara- 
titoi  of  mocic  acid,  1  pt.of  it  bein^  heated  with4  pta.  nitric  add  of  spedfie  granty  ISA  ; 
but  the  add  thus  obtained  eootains  caldum-ealts. 

Oode  mudc  acid  is  punBed  by  reaystallisation  from  boiling  wtter,  or  better,  erne, 
dally  if  it  has  been  pr^)ared  from  gum,  by  diuolving  it  in  ammonia,  r^estedly 
erya^alliBing  the  ammonium-salt  from  boiling  water,  and  finally  joedpitating  tbe 
mucic  add  from  tbe  solution  by  nitric  add  at  the  boiling  heat. 

Huda  add  cryBtallises  in  colouricas  tables  with  square  base.  It  is  sparingh  soluble 
in  oold  miter,  aolufale  in  6  pts.  of  boiling  water,  aod  instdoble  in  o&ua^  &JphuHe 
aeid  diaaolTsa  it  with  orinuon  oolour. 

Made  add  bdled  for  some  time  with  water  nndergoas  an  isomrna  transformation, 
and  ia  conTeited  into  w  add  (paramneic  acid)  more  solubla  and  more  eneigetig 

Vol.  m.  3  T 
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tbiD  macie  Mod ;  Iti  nIU  an  ilu  more  lolabls  tJian  the  iaiie«t«i,  Imt  tiidr  solntioiiB 
in  bciliiig  Tstor  depont  mnesle*  on  aooliog. 

Hnde  add  healed  per  m  flnt  raelta,  and  thflD  decompooea,  Tielding  amoDg  othtr 
pcodneta,  pjromnoio  aeid  and  eMbooia  auhydrida: 

CH-O"   -   cmHy  +  co»  +  <h*o. 

mie  asd  oxalie  adds  {  0  a  1 1  e  t ). 
It,  it  jpTca  oir  ibnoio  acid.    B7 
ie  jioImjI,  it  is  ooDTertad  into  a  mixtnn  oTocatate  and  oxalate : 

oai"0'    -    at^H-Cf  +  CH-o*. 

Hocis  add  ii  eooTerted  by  ^entacUoridt  of  pioiphonit  into  a  pecnliar  ditiaaio 
dJurinated  add,  0^*01*0',  vhich  haa  not  b«aii  tnoniigU;  inTntisated,  bnt  OTidentlr 
atanda  to  mnde  acid  in  tba  »me  relation  u  ohloroiniileia  add,  C^*(30*,  to  taitana 
add,  C'H'O*  (Liia-Bodarl,  Ann.  Cb.  Phann.  c  821).  Mode  add  hnated  with  <^ 
driodie  aaid  'a  conTirted  inUi  an  lod  fuTing  the  compoaition  of  adipic  add,  Cfi  *0'. 
(Crum  Brown,  Ann.  Cb.  Fhuw.  dxr.  19.) 

M^iwtaa  Mndc  acid  ia  dibado.  Iti  aalta  are  for  the  most  part  n<<ati«I,  at 
the  Ibitn  CH'H'O'  1  but  a  few  add  mncatea  of  the  alkali-matala  an  abo  known. 
Tb«  alkali  .metal  mncates  are  rerj  soluble  in  water;  the  reat  are  moellj  inBoIablo. 
The  aolnble  mncatM  are  deeompoeed  by  adda,  with  depoaition  of  mncic  add.  The 
macatea  when  heated  give  off  the  odonr  of  carameL 

Jtvcat/t  b/  AMmoniu7ii.—Tht  neuirai  »all,  CH'(NH')K)*,  ia  obtained  by  nper- 
aatnrating  the  hot  aolntioD  of  the  add  with  ammonia,  and  repeatedly  cryitalliBiDg  tba 
alt  whidi  tbnna  on  cooling.  The  eryatals  are  colonileea  flat  bnrmided  piiani^ 
which  become  aoft  and  yellow  at  220°,  and  between  220°  and  210°  Br«  leaotred  inU 
waliir,  carbonic  anhydride,  carbonate  of  ammonium,  pyromnde  add,  and  dipyro- 
nncamidc^  while  imall  qoootitiea  of  duieoal  and  paiayanggen  ivmain  behind : 
C^NH^O*  -  C*H<0»  +  CO^SR'y  +  2HH> 
Hwau  of  PjTinmicle  Cutiooita  of 

and  C'H\NH*)»0«     -     OBTTO  +         CO"  +     6HH). 

Dlpfrom  ucunldi- 
Poanbly  th«  pyramneie  add,  fbrmed  aa  in  tOie  mumer  repreaented  by  the  flnt  equation, 
{«  converted  into  dipyramucainide  by  the  action  of  the  carbonate  of  ammoninm  funned 
at  the  same  time. 

Uniste  of  ammoninm  diasolrea  sparinglj  in  cold,  more  freely  in  bot  water: 
according  to  UalU!;nti,  it  is  more  loluble  than  the  coireaponding  panmnote. 

Mid  nucofi  o/nmnumiun,  G^KHi)O'.S'0,  prepued  by  nsntralinDg  1  pt.  of 
mndc  add  with  ammonia,  and  then  adding  an  eqnaf  portion  ofthe  add,  ovBtalliaee  in 
odonrieaa  needlee  or  thin  prisme  which,  after  dr^ini;  oTer  dl  of  TiCriol,  giTO  off  7'33 
.per  cent,  water  (—  1  at)  at  100°.  It  ii  more  naluble  in  water  than  the  nential  aalt, 
and  wlien  diatilled  yields  the  aame  pnidncti^  tcselher  with  a  small  qnantitj  of  a  yellow 
dl,  which  ia  soluble  in  water,  appeara  to  bou  below  100°,  and  qniekly  tnma  hrnvn 
when  exposed  to  the  sir. 

The  mncates  of  ian'un,  ttronUtiin,  and  calcium  are  predpitated  on  adding  mocatc  of 
ammoniiun  to  the  chlorides.  The  iatittm-sa:t  dried  at  100°  ia  2CrH'Ba>0*.SH%;  tha 
eakiuvi-talt  dried  at  100°,  has  a  similar  composition. 

Cuprie  Mueatt,  CHS^cu'O'.H'O  (at  lOO").  it  a  blniah-while  precimtale, 

Ferroni  mucalt,  C^'Ffo"0'.2HK)  {at  I0O°X  i«  »  JoUow  powder  predpitated  by 
alkaline  mncales  from  ferrous  aulphate,  U  ia  pacmanent  at  ordinary  tempeiatiuH,  bnt 
takn  Sie  between  160°  and  leO° 

Itueatit  of  Lead.^ti.hexhatieiX\icdt,  ia  obtuned  ^predpitatinebaaieacetatrof 
lead  with  mucate  of  ammoniam.  The  neutral  tall,  C^PpVO'.K^,  is  obtained  by 
predpitating  nitrate,  chloride,  or  neatzal  acet  ate  of  lead,  willi  mudc  acid  of  mDcate 
of  ammoniiun.     It  giTce  off  ila  water  at  130°. 

Mucatta  of  Potaitiuvi,-~TiM  neutral  talt  tarma  white  grunlar  erystala,  con- 
taining aO*H'K*0*.HK),  which  remain  onaltered  at  100°,  but  tam  yellow  and  gire  off 
I  at.  water  at  150°.  The  aaJI  disaolTsa  in  B  pta.  of  hot  watar,  and  separata  almost 
completely  on  cooling ;  it  ia  insilnble  in  alcohol  The  add  talt,  prepared  like  the  add 
ammoninm'^alt,  fbmu  tnnqiaient  crystala,  which  when  dried  m  the  air  or  at  100° 
contain  CS^S.O'.SK). 

Mucatt  0/ Bileer,  CVAgKI',  ia  obtained  by  pndpitaling  nitrate  of  nlTorwilh 
made  add  or  a  aolable  mucate.    It  doee  not  give  tO  anythii^  at  100°. 

llueattt  of  BodiVTH. — The  ntutrai  talt  foma  lafge  transparent  ctyatala  ooa- 
taining  3C^*Ha*0'.9H*0  which  give  off  8  at.  wato  at  100°,  and  obstinately  retain 
the  l«t   atom.    The  solution,  if  lapidlj  boiled  down,  deponta  a  white  powder; 


^dbyGooglc 


MUCrc  ETHEES— MtTCUS.  1059 

eontdiunc  2C'BV»*0'.HK>. — Ilis  aoid  todhat^-aait,  coWrleaa  ahiiiiiig  prlimi,  eoa- 
lainiiig  2C^'NaO',TH*0 :  they  pve  off  thnr  -wttast  at  100°. 

MOOtC  mrmmam.  Amyl-mvcie  aeid.  CH^C*H")0*,  u  produced  by  the  iction 
of  Biilpbiiric  add  on  ■  miztore  of  MoylJc  alcohol  and  miicic  add.  It  ia  OTitalluablB, 
diasalTM  in  boiling  water  and  in  aloohoL 

Mvcala  of  Ethyl.  The  nnftraJ  componni  C"H"0*  =  C^C'H*)K)',  ooramonly 
called  noKio  tlh/r,  a  prep&red  b;  gently  heatuig  1  pL  of  mndc  acid  viUi  4  pta.  of 
Eolphmic  acid  till  it  tmna  lilach,  Utea  leaving  it  to  cool,  and  adding  1  pta.  of  alcohol  of 
■peciflc  giBTity  O'Sll.  The  miitore  left  to  itaelf  fV>T  21  honn  Kilidifies  in  a  maea. 
Vhich  must  be  Bbakeo  np  with  alcohol,  thrown  on  a  filter,  waahsd  with  oloohol,  and 
porified  by  repeated  dystalliaation  from  boiling  alcohoL 

Hneate  of  (Uiyl  aTatsUian  in  traoBparent  foui^ided  priima,  tetminatnl  by  a  single 
perpendicolar  &ee.  It  ia  inripid  at  fint,  but  leaves  a  bitter  aftertaate.  It  melta  at 
XSV",  and  aolidiflea  in  a  eiTBCalliiw  maea  at  136°.  At  a  higher  tempemture  it  is  to- 
BOlvod  into  alcohol,  water,  carbonic  anhjdride,  acetic  acid,  carburetted  hydngen,  pyro- 
mncic  acid,  and  charcoaL  It  ii  inaoluble  in  ether,  veiy  soluble  in  boiling  alcohol.  Ten 
■paringly  in  cold  alcohol ;  verr  aolablo  also  in  boiling  water,  irtiich  depoeitB  it  in  well- 
defined  crystala  od  cooling.    The  alkaline  hydratee  decompoae  it  lice  other  ethera : 


ia  converta  it  into  mucamide.  

EthylmaeK  aeid  or  Mueovinut  acid,  CH^O*— CH'CC^H'jO'.  In  the  preparation  of 
nentral  ethylic  mucate,  it  aometimcs  happens  that  an  aqneons  •olDtiOD  of  that  com- 
ponnd  not  yet  pore,  gives  off  all  at  once  a  very  decided  alcohalic  odonr,  and  yields  br 
(ivajMntion  a  subatance  totally  different  in  appearance  from  the  neutral  ether.  It  is 
punQed  by  treatment  with  alcohol,  which  removee  the  neutral  ether,  and  the  residue  ia 
ciTBtallised  two  or  three  times  from  water.  The  prodact  is  pure  when  its  solnlion  ia 
no  longer  rendered  turbid  by  ammonia. 

Eth^lmucic  acid  is  while,  of  asbestos-like  aspect,  the  (bm  of  ita  crystals  being  that 
of  a  nsht  prism  with  rhombic  base.  It  is  moderately  soluble  in  water,  very  shghtly 
in  alcohol.  It  has  a  pure  acid  tast<^  and  melta  at  190°,  with  decomposition.  The 
melted  mass  assumes  a  vitreous  aspect  on  cooling  but  after  a  considerable  time  it 


u  and  again  becomes  opaque. 

■      '   mmoniKBi,  C^»(im')0»,  is  very  BC .    .    .._ 

Kjlntion  prodpitalea  the  aaltB  of  lead,  ■t/nr,  oopjer,  barium,  and 


EthylmucaU  of  ammoniuai,  C^"(im<)0*,  ia  veir  solnble.  tasteless,  and  haa  a  alight 

'■       ■   ■■  '     '      '(Off,  copper,  barhoK,  and 

ipitate  with  salts  of  tine. 


ttrontium,  very  slightly  those  of  atlcium,  and  Ibrma  no  predpitatti  i 
maffwaiunt,  S^    All  the  predpitatea  are  solnble  in  acetic  add. 

When  a  solotion  of  ethTlmnac  add  is  boiled  with  oxide  of  silver,  carbonic  anhydride 
Is  evolved,  a  portion  of  the  oxide  ia  reduced,  and  a  silver-compoujid  is  formed,  which 
explodes  when  slightly  heated. 

Mucatt  of  Ittthyl,  CWO*  -  Cf^Cffyp*,  ia  prepared  like  mnfale  of  ethyl, 
and  cryBtollisea  from  water  or  alcohol  in  lamio^  or  in  flattened  six-sided  pnama, 
colourleas,  non-Tolallla,  and  taatdess.  It  is  veiy  soluble  in  boiling  water,  vei;  little  in 
boiling  almhoL  It  decomposes  at  163°  without  melting,  and  then  changes  to  a  black 
liquid,  which  swells  up,  and  gives  off  gases  contiuning  carbon. 

XKUUSUVMai  From  experiments  on  the  growth  of  lime  fangj  (.JjenpAora 
nigraiu),  Kanlin  (CompL  lend,  Ivii.  771)  oondudes  that  thsy  require  fbrUudr  normal 
development  the  elemsnta  of  phoaphate  and  snlphate  of  ammonium  and  of  the  caibo~ 
nates  of  potaasiom,  magnesium  and  manganese,  but  that  these  elements  are  not  all  of 
eqoal  Tolae  to  them.  If  20  grms.  of  the  plant  are  prodaced  in  a  given  tiine  in  a  liquid 
containing  all  the  substances  above  mentioned,  then  in  the  aame  time  there  wiU  be 
formed,  in  the  abseuee  of  mangancae,  6  grms. ;  of  sulphur,  2  Rnrs. ;  of  potassium  and 
Inagneeium.  only  1  grm. ;  and  in  the  abaeoee  of  phosphoroii,  only  half  a  gramme  of  the 
plant.  Eiperiments  in  which  theee  fungi  were  developed  in  a  confined  volume  of  air, 
ahowed  that  the  nitrogen  of  the  air  was  not  Msentisl  to  their  growth.  Similar  result^ 
so  for  OS  r»arda  the  mineral  constituents,  hare  been  obtained  with  plants  of  higher 
orden,  by  §.  Tille  (Compt.  raid.  IviL  270)- 

MPCiaAgM,    The  gum  of  seeds,  rootA,&e.     (See  GcM.iL  9fi6.} 

mrozv.  The  name  of  one  of  the  constitaents  of  gluten  (U.  873);  also  of  the  chief 
constituent  of  animal  mucus. 

MPOITB.  The  normal  aaa«tion  of  mncons  mambienes.  It  is  fimnd  in  the  zespra- 
tory,  gentU»-urinaJ7,  digeatiTe,  &o.  passages  of  anim^  bodiea,  mingled  in  certain  ntna* 
tiona  with  specific  &^&  fumiahed  by  special  glands.  It  is  very  doubtful,  however, 
whether  the  secretion  ought  to  be  coosidered  aa  the  same  in  all  cases,  whether  in  fact 
there  is  a  one  thing,  mucus,  modified  by  the  addition  of  other  nutters  from  time  to 
time,  and  not  adiSrent  aecretien  altogether  Ibr  each  membrane  or  organ.  When  oh> 
tained  in  a  state  of  appioximato  pnritj,  mncus  appeals  aa  an  alkaline  fluid  of  a  veiy 
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pMoIiariy  ^foxj,  nfj  nmtora.  Under  the  micnseope  are  aeeo,  bMidsa  fetty  and  other 
gmrnlM,  epitliHul  Males,  Tailing  in  Ibrtn  and  kind  acoarding  to  the  iiatnn  of  the 
neml»uie  frran  riiidi  the  mneos  i>  obtained,  and  the  eo-oJled  mucns-oorpiucles, 
irtlieh  di0)n  in  no  CMential  nspect  ttam  pas-coTpnacUa.  These  moiphologicai  ele- 
meata  yttj  wmndinglr  in  nombet  in  diffident  qieeimena,  hot  are  larelj,  if  ever,  wholly 

AnouKthe  diemieal  eoiiatitaeiiU,  the  mod  [mpoitut  U  mBcin,  a  oolltad  sabataneo, 
*F^Bg  u  the  liqnid  in  an  ondiaaolTed  condition.  To  its  preeanca  ii  due  Che  pflcaliw 
nranna  of  the  aecietion. 

Hodnia  inadnble  in  waCa,  and  can  be  separated  fann  it  bjrfiltration.  though  Seherei 
fiand  on  one  oeeanoa  a  mitciu  wbioh  ma  acJnble  in  water  and  readily  nafnad  throuah 
the  Ut^.  Heat  prodoeee  do  cautilatiiHi ;  on  the  oontnur,  a  real  aolatioD  ■eema  to  be 
thereby  eActed.  It  mav  be  pnapitated  by  alcohol  ai  a  flooeoleat  atiinzy  mam,  Wch 
oo  the  anbaeqnent  addition  of  water,  will  avell  up  into  ita  former  rolloTdatAta.  Dilate 
afotie  add  and  minoal  acida  predpitste  it ;  oonceutrated  acids  dissolve  it  readily ; 

bJi%  l<|Wii  iallj  irtien  dilote,  luao  magolTe  iU    From  its  solutioii  in  weak  add«  it  may 


be  pne^dlated  by  alkalis  added  with  oantion.  Fenoeyanide  of  DOtasnnm  prodooee  m 
pnd^tatc  dther  in  alkaline  or  add  BtJntionB,  except  when  a  solation  in  itmag  acetic 
add  baa  been  boiled.  Tannic  add  and  baaic  acetate  of  lead  throw  it  down  from  a 
tuntly  alkaline  aolatioo ;  the  nentnl  acetate  and  mercuric  chloride  prodoce  only  a 
■light  taibidi^.  Coneantnted  hot  nitric  acid  colours  ii  yellow.  The  addition  of  a 
lugt  qnanti^  of  water  ^enenlly  eoaenlates  it,  probably  owinf;  to  some  of  the  solvent 
AQodia  being  thereby  withdrawn.  TneditBcDl^ofobtainingit  pnre  deCnctsfrom  the 
value  of  any  elementaiy  andyai*.    Aoeording  to  Scherer,  IQO  parts  o*  =<  — '-'- 


««rtioD  S3-4,hydnuen  7'0,  nitrogeD  12-S,  (^gen  S7'8.     It  contams  no  mlphnr,  bat 

S'nslperoenLaa^coDsistingcnidty  of  phosphate  of  caldnm  and  alkaline carbonatee. 
ndn  is  fbnnd  not  only  in  ordinary  nnicua,  bat  also  in  nnoTia,  in  the  contents  ct 
IS  cysts,  in  the  patbolagiGal  product  known  aa  "  coUoid  tisBos"  and  in  the  mt- 
J .-- —  (j^a  of  me  ufflbilical  oord  and  embiTa. 

matters,  and  salts.  Amon  ,  ,      , 

with  earthy  i^oflphatea  and  especially  alkaline  chlorides.   According  to  B< 

parta  of  naaalmiiciu  contain  93'3T  water,  S'33  mndn  and  'fifl  alkaline  chli>nae.  AionnuB 

IS  Tsiy  often  Ibnnd  in  mnens.  bnt  may  be  regarded  aa  an  abnormal  tonstitaent.     In 

\  atatee,  vsrions  Ibrms  of  albumin  are  poored  out  in  abnndaoce  on 

oua  membranes,  aa  transudations.     The  sectetioD  is  also  said  at 
times  to  change  from  mncoas  into  ninco-panilent  or  pumlent  (see  Pus). 

It  has  been  thoo^t  that  mueni  waa  generated  by  the  breakuig-np  of  the  eiBtbeHma 
uf  the  mncoos  membnuiea.  The  want  of  rdationihip,  howerm,  Mtwe^  the  oomber  of 
■mch  epithelinm  scsles  and  the  amonnt  of  mndn  in  any  given  quantity  of  mncns,  and 
the  preeence  of  mncin  in  embryoiial  connectrre  tissne,  negative  such  an  idea.  Probably 
mncin  ie  not  secreted  by  the  mocous  membrane  as  such,  bnt  is  developed  on  the  free 
enr&ces  ont  of  Bome  ai^nown  antecedents,  perhaps  in  some  inch  way  as  fibrin  ia 
Ibnned  ont  of  its  peculiar  antecedents. 

The  great  use  of  mncns  seems  to  be  to  lubricate  the  passages  where  it  is  found.  A 
fbiment-octton  has  been  largely  attributed  to  it.  The  mncus  present  in  urine  is  said 
to  be  a  chief  canse  of  the  change  which  urea  speedily  ondergoee  into  carbonate  of  am- 
monfniD  in  exposed  nrioe.  Tbe  weak  power  of  coDvertiog  starch  into  sugar  possesed 
by  many  mDCDs-bearing  flnids,  not  containing  saliva,  has  been  supposed  to  be  doe  to 
the  mncns.  This  however  is  doubtfnL  The  catalytic  atrtion  of  unne  on  stareh  cep- 
tainly  does  not  reside  in  its  mucus  (Cohnheim).  In  the  mncus  of  tile 
passages  (spnta)  daring  certain  paUiological  states  (broDchitis),  the  alkalii .  .  _._ 
are  niach  iacresised.  M.  F. 

■nm&BZV.  An  ritractiTe  matter  obtained  ftom  mndar-root,  the  root  of  Atel^ia 
gigmtea,  L.    (A.  Duncan.    Fontenelle,  Ann.  Ch.  Pharm.  xviL  310.) 

MVSBSIO  AOZB.    A  product  of  the  oxidation  of  mudesous  add. 


I,  C"H'*0*{7)- — An  organic  add,  which,  in  «ombinalion  with 
"  •   -■     lit^  found  coattng  the  walla  i^  certain  g 
yields  a  yeQuwish  powder ;  ia  insoluble  in 


alumina,  fbnns  the  mineial  called  P^tiit,  found  coatuig  the  walls  i^  certain  granite 


tutea,  fpving  off  em^re  ^  .  „  - 

The  add  s^iarated  tma  the  alumina  is  daik-brown,  permanent  in  the  air,  aolnble 

watOT,  ftorms  a  deliquescent " '*    "'    ' — """ 

salts.    Tfitric  add  converts 

to  contain  2  at.  o^rgen  more.    Mudesous  add  is  supposed  to  Lave  been  fonnad 

the  remains  of  ^sjits,  ita  aqueoDs  adution  dissolving  the  alumina  of  the  ' 


ammomum-salt,  and  giTea  brown  predpitates  with  metsllie 

it  into  mudesic  acid,  a  browQiah-yellow  substance  said 

«.    Mudesous  add  is  supposed  to  have  been  fonnad  &<«■ 

of  the  deoompaesd 
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gnaita  u  it  p«reoUted  thnnigh  the  esTitiei.  (JohDitOD,  Haodw.  d.  Cli«m.  t.  iW ; 
TiSOa.) 

A  sabstuiae  from  Wicklow  in  Ireluid,  probably  idantieal  with  Pigotite,  haa  baen 
eianiiiied  bj  Apj  ohn  (Jahreab.  ISfiS,  p,  903). 

actTKMOmB  SKva.  A  blue  dyc^  obtained  bj  noloiiKed  boiling  of  an  aUnlina 
•olotloQ  of  shellac  with  uilina-rad.  (Schaffer  and  Qroi-Banand,  BolL  Soe.  In* 
diMi.  da  MolhoDBe,  ir^  23S  ;  lUp.  Chim.  app.  ill  373-} 

I,  or  ^alitt.    A  *ari^  of  Opai>  (;.  P.), 
Bja.  with  Sn-Tunn. 

anx^&Zd^FB.    S71L  with  VmAnm. 

XCOK^ZFUEnb  or  Sa/mdoiM^  (eaa  Eucmiom,  ii.  44S). 

mnrnST.  AuMa  Xm^ta. — Tbi*  plant,  alio  caJIsd  Sm<  JMfon  flwd^,  ii 
eztensiTel;  cnltiTated  in  India,  ita  root  being  ti»d  as  a  ijMtaS  br  ptodacing  colonn 
umilar  to  lliose  obtained  ftom  drdinanr  maddBr.  The  colouring  ntUra  contained  in 
it  am,  howerar,  bj  no  mnns  identical  with  thoae  of  centmOB  madder ;  in  hct, 
Btanhonae  has  ihown  that  it  cont&ina  no  alizarin,  but  that  ita  oolonring  mattei  ia  a 
afparporin  andan  orans^je,  called  mnDJiatin  (sa«theu«it  article).     The 


eolonrs  wbidi  it  piodncea  are  InightBi  tlian  those  of  ordinal;]'  madder,  bot  n 
dnrable. 

The  tinctorial  power  of  mnq'eet  wee  flnr  examined  by  Bangein  IBSfi^  who  reported 
that  it  contained  about  twice  ae  much  a-railable  ootooring  matter  u  ordinarr  madder; 
but  OTh«qiMnt  azpcrimenta,  both  b;  Qerman  and  by  Bn^iah  ijtf,  hare  Bhown  that 
tl^  mult  waa  incorrect,  and  that  the  coloming  power  of  mnqjeat  ii  aetnallj  much 
leag  thiui  that  of  ordinal;  madder. 

The  aotnal  amount  of  colouring  matter  in  mni»eet  ii  indeed  verj  nearly  the  aame 
flain  the  beat  madder.  Btenhonae  flnda  that  t£e  garandn  {torn  mniQeet  baa  about 
half  tiie  tinctorial  power  of  that  made  from  the  beet  madder,  via.  Na[dea  roota  ;  theae, 
howerer,  yield  onlj  about  30  to  S3  per  cent,  of  ganndn.  whereaa  muqjeet,  Bocording  to 
the  expenmeota  of  Ur.  Higgin  of  Huncheeter,  yialdefrom  62  to  66  per  cent. 

The  inferior!^  of  muiy'eet  aa  a  dyeatufT  reanlta  from  ita  containing  only  the  eom- 

-   "      -  --■       ■ -.----■         .  U  part  of  the 

be  poaitii 

J  water  boat  the 
_  .  .  .  ,  >r  ahade*  with 

AhiminaHnordanta  than  b^on.    (Stenhoate,  Prd&'Boy.  Soc.  xiii.  148.} 

mumsiWHUi.  C*HV.  (8teiihoaae,Ftt>e.Boy.9oe.iiL  S3S;  ziii.  86, 14e.)— 
An  orange  oolourins  matter  contained,  logethw  wiQi  paipuRo,  in  muqjeet  or  Eait 
Indian  madder.  It  la  nearly  related  in  compoaitioii  to  pnrpiuin,  CHKH,  end  aliiarin, 
C'*H'0*,  difi^ng  &om  the  former  by  I  at.  and  from  the  latter  by  2  at.  carbon.  It 
exiate  in  mmueet  in  conaidanble  qnantily,  and  m^  be  extracted  by  the  Ibllowing 

Each  pound  of  mmneet  in  fine  powder  ia  boiled  tor  toot  ortlre  honra  with  9  ponnd* 
of  «ulpfaate  of  alominiimi  and  about  16  ponuda  of  water,  the  operation  being  repeated 
two  or  three  times  ;*  the  red  liquor  thua  obtained  ia  strained  throngh  cloth  mtera  while 
Btill  Tery  hoi ;  and  the  dear  filtrate  ia  >atDrat«d  with  hydrochloric  add,  whereby  a 
bright-red  precipitate  ia  aoon  produced,  which  goes  on  incceoaing  in  qnantity  ibr 
abont  twdve  boua  if  the  liquid  la  left  at  reat  Thia  tRvdjntata  ia  collected  on  cloth 
llteca,  and  washed  with  cola  watAr  till  the  greMer  part  of  the  add  la  remoTed ;  then 
dried,  pnlveriaed,  and  dignl«d  in  a  pereolator  with  boilinp  anlphide  of  carbon,  which 
diasolTestheciTatalliaablB  aolouring  prindptea  of  the  mui^eet,  and  leaTes  a  considerable 
qnaoti^  of  din~colonred  rainona  matter.  The  excess  of  sulphide  of  carbon  having 
been  removed  \^  diatilUtion,  the  bri^t-red  extract,  conaiating  ohiefiy  of  a  mixture  S 
Unqjialin  and  pninirin,  ia  repeate£y  treated  witb  modarMe  qnantitiea  of  boiling 
water  and  fiUmd,  the  dear  yellaw  filtiste  coneiating  of  a  solution  of  maiijtBtiii,  while 
neari;  all  the  pnrpurin  remains  on  the  filter,  l^e  soiutiDn  acidnlat«d  with  hydro- 
chlono  or  anlphnric  add  dejiosita  the  mu^jiatin  in  large  yellow  fiocks.  which  are 
sliahUy  washed  on  ■  filter  with  cold  water,  then  dried  by  preeanre,  and  diswlved  in 
bouiiig  spirits  of  wine,  slightly  addulated  with  hydrochlorio  add,  to  remove  any  adher- 
ing alumina.  Aa  the  mnnjiatin  does  not  anbaide  from  cold  alcoholic  aohitiona,  even 
when  they  are  largely  diluted  with  water,  about  three-fourtha  of  the  spirit  must  be 
distilled  oC  sftar  whidi  the  mnigistin  ia  deposited  in  laig*  yellow  acales.  By  two  or 
three  crystallisations  from  spirit,  in  thia  manner,  it  may  be  rendered  perfectly  pni«. 

Unlgistin  may  alao  be  extracted  directly  from  mnqjeat  by  boiling  with  watn',  addn- 
latltig  the  dark  bmwni^red  filtrate  with  hydrodilorieadd,  and  treatioff  the  predpi- 
tata  aa  abore;  bnt  tlia  praacaa  Aon  dworibad  yield*  a  better  prodneL   The  cdoani^ 
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nattfiT  of  mnuMt  may  aln  be  ninc(«d  hj  hoQioa  aalDtioiu  at  alsm ;  but  nlphato 
of  ■lamlninm  ii  betUr  adapted  for  the  pnrpose,  u  the  ilnm,  bj  ita  tsodeoej  to  aryttxl- 
liH,  gmtly  unped»  the  flltrstion  of  the  ligni^.  E.  Eapp'a  {ooeeaa  vith  ■alphanjuH 
■dd  (p.  746),  is  not  applicable  to  moqjset. 

Ftoptrlia. — Mnqjistin  njatiHinre  troni  alcohol  in  golden-jdlow  ]^t«a  of  ereat 
brilliaDi:;.  It  u  bnt  moderatel;  aolable  in  cold,  but  dinolTea  prettf  readil;  in  boiling 
leaier,  forming  a  bnght-yellow  aolntion,  from  whieli  it  U  deposited  in  flacks  on  cooling. 
It  disaolTes  tO  some  extant  in  cold  but  more  readily  in  boiling  aiwhoi,  and  is  not 
{treciiBlKltid  therefrom  bj  water.  It  disBolTea,  with  brigfat-TSd  colour,  in  aqofona 
cartmaU  of  todiun ;  with  avmumia,  it  tbnns  a  red  sdntion,  hanng  a  alight  tinge  of 
bnnm;  with  eatuHe  loda,  it  prodnc         ■  i  -  ■ 1  — 


Hmqistln,  in  soDM  of  itj  propeitiea,  bean  considerable  ressmblsnce  to  the  nbiacinof 
'3ehaDck(maddar-onngsofEunge,p.T43);  bntaceor^ngtoStokes  (Froe. Boj, Sac. 
di.  087),  the  two  sobstaiices  are  peifMtlj  diatingnislied  hj  the  colonrv  of  their  solations 


in  carboDBte  of  soditun,  when  •  small  qoantitj  onl;  of  each  is  nsed,  tlie  solntioD  of 
Bitniistiii  beans  red  inelining  to  pinUsh-ofange,  while  that  of  mbiadD  is  cUret^edi  also 
by  tlie  abeorptioD-bands  wUch  are  seen  on  examining  the  specfcn  of  thne  solntiona 
(see  Ijobt,  p.  OSS);  boUi  present  a  single  mioimnm  in  the  spectrum  :  but  iriiilr  that  o< 
rnbiacin  extends  onl7  &om  aboat  D  to  F,  that  of  miuijistin  extends  &om  a  good  way 
beyond  D  to  some  WHy  beyond  F.  A.  farther  distinction  is  aSirded  by  the  dtaractera 
<rf  the  fluorescent  light  of  the  ethoval  solations  of  these  enbalanees,  that  of  mbiacin 
bei^  oraiHS-yelloW,  while  that  of  mnQJiatin  is  yellow  inclining  to  green. 

Hnqjistin  sablimes  num  readilj  than  either  pnrpniin  or  alissrin.  forming  golden- 
yellow  scales  consisting  at  the  nnsltcrsd  sabstance.  Neither  mblimed  mnqjistin, 
nor  that  obtained  by  crystallisation  from  slc<^l  sad  drying  in  a  Tscmmi,  lose*  any 
vei^t  at  100°.  mien  carefblly  heat«d  in  a  tube  it  melts,  and  crystallises  again 
on  cooling.  When  strongly  liealod  on  fJadnnm-lbil,  it  nadily  takes  flee,  and  boma 
away  iri£oat  rssidnsL 

Hnqjistin  dissolrea  readily  in  cold  aulpkiirie  aoid,  forming  a  bfight-orsnge  solntioa 
which  may  be  heated  nearly  to  boiling  without  blaiiening  <:a  erolotion  of  sulphurous 
acid,  and  on  dilation  with  water,  depoaita  the  moqjisCin  in  yellow  flocks  ap»- 
rendy  unaltared.  By  digestion  with  moderately  strong  tutrbiaeid,  it  is  converted  (bke 
aliuirin  and  parpnrin)  into  phthalic  acid,  CH'O',  together  witha  small  qnanti^  of 
oxalic  add. 

Bromine-waler  added  to  a  strong  aaueoos  solution  of  muqistin  throws  down  a 
pala-oolonred  floccnlent  predpitstf.  whirL  ^en  disscJTed  in  hot  aleolu^  jMds  tufts  of 
oystals,  evidently  a  imbetitutioa-prodDCt. 

Baryla-Koter  forme  a  ypllow  precipitate  with  solutions  of  mnvjistin.  Aettatt  ef 
aofper  fbrms  a  brown  precipitate  very  slightly  solnble  in  acetic  acidl  Aettatt  of  Irad 
added  nlher  to  the  aqueous  or  to  the  alcohohc  solution,  throws  down  a  brigbt-friniBoa 
precipitata,  whidi  when  washed  with  alcohol  and  dried  in  a  vacuum,  eontaina,  on  the 
•verag^'>4'8pBresDt.  carbon,  ID  hydwgeo,  and  48-S  lead-oxide:  agreeing  neariywith 
the  fimanla  Fb*0.10(?H*PbO',  analogoae  to  that  of  the  lead-compound  of  pDrporin, 
Fb>O.10(7H'PbO',  described  by  Wolff  and  Streekar  (see  PuBPrmit). 

Both  the  aqueous  and  alcoholic  Bolntjons  of  mnnjistin,  when  boiled  with  a/wnna, 
fbna  a  beauti^  lake  of  a  biight  orange-colour,  almost  the  whole  oAhe  monjiatin  being 
withdrawn  from  lolntion.  'DiiB  lake  ia  soluble  in  a  lai^  exceea  of  caustic  soda,  pro- 
dnciog  a  fine  crimson  solution.  Sfunjiatin  dyes  cloth  mordanted  with  alumina  a  bright 
■Bange ;  with  iron  mordant  it  yields  a  brownish-purple  colour,  and  with  Turkey-red 
mordant  a  pleonng  deep  oruige.  These  colours  ate  moderataly  pemuutent,  and  bear 
the  applic^ion  of  bran  and  loap  tolerably  welL 

When  an  aamioniacal  solution  of  muqjistin  is  s^weed  to  the  air,  in  a  warm  place, 
the  muqjistin  is  gradually  but  completely  decomposed,  the  greater  part  being  ehangsd 
inloalvown  humus-like  substance  uiaolnble  in  ammonia;  while  the  r^nainder  forms  « 
non-ciystalline  colouring  substasce,  analogous  to  purpurran  (the  product  formed  in  like 
■unnar&om  pnrpurin,  (.v.),  and  capable  of  dyeing  mtmoniaatM  cloth  of  a  btowmBh- 
orange  oidonr. 

Muawa  WMT»Jm  An  alloy  of  copper  and  sine  used  fbr  sheathing  ships,  and 
for  other  purposes  (see  CotTSn,  Aujjts  of,  li.  16). 

mntOJUSOXZ^a.  a  yeUawisH-grey  or  flesh-ted  variety  of  felspar  from 
Eravitree^  nest  Exeter. 

mrmaXAV.  Diaiunmide  (lAurentV— Discovered  by  Front  in  181B  (Ann.  Cfa. 
Fhyi.  li.  «8),  wbo  called  it  pHrpuno  oftit;  Auther-examined  by  Eodweiss  (Pogs. 
Ann.  zix.  12),  and  by  Liebig  andWohlcr  (Ann.  Ch.  Pharm.  xxvL  337).  It  u 
formed  l^  the  decomposition  of  mnrexide  by  the  stronger  adds,  sulphuretted  hydn>- 
gsn,  or  potaoh.    It  is  obtained  by  adding  aulphwie  at  I^drochlaric  acid  to  a  boiling 
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■olutioB  of  iDimtid«  bi  ynMt  or  potuh:  dia  <srjtttliiii»  ] 
disBolTing  it  in  cold  nlpluiria  add,  and  predpitatiiis  l^  in 
in  poUah,  md  predptotiDg  it  l^  an  oc^     It  it      '■'- 

po«der.  liutroiu   L 
tumE  Ted  is  sir  a 


.   ^  .  -  in  aqneotu),  oogoo,  tartmnc,  oi  c 
I   cold  strong  tuipkuric  add,  and  repredpitated  bj  water ; 
without  nentraluiiig  thun,  fbnning  aolutiona  which  an  oA 

Uorexan  is  decompoBed  b;  dry  datitiaiiott,  jialdiog  <!;r*llio 
It  ie  dieaolved  and  decomposed  b;  chloritu-viater,  witbOQ 
When  heated  with  Mronz  nitric  laid  it  ii  divolTBd  witb 
nitroiu  and  cubonia  anhydridaH,  and  yielding  on  craporatjo 
mureran  (Kodweiia),  When  healad  witli  #uIpAiir»fl  aeU,  i 
dride  and  a  litHe  nitn^en,  and  fornu  a  brown  aolntiaii,  conta 
predpitable  by  water,  lla  eolonilMS  stdotion  in  ammonia 
poaedto  tli«4ir,  and  on  BTapontion  jielda  rayitali  of  morezii 
CHT«)«  +   0  +  HH"     -     CBJW  - 

The  pnrpls  lolDtion  ii  dscolanBed  by  upoaara  to  o^gan-gaa, 
being  formed. 

Vadei  iwrtain  drenmBtjnw  mmezao  appear*  to  combine  * 
in  warm  dilute  Hitrio  acid  witbont  effbrreHcence,  and  yield 
rhumbohedra,  which  appear  to  be  nitrate  of  murexao.  When 
contaimng  a  little  Ditnc  acid,  or  when  heated  with  strong  nitri 
b;  evaporation,  which,  according  to  Ejidweiss,  are  oxalate  of 

The  compoeition  of  mareun  is  nry rarioiulT  stated.  The: 
Wohler,  and  of  Kodweisa,  yield  very  conflicting  mnlta: 
aMy  with  the  fbtmola  C^'NK)^,  which  u  accordingly  adopted  ) 
Gcrhardt  (CAi'm,  org.  L  1S17)  considers  mmvxan  u  iden 
C<H'N>0<^  a  view  which  i>  advocated  hj  Beilatein  (Ann. 
acconliDg  to  whoae  analyses  mnreian  contains  39*54  per  cent 
tolerably  with  2836,  the  ealcolated  percentAgs  in  C*H>N^ 
formula  CH'N'C,  which  gives  percentages  intermediate  bet>' 
lends  to  the  simplest  eqnations.  Laurnnt  (Compt  rend.  lu 
formula,  and  regards  the  componnd  as  dialnhmide — K.CHTN' 
eale.L.«i«W. 


33-33  33-32 

3-72 


Kodwdu. 


C'H'N'O*  108      100-00  10000  10000        CH'S 


IKDUXXSm     See  Pubfoutm. 

MUIt>XO>v.  A  product  fbnned  by  the  joint  aettoD  i: 
smalio  add,  and  oystallising  irota  warm  water  at  alcohal 
fODi-sided  prisms,  two  faces  of  which  reflect  light  with  gold-^ 
ttoD  of  this  eompoond  leeembles  that  of  morsxide,  stcsptuii 
imtead  of  being  turned  bins  by  potash,  also  by  Btsporatioii 
it  gives  by  analysis  nomben  agreeing  approziinately  with  thi 
(Koehleder,  J.  p.  Chem.  IL  308 ;  Jahresb.  1860,  p.  434.) 
Syn.  with  AMBTDBria  (i.  29£). 
ATXG  AOZS.  The  old  name  of  ohlorhydria  or  hj 
iMOMVlTAi     A  variety  of  orthita  (3.  e.)  from  Ba 

■KUBA.    The  ripe  fruit  of  tbs  Banana  (Jfunl  paraditiaea) 

tains,  aocording  to  Goreuwinder  (CompL  rend.  IviL  7B1),  7 
sltumin,  0-2  eellalase,  0'S3  fats,  lO-SS  cane-sugar  and  inverte 
organic  adds,  pectoae,  and  traces  of  ataich],  006  phosphor 
lime,  alkalis,  iron,  chlorine,  ftc  The  ash  of  the  hnak  of  the 
contain  47-98  carbonate  <^  potMmnm,  6-fiB  carbonate  of  Mi 
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poLtaiam,  5-6(1  alkaline  phoqihaUi  (with  ■  littls  nilpbtte),  TM  duucoal,  710 Ebm^ 
Hlica,  cuthr  pboapluit«,  Ac  ( —  100> 

In  UiB  EaiO^  jmce  of  the  fla*>«c-atam  of  the  same  plut,  Oomsille  (J.  Fharm.  [3], 
sliii.  MB)  fmuidSA'ST  percent  potaab,  9-SS  aoda,  IS-Sfi  lime,  6-00  nu^eaia,  0-B7 
alomina,  with  a  bun  of  fenia  oxide,  6'30  chknine,  0'96  nilphDne  aohjdride,  0*87 
phaqiharia  anhjdiide,  O-Sl  vliea,  wid  84'IT  carbonie  anlijdciae  (oalcolaled  from  Ui* 

MVaoUi,    SeeMmoDUB  Tuacm. 
mvmoawrr^    Fotaab-niot.     (See  Hici,  p.  1010.) 

r&    A.  Striattd  naiaiila.—  VolwitaTy  JAuefet,— JAmcAk  d/ 


IT  MrcoJnvNO,  reaembling,  phjncallj  and  d 
oDj,  eluHe  tissae  i— S.  TfiicM,  vboae  exact  chemical  eompoeitiim  i*  nuknon ; — 3.  The 
mutelt-svittaite€  orjliiid  (wiuiflaid)  contenta  of  the  sheaUi,  mariud  with  thetnnsTram 
tUi> ; — t.  OramMltt,  fee.,  moatl;  fatty  \ — G.  TenniDatioiia  of  uerna  ftc  (7) 

TheliTing  fibre  iaoonbactile,  and  fei7  extMwible  (alight  but  TH7periect  elaaticdtir) ; 
ita  tobataiioe  ia  tmupamnt.  Vben  the  niibritioa  of  a  miwde  ia  amated,  ecmtncCilitT 
ii  kat,  and  the  condition  known  aa  r^ur  morn*  eonea  on.  The  fibre  ia  then  opaqoe, 
ig  Eborter  and  thidcfr  than  during  Iifs,  add  hiw  lost  moeh  of  ita  eitetunbili^.  The 
pecoUar  rigidity  thoe  brouht  about  paasea  awi;  aa  paCrabetive  deeompomtiDU  seta  in. 
Ti..  — _.-ji..  _<tk  _>..-.£  -'~K  moitia  a^ipeaia  in  the  mnaelea  of  an  «"!■"-',  after 
a  TSiietf  at  oircnmatancea.     An   qnarently  identical 

.  1 L.  -1 — •  u-  planoing  mueclta  m  water  or  oil,  at 

I.  49° — 60°  for  m-n.m.1.    530  fgp 

la  ei^oraWm  (KDeimaaI,'Tirchav  Archir.  xiiL  p.  289).  Bigor  moriia 
haa  been  conaidcied  as  a  apedn  of  Mctraetion, — "  the  laat  ritkl  effbrt  of  the  dying 
mowie,"  01  the  natnnl  condition  into  which  a  mnade  Ealla,  when  no  longer  eutainea 
bj  life(Radcliffe).  It  aeema  man  probable,  howsrer,  aa  will  be  Been  below,  that  it 
ia  due  to  a  ipantaneoiu  coagnlation  id  the  n»iacl»«nbataiiee. 

The  raarctun  of  the  liTing  fibre,  when  freed  aa  fkr  aa  poanUe  from  blood,  is  nentrsl 
or  ami^iichiranatie.  After  death,  with  tbe  onaet  of  rigor  moitii,  it  becomea  acid,  and 
continiua  so  notil  ehansed  hj  ammoniaeal  compound!  genenited  in  patre&ction.  The 
acid  ia  probablj  fermeS  fint  in  the  inlerior  of  the  fibres  for  the  natnnti  mrftce  of  (ha 
mnade  remains  neutral  the  longest ;  and  if  it  be  doe  to  an;  proceaa  tS  oxidation,  the 
oxjgen  mnat  be  Auniahed  t^the  mucle-enbatanoe  itaelfi  lince  the  preaence  of  extemal 
ozjgen  ia  whdlynnneataaaij.  Tha  reaction  cannot  be  attribnted  to  the  add  phoaphala 
of  potaaaiiun,  Ibr  the  mark  on  litmna  ia  permanmt,  which  in  that  case  it  woud  not  be. 
It  IS  genarallj  aoppoaed  to  be  dae  to  lactin  (aannlactio)  add.  When  ligor  is  artiG- 
cialfy  produced  br  a  tempenture  of  40°  (frogi),  the  nactioQ  at  the  aaiDa  time 
beoomes  add.  When  muacles,  howerar,  are  plunged  into  water  at  TS",  thn  coagulate 
immediatelj,  nth  a  diatinctlr  alkaline  reaction,  and  at  irdensediate  aegrees  nra 
neabsl,  with  a  tanden<7  to  addi^  or  alkolinita.  The  alkalins  reaction  at  7fi°  ia  not 
due  to  bo;  destruction  of  a  temponril;  farmed  acid,  or  to  any  neutraliaatioD  of  it  1^ 
the  alkah  act  free  by  the  coagulation  of  the  albnmin ;  far  mnsclea  whidi  bare  once 
beoome  add  remain  ao,  eren  men  immened  tbr  some  time  in  boiling  water.  So  aba 
muaclea  eoagolated  by  bang;  ^ni^^  into  alcohtd  remain  nentnL  There  serau,  Ihran- 
fore,tobe  no  cauaalconnection between  rigor  mortis  and  the  pcat-mortoni  add  reacticsL 
(Dn  Boia-Bajmond,  ItoUmilioft.  UiUtrtuek,  I860,  p.  L) 

Though  rigor  mortia  nu^  be  oonddered  aa  a  sign  of  death,  the  ii^'ectton  of  blood 
ibrongh  the  Tcaada  of  a  rigid  limb  will  remore  rigidity  and  restore  conUsctility. 
(StBunius,  BroWD-Sequard).  Enhne,  howerei  (op.  eit.),  denies  that  any  such 
raTJTal  can  take  place  when  rif^dit^  and  additj  hare  fairiy  set  in.  The  rigidity 
neTerthelesa  mayberemored  by  an  iigectton  of  chloride  of  sodium,  and  Kiihne  makes 
(  nnlertvdL  wArr  Proto^amui)  the  interesting  obserration  that  the  acid  reactioD  dis- 
appears at  the  nma  time  ;  and  Freyer  (Central-blatL  med.  wissenech.  1864,  p.  769), 
states  that  if  a  blood-iiyection  follow  the  chloride  of  aodinm  injection,  oonlxaetiliif 
m^  be  taatorcd. 

The  mMnlt-itbtlmue,  whose  doidity  is  indicated  by  the  wsTS-Uke  phenmnena  of  its 

contractions,  by  its  moremoDt  towards  the  nogatiTe  pole  during  the  paaea^  of  aa 

electric  current  (Enhne),  and  by  tha  behaTionr  of  liTing  paruiles  lodged  within  tlio 

,  waa  aqiposed by  Brack e,  and  has  been  shown  by  KQhne((ip.ct(' 


wircDlemma,  was  aqiposed by  Brack B,  and  has  been  shown  by  Kahne((ip.ct(.), 

■  -u  ■  body  whose  spontaneons  oo« — '  '' —  *■— ' — "  " -"—"J-' J ■- 

Kt  fibre.  If  a  tiog  be  opened,  a  1 


body  whose  spontnoeons  oosgnlxtion  brin^  about  tha  rigidity  and  opacity  of  the 
''"    '  '     '  '  solation  of  chktride ufaodiom  dnren  through 
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the  btoDd-r«neIj  nntil  all  blood  is  renuiTpd,  the  mnscleii  then  npldl;  chopped  np  sod 
BDbjectod  to  Grd  pressure,  s  liquid  will  be  oljttuiied,  which  in  a  short  time  sets  WM  a 
firm  coagulnm.  while  the  remainiiig  fngmenCs  of  muscle  show  ft  great  lack  of  rigidity. 
Id  inch  an  eiperimeut,  hoveTer,  much  of  the  muBcle-sabatance  will,  throngb  the  treat- 
ment, be  readei^  rigid  befors  the  liquid  can  be  eipmsBed  Irom  it      '  .       ■      - 


rf  coagnhtion  anfflcieiit  to  juitih  the  idea  that  the  riBiditj  is  due  to  a 
if  the  mnscle-Bnbatance  itael^  and  not  of  anj  Ijrmphor  phsma  bathiiuthe 
flbna,miiBdea&eedfnHii  blood  b;theiq}ectionoftlle(l  per  cent.)  Kilution  (tf  chloiwe 


■odinm  are  fimen,  minntelj  dinded,  mized  with  fbur  tunea  their  Tolnme  of  enow  eootain- 
ing  1  per  cent,  of  chloride  of  ■odinm,  andthemMBpnlveriaBdaafarupoarible.  At  —S" 
tbe  mixtnie  will  become  niffidenily  liquid  to  be  Altered  through  linen ;  at  O'  it  maj 
be  ispidlj  passed  through  filtering  paper.  The  filtrate  then  appears  aa  a  slightly  opa- 
lescent flaii^  which,  exposed  to  ordinoiy  temperatnre,  will  apeedSy  set  into  a  coagulnm 
so  Arm,  that  the  contaming  tsshbI  maj  be  turned  over  without  anj  tear  of  spilling  the 
contents.  At  •  temperatnro  of  40°  coagdlatioD  takes  place  instantaneonsl}'.  On 
standing  the  coognlnm  contncts,  aftn  th^  biihion  of  a  blood-elot,  but  shows  a  great 
tendency  to  the  prodnction  of  fiockaand  flakes,andleBreB  the  sumnnding  liquid  highly 
opaleeeenL  Adopting  the  phiHsaology  nacd  in  speaking  of  blood,  the  finid  parts  of 
moaclemay  be  deeciibed  as  forming  a  mnade-plasnu,  which  separates  into  the  muscle- 
clot  and  mnsde-serum. 

The  act  of  coagnlstion  may  fiurly  be  uppoaed  to  be,  like  that  of  blood,  the  onion 
into  an  insoluble  compound  of  two  soluble  factors.  Knhne  found  that  one  of  the 
factors  of  blood-coagnlation,  tiz.  globulin,  increased  and  haatened  the  coagulation  of 
mnselo-plaama.     The  canss  or  determining  diciunatance  of  the  coagnlatioii  il  on- 

JIfy 0(1)1  (thename  giTen  by  Knhne  to  the  nnscle-dot)  is, iriien thoroughly  waahsd, 
completely  neutral,  forms  when  wet  a  white  mass  of  little  tnuaparency,  when  dry  a 

{ellov  horny  substance.  It  gives  the  nauat  protein  reactions,  and  contains  aulphur. 
t  is  insoluble  iu  water,  alcohol,  and  ether,  exceedingly  soluble  in  Teiy  dilate  acids, 
and  alkalis,  and  in  solations  of  nentral  s«lts  of  all  degrees  of  concenlr^tian.  In  a 
10  per  cent  solutiou  of  chloride  of  sodium  it  is  especislly  soluble,  and  ma^  by  this 
means  be  extracted  iiom  moscles  already  cosgulated.  (Hence  in  brine  there  is  always 
to  be  found  a  considentble  quantity  of  it.)  It  such  a  solution  in  chloride  of  sodium  be 
added  drop  by  drop  to  distilled  vatar,  the  myosin  is  precipitated  in  flakes  or  lumps, 
sometimes  as  little  vmiclea.  The  precipitate  so  formed  is  unaltered  myosin,  and 
is  readily  redisaolred  in  tbe  chloride  of  sodium  solntion.  The  precipitate  obtained, 
bowever,  by  tbe  neutralisatian  of  dilate  acid  or  alkaline  aolntions  of  myosin  is  no  longer 
myosin ;  it  has  changed  in  character,  is  no  longer  solable  in  tbe  cUoride  of  sodium 
solnlion,  and  exhibits  the  reactions  of  syntonin. 

In  mnsde-semm  (that  is,  muscle-plasma  minus  mnscle-dot  or  myosin]  Euhna  n- 
cognises  at  least  three  forms  of  albumin :  — 

1.  An  albumin  whose  coagulation  depends  in  great  part  on  ths  d^ree  of  acidity 
posspssed  by  the  serum.  If  abundance  of  add  be  praent,  coagulation  will  occur  at  » 
temperature  so  low  as  30°.  In  this  bodv  Enhne  recogniaes  the  mixture  of  patassio 
albuminate  and  sodic  phosphate  described  by  SolIstL 

2.  An  albumin  coagulating  at  1S°. 

3.  A  large  quanti^  of  albaroin  coagolating  at  16°.  There  am  also  in  untouched 
muscle  other  forms  coagulating  at  S0°.  The  first  form  had  been  preriously  recognised 
by  Earless  (Heule  n.  Mdssner'B  Buricbt,  1869,  v.  471),  and  was  regarded  by  him  aa 
the  chief  cause  of  rigor  mortis.  And  even  thongn  the  formation  of  myosin,  which  is 
quite  independent  of  the  formation  of  acid,  be  ooniidered  aa  the  ehit^  part  of  rigor 
mortis,  yet  the  aubsequent  coagulation  caused  or  faTovred  by  the  presence  of  the  add 
will  undoubtedly  increaae  that  condition. 

Before  the  researches  of  Eiibne,  muscle  was  considered  to  consist  of  a  Email 
quantity  of  albumin  and  of  a  large  quantity  of  syntonin.  Myosin  is  not  the  same 
tiling  as  syntonin.  Enhne  contends  that  syntonin  does  not  exist  as  such  in  the  on- 
toncbed  muscle,  but  is  an  artificial  product  due  to  the  action  of  the  dilute  acid  on 
myosin  and  other  albuminoid  bodies.  He  attributes  the  rapidity  of  the  solution  of  the 
muecle-Bubetance  to  the  conjoined  action  of  pepdn  (the  presence  of  which  in  muscles 
has  been  shown  by  Briicke),  andafllrma  that  a  formation  of  syntonin  always  precedes 
that  of  the  peptones  in  STeiy  digestion  of  albumin,  t.  Wittich  (ESnigsben.  med. 
Jahrb.  iiL  210)  also  adopts  Uie  same  new  (see  Stictoxih).  Hence  muKle-flbrin  or 
nntonin  prepared  by  Liebig's  method  would  be  regarded  as  mmasting  of  myosin  and 
Uie  albumin  coagulating  at  ^>° ;  mnsclfrjnice  as  a  miittire  of  tbe  other  forms  of  albumin. 

The  Heart  is  singular  in  being  an  inrolnntary  muscle,  and  yet  being  composed  of 
striated  flbm.  It  is  remarkable  for  liontainiog  inosile,  wbiiji  is  not  found  in  other 
mnsdea.     The  alcoholic  extract  exhibits  that  sxcess  uvsr  the  watery  extract  which  is 
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duracterutic  of  mnacles  mtire^  extiatei.    Ita  leutioa  U  tlie  nma  u  that  of  oQier 

striated  muKlea.    (Da  BoicBejiaoiid.) 

B.  Non-ttriated,  tmoeth  tmuaia, — JnBoliintary  mum/u,— A/umIm  of  organic  UJt, — 
llutcUt  taking  part  i*  tJoir  movrmmi; — ContraciiU  Jlbrt-eelU. — Thrs«  coaaiat  of  long 
■piDdle-Bhaped  cells,  or  riband-Uka  fibres,  marked  with  peculiai  rod-like  utielei,  and 
bonnd  together  witli  connrctive  tiwue,  bloodTfBBela,  uenee,  &c.  Oreatar  difficult;  ia  mat 
with  in  Uie  aualyBiB  of  tbiB  Tuistj,  ainoe  the  fibres  ate  bat  seldom  foncd  in  large 
THnieinl  teftjuies,  and  are  tauch  mitred  up  vitji  other  tiaauee.     The   '*  juice  "   ia  less  in 

often  mixed  vitb  other flnida.  LebmannfoDndthereutionof  Lhejoiceof 

„ . coat  of  the  pig's  stomach  diatinctlj  acid,  that  of  the  middle  coat  of  arteries 

(fehijKid,tiMtoI  Tunica I}artoiDentni(LeirbiuA,iu. p.  a2).  Da  Bois-Rejmond 
howerrr,  Ibnnd  the  muscles  of  the  ginexd  o(  fowls  and  pigeons  alwaj^  fsinllj  alkaline 
afterdaath,  aaalso  the  miucular  coat  of  inlestinea  and  arteries  of  oxea.  Schultia  tw 
(AniL  Ch.  Fhaim.  l^^i  p.  277)  hud  prerioaslj  observed  the  aama  raaction.  Yet 
Siegmand  (Verb.  phjs.  mad.  GweUacb.  Wnnboig,  iiL  60)  diaoOTOred  in  the  ntarina 
mosclei,  acetic,  formic,  and  lactic  acids.  From  the  amootb  maaclea  a  substance  appa- 
rent!; identical  with  the  ajnlonin  of  etriated  miudea  ma;  be  obtained ;  and  aince  the 
former  exliibit  rigor  mortis,  thry  also  probabl;  contain  a  form  of  albumin  capable  of 
FoagalaCing  spontaneoasl;.  Schaltie  (op.  oil.)  obtained  &om  the  smooth  mnBdea  of 
the  middle  coat  of  arteries  a  large  quantit;  (T  to  2t  yer  cent  of  total  dr;  matter)  of  a 
substance  whieb  he  believed  to  be  caann.  Ciealineu  found  in  small  qoantitiee.  Tho 
proportion  of  potash  to  soda  is  much  less  than  in  etriat«d  mnsdei — 88  :  62  in  the 
musclaa  of  the  stomach.  42  ;  SS  in  t^  middle  coat  of  the  arteries.  Thia  woold  seem  to 
imp];  a  great  mixture  of  blood-eerom. 

C.  ifutcUi  of  Tnterlfbrata. — These  are  in  some  classes  striated  (a.  g.  .4r4tck- 
lala) :  in  others,  oon-striat«I  (a.  g.  Moliuica),  and  jet  more  elooel;  allied  with  the 
striated  than  with  tba  non-striated  rariet;  of  vertabrata. 

The;  probably  agree  in  thair  main  cbamical  feature  with  other  mnadea.  Berosteia 
(Canlmlblalt  fur  med.  WisBi-nsch.  IgSS.p.  t37)  fbnnd  the  musclM  of  the  mbneatnl 
or  faintl;  alkaline  when  liring,  but  becomiog  acid  with  the  onset  of  rigor  mortis.  He 
also  obtained  a  spontaneoue  coagulation  of  tha  eipreesed  muscle-juice.  Id  IhtsItq 
muscles  he  found  the  foot  nentral,  the  adductors  alwa;s  acid.  Both  gave  a  spontane- 
oosl;  coagulating  juice. 

ValBnoiennaBandFrAmy(Ann.  Ch,  Phys,  i.  12B)  found  oleophoephoric  acid  to 
replace  the  acid  phosphate  of  potassium  in  the  muscles  of  the  crab,  and  in  motloscsthej 
aacertaioed  the  absence  of  creatine  and  creatinine  and  the  presence  of  taurine. 

D.  Prolcplatma, — Sa  readi. — The  bodies  of  many  of  the  lower  nniniBlfl  coDsist 
in  great  part  of  a  semiflnid  substance,  capable  of  peculiar  movements.  A  similar 
matter  is  also  foimd  in  Tegetable  cells  and  in  the  cellsof  certain  parts  of  animals  (cornea, 
oonnectiTe  tissue).  From  the  researchee  of  Schultae  (DiuProtoplaataa)viA  Kiihne 
(op.  «'(.)  it  ^tpean  that  thii  protoplasm  is  contiactile,  spontaneously  coagulating 
and  exhibits  other  reactions  which  bespeak    far  it  a  cloaa  alliance    with  mnsde- 

Metamorphotii  of  Ms»ettlar  Tittue, — The  chemical  changes  taking  place  in 
the  living  muscle,  though  most  imperfectly  kDown,  may  be  generaU;  described  as  Ihoas 
ofoxidahoiL  Liriugmoeclos  conanme  a^gan  and  produce  carbonic  add  (Liebig,0. 
MiiUer'sArahiv.  18S0,p.  409;Matteucci,Compt.rend.l8S6,i.)l;Talentin,  ArdiiT. 
PhysioL  HeUk.  N.F.  i.  p.  285) ;  the  eioetioD  of  cartnoic  acid  is  continued  when  Che 
muscle  is  placed  in  hydrogen-gas.  Frodocts  of  ozidition  of  Ditrogenous  matenal 
are  always  pment  in  muscle— creatine,aeatiniDC^  inoaic  add  (pmteic  add),  hypoxanlhine, 
taurine,  leucine,  &c 

On  eom{>arine  the  chemical  composition  of  musdea  at  rest  with  l2iat  of  musdea  at 
work,  it  is  found  that  b;  the  act  of  conlmction,  the  substances  solabla  in  alcohol  are  in- 
creased and  those  solabie  in  water  diminished  (Helmholti)  ;  tha  carbonic  add  exhaled 
and  the  oxygen  consumed  are  increased,  the  proportion  of  carbonic  add  to  oxygen 
being  at  the  same  time  also  increased  (Matleucci,  Valentin,  in.  cif.;  T 
ZeitMh.  nat.  Med.  zrii.  p.   106) ;    the  snbstancas  giren  up  to  the  blood  u 


(CI.  Bernard,  Med.  Timed  and  Oaa.  1861,  ii.  p.  26) ;  cnstinine  is  incnased  paitlj 
at  the  expense  of  creatine.  Heidenhain  {Mechanioike  Latbcng,^e.,bei  der  Jmuttt- 
tialigttit)  finds  the  amount  of  add  produced  to  be  proportional  to  that  of  the  actual 
energy  liberated  daring  the  contraction  (Sarotow,  Virohow's  ArchiT.  28,  p.  M4). 
A  muscle  when  tetanised  becomes  acid  from  a  development  of  lactic  add  (Da  Bot  m- 
Beymond,  ep.  cif.).  It  is  UDCertain  whether  this  add  ia  a  product  cewlj  formed 
or  a  pennanent  constitaent tempraaiily  increased  in  amount.  Borszaaow  (Wiirbmg. 
nator.  Wiasensch.  Zeitioh.  iL  p.U)  OndanoUcUoscidin  IniBg  kauta;  Folwszcsny 
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Sgnle  a.  UeiBMin,  1861,  p.  S9fi),  howerer,  ftndB  it  ^/Hib  ngud  to  i3Mtiii«, 
nzeiow  (op.  cil.)  beliercia  that  it  is  fonnKl  *t  the  eipeiiw  of  cnatinins,  «hil« 
Neabauer  (ZeiUeh.  vaXjt  Chem.  1SS3,  p.  23)  ngudi  ciratiiiine  as  kd  artificial 
ptodaetioa  and  no  oatiml  canatitaent  of  mnicle. 

Th«  poaitioii  of  the  carbo'bydrateA  in  miucle  ia  a  tbtj  iincertaln  one.     !□  Che  mtucle* 
of  the  embtyo,  glyrogen  is  foiuid  in  ahnndaocs  (Bernard,  Jonnud  d«  Phyaiolog.  ii. 
-    ""     "       jet,  iWrf.  p.  333);  inlha  nmacleaof  iidult»,occm™]nallT.    (McDonDall, 
er.  iiL  G38.) 

wte,whicheziitainthemiiBcIeEoftheheail,  HeiBiDeT(EeiiIeii.  Meiuner. 
1861,  p.  296)  has  found  in  the  maxcles  of  the  sjatem,  a  fermentable  susni  (not  arising 
fiom  mod),  which  presents,  aa  ha  thinks,  some  diSitreniHn  bom  hepabc  sogar,  and  ia 
probabl]' due  to  moscolar  metamorphosis.  Harlej  (Brit.  For,  Med.  (Jhir.  Review,  18S7) 
and  CbauTeau  (Gas.  Med.  No.  23),  however,  find  reaaoQ  to  behsTe  in  the  destruction 
of  sngar  in  the  njetemic  (spiUaries  (ami  therefore  in  part  at  least  in  the  moscles). 

Since  exercise,  caUrit  piuitia,  iacreaSFS  rigor  mortis,  it  might  1m  inferred  that  one  at 
least  of  the  factors  of  myosin  was  developea  daring  muscolar  metamorphosis.  In  the 
geaeralty  adopted  views,  the  nitrogenous  moscle-substance,  the  '  plastic '  element,  ia 
supposed  to  suppljb;  its  ainTsraion  the  fbrceofmuBcularmovenients.  Others  (T  ran  be) 
hsTe  maintained  that  the  hydrocarbons  and  carbo-hjdrates  (of  blood  and  muscle)  an 
to  he  regarded  as  the  main  sonree  of  power.  IS.  ¥. 

MTTBStWA  WKWW,  This  bark,  ns«d  in  jLhjssinia  as  an  anthelmintic,  conlaitu^ 
Bcconiing  toThiel  (J.  Pharm.  [3]  ilii.  176),  a  sbarp-tastingeotl(»d^  substance  called 
mnsanin,  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

MUHXHITM.     Cobalt-p7rit«e  fcinn  Miisen,  near  Si^n,  in  Fmssia  (i.  1050). 

MUIIK.  Sfiue,  JVoscAiu.— im  odoriferous  minous  substance  coDtained  in  a  bag 
near  the  navel  of  the  male  musk-deer,  a  small  animal  inhabiting  Tonquiu  and  Thibet 
Muse  occurs  in  commerce  in  brownish  clots,  at1«n  mixed  with  hair,  sanil,  fiit,  and  nsins 
It  has  a  bitter  taste,  a  persistent  odour,  is  Tery  inflammable,  and  partially  soluble  in 
water  and  in  alcoboL     According  to  an  analysis  b;  Oeiger  and  Keimann,  it  contains 
in  100  parts,  1-1  parts  fat,  4*0  cholesterin,  fi-0  bitter  resin,  7'S  alcoholic  extract  (lactic 
acid-salta),  M-S  suits  soluble  in  wat«T  (potash  and  ammonia,  combined  with  a  pecoliai 
animal  matter),  46  6  ammonia  combined  with  lactic  acid  and  wst«r,  and  0-1  sand. 
(Pelouie  et  Frimj,  IhtiU.  -n.  S40.    See  also  ETrs't  Diet.  o/Arta,  fa.,  iii.  21t.) 
See  SmiLM. 
,   Syn.  with  diopside  or  white  augite  (see  Aoam,  L  4Tfi). 
1.  with  Pakisitb. 
The  juice  of  the  grape,  expressed  for  making  wine,  bnt  not  yet  fermented 
(see  Wim).     The  same  term  is  also  applied  to  the  freshly-eipressed  joice  of  apple, 
and  pears,  previoDl  to  conversion  into  cidei  and  pen;  b;  fermentation. 

MRHITAXIt.  The  seeds  of  black  and  white  mnstard  ( Sinapit  nigra  and  8.  al&a), 
when  ground  and  sifted,  fbrnish  the /four  ofmuttard  used  as  a  condiment 

The  seed  of  white  mustard  vields  an  ash  containing  2678  per  cent  pataah,  0-33 
soda,  19'10  lime,  A-90  magnesia,  039  ferric  oxide,  219  snlphnric  anhydride,  I-3I 
silica,  44 '97  phosphoric  anhydride,  and  a  trace  of  chloride  of  sodinin;  100  piu^  of 
the  fresh  seeds  yielded  4-07,  and  100  parts  of  the  dried  seeds  4-4S  parts  ash ;  100 
parts  of  the  air-dried  seeds  were  found  to  contain  8-60  parts  moiHtnre  and  1'212 
parts  enlphnr.    (Way  and  Ogston,  Jahresb.  ISSO,  Table  B,  p.  660.) 

mrSTAJUh  OXXA  of.  a.  Find  Oiit.  White  mustard-seed  yields  by  pressure 
about  36  per  cent  of  a  yellow  nearly  inodorous  oil,  which  has  a  epectflc  gravity  of 
0*914S  at  1G°,  and  ia  not  soUdiQed  by  oold.  When  saponified  with  soda,  it  yields 
glycerin  and  a  soao  which  is  perfectlj  soluble  in  wRtsr,  and  when  decomposed  by- 
hydrochloric  acid,  yields  a  soKd  crystaUine  acid,  called  erucic  acid  (ii.  601),  and  an 
Oilr  acid  having  nearly  the  composition  of  oleic  acid. 

Black  mosta^-seed  yields  IS  per  cent  of  an  oil  similar  to  the  preceding^  having  a 
density  of  0*917°,  butsolidi^ngat  temperatures  below  0°.  According  to  Darby  (Ann. 
Cb.  Fharm.  Isiz.  I),  it  yialdlsby  saponificatjon,  stearic  acid,  crude  acid,  and  an  oily  acid. 

$.  VolatUt  OiL  When  the  fionr  oi  black  mustard,  after  being  freed  bypresanre 
from  the  fixed  oil,  is  moistened  with  water,  left  to  itself  for  several  hours,  and  then 
distilled  with  water,  it  yields  a  veij  pungent  volatile  oil,  having  the  properties  and 
oomporition  of  aulpho^anate  of  altyl,  CH'HS  —  c'qi!^  ^^  '■  especially  distin- 
guished by  ita   behaviour  with  Msuonia,  irith  which  it  immediately  nnitee,  (bnn- 

;   ovstalline  thiosinnamine    or    inlphoejanats    of    allyf-ammoninB, 

;C*H')N.CNa  (see  SiTLraotnunc  Srsmtjl 
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Thii  ToktUe  oQ  do«a  not  pre-«cut  in  the  iMd  of  black  mnaUrd,  but  ii  produced 
from  mjronio  icid  (p.  1073)  contained  in  the  wed,  onder  tbe  influence  of  water  and 
a  pccnliar  hrment  called  m 7 rosin  (p.  1075),  liknviw  existing  therein.  Accordinglj, 
it  ia  not  prodnced  nnleaa  the  muataid-flanr  ia  macented  vith  water  for  eome  dioa 
preriona  to  distillation.  Its  formaClon  ia  likewise  praTen(«d  bj  diring  the  flour  at  ft 
lii{^  tampentoK^  or  by  heating  it  with  aleobol  or  addi^  as  bj  these  pfoeeanaa  Um 
mjnaiii  ia  lenderad  inactive. 

The  qnanti^  of  volatile  oil  obtained  from  black  mnatHd  ia  bat  ilmall,  amounting  to 
onlj  0*3  per  ceDL  acc(»dingto  BontroD  and  Bobiqnel,  OSS  pv  cent  according  to 
Aachof^  aad  O'G  per  cent,  according  to  Wittstoek. 

White  moatard  doe»  not  jirld  mj  Tolatila  oil,  becanae  it  doea  not  contain  mTionic  aaS. 

VTOKOOftOWa.     Sjn.  with  CBBBBBora  (i.  B30}. 

•nOODBBMA.  A  generic  name  of  the  Aiogi  (also  called  TorimUi),  wtudi, 
according  to  Faetfur  and  otbera,  are  eeaential  to  the  pioceeaea  of  vinoni  uid  acetou 
fermeDUtion.    See  Fsetenr  <Ball.  80c  Chim.  de  Faria,  1861,  ^.  Bt;  Jahresb.  ISSl, 


IQ>.  AUoxeniie  (Laarent),  AUoxanamidt  (Gerhardt), 
C'H'N'O'.iH'O.  (Liebig  and  Wohler,  Ann.  Ch.  Phum.  ixri.  30*.)— When 
aqueous  aUoxan  is  heatea  geittl;  TiCh  ammonia,  it  Iwcomn  ;eilov,  and  □□  eoalii^ 
dapoaita  a  yellow  transparent  jelly  of  mycomelate  of  ammonium  ^aee  Alloi*ii,  i.  137t 
from  the  hot  aqaeona  •olation  of  which  salt  Bolpbaric  add  precipitatM  mjcomelie  mdS. 
When  freshly  precipitated,  it  ia  tranapOKnt  and  gelatinoos ;  bat  when  washed  and 
diind  it  is  a  loose  yellow  powder,  which  reddens  litmna.  It  is  scaroel;  solobla  in  oold 
water,  more  solnble  in  hot;  iuaoluble  in  alcohol  and  ether;  soluble  in  alkalia  with- 
ont  forming  dystaltisable  salts :  its  solution  in  potaah  is  decomposed  by  boiling  with 
eTolntion  S  ammonia.     It  decomposes  alkaline  carbonales. 

It  is  a  moDobanc  acid.  The  only  mycomelate  known,  beside  tbe  ammonium -sail;  is 
the  ailrsi^^t,  which  ia  precipitated  in  yellow  fiakea  when  the  sminoDinDi-silt  ia  added 
to  uitTOte  of  ailTer. 

According  to  Liebig  and  Wohlsr's  analyiia,  the  airid  retaitts  ita  \  atom  of  watac 
when  dried  at  100".  Oerhardt  {Trattl,  i.  S14)  regaids  it  as  allmauamide  (alloxan 
+  2NH'  —  SH^O);  Laurent  (Compt.  read.  zxit.  S2S),  a*  alloianide  (dlonnie 
acid  +  2NH"  -  3HH)). 

According  to  HIasiwetz  (Ann.  Ch.  Fhann.  ciii.  211),  mjcomelic  add  ia  fonnsd 
when  one  add  is  heated  with  water  to  180-190"  in  a  eloaed  tmhL  F.  T.  C. 

arrooaa  or  TUSA&OSB.  C"H"0".— Wiggers  in  1833  (Ann.  Ch.  Phaim, 
L  173),  observed  in  enot  of  170  a  peculiar  kind  of  sogar,  which  waa  more  exactly  in- 
Tsatigated  in  1BS7  by  Uitscherlich  (ihid.  cvi.  16),  who  deajgnatsd  it  as  mycossL 
Berthslotin  thsaame  year  (Ann.  Ch.  Fhys.  [31  liiL  232,  W.  372,  291).  obtained 
&om  trehoU-manna,  the  produce  of  a  species  of  Echinopt,  nowing  in  the  East,  a  angai 
which  hs  called  trehalose,  and  at  first  regarded  as  i^Ser^'nt  from  myeaaei  bot  ob 
fnrther  examination  he  was  led  to  infrr  thU  Ihs  two  are  identieaL  (Sea  OmMC* 
Handbook,  If.  29i-30\.) 

Hycoaa  ia  obtained  ftom  ergot  of  rjti  by  preeipitalinK  the  aqaeona  extract  of  the 
fnngos  with  basic  acetate  of  lead,  removing  the  lead  fhmi  Uie  flltiat*  by  anlphydne  adi 
eraponting  to  a  symp,  and  leaving  the  liquid  to  crystalliseL  Tiahalose  ia  obtained 
from  treh^a-macna  by  exhaustion  with  boiling  alcohol  

Mycoaa  (trehalose)  forms  shining  rhombic  crystals,  containing  C*H''O''.SH*0; 
which  melt  when  quickly  heated  to  109° ;  but  if  slowly  heat«d  give  off  tJieir  w>t«r 
even  below  100°.  It  has  a  strongly  saccharine  taste,  disaolTea  eaatly  in  watir  and  itt 
bailing  aleotul,  but  is  insoluble  in  ttker.  The  aqaeona  aolutioD  ia  dextftr-ratatmr. 
For  trehalom,  Berthelot  found  {a]  -  +  190°  (for  C'*E'K)».2H<0);  the  apeoifie  rrita- 
toiT  power  of  mycoae  is,  according  to  Uitachoriich,  [a]  —  +  192'6°. 

By  seveial  huura  boiling  with  dilnte  nJpiurw  cmd.  It  ia  conTerted  into  deztm- 
glncose.  With  strong  nitric  acid  it  forms  a  detonating  nitn>-compoiind ;  heated  with 
dilate  nitric  odd  it  yields  oxalic  acid.  Id  contact  with  gtiat  it  pMses  slowh  and  im- 
perfectly into  alcoholic  fermentation.  It  is  not  altered  by  boiling  with  ottolii,  and 
does  not  tedoce  cuprous  oxide  from  alkaline  cvprie  toltiiiont.  Heated  with  omMc  or 
butyriaaeid,  it  yields  saccharides,  not  distanguiahable  from  thoaa  whidi  are  fbnned 
in  like  manner  bum  dextro-glucose  (iu  8£1,  869). 

MTS&nr.  A  kind  of  kaolin,  found  at  Boehlitx,  of  a  ydlowish  or  reddish  ocAon, 
and  containing,  according  to  Eersten,  37*62  per  cent.  Oliver,  eO'fO  alumina,  0.83  taag> 
neaia,  0*63  manganic  oxide,  and  a  trace  of  ferric  oxide. 

Tb«  name  myelin  ia  also  applied  by  Kirehow  and  Be  nek  e  (Ann.  Ch.  Huaa, 
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'Tiii,  24S)  to  &  pMnliu  &My  mbstuiee  obtained  bj  evaporating  Uie  nicoholie  mtiaet 
of  hard-boiled  jolk  of  egg,  bnin-anbetaace,  crTstalliDe  lenses,  and  otlier  tmimal  tusnea 
This  aabBtanoi— «hi«h  is  especisUf  cLuracteriBed  by  shooting  out  into  peculiar  Bpiral 
thnwli,  or  loops,  when  imineiBed  in  water  or  in  a  BolatioB  of  ingar — is  found,  aceorautg 
toBenska,  in  Mme  of  the  lower  animals  (e.g.  in  Stlai  Pomatia,  p.  140),  uid  UkewiM 
in  plants,  vie.  in  yanug  chlorophyll,  in  some  floTer-etslki,  in  certain  seeds,  eapeeiaUy 
in  pus,  and  siwajs  accompanied  bj  choleaterin.     (Jahraab.  1862,  p.  fiOT.) 

Ivnuaji^TAKKOir,  lifrOe-aax.—A.  solid  tat,  obtained  br  pronitig  tb* 
berries  of  JUvrtca  cer\fera  (or  iS.oordifolia,  John) with  water.  It  is  paJe-greeu,  trans- 
lucent, brittle,  and  friable  in  the  cold;  ofapliater;  fracture,  less  extensible  when  warm 
t^n  beeswax;  has  on  oromstia  tsste  and.  odonr.  Specific  gravity  1"006  (Moore^ 
Sill.  Am.  J.  ra]  ncdii.  113).  Mella  at  47°  to  49'  (Moore).  When  pnrifled  by 
treatment  witli  boiling  water  and  cold  alcohol,  it  melts  at  47'S°,  and  containe  74  03  pel 
cent.  C  ia-07  H.  and  13-70  O  (-LeWT,  Ann.  Ch.  Phys.  [S]  xiii.  t4S).  It  contains 
a  large  qnantity  of  palmitic  and  a  small  qnantity  of  myristic  acid,  for  the  most  part  in 
the  bee  state,  but  to  a  smaller  extent  oombined  with  glycerin ;  no  oleic  nor  any  TOlatile 
add.     (Moore.) 

It  disBolTca  in  20  pts.  of  hot  alcohol,  ■  portion  (palmitin,  according  to  Moore)  r»- 
Duining,  however,  undissolTed,  and  on  cooling  |  eeparates  ont ;  the  solution,  formed 
with  aid  of  heat,  Bolidifl.es  on  cooling,  and  whfn  perf^tly  cold  is  no  longer  precipi- 
table  by  water.  It  is  nearly  insoluble  in  cold  ether,  but  diesolves  in  4  pts.  of  boibng 
ether,  the  soluUon,  as  it  coots,  depoaiting  the  greater  port  of  the  tallow  without  colour, 
and  itself  retaining  a  flue  green  colour.  Cold  oil  of  turpentine  soft«nH,  and  hot  oil  of 
tarpentine  dimolTes  ^  pt.  of  it,  the  solution  on  cooling  depositing  white  opaque  granules. 
It  hkewise  dissolves  easily  in  &ied  oils. 

ICTBZOZW.  (Brodie,  Ann.  Ch.  Fharm.  Ixxi.  244).— The  p(»tion  of  beeswax 
which  is  insoluble  in  boiling  alcohol  It  is  prepared  by  eihanstiug  beeswax  with 
boiling  ilcohol  till  the  alcohouc  liquid  no  longer  gives  a  precipitate  with  acetate  of  lead. 
The  myricin  thus  obtained  melts  at  64°,  and  has  a  &tnt  waxy  odonr.  It  conaiata 
cliieflyofpalmitateofmyrioyl,  C"H«0'  -  C*'H"(C»E*i)0»;  and  by  diasolvinH  it 
in  ether,  and  leaving  the  solntiDn  to  evaporate^  the  palmitate  of  mjricyl  is  obtained  in 
light  plumose  crystals,  melting  at  71-S°  or  72°,  and  easily  saponified  by  potash, 
especially  in  alcoholic  solution,  yielding  palmitic  acid  and  hydrate  of  myricyL  Crude 
royricin  yields,  by  saponifloation,  tie  same  products,  together  with  small  qoontltieB  of 
another  add,  and  a  nenCral  substance  resembling  hydrate  of  ceryl  (i,  838).  Crude 
myridn  yields  by  dry  distillation  a  number  of  btty  adds,  of  which  palinitic  add  Ibnns 
the  largest  parbon,  together  with  solid  and  liquid  hydrocarbons.  (See  M■IJDll^p.  868). 

imtlOYXH  KT9KA.TB  OV.  MtlUtie  ^oehel,  Mttiuin,(yB.''0  ~  ^  \o. 
(Brodie,  Phil.  Trans.  1848 ;  Ann.  Ch.  FhariB.  IxxL  t44.]^Ttiis  compound,  which  is 
the  highest  known  alcohol  of  the  eeriea,  C°H'°''''0,  is  obtained  by  the  actlou  of  melting 

E stash  npon  myricin.  On  dissolving  the  product  in  water,  precipitating  the  milky 
quid,  which  contains  the  alcohol  in  suspension,  with  chloride  of  bariom,  exhausting 
the  predpilate  with  ether,  and  leaiing  Ihe  solution  to  evHwrate,  hydrate  of  myricyl  is 
deposited,  and  may  be  pmnfled  by  ciystolliong  it  from  ether,  till  it  melts  at  86^.  A 
good  mode  of  purincation  also  is  to  exhaust  Ue  predpitate  with  boiling  alcohol,  and 
disaolTe  the  sobstaoce  which  is  deposited  fiom  the  alcohol  in  rock-oil  or  rectifled,  ooal- 

Tha  mother-liquor  then  retains  in  solution  a  small  qeantity  of  another  snbetanca 
which  melts  at  72°  and  gives  by  anslyoB  the  same  nambers  as  hydrate  of  myricyl. 
Brodie  snpposea  it  to  be  an  alcohol  of  elmilar  constitution.  When  treated  with  potaui- 
lime  it  yields  an  add  containing  CIP'O'.  (?) 

"   ■    ■      *        '    '■  ■■■  '      '  '"y  lustre.    It  contains,  >e- 

1  13'97— 14-25  H.  (calc. 


Hydrate  of  myricyl  is  a  ciysMlIine  substance  having  a  silky  lu 
cording  to  Brodie's  analysis,  82-02 — 82-77  per  cent.  C,  and  I 
8319  C,  14-15  H,  and  3-66  O.) 


livu  it  gives  offhydrogen.  and  is  converted  into  mellssate  of  potassium : 
C"H^  +  KHO  -   C"H-KO'  ♦  H'. 
Tnth  stiong  mlphtinc  acid  it  forms  add  sulphate  of  myricyl.     Chlorine  i 


•'JPHf-^  g  p.  (Playfair,  PhiLMag.  [3]  irilL 
ii.  163.— Heints,  Pc^.  Ann.  liiivii.  367;  xo.  137: 
<^Ue  Baalli,  J.pr.  Chem.  Ixvi.  1. — Uriooeohea,  Ann. 
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Ch.  ChuB.  so.  369. — SohHppt^  Hid.  er.  1. — Oudemkiin^  I,  n.  Chem.  IixzL  SIS 
•nd  M7.— Gro.  xri  209). 

TliU  acid  wu  diaco*sred  lij  Plkjf&ir,  and oljlaincd  pure  b;  HeintE.  It  oixnia,aB 
mjrUtin  {nijri»t»t8  of  gljceijl),  in  nutmeg-batlar  (Playfair),  in  <itoba-w»i  (Uri- 
caachea),i>>  dika-bnad  (iL  S30),  amounting  to  more  than  one^bolf  of  the  btt;  adds 
contained  therein ;  alao  in  imall  qnanti^,  together  with  m&nj  other  fatty  adds,  in 
cocoanut-oil  (Qorgen,  Ann.  Ch.IWm.Livi.3H1,  in  ninunoa  batter  (Heinti)  ;  in 
Craton.oil  (Schlippe);  and  iti  eombination  with  ethaJ,  or  an  analogona  bodTi  in 
apermsFeti  (H e i n 1 1).  AMording  to  HeinCa  and  Scharling,  it  iiu;  be  prodacsd 
aitittcially  by  healing  ethai  vith  potaah-lims;  bntita  formation  in  Ihia  wsjigdoabtlm 
doe  to  lbs  preaence  of  melbal  or  myristie  alc»hol  (p.  1072)  in  tbe  ethal  emplojed. 

PrtparaliotL  a.  From  ^itrniaixli. — When  the  btty  BCida  obtained,  togetbar  with 
atbal,  by  the  aapoiiificatioa  of  apermaceti,  as  deacribed  onder  Ladbic  Acm,  (p.  471), 
an  diaaolred  in  alcohol,  a  mixture  of  palmitic  and  stearic  acida  cryiitalliBeB  on  cooling, 
while  a  portiou  of  both  th««,  and  the  whole  of  the  myriatic  and  laoric  acid^  remain  in 
aolntion.  By  fractioaal  precipitation  with  acetate  of  magneEiam  (at  last,  in  presenco 
of  eiceaa  of  ammonia)  the  alcoholic  solation  ia  aoain  divi<i^  into  two  parts,  tho  Blcari<^ 
palmitic,  and  a  portion  of  the  myriatic  acid  being  thrown  down  as  magneainm-Balla, 
while  the  lanric  add  and  the  re«t  of  the  myriatic  add  remain  in  solution. 

ZWa<ni(fl(  of  tit  prreipitated  magntnutn-ialti, — The  msgneaia  ia  aeparsted  from  tie 
&t^  adds  bj  boiling  t£em  with  dilute  hydrochloric  add  ;  the  mplting-point  of  eadi 
portion  of  add  ao  obtained  is  determined ;  and  those  portions  which  melt  nearly  at 
the  lama  tompemture,  and  do  not  difler  essentially  in  their  mode  of  solidi^inf^  ara 
miied  togetlier.  When,  now,  the  mixture  of  adds  is  repeatedly  erystallised  ihiai 
alcohol,  and  the  melcing-poict  of  tlie  cryatollising  portion  detencined  ereiy  tim^ 
sereral  ancce«n*e  crops  of  cryatals  are  obtoioed  &om  each  mixture.  These  are  to  be 
considered  pnre: — 1.  When  their  melting-point  ramains  the  same  afler  repeated  crya- 
talliaation ;  2.  When  they  solidify,  on  cooling,  in  crjatalline  scales ;  and  S.  When,  on 
fractional  precipitation  of  their  alcoholic  solntiona  with  acetate  of  magnmium,  portions 
having  one  and  the  same  melting-point  are  obtained.  The  aeveral  portions  of  the 
same  add  show  also,  when  pnre,  the  aame  melting-point  after  being  mixed  together  aa 
when  sepuate.  SometimEd,  eapedalij  in  the  prepamtion  of  myriatio  add,  it  ia  necee- 
■aiy  to  sul^'ect  the  single  crystallisationa  anew  to  fractional  predpitation,  and  to 
repeat  the  above  treatment  and  examination  of  tia  iiuigne«inin.«a]ta  thus  obtained. 
(Eeinti,  Pon^Ann.  xdi.  419.) 

In  this  wayHeinti  obtained,  by  the  flnt  predpitation  with  acetate  of  roagneDDm, 
nineteen  magneaium-a^ts,  fr'om  Siach  of  which  he  separated  the  adds.  He  mixed 
together  the  Jh-tt  tix  porCima  of  aaid,  the  tnelting-pointB  of  which  varied  frtim  42-7''  to 
4S°  allowed  them  to  separate  from  alcohol,  and  repented  tbe  crystallisation  fomtoen 
times:  but  even  tbe  last  dystallisation  proved  to  bo  a  mixture  of  palmitic  and  stearic 
adds,  and  in  no  case  was  a  pore  acid  obtained.  By  predpitating  the  mother-liqnor 
from  the  first  nine  erjataUisationB  in  asTen  portioaa  with  acetate  of  magnesinm,  ha 
succeeded  in  obtaining,  from  the  first,  second,  and  third  portions,  after  eight  or  nina 
times  repeated  crystallisation,  popB,  or  nearly  pnre,  palmitic  acid.  The  fourth  and 
fifth  portions,  yielded  by  seven  timea  repeated,  the  aixth  and  seventh  by  thisetiiDea 
repeated  crystallisation,  myriatic  acid  melting  at  SST,  which  showed  the  above 
signs  of  purity.  Of  the  remoinitij;  adda  of  the  nineteen  msgnesiom-aalt^  the  tnaitk 
and  eighth  portiont  did  not  yield  a  pore  add  by  repeated  crystallisation,  but  wtira 
recognised  as  miitnrea  of  palmitic  and  myriatic  adda.  The  9 — ITtA  partimu  were 
mixed  ti)gether.  Tbe  part  which  first  separated  ftvm  an  alcoholic  solution  did  not 
yield  a  pore  add  on  repeated  crystallisation  ;  after  Tetuming  it  to  tbe  mothei^liqaor, 
therefbra,  a  portion  i^tbe  adda  present  was  predpitated  by  the  addition  of  ■  Uttle 
acetate  of  barinm.  The  filtrate  mixed  with  water  deposited,  in  the  cold,  oyatali 
mdting  at  63-8°,  which  yielded,  on  reciystaliisation,  pure  myristio  acid.  Tbe  add 
separated  from  tbe  figM^th  and  nituieerilhportiont,  proved,  after  three  dystalliBationa, 
to  be  alao  myriatic  acid.  The  quantity  of  mTristic  add  obtained  from  spennacpti 
il  but  smaU. 

0,  Prom  omnnum  Irtitler.-^The  mixture  of  adds  obtained  by  saponifying  butter  and 
decompoeiiig  the  soap,  is  freed  from  volatile  adds  by  boiling  with  water,  and  front 
oleic  add  I^  treating  the  lead-salt  with  ether,  afterwards  dissolved  in  alcohol  and 
allowed  to  cryatallisa.  After  removing  by  recrystaUisation  aa  much  of  the  add  present 
as  c*n  be  obtained  with  a  melting-point  of  66"  or  67°  (containing  palmitic  and  stearic 
acids),  tho  collected  alcoholic  mother-li<^norH  are  subjected  to  fractional  predijitation 
with  acetate  of  msgnesium  ;  tbe  myriatic  actd  is  thrown  down  ia  tbe  last  portions  of 
the.  predpitate,  and  may  be  obtained  therefinm  by  recryetaliisation,  lemoriag,  if 
necessary,  the  snbstancea  at  first  prrcipitsble  by  acetate  of  barium.    (Heinti.) 

■y.  The  adds  obtained  by  the  laponification  aCdiia-/at  jield  myriatic  add  on  repealed 
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mjttalluationfromiltxIiQl,  wbile  ■  seeoDd  portfon  of  the  adit,  together  with  lanria  rndd, 
lemaJDS  in  mlntioD.  This  Utter  portion  may  be  recoTsred  bj  precipitating  the  solntion 
in  ssTeral  parts  with  acetate  of  mnstieiitiai,  separating  the  magneeia,  and  dTEtaUisiiigi 
the  aepante  portioOB  of  acid  until  the  melting  point  rucato  63'8°.     (Ond  urn  anna.) 

t,  Froin  Myriitin.  Plajfaii  Baponifies  the  mjristin  of  natmiig-battei'  with  atrong 
eaoetic  potuh ;  mshee  the  aoap  repeatedly  with  solution  of  commoD  Hit ;  and  aftei- 
warda  decoinpo««a  the  hot  aqoeona  aotution  with  hjdiochlotic  add.  The  add,  which 
separatM  aa  a  colonileee  oil,  eolidl^ng  on  cooling,  when  &eed  irom  all  traces  of  hy> 
drocliloric  acid  br  washing  with  water,  jislds,  on  repeated  cryBtalliBation  from  alcohol, 
PlsTfair's  lUTnstic  acid,  haTing  a  melting-point  of  49'8°  (impure,  thnnfoce,  and  con- 
taminated with  an  acid  oonlaining  »  smafler  proportion  of  carbon).     (Hninti.) 

«.  Bj  lapooifjina  oloia /ai,  acida  are  obtamed,  from  an  alcoholic  solution  of  which 
acetate  of  magnenum  precipitates  only,  or  chiefly,  myiisdc  add,  while  oInq  acid 
remains  in  solution.     (Uricoechea.) 

Froptrlut. — Myristio  add  forms  white,  shining  ciyitalline  laminge,  resembling 
palmitic  add.  It  has  an  acid  reaction,  is  perfectly  insoluble  in  maler,  but  dissoWes 
ea^y  in  hot  aleohol,  crystalUsitig  on  cooling ;  it  u  perfectly  insoluble  in  tther.  It 
melU  at  63-8°,  and  solidifies  on  cooUng  in  crystalline  scales.    (Heints.) 

TuLs  of  £l«  MtlUng-jpoint*  of  Mxturu  of  Lamic  and  Jfyrutic  Addt,  aomrtUtiff  to 
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Ciystalline  scales. 
TeiT  fine  crystaL^  not  distinguiah- 
able  as  dthar  needles  oi  scales. 
Ditto                   ditto 

trotts  spots. 
I>ige  crystalline  laminn. 
DncryWallieed,  with  iscJated  1ns- 

trouBspot* 
UncijstBilised,  wayy. 
Ditto                   ditto 
CiyBtalUne  needles. 

It  will  be  obserred  that  when  the  Isnric  acid  amooats  to  40  per  cent  or  more,  the  melt- 
ing-point ol  the  mixtnre  li«fl  below  that  of  either  constituent.  This  is  genenlly  tha 
case  in  suitores  of  fatty  adda,  when  t^  quantity  of  the  more  ftuible  constitoent 
exceeds  a  certain  portion  of  the  whole. 

DecoTivaotilioni, — 1.  Mvristic  add  Bnlgect^d  to  dry  dutiUatum,  is  partly  decomposed 
and  partly  Tolfttibfled  unaltered. — 2.  On  boilijig  with  mffto  acii,  apart  is  conTortcd  into 
soluble  prodnctB,  with  evolution  of  red  Taponra,  the  remaining  undissolTed  portion 
behitTing  like  unchanged  myriiitic  acid  (Play  fair).~3.  By  the  dry  distillation  of  the 


,  — S  Mjr 

ofbenjfoylt  baoEO-myrLstic  anbjdnde.     (ChioEEa  and  Mai 

WTpnrfiTM — MyriMic  add  is  monabosic.  the  general  formula  of  the  myriatatea 
bdng  C'H'THO'  or  C"H''M''0*,  according  aa  they  contain  mono-  or  di -atomic  metals. 
The  myristales  of  the  alhili-metals  are  not  decomposed  by  water  (like  the  stearatee) 
with  fonnaticai  of  add  salts.    (Playf  air.) 

Myriitatt  of  Barivm,  C"H'^bft'0',  is  obtained  from  chloride  of  barium  and 
mynBtate  of  potaSBium  by  double  deeompodtion  (Flay  fair).  He  iota  predpitatoa  hot 
alcoholic  myrutic  add  with  shot  concentratedaqocoassolation  of  acetate  of  bsrinm,  and 
wiuhefl  the  predpitate  with  weak  alcohol  and  hot  water,  Oudemanns  predpitates  the 
ammoniit  add  with  chloride  of  barium.  It  is  aveijlight  ciyBtalline  powder,  consisting 
of  thin  microBcopic  nacreona  laminte.  It  is  very  slightly  soluble  in  water  and 
alcohol,  and  decomposes  before  melting. 
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Myrisiatt  of  OopptT,  CH^Ccn'O',  is  obtained  b;  predpitation,  u  a  TSi^Kglit, 
loose,  bluiah-gTeen  powder,  counBttnff  of  micmsfvpic  needln.  It  bccomea  deeper- 
coloored  when  hestAd  aboTe  IDO",  and  cakn  ti^etber  before  melting. 

Myriatatt  of  Lead,  C*H''Ppb''0',  obtained  t^  precipitation,  is  a  wUte,  Imhw, 
unorpliDiu  povder  vhich  mahii  st  100° — 120°,  andaolidlflea  on  cooling,  in  awhile,  Cf«aue^ 
fLmorphaua  mua  (Heintt).  An  aoebMnyrutatt  of  had,  C'H.'PpV'0\i(^R"Pp\,O*, 
ia  obtained  as  a  lieaTj  while  powdm,  ineoiable  in  water,  I^  heating  oiTriatiD  fiitWTenl 


Myritiati  of  Magneaium.    C^H'Tftmg'O*.— Myriatic  acid,  to  which  ai 

and  nl-ammoniac  have  been  added,  is  pncipit&ted  b;  eolphate  of  magneeinm,  and  the 
ptedptate  washed  with  water.  Veir  lishl  powdsr,  anuisting  of  micruecopii:  needles ; 
becoming  tiansparent  at  110',  ■emi-ilaid  at  160°,  and  deoompooii^  at  a  higher  tnoprni- 
tore.  The  salt  dried  b  the  air  contains  9-6i  per  oent.  water  (3  at.  c-  lO'lfi  par  cent. 
H-0).    (HeintE.) 

MvriilaUof  Potaaaium.  C'lHi^O^.—MTriitic  acid  ia  digested  with  ooncen- 
trated  aqaeoos  cacboBate  of  potaaalum ;  the  pro&ict  evapontfd  lo  drToese,  and  the 
injristBte  of  potauiDm  extracted  b;  abeolute  aleohoL  It  forma  &  white  eiTalaltine 
So&p,  eadlj  BOlnble  in  inter  and  in  alcohol,  insoluble  in  ether.    (Plajfair.) 

MyTittate  of  Silver,  C"H"AgO<,  is  obtained  bj  doable  decompoattion,  from 
the  aodium^aait  and  nitrate  of  BLlrer,  aa  a  white,  light,  amorphous  powder,  taming 
slightly  grey  when  exposed  to  light.  It  decomposea  above  100°,  without  malting 
(Heinta);  diasolvea  la  aqaeona  ammonia,  and  £Kms,  by  spontaiieoiia  enpontion, 
large  tranaparent  crystala.     (Playfair.) 

Myrittate  of  Bodivm,  C"H*'N30*.— A  boilingaqneons  eotntion  of  caitmnate  of 
Bodiom,  quite  fiee  from  sulphate  and  chloride,  ia  added  in  excess  to  boiling  alcoholie 
nyristic  add.  and  tlie  mixture  is  evupoiated  i;ompleteIy  Co  dryness  in  the  watei^bath. 
The  residue  is  then  extracted  with  boding  abaolute  alcohol,  and  filtered  boiling  hoc 
The  filtrate,  wGich  soiidifiea  to  a  jelly  on  cooling,  is  liquefied  by  warming  and  mixed 
with  water  ia  the  proportion  of  oue-eightb  of  the  alcohol  employed,  wheraby  a  mothrr- 
liquor  ia  formed  which  takea  up  any  foreign  saltapresenL     On  again  solidi^in^  tbe 


ia  oollected  on  linen  and  BtJongly  preased.    (Heii 


C"H-( 


KTXXSTXO  AKOORttb.  MeUud.  CBTO  -  ^  [  0.~This  aloofaal  ii  eup- 
posed  to  e^st  together  with  cetylic  alcohol  or  ethal,  C'^"0,  and  otJiera  of  the  same 
series,  in  comtneKial  spermaceti.  Wlien  this  subctauM  is  lapontfled,  aalta  of  ■[aarie, 
pidmitic,  myriatic,  and  lauric  acids  are  obtuned,  together  with  crude  ethkL  Now  when 
the  latter  ia  recrTBtallised  thim  alcohol,  pore  e&al  or  cetylic  alcohol  (i.  Ml),  ayBlallises 
whilst  tie  homologoua  compjunda,  tlrl&jl  C"H"0,  metial  C"H"0,  and  IrUuil  C"H^, 
remain  in  smaller  quantity  in  the  mo)hei~liqnorB,  iuaamueh  as  the  alcohola  obtained 
&0m  these  mother-Uqnora  (ait«r  tJie  removal  of  the  admixed  btty  acida  by  repeated 
treatment  with  alcoholie  potaah  and  addition  of  water),  yield,  when  heated  with 
potash-lime  to  S7A° — 2SD°,  as  long  as  hydrogen  eontinuee  to  escape,  stearic,  palmitic 
myriatic,aDd  Unric  adds.  (He iota,  Ann.  Cb.  Phaim.  idi.  2SS ;  icvii.  271;  J.  pr. 
Chem.  livi.  IB.) 

wmxmrta  AarvrsmiBH.  C^^O'  -  (Ci<H"0)*.0.  (Chiona  and 
Halerba,  Gerh.  ^iiiU,  ii.  789.)— Obtained,  like  other  anhydride!  of  the  same  eeiica, 
by  the  action  of  oxyehloiide  of  phospbome  on  myristate  of  potassinm.  It  is  ■  fitttj 
substance,  which  scarcely  exhibits  any  crystalline  t<c£tnre.  Its  melting  point  is  a  f^ 
degree"  lower  tian  that  of  myristic  add.  'Wlien  sUa^tly  heated  it  ^tss  off 
vapours  having  a  disagreeable  Odour.  It  is  but  slowly  saponifledby  boiling  caustic  potaah. 

MTYKtBTtO  amnu.  a.  Myritlals  of  Ethyl,  C"H"(CH>)0'.— Dir  by 
drochloric  add  gas  is  passed  into  a  hot  eolation  ei  myristic  add  in  abaidale  alcohol,  and 
tbe  oil  which  sepaislea  on  cooling  is  washed  repeatedly  with  cold,  and  aftarwaids  diB> 
solved  in  a  imaU  quantity  of  warm  alcohol.  The  layer  of  oQ  again  bnned  on  coolmg, 
after  bdns  sepaisted  from  tbe  alcohol  and  cooled,  deposits  large,  hard,  very  asaily  fbailje 
ciyslals^  from  whidi  tbe  mother-liquor  is  to  be  decanted  (Heinti).  Tbe  qmdfio 
gravity  of  myristicether  is  0864  ^Flayfair).    It  dissolTss  easily  in  not  alcohol  and 

^  Myriitatt  of  Btyetryl.  MyrMn.    C-H-O*  -  i'^jj'j.jo'.    CPUjfair, 

toe.  tn'^.)— When  natm^,  after  exposure  to  the  vaponr  of  boiling  water,  are  pnnaed 
between  bol  iron  plate^  a fulty  matter  called  nutmeg-butter  is  separated,  eonsisfing 
of  an  oily  liqnid,  whicb  has  not  been  examined,  and  a  solid  cry  stall  isable  tkt,  whidi  is 
myrisliD.    To  separate  the  Utter,  the  crude  fat  is  digested  with  alcohol  of  ordinal^ 
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Btiragllt;  Ui«  mjinEtiQ,  which  floats  on  the  anrfBceofllte  liquid,  ia  disBolved  io  twiling 
ether ;  and  the  crjBtolB  which  separate  on  cooling  nre  pmaed  hetwe«n  hibnlona  paper, 
then  ledisKilTed,  snd  sabmitted  to  Bltenute  prewoce  and  crjatalliaation  tiU  the;  melt 
conataDUy  at  81°.     (Playfair.) 

Mjriatin  than  prepared  ia  a^stalUno,  and  has  a  silky  Inatie.  It  ii  aolable  in  all 
proportions  in  boiling  ether,  less  solnble  in  boiling  alcohol,  insoluble  Id  water.  By 
dry  distillation  it  yields  acrolein  and  a  fetty  add,  IJigerted  in  Ihe  waf  ei^bati  with  a 
sedation  of  basic  scetste  of  lead,  it  yields  insolnble  myristate  of  lead  and  a  aolntioD  ot 
glycerin. 

Hjriatin  contains,  accotding  to  FlayAiir's  analysis,  TS'SI — T^'IS  par  cent.  C,  and 
12'22— lS-36  H,  nnmbei*  agreeing  nearly  with  the  formola  C"'H™0"  (cah:,  7*-6I  C, 
12*22  S,  and  I3'27  O),  according  to  which  myristin  cont&iDS  the  elMnenta  of  4  at 
inyriirtio  acid  and  I  at  glycerin  nantu  7  at,  water : 

Cii>h™0''  -  8C"H"0"  +   2C'HH>'  -   7HK>. 

8ach  a  coostitation  is,  howerer,  not  very  probable,  do  Oairespondins  example  of  i1 

"   ■      -      ■  ™      ■        a-       iaC"H''"' 


bdng  fbond  among  glyceridee  of  well-known  constitntioD.  The  abore  formula  C*'&*'0*, 
pnnQaed  by  Weltzien,  reqnirinz  T4'82  per  cent  carbon  and  llBl  hydiogen,  agrees 
aatufectorily  with  the  reeulls  of  Hayfeir's  analyses. 

The  fat  or  w»i  of  the  ftnit  ot  MyruHca  offieinalii,  and  that  of  Sf.  t^iftra,  possou 
properties  similoi  to  those  of  nutmeg-bncter. 

MTSnTZOA.  A.  geana  of  plants,  including  the  Dutmt^  ( Jfyruftoa  motchata), 
the  fruit  and  seede  of  aereral  apeciea  of  which  yield  solid  Eats  or  waxes.  Biciailmba- 
vxa  is  obtained  from  Myrittica  Bicuij/ba ;  Oeaba-ieax  &om  H.  Oeaia  or  If.  leh^fra, 
Otoba^wax,  or  OlabiU,  from  M.  Otoba  (nee  Wax).  The  seeds  and  arillns  (mace)  of  li. 
nunehata  also  yield  volatile  oils  by  diatillation  witli  wat«r.  (See  Macs,  p.  740 ;  and 
NuTua.) 

MTXISTIOnr.    The  camphor  or  steoroptene  of  TolatJle  oil  of  nutmeg.      (See 

NCTMBO.) 

See  Htbibtto  ETHasa. 


Xyrutj/l.  (^-H-K)-  -  C"H»O.CH"0.0.  (Chiossa  and  Malerba,  toe.  eit.)— 
Produced  by  the  action  of  chloride  of  benioyl  on  myristata  of  potnssiom.  Crystal- 
lisce  in  IsminEB  hsTing  a  silky  lostze  and  agreeable  odour.  MaUs  at  38°;  solidifiee 
at  36°,    Not  very  soluble  in  ether. 

KTSiaTOWa.  C-^*^  -  C'-H^O.CH".  (Overbeck.  PoBg.  Ann.  Imvi. 
S91.) — A  product  obtained  by  distilling  myriatate  of  calcium  by  BmolTportiona  and  at 
a  gradoally  increasing  temperature.  It  is  purified  by  repeated  crystallisation  &om 
boiling  alcohol,  and  dMolorieed  if  necessary  by  animal  chorcoHl. 

Myristane  brma  oolonrlees  nacreous  scalea,  inodorouB  and  taetelras;  they  become 
elactiieal  by  Metion.  It  melts  at  76°,  and  Bolidifies  in  a  radiated  mass  on  cooling.  It 
o&m  by  andyms  Bl-81  per  cent.  C,  and  14'D7— ISSd  H,  whence  Ovcrbeck  dedacee  the 
formula  C"H^  (calc  8196  C,  I3'S5  H).  Oerhardt  aaggestod the  formnls  abore  given 
(calc,  82'33  C,  1S7  H,  4-07  O),  representing  the  Gorapoands  as  the  acetone  of  myiiatia 

BETSXan-K,  RTDBISB  OT.    C'*H-  .  C"H",H.— This  alcoholic  hydride, 

mora  properly  •ailed  hydride  of  tetradecatyl,  is  contained,  tc«9ther  with  manr 
other  hydrides  of  the  same  eeriea,  in  American  petroleum.  It  boils  between  236°  aiul 
340°.    (See  PwrsoLKiii  and  TvnumoATYi-) 

KTWnnc  AOnt.  C'°H"SSK)'*  (from  mAwf,*  sweet  smelling  ointment).— An 
acid  occurring  in  the  fbrm  of  a  potasginm-eolt  In  tue  seed  of  black  mnetard,  and  ip-noB 
rise,  by  its  reaction  with  myrOHin,  to  the  prodnction  (rf  the  Tolafila  oil  of  blaS 
mustard  (sulpho(^«nate  of  allyl).  It  was  discovered  by  BnssyfJ.Phonn.xTi.  89)  ;  and 
its  existence,  which  was  afterwards  called  in  qnestion  by  Thielan  (Tieitetjahisschr. 
pr.  Pbarm.  vii.  161),  hoe  been  fully  oanflnned  by  the  experiments  of  Xudwig 
and  Lange  (Ztntschr.  Chem.  Pbann.  18S0,  pp.  430  and  ^77)  and  of  Will  and 
K6rner(Ann.  Oh.  Pharm.  cxiv,  267;  Jahresb.  1863,  p.  4flS).  According  to 
Winckler  (Jahresb.  184S,  p.  436),  myronate  of  potassium  likewise  exists  in  hone- 

PifparatioHef  Iht  Potaigbtm-taU. — Two  pounds  of  black  mnatard-seed  pulverised 
but  not  &eed  tram  fixed  oil  by  pressure,  are  boiled  with  2i  to  3  pounds  of  alcohol  of  BO 
to  8S  per  cenL  in  a  glaaa  flask  placed  in  a  watei-bath  till  about  haU  a  pound  of  the 
alcohol  has  passed  off;  the  powder  is  then  pressed,  and  the  residue  is  Bubjed«d  to  the 
same  treatment.  The  press-cake  (weighing  &om  660  to  670  grms.),  afler  being  well- 
dri(4l  add  |iDlverised,  ie  next  macerHtsd  for  about  twalve  hours  with  3  pis.  of  cold  water ; 
the  liquid  is  removed  by  dccnntation  nnd  pr??autQ ;  the  residue  is  again  treated  with  S 
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are  filtand  i&ei  Hbndiag  tor  24  honn ;  tbe  alcolud  ia  duriUed  of^  and  die  cl 
left  to  ciTBtalliEe  in  ihaUcnr  diibes.  IaiIIj,  du  c^etaUiiw  nwM  whicb  sqiUBtce  aftor 
a  fev  dm  ii  ■tilled  up  to  athin  pidpwiUialoalic4  of  7C  [letMnt  di^  itiMiglyinawd 
between  linen  dodu,  and  the  nean;  white  oike  tbu  obtMmdiatepMtcdljeiTitaUiKd 
from  alcohol  of  84  to  M  pec  cent.  Two  ponnd*  of  miurtaiil-wed  tan*  traatcd  jidd,  on 
theareng^  from  i  to  0  fima.  of  njionata  ofpotMnaa.  The  porlirai  remaining  in  the 
motherJiqnon  m^  be  naed  for  tlta  prap«iali*a  of  CTuide  of  allfl  (V  i  1 1  and  E  orn  etX 
Thiimodaof  prqiazation,  and  the  nmilar  mtthod  adoptodl^  Lodwig  andLanga, 
donot  difi^in  an/ eesoitial  partioalai  ftom  Aat  odiJiMllf  oitbb  hy  Busst. 

Mjionic  add  m^  b»  obtained  from  the  potaiaitun-ralt,  «th«  hj  mixing  the  aqueoiu 
BolntioDa  of  100  pU.  of  thii  salt  and  S8  pM.  tartario  add,  eTsporating  Co  a  certain  ex- 
tent, and  extracting  the  mjronic  add  with  alcohol ;  or  better,  by  conTerting  the  potaniam- 
■alt  into  a  barium-salt,  and  predpitafing  its  sqneoiu  Bolatioii  with  an  equi^ent  qaan- 
tit7_  of  mlphnric  add.  The  solontleBa  anaeoQ*  add  thas  obtained  leayei  on  eraporation 
«n  inodorona,  hittei  and  aoxa,  imcryBtBlIiwblfl  ajrup,  which  reddens  litmus  Rmnglr, 
diaaoWes  in  aleoiiit,  hnt  is  not  perceptibly  soluble  in  gCher,  It  decomposes  when  Bum 
■tiangl^  heat«d,  yielding  various  voUtile  pntdaets.  Its  dilate  solution,  when  boiled  tat 
aoroe  tiBMmiTMoffaulpbydneMid.  With  an  sqoeons  solution  of  iiyfrosfait  yields  tol- 
pbocywateof all^    (Buasy.) 

The  myronatei  are  iDodoroiu  and  likewise  Tield  mlphocyanate  of  alljd  with 
nqneoiu  myroain.  They  ore  all,  even  the  barinui-,  lead-,  and  nlTer-ealts,  solnble  in  water. 
*"  -,  bariun-,  potaasinni- and  sodiam-salti  are  oi;stallisabts.     (Bussy.) 


heat,  giving  off  oil  of  mustard  ind  leaving  imlphate  of  barium.    (Will  and  E 

MvronaU  of  Pota»ium^  CH'-ENSiO",  eiyitalliaes  from  alcohol  in  silky 
iie«dlM  tp^nped  lilw  ciyatala  of  wavellite  1  from  wata,  in  short,  tnosparsnt  glaasy  piiviiB 
of  rbomtNO  ehancter.  It  hw  a  cooling  bittor  taate,  disHolrea  reiv  easily  in  water,  with 
diffictd^  in  dilute  alcohol,  !■  nearly  insolnble  in  absoluto  alcohol,  and  quite  inioiabla 
in  ether,  banieoe,  and  eblomform.  The  solutiona  are  neateAl  and  do  not  act  tw  polinwl 
light.  The  salt  is  anbplroaa  and  containB  the  element*  of  oil  of  mustard,  ^ucon  and 
add  sulphate  of  potossinm,  into  which  products  it  is  cosily  decomposed  : 

0i'H"KM3'0i*  -  CH'HS  +  C«H"0'  +  EHSO'. 
The  dQnte  aqueons  aidution  mixed  with  ni/Tonn,  or  with  a  recently  prepned  aqoeooa 
Aitract  of  white  mustud,  becomes  turbid  in  a  short  time,  acquiring  an  acid  reactien, 
and  ffMng  off  the  odonr  of  oil  <rf  mnataid.  The  aalation  then  oontaiiu  mlphurie  add 
andaeattoglnoaae;  the  tmfMdilr  ariaea  from  free  anl^nr  mixed  witii  an  insoluble  or- 
ganic snfaftanea  probably  Ibmea  from  ths  inymdn  (Will  and  Eorn'ar).  Sonwrwhat 
■imilar  rssnlta  of  the  deoompositioD  of  mynmate  of  potasaium  have  been  obtained  bj 
Ludwig  and  Lauge,  ^lo  however  assign  to  it  the  improbable  ftamnla  CB"K2ilS'0", 
Uyronateofpotossiumis  not  deoompwed  bjr  emulsin,  or  an  eitnctof  sweet  almMid^ 
w  by  yeast  orsalink 

When  mjTonale  of  potassinm  is  heated  to  boiling  with  a  email  qnanti^  <d  baryt»- 
uotsp,  a  predpitate  of  borytdc  sulphate  is  formed,  with  ct^oos  enilntioD  c^muataid-oil. 
Thesameprecipitste.oontaiDing  half  the  sulphur  in  the  original  salt^  is  likewiie  farmed 
when  the  aolntion  d  the  patasainm-Balt  previonBly  made  alkaline  ia  pndpitAted  b^ 
baryta-water  in  the  cold;  but  in  this  ease,  the  other  elementa  of  the  muatoid-oil 
remain  in  the  aolntionin  the  form  of  a  compound  predpitahle  bylaad-salts,  andeaailj 
■eparable  into  mustard-oil  and  gluooae. 

Petatlhbg  of  spedflc  gravity  1'2S,  mixed  with  irj  myionata  of  potasiiam,  bacranea 
■pontaDemiily  heated  to  the  boiling  point,  giving  off  the  odour  of  mustard-oil,  granide 
of  aUyl,  and  ammonium, 

Uyronat«  of  potassium,  ticoted  with  'sfitc  and  igdroeUerie  aeid,  continually  give* 
off  inlphydrie  odd,  which  is  likewise  evolved,  though  more  slow^,  bj  hoiliw  with 
hydmchloric  add  slone.  The  salatinn  then  contains  glucose,  an  anuoonium-aslt,  and 
half  the  solphor  in  the  form  of  solphnric  acid. 

A  Bolation  of  myronate  of  potosdum,  mixed  with  fMufroi  aeilait  qf  ttad,  yields  « 
yellowiih-white  predpitate,  euilv  soluble  in  acetic  acid,  and  ^iparemth  containing  aU 
tho  elements  of  myronte  add,  Mtreunnu  niirate  forma  a  velloinsh-white  predpitat«, 
which  ia  demmpoaed  bj  heat,  with  foimalion  of  mustard-oil. 
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Whto  ■  taoiertteXj  coaomCnUd  aquMBa  eshttiaii  of  myninato  of  potuunm  is 
mixed  with  nitrcte  of  liiwir,  nitric  mcid  ii  wt  bee,  and  a,  wliite  emdj  piMipitiitu  i« 
formed,  ccoCaiiiing,  Thm  dried  orer  oil  of  ntriol,  Uie  elemenUp  of  siuptiocjmuto  of 
^1  nd  ndplmtB  of  BQTer  (C'B*.&«^£TO*  «■  CH'NS-AC^).  Ill  fonuittcn  ia  re- 
pnnBtad  by  the  equation, 

C»H"KM6M)"*  +  SAgKC  -  CffAgTreK)*  +  C^'K)'  +  KMO"  +  HHO«. 
Thie  rilTer-cODjpooDd,  healed  either  alone  «  with  water,  ia  leoohed  into  snlpho- 
e7«nate  of  allyl,  Bolpbate  of  biItbt  and  Bolphide  of  Bilver ;  it  ia  ^ao  deoompoBBd,  with 
eToIntion  ef  mnatard-oil,  hy  ciloride  or  mlphide  of  barimitt  or  b;  tino.  When  it  is 
beated  with  hgdroeSloric  acid,  the  liqoid  fljt««d  from  the  dil<wide  of  aitTSr  contsina 
half  the  Bnlfhor  in  tbe  fenn  of  anlphime  acid,  bnt  no  nilplndncaadOTBalplloeyanate 
of  ally!  ia  prodoced.  The  nlTer-componnd,  anipended  in  a  large  qsantitj  of  watw,  ia 
deeompoeed  by  ttd^kydrk  aeid,  witb  fbrmation  ii  a  precipitate  of  anlidiBr  and  snl|ihide 
of  silTBT ;  and  the  strongly  acid  flltnte,  which  eontiina  naif  die  original  qottntity  of 
aolphnr  in  the  form  of  aalphuric  acid,  jielda  by  repeated  diatilk&on  an  tHj  UyeTr 
eonaiating  of  cyanide  of  ally),  CB'--GN  : 

CffAgTSaO*  +  H*8  -  C*H'N  +  Ag«  +  H  *  HW>*. 
Tbe  cyanide  of  aUyl  thna  prodoced  difibra  cooaiderHbly  in  ita  propartiea  ftom  that 
which  Lieke  obtained  by  the  action  of  cyanide  of  ailier  en  iodide  of  alljl  (ii.  S03). 
It  ia  a  eolonrleaa  neatral  ml  of  agreeably  alliaceoDa  odoor  and  bomiDg  Bromatia  taste, 
fipeciflo  graTi^  -  0-8389  at  ISBO.  Tspoui-denaity  -  232  {calc  2'31);  boiling 
point  116°  (corrected  118-8°).  Heated  with  atrong  potaah-leyin  a  sealed  tabe,  it  ia 
Te8olTedinteammoniaaDdcrotonie«eid,  OH*0*.    (Will  andEorner.) 

WTBOBOr.  An  enralaion-Iike  raMance,  of  the  albuminoaa  or  protein  claM,  con- 
tained in  the  aeedf  of  blad  and  white  ainrtBid,  sttd  poaseaaiiig  the  property  <f  decom- 
podng  the  nreronate  of  potaaunm  oontained  in  the  fonner,  wilh^ioditcliancf  aolpho- 
cyanate  of  allyl  or  Tolatile  <h1  of  mnatard.  It  ia  Itfcewiae  conlaued  in  tbe  aeeOi  of 
otbir  emoifeKHia  idants,  Tiz.  EapiaKui  taHnna,  Srattica  Saput,  Br.  oUracta  and 
Br.  eaaipatrii,  Jiliaria  oSoMatii,  (3taraxthu»  Chtiri,  Srimt  vtnta,  Cardtmime 
praUntU,  C.  OMora  and  TUatvi  arettttt,    (Lepage.) 

To  prepare  it^  pnlnriaed  white  mnatard  i«  ezhauated  with  cold  water ;  the  filtrate 
eraparBted  to  a  aymp  at  a  temperature  below  40° ;  the  ayrup  piecif>it*ted  by  a 
moderate  quantity  of  alcohol ;  the  pi9cq>itat«  diesolied  in  water  alter  the  alcohol  baa 
been  ponreid  ofF;  and  the  solntioD  er^xnated  to  diynoai  at  a  tempcratnie  bekiT  10°. 

Hyn»in,  aa  thos  obtained,  leanmblea  other  protein-compoanda.  When  inoiiieTated, 
it  leans  enlphate  of  calciom. 

Id  the  state  of  aqoeoiu  solution,  it  is  coagulated  by  heat  and  also  by  alediol,  and 
losM  its  power  of  eliminating  oil  of  mnatard  from  mymnic  acid,  but  lacoTers  thie 
power  aflv  immaraion  inwaterfortwenty-fonrtothirty-Bizhoim.  Itdoeanotdiminate 
hydiocyBnii)  aeid  bom  anngdalin. 

The  aqueous  sdntion  of  myrosin  ia  tranaparent,  eoloariesa,  and  gummy,  and  frotha 
when  agitated.  (Bnaay,  J.  Pharm.  nm.  <4 ;  Winckler,  Jahrb.  pr.  Pham.  iii.  93.) 
BCYKOXSfMBFXir.  (Stenhonae,  Ann.  Ch.  I%ann.  Ixxriii.  S06.}— A  cryatal- 
tisable  aabatance  extracted  from  white  Pern  balsam  (i.  4S6).  On  digeeting  thia  hnlsam 
with  alcohol  of  ordinary  strength,  a  great  part  dissolTee,  and  the  solution  giadnally 
depodts  large  eryrtida  of  myroiooaipin  mixed  with  resin ;  they  may  J>o  purified  by 
recmtalliBatLon  with  aid  of  animal  charcoaL 

Myroiocarpin  eryatalliees  in  lane  thin,  colonrleai^  ahiung  t«iam«,  often  an  indi  loDg. 
According  to  a  determination  by  Miller,  tbey  heloag  to  the  trinetiic  ■ysteio,  the  ratio 
of  the  pnndpal  axis,  macrodiagonal  and  brachydiagonal,  for  the  priinnry  o^ahedrc^  F, 
being  aa  1  :  OflSflS  ;  OTfifiS.  Observed  combination  ooP  .  oP  .  «P«  .  P«  .  aP«  , 
P»  .2P«.  Angle  « P  :  odP  -  lp3=  12';  f «  :  oP  -  127°  4';  2P«  :  oP 
~  110°  «■;  Poo  :  oP  -  133°  7';  2P«  :  oP-  115°  6".  The  djstaJa  are  hardand 
brittle,  insolnble  in  water,  very  eolnble  in  hot  alcohol  and  ether,  tasteless,  and  ncotial 
to  test-papras.  They  give  by  analysis  77-18  per  cent  carbon,  and  B'fi  hydrogen, 
which  may  be  represented  by  the  formula  CIP'O',  or  C'^"0*. 

Hyrozocarpin  melts  at  11S°  to  a  transparent  glass,  which  does  not  CrystaDise  cm 
cooling,  bnt  if  lediaaolved  in  boiling  alcohol,  is  a^n  deposited  in  the  cryalalline  form. 
Heated  considerably  aboTe  its  melting  point,  it  yields  a  sublimate,  together  with  much 
BOetic  acid,  and  an  uneryslallisable  reein. 

It  does  not  nnile  with  ooidi,  or  with  alkiUit  and  ia  not  attacked  by  boiling 
petatK-Jeg, 

Hot  nitrie  acid  slowly  converta  it  into  oxalic  acid  and  an  nncrystallisable  reain. 
Cklorint,  with  aid  of  heat,  likewiae  conrerta  it  into  on  am<:fphoua  reain. 
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MTEOXYLIC  ACID— MTSOEIN. 


The  Ims  which  yietdi  Peni  bakua.  From  &n 
bark  of  this  tiM  then  aindes  s  gnm'naiD,  which,  scconlia^  to  Attfield  (Pharm.  }. 
TnDa.12]  t.  248),  coDtaini  77  4  per  oent  ronn,  171  giuii(hl:Bgnm-anbie^  I'fi  woody 
fibre,  audi  waMr,  togetlisr  with  ToUtile  oil-  It  is  uiicrTBtalliBable,  and  its  alcohalia 
■olutioD  icddeiu  Utmna  aUgbtl;.  Thi>  gam-resjn  is  Utwefore  alb^ther  of  diSerent 
natnie  bom  tha  balaam  obtamra  from  the  fruit  of  the  ume  tree  (i.  4S6). 

tt!tMMM.  A  gam-mill  which  exudes  fivm  Baltamodaidnm  Myrria,  a,  tprebin- 
thaceoDi  ahnib  DDwing  in  Ambia  and  AbjTBsinia.  It  ocean  in  luge  heavy  teaia  of 
varioua  iize,  teddiih  e^nr,  and  ine^nlar  ahqie,  having  ao  appeuancB  of  affiomcence 
on  the  raiAice,  aanu-tiaiupaient,  fragile,  ihining  with  a  greavf  loatre  on  the  fractond 
aniAce.    It  hia  a  tnogh  bitter  taate,  and  a  ation^  ytaj  pecuuaz  siomatio  odooE. 

The  foUowing  an  aualyaea  of  mjirh : 


Hadlaga 

Foreign  mattan  (potaa- 
aiom-aalta  of  ntlphnni^ 
braioii^   malic,   acetic 

add),  && 1-4  (Gneign  matter  and  ash)  7-51 

Wkt«r  and  impnritisa     ...         1'6  I-4G 

An  aleohoUc  aolntioii  of  mjiih  coneentiMed  by  distillation,  depoaita  aa  it  coola  a  soft 
r«Biii,  like  tmpantinc^  solnble  in  ether,  slightly  uilnble  in  eanitjc  potaah,  and  imjnrting 
a  Tiolet-rod  colour  to  nihrie  and  amtie  acid, 

Anotharrenin,  called  myrrhin,  renuinii  dinolTsd  in  the  alcohol,  and  maybe  ob- 
tnined  by  erapoiation.  It  hsa  the  odoor  of  mjrrh,  melte  between  S0°  and  95°,  and  ia 
anloble  in  ether.  Heated  for  nome  houn  to  168°,it  iwella  np  andTiTeaoffaddTapOBia 
(acetic  or  tbnuie  acid?),  and  leaTHi  a  red-brown  tronspareDt  shining  maaa,  without 
taate  or  nnall,  aolable  in  alcohol  and  ether,  inaolnble  in  cold  and  Vfrj  slighUy  solnble 
in  boiling  potaoh.  This  piodact  imparts  a  violet  colour  to  coid  nitric  acid,  and 
diMoIves  in  aalpharic  add  with  r«d-brown  colour.  It  gave  by  analysii  7478  per 
cent. carbon,  8*06 hydrogen,  and  17'1S  oxygen.     (BuikhoidL) 

The  esoential  oil  (myrrhol)  obtained  by  distilling  the  aleobolie  extract  of  mynb 
with  water,  is  thick,  yeUowish,  baa  a  rough  taste  and  pungent  odour.  It  thiekeoa  and 
turns  brawn  in  contact  with  the  air,  diasolvea  in  alcohol  and  ether,  and  is  predpitated 
by  water  from  its  alcohotic  solution  in  the  form  of  a  yellowish  milk,  add  to  test-paper. 
It  contains,  according  to  Bnikholdt,  78'61  per  cent,  carbon,  10-43  hydrogen,  and  9^)8 
oxygen. 

Qladstoue  (Chem.  Soc  J.  iriL  II)  baa  examined  the  volatile  oil  obtained  by 
dirwtly  distilliDg  myrrh  with  water.  It  was  vny  viscid  and  of  a  brownish-green 
colour;  and  began  to  boil  at  about  266°,  giving  an  oxidised  oil,  which  quickly  resinioed 
and  retained  its  greenieh  colour,  and  otroog  smell  of  myrrh,  after  repeated  rectiflcatioiu 
SpedSc  gravity  ^  1-0189  at  Ifi'S".  Index  of  refraction  at  7'Sfor  the  lino  A,  l-filDS; 
D,  1-6278  ;   H,  l'S472.     Botatoiy  power  "  —  136. 

KTKTIi>>  Myrtui  eommimit. — The  beriies  of  this  plant  contain,  according  to 
Biegel  (Phorm.  Centr.  ISSD,  p.  319),  chlorophjU,  a  green  soft  rain,  a  volatile  c^ 
(occurring  also  in  the  leaves),  a  fixed  oil,  tannin,  sogar,  dtnc  add,  malic  add,  mucna, 
humoiu  ■ubotancea,  and  small  quantities  of  potash  oijd  lime. 

OfaspBcimen  of  the  volatile  oil  of  myrt]e,exanuned  by  Gladstone  {loc.  o<.),tliPBs- 
fourths  distilled  over  between  180°  and  179°,  Itaving  a  reddish-brown  residue  which 
evolved  snlphydric  odd.  The  rectified  disldllale  smelt  like  oil  of  bay,  and  exhibited  the 
compodtion  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  CH".    Specific  gravity 
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Hydromargailo   and   HydTomargaritlB 

HTdrom^loiie'Ce.  Ualloiie,  liL  874). 
Uydromater   .... 

Graduation  of  Hydromelara 

Rykei's  HydroineteT 

Jrom'i  Bydroniatar 


Hydrometer: 

Cnrtier'i  Hydromater 
Beck'*  Hydrometer . 
Deepanieuz'i  Hydrometer 
Harine  Hjdrometar 
Lactometer 
Wilaoa'i  Be>d* 
Fahrenbdl's  Hydrometer 
Nkholnc's  Uydromster 

Hydronickelmagnuite  . 

Hydrophine  .... 

HydrophiUte  .... 

Hydraphite    .... 

HydropiW       .... 


Deriyatiyea  of  Hydroqninono : 
Carbobydroqarnaiiic  acid     . 


Etbjl 


ibydnqoii 


Ctalonnaied  Urdroquli 

Chlorinated  i^inbydiSDe 

Pboapbo-hTdroquinaoJe  acn 

Sulphate  of  Uydroq^ulnoDe 

Eulphohydroquinonic  addi. 

By  droaal  icyUmide 

Hyd  robromoia]  icy  Umide 
By  d  rodiloroaalicy  lamide 
Hydraaalanic  add  (i.  Hyd^oge■^  Sda- 
nide  <  iiL  302). 

Hydrodlicita 

HydriH 


Hydroaulpliuric  add  (a.  Hydrogen,  Snl- 

phhlM  of,  ili.  SOB). 
Bydrotalclta 


Bydarilic  add 

Hydurilatea 

DidJopo-hydoiilic  add  . 

Hygrina 

Hygrometer,  Hyeroinetry       .        .        .    ! 
Fiindplea  ofHygrometi? 
CondeiuiDg  Hyi^rometera : 
Danlaire  Hygrometer  .       .       .    : 
BygrDiiieten  of  Jonea,  Poolllat, 
Ilalll,  Connall,  CummiDg,  and 
Diibereiner      ....'■ 
Begnanlt'e  Qnibiua-  Hj/^vmilir 
H^romelrv  6j  Eyaporation  . 
IJiyandWflt  Bulb  Uygrometer, 


Theory  df  the  Paychromater 
fljgrometric  CnlcnlMtiona 
CbNnlcal  Method  of  Hygnnnetry 
Hygroicoplc  Bodiea 
Suutnrs'B  Hair  fljyrcenftr 

Byodiolalic  acid  (a.  Byochollc  adil) 

Hyodiolic  acid 

Uyoglycocholic  ac 

Hyodiotoldic  add 

Byodyalyain  . 

Hyoecyamloe . 

Hypamrite  (a.  Miargyrite). 

Hyper  (».  Per). 

UyparepiroTUc  add  (a.  Salicylic  add). 

HjperBthane 

Hyperithenite  or  Hyperathane-nck 

Hypobramoni  add .... 

Hypocliloric  add    .... 

Hypochlorite 
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HypochloriWi 

Hypochlorooj  idiiuid  anhjdrida 
Uypogvic  mdd        ,        .        ,        ,        , 

Uypogsllic  add 

Uypo-iodoDi  add  (a.  lodina,  OzjKtD- 

adds  of,  iiL  !S7). 
Hypo-iiiob[c  add  (t.  mobinm). 
Hyponilric  add  (fi.  Nitrogen,  Oxidss  at). 
Uyponitromecfluic  acid  ....    I 

Hyponitnnuacid 

Hypophoephoroui  tdd  (i.  fhofphonu, 
Oxygen -addfl  of). 

HvposcleriU 

Hypoatilbite  (s.  Slilbite). 
Hypotnilphamylic  add    .... 
HypoaulpbarnTikiaa  add 
HypoBDiphsIbylic  add   .... 
Uypoflulphindigotio  or  Hjpom]pho«»- 
Tulic  add  (*.  ludiiro-MilphQrio  addi, 
ill.  2S8). 
HypoMilphof^lntk  add  (s.  Solphoglntio 

Daplithnticadds(a.  S^phwapb^ic 

Bypfwulphophoqiharic  and  BjpoHilpho- 
phoroUB  addi  (>.  Fhoaphonu,  Sul- 
phides of). 

Uj-poanljibuTJc  and  Hyponilphanntf 
■cidB  (•.  SDlpbni,  OxTgtn-adda  of). 

Ilj-povanartio  add  (».  V«ji»^' — ' 

H>-iwxaiilhiiM 


Ioaland-*p«f  . 


Ichtbia - 

IchthuUn - 

IcbthTocoll  ((.  Qalatln,  U.  836). 
Icbtb70]ibtbdiniU  (t.  ApophjUila  L  BGl). 


Ifiuurtpe 
Iglcduite 
lulito  or  Igldiv 
lUlafbiulte 
Hide  add      . 
man    . 


IWaita  i*.  LiOTTiU,  IiL  SSS). 

iiiubaiiile 

Imuatic  add  («.  iNunk  Add,  lii.  403). 


Imptnlorin  (■. 
IndDHiAtJon  (fL 
Indelibrama  . 
Indiaoite 
Indian  Ink,  ox  ( 
iDdianRftd  . 
Indian  Yellow 
iDdican  . 

OziDdicinli 

Indicanin 
IndifulTfn 
Indif^ucin  and  L 


1.  Orpin 

8.  Tin-T 

6.  Warm  \ 

1.  Wood 

S.   POIMI 

8.  Urin» 

PnriBcatJ 

PraparaUoa 

Propeitiet 

Decompoaitiot 
TeatiDg  and  1 
Indigo-brown 

Indigo  gluten 

IndigD-purple 

Indigo-Balpbarie  i 

Hyposulpbim 

■ulphocieru 

Sulpbindigoti 

SDlpbDpbffini'  < 


IndlgoUo  acid 
ladigaten  ^a.  Ind) 
Indign-whita  . 
Indigo-yeiloir 

Indin       . 

IMbromindin 

Dichlorindin 
Talnchloripi 
Hj-drindin 
Nitrindin 

India- Bulpharlc  a 
H^drindin-a 
Lendodin-n 

Indintlu 

Indirnbin 

Induction.  Elacti 

SM,  451). 
Induction,  Hagi 

761). 
Indaetion,    Pho 

Chomioal  Acti 
InfbaorlA 
Inftuorial  earth 


I 


BUcklnkf 270 


Id  Ink  . 


m 


Btw,  Talloir,  and  C^wB  Inki 

SnipalbsUe  Inki    ....  — 

llirkius  laki — 

PriDtiDg  Ink — 

Ulhognphle  Ink    ....  TTS 

IiaewpiD 174 

Inatickdd — 

Nttre  <nadl«   '.'.'.'.'.  KB 
Inwliidc  add  (c  Teraphthalic  add). 

.'  »77 


iDIMtilUl  JoiOt 


lixl  inn  ioiu  add  (•.  Anank,  OzT-loffide 

of,  issey. 

Iod«tea   (l   lodina,  Ozrnn-addi   ot, 

•\L  MO). 


lodelbVltDe  (i.  Etfarleiis,  lodated,  ii. 

S7B>. 
lodhTdric  add  (l  Iodide  af  Hrdnunn, 

iiLK4}. 

lodhydxioB 

lodlrff  orAertyl 

lodidaDfAlamintnm      .        ,        .        . 
Iodide  of  Ammonit  (>■  lodanunoilfam, 

lii.  382). 
lodida  of  Bonn  (».  BvToB,  L  917). 
lodidt  af  Hjdrogca       .       .       .       . 
lodido  of  Hitn»«a  (i;  lodunJdei,  UL  ISO  ). 

Iwlidat,  Hotaifie 

Imlidn,  Orgaaia 
lodidea  ot  SiUa 

seo). 

Jodidea  of  Pboapbomi,  Salaitii 
phar,  and  ItfJariimi  (»  tht 
doDieota). 

lodioa    


»(>, 


Prapantloa: 


Ptwwtial 
dtni«  Braraldaa 


Atomic  Weight  of  Iodine 
Iodine  Ozidea  and  Ox7eeB.aolda  ot 
Ui-poiodona  add     • 
Penodle  (hdde  and  allied  Oxidel 
Iodic  add  and  labf  diide 


lodlact  Ozidea  and  Oxjrgen-adda  of: 

Periodic  add  and  anhTdrida   .        .     S07 

Periodatea 808 

Iodine,  Selenida,  Sulphide,  and  T^urfde 
of  (&   Saleniinn,  Snlphor,  and  Tel- 
lurian), lodidea  of). 
Iodile,Iadop;rite,  Iodic  SfiTor  .    SIO 

lodobsawio  add — 

lodobrndns — 

lodO'.CBOatdiin  (a.  Camlcbin,  I.  787^. 
Iado.cklon>>oItnliBiiBiiia  (a.  Hamino, 

liL  11). 
lodociBchonlne  (a.  Cinohanina,  i  979). 

lodadnnamic  acid — 

lortocodrinv SII 

Ivdoibnn ,      ^ 

lodoliM SIS 

»nfn,  ili.'8«l)! 

. ^_    UelanilnK^   onder 

Phenj^ntnea). 
iDdomercnratei  .        .        .      — 

lodnnietb  vlamiDa  fi.  HatbTlamino,  iiL 

997). 
Indoniathyi  .adeiifaia  acid  (a.  Selmtoaa 

lodomarphlna  (a.  HonthlK  Hi.  ggl). 
lodoaicotiae  (a.  tria>tiDe> 
Idonitmharmiiie  (>.  Harmine,  ilL  II). 
lodnnitrophenie  add    (a,  nantc  acid, 

Deriratlree  of). 
lodopapnveriM  (a.  Papaverine), 
lodopbenylamine  (a.  ithenTUm'iK.) 
lodopbenyldlraconiniide  (a.  Citraconie 

aeirt,  Amidea  of,  i.  »3). 
Indopiany]  (bjd.  with  lodoawcawne). 

lodoplatlnatn — 

Iodopn>p7lene  (•■  Alljl,  Iodides  o^  L 

1«). 
lodapjrita  (a.  lodila). 
lodacnTODieconlo  actd  I 

lodoquinine  (a  Qnlnixe). 
lodoaalicrlie  acid  (a.  Saflc}>lic  8eid> 
lodOBtiychninB  (a.  Strychnine). 
lodD-aahatlMtion-coiDponadi 
lodotnlphide  of  AatintonyCa.  AatinunT, 

LSflg). 
lodotdinnites  (a.  Tellariaai,  Mid*  ot). 
lodolclnTlio  aad  fa.  T-olajUc  add), 
lolite  (a.  DiehToIle^  a  SSS). 

lonaphthia     

Ipecacaanba   ...... 

Ipecnaaie  aeid        ...... 

Ipoauaic  add 

Iridiam 

Extraction 

Iridiam,  AIloTB  of  !       ^       !       !       .' 
Irtdiaia,  Caitude  of       .       .       .       .    : 
Iridiam,  CbloUaa  of     .... 

Protoehloilde 

SaaqDiahloride        .... 
Cbloiiridita 

Dichkoido 

QiloriridtaMt      ....    I 

Trichloride 

IiMam,  DateatlaB  and  Batlmtlon  of: 

ReKUaa 

Qaantitatjra  EatioiBtion  and  Sfm- 

Atonic  Weight  '.  .        .       '. 

Iridium,  lodidia  of  ... 
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Iridiom.OsidNof . 
Irtdinm,  Oxrga-titt  eS 
Iridium,  aafpbidM  of 
Iridinm-bi  -  -   ' ' 


KktiTS  FarroD*  C«rboii»t« !  Spa- 


-Pig-bo«lDg" 
SblngUnc  or  BIoDining   . 
"oiling     . 


1  of  Fael  In  tin   I 


Iron  gnidtiag 
Blut-nirtuce 
Anilines  of  BtiM-fbraace  Slilfi 


AD4lyMi  oT  Qu  from  Blut-hir- 


Hot-blut    . 
Iran,  AlloTB  of        .        .        . 
Irao,  Bromides  id  . 
Inn,  Cu-bWlM  tt  Cailiurati  of 
Iron,  Cirbonate  of  (l  Cutuootei,  L  784). 
Inn,  Carbonttad.  Aulyni  of 

1.  EttinutbHi  ot  the  antira  udoi 
nfCarlKHi    .... 

3.  Eithnatlon  of  tka  QrapMt^ 
Btechankallj  miz«d  CinwD 

8.  EatimatioD  of  combinMi  Caiboa 

4.  EMimationof  Sllicsa  . 
'  a  of  Nitrogan 

>n  of  Snlphnr 


8.  Ethmitien  of  Ananic 
>.  Eatimmtionof  Huigancaa  . 
10.  Eatlmatlon  afCappgr  and  Laad 


Iron,  Cbloridaa  of: 
Farraoi  Chloride 

HTdratad  Ferroia  Chloriiie. 

Doubla  Klta  of  Fanou  (AlarUa . 
Fttnk  Chloride       .       .       .       . 

Hjdrated  Ferric  CUorida    . 


c  Chlotide  a 


Bask  Feri 

chlorida  .... 
Fanico-ammnnic  Chloride  . 
Chloride  of  FecTicam  and  Feirio- 

ammonium 
Ferrico-potaadc  Chloride      . 
PerrLco-ndlc  Chloride 
Ferrico  -  unmonio  -nolanio  ■  aai 
Chloride   .... 
Iron,  Cjuiidn  of  (■  Cjanidea,  iL  tU) 
Iron,  Detection  and  Eetimation  of; 

1.  Blowpipe  raactlona     . 

2.  RenctioaaiiiSolDlioD; 

OfForicidtB. 
Of  Femiu  aalte 
8.  QaaDtiutire  Ealimatloa: 
Granmetric  Uathoda 
Volonatric  MeUrada 
a.  Hethflda    depending 

Oxidation 
JL  Method*  depending  on  Be- 


id  the  Albali-iBalal 
Ion  of  Chrominm,  Ta- 
naiUcm,  Titanium,  Matybdeamn, 
andTnn^Cen        .        .        .        . 


I.  B^antkn  of  Inn 
Elementa . 

1.  Aaaavof  Iraaoea: 
>.  In  the  wet  way 
f.  In  the  dry  war    . 

I.  Atomic  Waisbl  ^  Irtm 


n,  RydratM«r(«.In)D,Oi 


[ran,  Hvdrldo  of 

I,  Iodide*  -a 

1,  Meteoric  (UL  336,  97T> 
__.i.  Native  Ciii.B3o). 
lion,  Natrolite  (i.  Katnllit*> 


Iron,  Uxidea  of 
Feitooa  Oxide 
Hydnud  Ferrooi  oxide 
Ferrona  aalta 
Ferric  Oxide  . 
Hydrated  Ferric  oxide 
Ferric  BilU 
Ferroao-ferric  oxidi 
a.  3cale  oxide 
P-  Magnetic  oxide       . 
Farmeo-l^nic  Hydratv 
Trioxide  of  Inn 
Iron,  Oxybromide  of 
Iron,  Ozycbloride  of  (p.  878), 
Iran.  OiyfiuDridt^  of 
Iron,  Oxygen -ealla  of 
iron,  Oiymlphide  of  (p.  *»). 
Iron,  Pboapbldea  of 
Iron.  PolterkBd     . 
Iron.  Selenide  of     . 
iron.  Snlphidet  of  . 
Octaferrlc  SalpUd 
Hemisniphide         .... 
Pratoenlphida  or  Fenona  (Diphide . 
Seaqaintphide  or  Ferric  milphide  .    ' 
Ferroeo-ferric  or  Magnetic  sulphide 
Diaulphide:  Irmpgriia 
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Iron,  Tuilalata  of  (i.  Tuitallla). 
Icon,  Tallurie  .... 

Iron,  Tellarid*  of  (>.  TdliifidM), 
Iron,  TnaaMe  of  (•.  TupgitatM). 


Dibromiutin  . 

Cblariaatin      . 

DIchloriwtin  . 

lutosalphuric  add) 


UoDobaric  lutomlphnric  acid 

Dibaeic  Iiatoeulpboric  acid    . 
lulDulphitM  .... 

lutydc 


Chlori»tvd»  and  Bromlntydea 
SulphiinlVde  .... 
DliuLpliiuIyde 


laobromoinalNc  add  (a.  Maleic  add,  iij). 
l»ocajpul*nB  (B.  Cajputen^  L  811). 

'-TcsUmids ' 

Krvanuric  acid  <■.  Fnholanrlo  add,  iL 

xUbromoauodnlE    add    (».    Bucdnio 

add). 

jdiglTcol-ethjlanlc  add      . 

Jsomeric  Hjdrocarbona    . 
iaomtn  cootaining  Carbon,  Bydro- 
Ken  and  Oxygen :      . 

Compound  EtncTi 

Alcobols  and  Ethen     . 

Aldehydes  and  KBtonca 


Folratomlc  AlcoboU    .        ■ 
Inman  ccntaining  Carbon,  Hydro- 
gen, and  Nitrogen       .       .       - 
Iwinan  conUining  Carbon,  Hyd; 

gen,  Nitrogen,  and  Oxygen 
laomen    among    Inorganic    8i 


laomorpbiani  .       .       •       - 
Table  of  laamarphooi  QroBpa 
Jaoaiorpliona  ElamenU     , 
Condi  linos  of  complete  Isomorpalam    < 
leotomoia,  HomiwimorplioBB,  Utta- 
romorpbous,  Anisoroorphoiu,  and 
AnisoWmoOB  bodies      . 
Atomic    Tolumea    of   lumorphoni 

bodioi ] 

Polymeric  lumorpbinn  .        ■        .    < 
iMDitropfaenic  add  (a.  Phenic  add). 
laopbane  (a.  FranlOinite,  ii.  707), 

lnopurpnric  add 

Iwpyre ,  •.•    ■ 

laalartarir,  imd  laolartHdicaddB  (a.  Tar- 


Itaeolamlta    (.•••• 
Itaconic  add 

Amide*  of  lUoonle  add  . 

Itaeooie  ether  . 
Ittnerite 

ixioiite  *   !   r   !   r   ' 

Ixolila 

J. 

Jade  (a.  Nephrite  and  Baovnrlte}. 

Jalwicadd  '.'.'..- 
Jaluiatea'.  .... 
Ati^a-JaUidc  add  . 

Jalapinol 

JaJapiDOlic  add       .... 

JalaplDolatea  .       .       ■       . 

Jalapinolic  ether      •        •        . 

Jalpaita 

Jamatdne 

Jameaonlte 

Japonic  add 

JargJDDite 

Jargon  (t.  Zircon). 

Jatropha 

JeOeraonite 

Jelletite 

JefVeinofflte 

Jenkiniita  (a.  Hydnphite,  p.  SU). 

Jenine 

Jet  ...... 

JewreinowiU  (a.  Je&«inalBte> 

Johnite  (a.  Turqnd*> 

Juglandin 

S&   :   ;   :   :   ; 

Jorinite  (i.  Btookit^  L  681). 


KaammerBrile         .       .       •       •       .    44 

SBmpfBrlda  - 

Kalieaccbario  add  .  .  ,  .  *4 
Kalyptolite 

Kaolin  '. - 

Karelinit - 

KaipboUta  (a.  Caipholite,  i.  SM). 
Kar|jioddsril«  (a.  Carpboaidarita,  L  e07> 
Karatenita 

Kawain           * - 

KedHa - 

Keilhioite  (a.  TttiotUanita). 

Kdp - 

Keramohallta - 

Keraphyllita « 

Kenugyrile  .,.-..- 

Kerat*  (a.  Eararg7iit«X 

Kamea,  Mineral  .  .  .  •  ■  - 
Karmeaite  Of  KemMaoma  .  .  .  - 
KeroUte  (a.  CaroliU,  i.  S86> 


nj-vcstvGoot^le 


THE  THIRD  VOLUME. 


KttoDca  (a.  AntUmn,  i.  SI  j. 

Kibdelophana        .... 

KltTekiir 

KieHriU 

Kilbrickcnlta         .... 

KiLlu 

Killinita 

Kinlc  add  (a.  Qninio  >dd>. 

Kioono  (■.  Qd1ikid«> 
Kinormuadd        .... 

Uniigite 

Kit         .  .... 

Sinruit* 

KLapnthiii  (*.  LunUU,  UL  477> 

KlioocUM 

EnebaUt* 

Kobdlite 

SoenigiU 

Kocolite         ..... 

Koenllnit* 

KoMCigite 

KokucDuowilB       .... 
Korite  (a,  Pilagonlta). 

Koumln 

KoaphDlila  (p.  Pnhnits). 
KrmbliW  («.  Budita,  L  fiW}. 
Kramaric  acid        .... 

Knntzite 

Knorite 

Knittonita  (a.  Spinal). 

KremeniU 

KreisnvigCta  ..... 
Krokfllla  (a.  Crocolrite,  IL  10B> 
Kupraphlta  (a.  Tirolita). 
Kyamethine  (a.  CjumetliiDe,  ii.  188). 
KyHDetUna  (a.  Cyuwthiin,  U.  189). 

KyimiW 

Kyiinol 

Kyaphenina 

Kynuitin 

Kynnrenic  add      .... 
Kypholite  (a.  Seij«iitiDe). 


LabarnJeac 

Lac 

Lao^dya i 

Lactamathana 

l-aotamio  acid 4 

Ijictamlda 

Laclethylamfata 

Lsclic  acid 

Sarcolaetlc  or  ParilacUo  add  .        .    4 
TbaboUclic  add      ...       . 

Acal^utie  add      ....    4 
BaDiolaEtlo  add  (i.  661). 
Batrrolaetic  add   .... 

Dllwttioacid 4 

Ettayl-Udio  add  (a.  Lactic  Ethan). 
Lactyl-nilphnroBi  add   . 
Hethyl-Uc^c  add  (a.  Lactic  Etban). 
SaccioD-lactie  addi 
Solpholactlo  add    .       .       .       .    1 
TiilacUcadil 


Lactic  AnhTdride 4S3 

Lwtic  Ethan — 

Lactatai  of  Ethyl    ....  468 

HoDEthylJc  Lactate     ...  — 

Elhyl-lactic  add          .        .        .  — 

I>iMhjlic  LacUU        .                 .  4M 

Lactates  of  Methyl         ,        .        .  — 

MeChyl-UcIic  add      .        .        .  — 

Lu:tida — 

Lactldic  add — 

Lw;tiu  (a.  Hilk-angar,  liL  1031). 

Lacuae  (a.  Wlk-a^.'liJ.  1023).' 

Lactuca — 

LactDcaria 46S 

Laetndn ■  — 

LacloGoDa      ......— 

Lactacoplcrin — 

Lactyl.  bilDrida  of        ....  Me 

ir"    ::■.■.;:  r 

Lamioaria  (a.  Sea-weed). 
Liunpulila  Ca,  Wad). 

Lamp-black 467 

Lana  nhlloaophlea — 

Lanatkita — 

Lancaaterite — 

Lantannric  add      .....— 

Lasthanitn •  — 

Lantbanam 468 

LanChuinm,  Cblaride  of        .        .        .  4ii9 

Lanthanum,  Dstertiou  and  EatimatioD  <£  ~- 

Lanthanuni,  Fluoride  of         ...  — 

Lanthanum,  Oxides  of  .        .        .        .  — 
LanCbannm,  Oxychlsrido  oT  .        .        .470 

Lanthanum,  Oivgen-aalu  of         .        .  — 

Lanthanum,  Sulphide  of        .        .        .  — 

Lapia  IjiuU  '.'.'.'.'.'.— 

Upla  OllarlB 471 

Lanb  (a.  LaiixV 

Lardlca — 

Larixinic  add — 

Laiionite  (a.  WaTellite). 

Laaurite                        .       .       .       .  — 

Laaylic  adit — 

LaleriM — 

Latex 473 

Lathjraa — 

Latrobila  (a.  Aoortlilte,  L  808). 

Laumontite — 

Launlicadd 478 

Lanratea 4TS 

Laurie  Ethera               .    *  .       .       .  — 
Laurels  of  Etbrl : 

Laurala  of  Glyceryl  or  Lauro- 

Leorin 176 

Laurogtearin  (a.  Laurie  Etherg). 
Laiuiu  CamphoTB,  Oil  of  <L  7S9). 

Lanma  nobilia — 

Lara  (a.  Volcanic  pradncta). 

LavcDdai,  OU  of 477 

LaTesdalan — 

Lead    .'.'.'.'.'.'.  47S 

Hlatoilcal  Doticaa    ....  479 

OieaofLeBd — 
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Ualallargickl  Tnatmmt  of  Uad 

I.  Bediirtko  of  LMd  ons    . 

1.  RfdurliOD  of  Salpharm 

KsTsrbantorT  l^umauM 
a.  llBltaod  by  double  decoi 

ponlion . 
Englitb  Procna 
Cirintbit  VmM»     . 
Frtncb  ProQHB 
Analyaii     of     LMd-«l»g» 

fhim  BtrvbatMOTj  tW- 

Action  of  the  Gtnp 
*.  Pnx»M  bj  Affinilj  . 
The  fednclion  at  Oiygen 

nntat  Lead. 
SiMDlah   Air   Fimii 
^or»  di  Gran  1 

2.  Tbe  redocEioa  of  Let 

in  Blut  Funuco 

a.  'Die  CupoU  or  BiMt  Fdt- 

Silcatui  Fnnuca 
Hart*  Fnnsu 
Annlpei  of  kUtU 
Aiulyav    of     Lead  iligi 

fhiiD  BbuE  Furnaces 
Spnniih  E<«noniic  Fiuiucs 

b.  The  On  HoHrth 

Tbe  Back  wood)  Haarih 
TbeAmeriiao  Hearth 
The  Siiotcb  Hurtta    . 

Cbemkal    reactiona    in   tbe 
Blasi  Furnace  . 
IL  Tbe  Be&nmg  of  the  Lead 
1.  Dedlveriaatioo:  PalUmoi 
PrweH      . 

8(^(t'i     Appaiutiu — Won- 
ley'a  A  pparatna 

Seaaiallon  of  Copper 

Ul1iaat>oa . 
S.  CapelUUonDfReflnlDgofrich 


CapelU 
Lead 


Tbe  Englisb  aietem 

Cham  Un's 'Steam  Blait 
JohneoD'a  Procen 

The  Qernian  Syeiem    . 

SenaratioD     of    Lead    from 

HaDofactuie  of  Litharge 
S.  Reduction   of  tbe  Pol-droa 

and  LitharKO 
IIL  Softening  of  Hard  Lead 
CaldtuUoa  of  the  Lead  . 

Ponlifex     and      Glaaaford' 

Reduction  of  the  Drou    . 
Sepantion  of  (be  AntimunT     . 
Cost  of  treating  Spanish  Harf 
Lead      .... 
IT.  Smelling  of  tbe  Slags  ai 
other  products: 
1.  The  English  Slag  Hearth 
I.  The  Clauilbal  Blaat  Fuma 
v.  CondeDsation    of    tbe    Lei 


Lead: 

Patanla    tor  Improvements  la 
the  mannfactore  of  Lead      ■     HB 
Lead,  AlIOTt  of W* 

1,  With  Antimony:  7Vp«a«i>I      .      — 

2.  With  Araenic      .         .         .         .       — 
S,  With    Bismuthi     4.  With  Bia- 

mnth  andADlimonyi  6.  WiUl 
Cbramiumi  B.WiOi  (kvf*    ■    U3 

7,  With  Manganeae ;  8,  With  Her. 
cnrr;  B.  With  lleronn'  Mkd 
Antimony;  ID.  Wilb  Potaa- 
aium  and  Sodium      .         .         .    5S4 

11.  WiUi  Tin;  Prater,  Softfer, gic.  .      — 

IS.  With  tin  and  Bismuth:  f«a- 

tit  albif  ......     5M 

18,  With  '110,   Mercury,  and  Bia- 


Lead,  Antimonide  of  (p.  SB!!). 
Lead,  Areeiiide  of  (p.  fiSS). 
Lead,  Bromide  of  . 
Acetobromide  . 


phli 

Lead,  Cbloiide  of 

Aeetochloride 

Lead,  Chlorocubonale  at        .        .        . 
Lead,  Cbloriodide  of       ...         . 
Lead,  Chlorofluoride  of  ...        . 
Iioad,  Cbiorophoaphate  of       .         .        . 
Lead.  Cblorvpbosphite  of 
Lead,  Detection  and  EstimatioB  of: 
L  Beactlons  in  (he  Dry  Vi»j 
II.  Jtaactiona  in  Solution 
111.  QoanllCatiTe  Eatimagon: 

1.  Gravimetric  methods 

2.  Volumeltic  mathoita 

IT.  Separation  of  Lead  from  othw 

Hetals 

T.  Taluntion  oTLead  ores: 
a.  By  the  Wet  W«v     . 
6.  By  tbe  Drv  Way       . 
Eatiiiiationof  the  Silver  . 
—     ■  Weight  of      ■ 


Lead,  Iodide  of 

loiio^ibloride 

Double  salts  with  Uie  lodidea  of  Pa- 
Lead  Or«s        ...'... 


Sesqnloiide    • 
Dioxide  or  Peroxide 
Compooniia  with  ad 
pliOKbic  walU 


Lead,  Oiybromide  of      ...         , 
Lead,  UXTchlorideii  of    ,         .        , 
Lead,Oitj-c^TanidB  of  (a.  t^_anidea,ii.a6«>. 


I.ead,  Oxj4noride  of  (iii.' 
Lead,  OxygeD-aalta  of   . 
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Lmd,  Selenids  al    .  .        . 

Lead,  Bnlphide*  <rf: 

TitartHiilphida        .... 

HMDiaalphlda  .        .        .        . 

ProCOHulphlds:  Oojuu  . 

Fanulphide 

Luul,  SnlphoCBilianMa  <rf  (*.  Solphocu- 

L«d,  SEL'ibocUarlda  of . 

Lead,  Sulphocyuiita  of  (i.  B(dF''0<T*' 

Lead,  Whlla 

L«d-g]uM«  (p.  SSS). 

J.ud.gUua 

Leod-glaH 

Le«IU1liU 

Leul-raatt 

I«id-ocbre     

Lead-pluter    ...... 

Lesd-rsdJclM,  Orgniic  .... 

Pbmbolriiimjrl       .... 

PlambotriethTl       .... 

Plumbotetrethrl     .... 

PJumbotrimetn^l    .... 

PlambalatnunMb;) 

Lead-SMM 

Lflad^-spolis 

Lmd-Titriol 

Leaf-gTwn  (s.  Chlorophvll,  I.  922). 
Leof-riNl  (a.  ETjthrophyLl,  ii.  fiOC). 
I.eiir-velJi>v  (■.  Xaacbophyll). 

I.sath'w 

Lecuiorfo  uid 

liOunotln 

Lecitbin 

Lscoatita 

L«dcrarita 

I.«deHte  (i.  Spheiw). 

Ledlxanthln 

Ledam,  Oil  of        .       .  .       . 

Leek       '.'.'.'.'.'.'. 

Lee)its  (>.  HBlloOiiiU,  iU.  141). 

ufmMiHite    '.'.'.'.'.'. 
Lebrbichile 

LeidenAvil'ii  PbenomanMi      . 

Lemni 

I.eianiui  Earth 

Lemna  (s.  Citrus,  L  1003). 

UndDiM         '.'..'..'. 

Leonbirdite 

l«opardite 

Lcpsmlna 

Lepirgylic  idd 

Lepidim  

DianiTl-lepidinB,  OT  Lepamlne 
Ethyl- iepidi  no         .... 
Metbvl-lepidine       .... 

Lepidocrocite 

I^pidolita 

Lepidomsluit .        .        .        .        .        . 

Lepolitfl 

Lttbal  (■.  MTriiUc'Aleobol,  m.  107S>  ' 

Triphanyl-leiiMniltoe      . 
Leocuoiitmin  (a.  Litmiu,  iU.  730). 
Leochtenbergite 


Landc  acid i 

Lenclc  Etber 

LaodDdin-salpbiuic  add  (i.  lodin-rol- 
phoria  add,  iii.  S68). 

CompODDda  of  Lendna  wllb  Add* 

and  fiBMa I 

Paeudoleuciii* 

LeiicocjclU* 

Leacoline 

LcDcollu  (a.  PycDJte). 

L«iicaas  .......    J 

I«acooic  wnd 

LeDMHiitrlle 

Leaeophyll 

Lencapyiite I 

Lencorceia 

Lencoturic  add 

Laroloaan,  or  Laaioliiaan 

Lerigaiioc 

Levype  

LheraiLiU 

Ldatria 

LibalbaDlta 

Liobsoic  add  (s.  FuiDiric  add,  iL  741). 
LlcbepiD 1 

Ucbenatearic  add 

Liebenerila I 

Llebigit 

Uenin i        . 

LighC  '.'.'.'.'.'.'. 
Snurcea  of  Light : 
Tbe  Bun  and  fixed  Stuv     .        .     I 
Combnition  .... 

PhoapborMcanca .... 
Tbe  Electric  Ligbt       .        ,        .    I 

Badiatien 

Telocity  or  LigbC  .        ,    t 

1.  Heaiimmeiit    by    obmrva- 

tiona  of  the   Edipeea   of 

Jupiter's  SateltiUB    . 

-3.  Br  the  Abanation  of  lbs 

fixed  SUn 
B.  Heaaonmant  of   the  Telo- 
city   of   U^C    by   HDali 
diatancea: 
>.  Fixeau'a  Helbod      .       .    I 
ft.  By  meane  of  a  rovolviog 

Intenilty  of  Ligbl  .        .         .        .    1 
Compariaon   of  tlm   tnleni«ity  of 
two  Luminoo  a  Sources:  Pha- 

Bumfbnl'B  Photometer     . 
BoDMo'a  FhotomoMr       .       .    I 
Uaason'a  Electro- PbotomMer . 
General  results  of  f  hotumi'tTic 
ObMrration  .... 

Interference ( 

Fresnel's  Mirror  Ezperiment  .  ' 
Uansuremeat  of  Wave-leugtba  .  ) 
KaWrtion ( 

1.  Fringea  produceil  by  Bm 
pairing  along  tho  Edge  (B  a 
Screen ( 

2.  Frtngea  prodiKed  by  Dan*ow 
tectangQlar  Apertures  -        .    i 
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Liglit: 

5.  Hngw  prodBod  bv  two 
narrow  Sliti  Ttrj  ckaa  lo- 

4.  Fringeg  pnidaoed   b7   verj 

B.  FriDKH  produced  bT  Scr««i* 
of  ApartnrM  Twy  wiimII  in  all 
dircokini     .       .       .       .    < 

6.  Fringe*  prDdD«d  br  *^'*^ 

fnoi  or  NdwDrk 
PunllalGratmei. 
ImKDlu-  tirattngi  .    I 

GmCiniii   or   Network  with 

•quire  or  rouod  Ueihes    .    « 
BcflsctiDR    Gndng*   or    stll- 

BeBsctlon  and  Bffractioii 

Limitation    oT     RsBectad    and 
Refracted  ray* .        .        .        .    * 

Abiorption < 

BefVactlon  tbronirh  Prumi  .    I 

Angle  of  Leaai  DeTJation         .     < 

Meanrement  of  KdVacllv*  1n- 

dina  of  Solidi  aiwl  Llgnida  . 

TabW  of  RefntrtlYB  Tndieea 

of  Soliili  and  Liquid!        .    1 

Index  of  ReTraclioD  of  GiNa: 

Btfiactin  PoBtr .        .        .    t 

Diapanlon ' 

Newlon'e  diacovery  of  the  Com- 

posiU  natnra  of  SoUr  Liaht    I 

Methods  of  obtaining  tbe  Solar 

Spectmm      .... 

Fixed   Line*  iD  the  Solar  SpM- 

Effect  of  Cnloared  Gaaet  on  the 

appearance  of  tfae  Linen        .    I 

Spectra  of    Flama   and  Incan- 

daacent  Undica  .        .     I 

Spactm  of  the  Electric  LiKht  . 

Kiichhoir*     Theory    of    the 

Linsa  in  tfae  Sol*r  Sperlnm  . 

DiinertlTe    Power*   of   diffennt 

Media I 

Corfflrienta    of    Diapenion. — 

Partial  Dispemion 
Gladstone  inH  Dale'i  nsearcbea 
on  tfae  Renvr-tion,  Disper- 
(ion,  and  Srnsiaieneta  of 
Llquida  .  .  .  .  < 
Table*  of  Spnifle  BrfrtuttBi 
Entrgt  and  Spteific  Dit- 
peraiim  .        ,    i 

Table  of  the  Refractive  in- 
dices of  varinas  I  jquldsfbr 
the     lines    A,    D,    H    at 
diflTerent  teDiptratnre*      .    i 
TabI*  of  Ifae  Refteoliye  in- 
diceaof  Tariout  yqoids  for 
tbe  line*  A,  B,  d  l>,  E, 
F,  G,  H  at  aP  C.     .       .    I 
netting,    Cbemical,  and    Phos- 
phorogenic  RajB  of  tfae  Spec- 
Identity  of  the  CsloriBe,  Lu- 
minouBi      (^-faemical,      and 
Phosphorogenic  &ars 
Fluorescence  .  .  '      . 

Coloured  Abanrption    - 
Abaorptton-apedn  (rf  coloured 


Eipaiiment*    of 


liqaJd*  : 

Stoke*  and  Otadttone  . 
BrawKer'*  Theory  of  tbe  Spec- 

Obaervatkms   of  Ain  and 
Helmbolti         ...    I 
Decompoution  of  Ught  by  Befiec- 

Coloara  of  Bodies 

Stokea's    Obaervaticnu    on    the 
relation    between    Absorption 
and  Reflection ....     I 
Tbe  Coloun  of  Tfain  Plates    .        .    I 

Relation  between  the  Indices  of 
RelVaclian  and  the  Tliicknesses 
of  the  Films     ....     I 

Newton"!  Table  of  the  Coloan  of 
Thin  Plates      . 

Colnurs  of  Thick  PUte* 
Compoaition  of  Coloan 

Helraholu's  Method  of  Obaem- 


_ .    .  -y  Coloat* 

Newton's    Constmclion    fbr    the 
cdculaUdo  of  Composite  Col- 
Maxwell's  Uetbod       '. 
NomenclatDnofColonni      . 
CheTTBol'*  Chromatic  Cirtle 
Polarisation  and  Donble  Refraction 
1.  P<rfariiation  by  Reflection  ftom 
tfae  SariaceaofTniDaparent 
Uedia         .... 
Polarising  Angle  .        . 

1,  By  Ordiuarr  Refraction  . 
8.  By  Doable  tjefncUon 
Bq>aratlon   at    the   Polaiiaed 

..  By    Refleetioa:    f/icM-i 

fi.  By  Absorption :    Tourma- 

Swa       .... 

Natnni  of  Polarised  Light   . 

Inlerfbrence  of  PoUrtsed  Rays 

Pluie,  Cimilar,  and    Elliptic 


Polaris 

Theory  of  Donble  Rrfraedon  ; 

Crystals  with  One  Optic  Axis 

Crvslals  with  Two  Optic  Axes 

Re'fleftion  from  Double  Refrart- 

ing  Media     .... 

""ilsrised  Light  . 


MeasDremcnt  of  the  Angle 


prod  need 

■    I  of  L„.. 

ig  Crystals; 


Absotption  of  Light  by 

refracting  C      '  ' 
Cirralar  Polai 


In  Qotrti  and  oCfaer  Crystals  . 
In  Organic  bodies  .        .     I 

^wdflc  Botatoiy  power        .    ( 
TVannCion  tint 
Relation  between  Optical  rolitorr 

form  and  Cryatalline  fnrm  .        ,    I 
CirCDlar   Polarisation    induced   by 
Hagngtic  action  ....    I 
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Ltghl,  Chainie*!  lotion  of      .    ( 
Maunnmant  of  the  Chtmkal  aa- 

tira  of  Light       .... 

Chlorina  ud  Hrdiogoi  Cbemkal 

Photomctsr  of  Bodkii  and  Koa- 

Photochamioallndnction  '.    ( 

ComptcatiTa  and  abaalola  Haaaora. 

m«at  of  the  Cbemical  raya  .        .    ( 
Chamical    actioa  if  dlSliae  Day- 
light     ( 

ChBmical  action  of  dInictSnn-llght    i 
Heaaurament  of  ths  Chemical  ac- 
tion of  tha  CoDatituoDt  Parta  of 
ths  Solar  Spoctmm     .        .        .     ( 
Chamical   Ptaotomstar    adapted  lo 
the  parpuiwa  of  Ueteorological 
BcgutratioQ  .        .        ,     C 

Chemical  Brightaeai  of  vaiioua 
pdnta  OD  the  Sun'a  Sorface     .     ( 
Optical  and  Chemical  Extiaction  of 
the  Chamical  Raya  .        .        .    t 
Photographic    Truuparency.    or 
Diaclinic  Power    of    dioiireDt 
Media  1    HillarV  EipehmeTita 
Inflneocaof  Light  on  Planu  .       .    i 
Fhotwraphj  ..... 
EMtTy    Ezperitoaiiti   of   Wedg- 
wood, Sir  H.  Davy,  aod  Niipce 
Dagnerr^rpe     .... 

TaTbotvpe I 

Collodion  Procn* 
Natora  of  the  Chemical  Change 
effected  b;   Light    on  SilTar 

Salla I 

Chromophotography    . 
Ffaotographic  EagiaTiDg,  Lltho- 
grapby,  and  Galvanography    . 
Lignin  (a.  Cellnloaa,  L  818). 
Llgoita(>.Coal,L  1032,  audFa<l,lL  731). 

Llgneb I 

Liguune  oi  Xylite 

Liguliu  ().  Ligoatnun). 

Ligurile 

LiKDstnuD 

unite 

Limada I 

Limbellla        ...'.',', 

Lima,  Chloride  of  '.       ".      *       '. 

Lime,  Oil  of 

Ume-aover,  Oil  of 

Llmeatona 

Limettlc  add i 

Linarite 

Lincolnite  (a.  SUlbite> 

Lindackerlla 

Linlh 

Liiuslta ; 

Ljnotakadd 

Linieedoil : 

UpariU  fa.  Floor  apai,  IL  677). 

Lipyl    .'.'.'.'.'.'.-, 

Liquid 

Ll(|aidambar 

Liqiiida,  DjffUiion  of      ...       . 
1.  DIfiotion  of  Sallue  Solntlona 
Wi-IIL 


Uquida,  DiStaaloii  of: 

i.  GcTatalloTdi  mad  Collolda    . 
B.  Application  of  Uquid  Dlfltaaiaa 
to  Chemical  Ajialybia  .    ' 

4.  Dialyiia 

Pr^«ratian   of  Colloid    Ssb- 
stancea  by  Dlaljaia    .        .    ! 
Liqaldi,  DliperaiTe  Powaia  of  (a  Ligbt, 

2i.  62i\ 
Liqnlda,  Expantion  of  (a.  Heat,  ilL  6S]. 
Liguida,   Indicsa    of  BaftBction  of  (a. 

Liflht,  iii.  616,  687). 
Liqulda,  Oamoae  of        ....    ' 
Liquids,  Traoqiiratian  of        .                 .    ' 
Llqaorlce  f  aea  GlycyirhiuD,  IL  930). 
Llnodandiiu ' 

Litheoapore     ......' 

Lithiom 

Lithium,  ChloHda  of      ...        . 

Lithium,  Detection  and  EMimatfoD  of: 

1.  Reacliona  In  the  dry  way  . 

3.  Beactlona  In  SolulioD  . 

5.  QuantitatiTB  Ealimatiun  and  Se- 

4.  Atomic  Waiglit  .... 
Lithium,  Fluoride  {?.... 

Litblum,  Oxide  of 

Lithium,  Sulphide  of      ...        . 

Litfar<gmphy  (a.  Printing,  Chemical). 
Lithodurgo    ...... 

LitboapanoDm 

Liver,  Oiyooganic  Function  of  (a.  Gly- 
cogen, U.  S%6). 

liver  of  SulpbRT 

LixIviatioB 

LixlTlam 

LoadatxHie       ,-.,.. 

Loam  (a.  Clay,  L  1033). 

Lobeline 

Lcdingita       '.'.'.'.'.'. 

LnweUa 

Loganite 

LomoDlta  (a.  I^nmontita,  ill.  47!}. 

Loncbidite 

Lopez-root 

Lotalita  .        .        _        . 

Lubricanta 

Luclfbr  raalchea  .... 
Lucullite  (a.  Limestone,  ill.  697). 
Lumaocella  (a.  Ljmeetone,  iii.  697). 

Lupinio 

Lopnlln  ...... 

Lnpu*  UetalloTum .... 

Lat 

LuteolfD  ..... 
LuUdine  and  ^Lulidina 

Ethyl- ^-luttdioa     . 

Ethyl -lotldiua 

Melliyl-MDtldine  . 

Lycopodinm 

Lymph  .        .    ■    . 

l^yncurlon 
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MkIo 

MtMn 

Chamleal  CoDitttnoiti  of  Haddar  . 
formatioa  of  the  Red  CobuHiig 


Uw  of  MkddBT  In  Dyaing 
Praparuioas  oT  Hiddir  . 

1.  SnlphuricCburoil.    S.  GanD- 
dn.     S.    Pincofflo.     4.  Giron- 
oox.     G.  Flowen  of  Haddor. 
B.  Madder  ExtracU 
7.  Hadder-1ak« 
Yalaation  of  Madder      . 
Madder,  Eut  Indian  (>.  Mni^aet). 

Madr«porsi 

Mag<Mei7 


Ha^eaiatn,  Bnnnlde  of        .       .       .    ' 
HainaluiTi,  Chloride  of         .        .         . 
HaffDMliun,  Detaction  and  EttimaUon 

I.  BeactloDi  in  the  dry  waj   . 

S.  Raactiooa  in  Solation 

a.  QaantitaUTS  fiilimatian  and  Se- 

pantlon 

4.  Atomic  WalEht  .        .       .        .    : 
Hagneriani,  Fluoride  of        .        .        . 
Hagnesium,    Fluoborida    of  (a.   Boio- 

Buorldn,  1.  esi). 
Magnedom,  Flnodlldda  of  ffi.  Klko- 

flaorldv). 
MagneduiB,  Iodide  of    . 
Hagaealum,  Nitride  of  . 
Uagoeainro,  Oxide  of:  Ma 
Hagnedam,  Sulphide  of 
Uagnedum-ettayl 
Hagnaiom -mathyl 
MagnaUo  Iron  on  ■ 
Magnetic  Priitca  . 
Magnet  — 


wly-snepeoded 


l>lKril>Dtlai  of  Uifiietle  1 
Direotkn   af    a   iWely-s 
Magnetic  Bar 

Magnetic  Attractii 

lAwt^Forca  with  regard  to  Dia- 
Unoe  determined : 

1.  By  the  Tonion  Balance 

2.  By  the  Method  of  Oacilla- 

B.  Br  the  Form  of  the  Magnetic 

Coirea 
Compaiiaon  of  the  Power  of  dif- 
ferent Uaznetb     Diatrthntion 
of  Manetitia  .        .        .         .     i 
Magnetic  Tmluctioii  >     ' 

Molecular  ConMilntlon  of  Mag- 


Bj  the  Bleetrlo  CnneDt  . 
By  Tenwtiial  Indnotion 
OlcamManoaa   which    Influence 
the  Power  of  Magneta 
InflMaDoe  of  Bin  and  ffliape    . 


Inflnence  of  Hardening   and 
Temperioa    .... 
Inflnence  of  Heat     . 
Influence  of  Hedianieal  Actiont 
^      on  the  Magnetic  Power  «f 

Torsion'        '.'.'.. 
Tiaction  and  Flection  . 
Hagnstiim  compared  with  Elac- 

tridtT 

Dnirenallty  of  Magnetic  Action— 

Diamagneliam     ,         .         .        . 

Bpeddc  Magnetinn      . 

InflueDca  of  Temperatara  on 

Magnetiim  and  XHanugnet- 

Inflaente  of  Compreeaion  and 
Cryptalline  Stmcton  m 
Hagnetinn  and  Diamagnat- 

tXamagnetlc  Polarity'        '.      '. 

Themyof  DiamagnWilm     . 
Ml^inetilm,  TarreiUlal  .       . 

1.  Dedinatlon        .... 

3.  IncUnation,  orDip      . 

8.  iDlsuitrofthaEaith'eUagnelic 

Force 

Tarletionj  of  the   Magnetic  Els- 

MaKneto-Elecbidty  (e.'  ElectiidtT,  iL 
4S1>. 

Migoetometei \ 

Magniam 

Magnoferrlte 

U&hoganr 

Maiie 

M^orana  (a.  Maijonm). 

Hakwah  Butter  (a.  Galam  Bnttar,  tL  7{8) 

Halaehiu 

MalaooUle 

Haiacone 

Malamic  acidK*-  Ualie  add,  Amidn 
Malamide         I     of,  T9C). 
UalunTlIc  idd  (a.  Malic  ethen). 

Malanll 

UeUDillcadd 

Malanilida 

Haleicacld 

MaleMaa 

Branuimaldc  acids . 

Chlonimaldc  add  . 

laomaleic  acid 
MbMc  Anhrdride 
Malicadd 

Matato  .         .        . 

Bromomallc  acid     . 

laomalic  add  . 
Malic  add,  Amidai  of    . 
Malic  add,  PbenyUted  AmidM  of 

Dlphenyl-malemide  or  Malai ' 

FheDfl-matimideor  Uahuill  . 

PhenTl-malainlo  acid  or  M-'miili- 

Malio  Gthera  .       '.  '.       ', 

Hilolle 

Halonicacid 

Malt       ....... 

Maltha 

Maltfaadte 

MalloaK 

Maodnlla        ...... 


HI 
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HBodeliodd. 

Mandelalw      .... 
Hingsn-ampbibole  (b.  Bhodonite). 


FnpuBtiiHi  of  thg  maUl 
Prop«ti«« 


U»nluiuuaiu  . 


aiUlgUMH,  DnHDldB  of . 

ICaogUHa,  ChloridH  oT; 
>.  HuiguDiu  ChloTJda 
Hydratad  Chloride 
Donbla  lalls 
fi.  Manganic  Cblorida 
T.  Perchloride  of  Uangan«g 
HanguiBae^  Qruidw  of  (a.  Cjantd 

Mannueae,  DatcctioD  and  Ectlmat 

I.  Reactiona  in  tha  dry  wtiy    , 

1.  Beacclons  in  Solacion : 

«.  Of  AUoguioiu  Salts 

p.  Of  Huftaalc  Satta 


(.  Of  PannannnalM  ...      — 

8.  QnnttttatlTa  SMlmaUoD  and  Se- 


Maoganaa^  Flnondaa  of 


ugancM 
PTOtoi 


lodidaaof 
Oxidaaof    . 
iilda,  or  Maaganoai  Oxlda 


HfdraMd      Uangulo      Ozidi 


E«d 


Dioxide  or  Pamide :  Pjfrvbaiti 
Hfdralaa  of  the  Paroxide 
Oxidaa  Intcrtnediata  batwaan  Itw 
Sasqnkndda  and  Dioxide: 
m-  PBilometane     .... 
fi.  Tarradte        .... 
T.  Wad,  Earthj  Cobalt,  Cnpra. 
ooa  Manguieae 
Taloation  of  Oxidea  of  Uauganeae 
MaDganeae.Oxyc1iloHdeDf   . 
HaDganaaa,  OxTiuIphide  of  ■ 
ManganMa,  Phoaphide  of       .        .        . 
" a,SiIicidaof  .        .        .        . 


Red    . 

Salpbide  a 


Mangnuaaa-glance 
Manganeae-apai 


Uangold  fforael   . 

Han^tlc  acid 
Manila  Qom  .        . 


Haonide,  Uannitan  (a.  Haonita). 
Manuite 

Uannida  .... 

MsDnitu        .... 

Nitrcmannita 

Salptio-inaiiiutic  add     . 
Uannitic  add        .... 
MaoDitoM 

Maraamolite 

Marble 

Maicaalte 

MarcflJte  '.        '.        '. 

Harecanite 

Mai^aric  add  .... 
Margaric  Ettwn    .... 

Margarita 

Margarodlte 

Hai^aiDiia 

Maflallta 

Marioolte 

Marine  Matd  .... 
Mariotla'a  Lav  .... 
Marjoran,  Oil  (tf  .... 
Uatl 

loUu  (•.  Serpentine). 

.o—idbilD - 

HaraiiGaa - 

Manh'aTaet  fbr  Ai»iic(a.Ai«uiic  i.86S> 

Hartlniite Si 

Martlta - 

Haitylamiaa  (*.  2eii7iamioa). 

Maacagnine    ...,>.' 

Ha^ot          '.'.'.'.'.'.  S6 

Uaaao}'  Gampbor  and  Gil       .                 .  - 

Mutarwort,  Oil  of           .        .        .        .  - 

Uaitic - 

Maatlc  Cement - 

Haaddn 8C 

Matidn - 

MaticOkOilaf - 

Uatlocklte - 

Maoilite  (1.  Labrad'orit*,'  lit.  tAO). ' 

Uayoaaltealn - 

Meadow  Saffivn  (a.  Oratiola  offldnalia, 

11.  942). 
Meadow -aweet  (&  Sidma). 

Hecbloic  acid 8G 

Uwooamic  acid  (a.  Meoonio  add,  Amidea 

oO. 
Mecooicadd  . 
Mecooatea 
Meconic  add,  Amidea  <t 
Meconlc  Ethera 


ChJaromcconin 
lodomecooin  . 
Nltromeconln  . 


Medicago  aatlva     . 
MedidAeT,OUof  . 
Uedjldite 
Hedullic  add 
Hednllln 
Ueerrcluam  ■ 
Heller    . 
Hegabromite.      . 


„ct,CoogIc 


Mpin 

MtM 

UeUmiaa  (>.  Cyinanmid^iL  S87). 
HdunprriD,arlIaluopTiit«{t.  Doldta 

a  MB). 

M*luiuph«lt 

H'luK^hlor 

MtUuIuc* 

HduikrdrlM 

HaliOH  add 

ll«UaUiM  C*.  PbMnbmlDM). 

ll*l«aiD 

HtUniM 

HduHcarUDld* 

Mtluracbln 

HaUoochnite 

Heluranllie  add  (i.  MeUiEdlie  add). 

Mclaaoilmid* 

IfsUaMrite 

UaUnunak  add  (•■  Cnnimmie  acidi, 
il.  S87>. 

Hdaptana 

Halaido  add 

Hri«aa 

■Maiw,  Bolplida  of        ...       . 

MelMtn  .       .- 

V«tin  <■.  RoUs). 

HdiDopbau 

Hdadlon 

HilHM  Camphor  (i.  OomnuUb  H.  »>. 
Uilliuini  (i.  Cadmiain). 

IIdlMa,OU«r 

KaliMio  add 

HaliHla 

UdiUM 

MalUmloaeid  (a.  Bmhicic  add.  U.  SOI). 

M«llan  f  *.  Malloiia). 

Hdllo  add  (a.  Hdtitk  add> 

Mdlillia 

Uellinhla  (>.  Hallltliiitda). 
Uallltamb:  add  rB.HaUitic  add.  Amtdca 
oO-      ■ 

Manila 

MalUUmida  (a.  HaUtte  add,  Amldaa  oO- 
Hdlitleadd 

Hdlitalaa 

■falUUeadd.  Aaddn  at.       .       .       . 

Kdlltamlda 

IfaUltamlc  <•  Enchnle  add    . 

If alUtamida  «r  Pacaolda 

Panmlc  add 

HalliUo  AnhTddda        .... 

MalliUc  EUian 

HallitTl,  Chlorida  d      ,       .       .       . 

Mallnna 

UalloDbydrio  add  (a.  Mallonldw> 

UallonIcl« 

HalonamaUn 

Kalopalu 

Henapliuudn^    i  <■.  Napfaltijlamin^ 
HBiaphthylamlM  J      Danrativti  of}. 

MaoaXniU  .' 

HenjlU 

M^llu 

Haalapamiic  add   .       .       .       .       ■ 


Uanthol 

Hantb^ ( 

HanjaiiUiol t 

Hercaptan* 

Hareaptldai 

UareanmiMa  and    UercnranimanimDi 
(a  Ifareury-baat^  Ammoniaeal). 

Uarcniialii 

Am7Ud^  Ethida,&c  (aaaHar. 
""-'--  Oixanlc). 

twfth 

Mercury 

OccQimica,  PieparatioD,  and  Fnii- 

CombinatlDiia  ■ 


IftrcBry,  AllOTi  or  Amalnma  of  . 
Hamrr,  Antimonida  of  (p.  S8G). 
Maicai?,  AnHDlda  cf  (p.  8Se> 
Haeorr,  Bromidea  of : 

■.  jfarcniou-  Bromida    . 

f.  Ucrcnric  Bmnida 
Double  ulu 
l[<RnT7,  Cbloridta  of: 

HercnnHU Chlorida:  Calimd. 
Prapaiafioi 


894 
Pn^Hrtiaa     . 
DacompadtiMu  . 
Compoondi  with  Aininonia, 
ridaofSiirphnr.PlatiaonaOxkta,    — 
Staooooj   Chloride  and   Snl- 
pboric  ADhydfida    ...      — 
Marrorie  Chlorida:  Omtht  Soh- 


ith  other  Chkridaa      — 
DMk  Caprtc  Acatata     899 
Hemuy,  ^mlda  of  (a.  CTaoida*.  U.  US). 
MarcDiT,  DMacUoo  and  Kstimalku  of : 

1.  KeactioH  in  (he  dry  way  — 

i.  RHctiou    Id   Solution— 

B.  Of  Mercnrou  SalU  .        ,       — 

p.  Of  Hercartc  SalU   ...     MO 

S.  QoutiUtiT*  Batiniilioa     .  — 

4.  SepintlDK  Horn  other  Uetala     .     901 

B.  Atomic  W-igl^t  ...     901 

Harcnry,  Ethida  of  (a.  Uarcsrj-raiteda^ 

OrBaalc). 
Hamiy,  Fltio 


Mcccoric  Floorida  .       .       .       .      - 

—  OxfAurida       .       .       .        .      - 

—  SilkofliMtideaadOzTBilicafliiorida  - 
Manwy,  lodldea  of       .  .     '  - 

MercoroDi  Iodide   .        •       .        .      • 
Hercoroao-niareDric  lodida  .    W 

Mamnklodida 

Donbla  Sdti  of  Haccatie  lodida      .     W 


MaRoiy,  lodoaolpUde  of  (lil.  91S). 
Harau7,Marcaptideor<i].9IS). 
Uveory,  MalUda  of  (IIL  921). 


Heicnry,  Nitride  of  (iU.  917). 
Karcoiy,  Oaidea  of 
Oxide   . 
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HcTcnrooa  mIu  ....    I 
Mercuric  Oxide       .... 
ComptHuida  with  Ammonlk  *Dd    1 

Henario  StiU    .... 
Msrcniy,  OxjbramidB  of       ...    I 
Mercniy,  Oxycbloridfl  of       .        .        . 
u „  Oxycr»nid«  of  (t,  CjtiMm, 


cttij,  PhonphcKbloridH  0 

UerciuT,  Selenide  of      ...        , 

Belenids   of   Uvniaj   uid  Lewi 

'HarCDTTUii 
D-sn^ihiae  of 


p.  Cryrtilliied :    Cmma 

Uaronry.  Snlphobrornide  of 
Hercuiy,  Sulpbochlorids  of 
Hercory,  Bnl^ho-iodidfl  of     . 
If  ercury-buea,  Amtnonlacal  . 

Dimei 
Trimi 


Brcorj-ndiclH,  UreuiiB 
Harcnric  lodallTlide 
Hercoric   AmTllde,  ChlonmylldB, 

uid  lodamrUda 
Hercoric  Bromethido  . 

Marcaiic  Carbooetbldt,  Chloratbldo, 

Cjuielhide,  and  Ethide      . 
Hercnric  Ethji'hjdnte.  Todel 

Nitrstbide,  Pboqthamtliide, 

phaUtbide,  uid  Soipfaflthide 
Hirvnria   lodomatbida,     Uet 

MltramMhids 
Hocuric  OsTmetbids 


add 
etbvr 


MeafUc  Alcohol      . 
Heritic  Aldehyde  . 
HcaWo  Gbloral      . 
McdUc  Ether 
Healtid->par  . 
M  erityl-campaanda 
UedMena  ot  Heeityi. 
^bromootMitylai 


NltromvitrlBiiQ 
IHoftromaeitylaM  . 
NitroDiMidiiw 
Trinttroinedtyleaa . 
H«itylaiw~ial|>biuic  acid 

Uesoliu  («.  S«decjte).  '    * 


Heaoa  ftnrea  .... 
HeUcetunlde  (i.  PropfoDamfdi 
Uetacetlc  add  (a.  Pn^iouic  aci 


UetaclDQatndo  (a  CiDoamein.  i.  BSO> 
UetacrolelD  (o.  Acrolein,  1.  S7). 


MeUfurftuol  (a.  FarfbroF,  ii.  713). 
Uelagallic  add  (a.  Gallio  add,  ii.  760). 
Metabumic  acid  (a  Clmic  add). 
H«taL     HetalLotd. 

Pbyucal  Propertiea  of  HaUda  and 

MeUlloTd) 

Cembiaatioae:  Oiidi*    . 

Snlpbidei    . 

Phoapiildea . 

CbloHdea,     Bramides,      Iodides, 

FIuorldH,   Nitrides   Carbide, 

Siliddee  . 


Allov 


SfBltbieaBen'aresearcbeaan  tlie 
Kleclro-condoclii-itj,  4c.  rf 
Alloya 
AnalviiaorAUoTi   . 

Melallnrgy 

Bouting  of  Ores  and  Hetallurgic 

ProdDds 

Oxidiaina  BoaatiTig     . 
TalaUliaiDg.  ChiarldlaiDg,    and 
Redodng;  Roattinff  . 
MflllingofB(eta1lDrgicTradBcta<br 
the  Extraction  and  Separation 
oTHdala 
Redndng  Melting       . 
Oxidiiing  MelEiiig 
Solvent  MeltinK . 
Sublimation  and  Distillation  . 
Eliqnation  and  CrTStalliaalion 
8<riatlon  and  Pracipiution      . 
Udala,  Atomic  Wnghti  and  ClaaaiAca- 


i.  Hooad  Hetala  . 
a.  prad  Hetala 
iU.  "niad  Metala  . 
It.  Tetrwl  Hetala  . 
T.  Pentad  Hdala  . 
Ti.  Hexad  Hrtala  . 
vil.  Haptad  Metala . 
ylii.  Inm  UeUli  . 
iz.  Platinum  Metala 
Numerical  Kelationg  between  the 
Atomic  Wdghta  rftbe  Uatab 


(•.  laomerlam,  IIL  4ie\ 
I  add  («.  Comeoic  aod, 
1108> 
Hetamorphlna        .... 
" irphlim      .... 
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k  add  (•.  Pedic  vid). 
Id  (*.  Ptctin). 

I*  (■.  Phlonae). 

oiic    acid    (■.    Phoapboiu, 

luSS^^"'-  .... 

HetuUiiaic  atdd  (■.  SUnnle  add.  nndar 
Tin). 


Aiial^ws  of  UiMnic  Inn 
S.  Mauoiie  Stonea  . 

■•  Coauinlne  UeMoric  Ii 

p.  Withont  MsMoric  Iroi 

QtDcnl  conclDnoDi  rcapHtlng  tba 

conglituCioD  of  HataorltM 
Halsoric  Uud 
Mctacnic  Doit 
LltcrUnra  i^  UatttHtM  . 
Hallu]  (1.  HTTittlc  Alcohol)- 
Maihida,  Alamintc 

Alnminic  EltJde 
Maihida,  Boric  (a.  MethTl,  Bonds  of, 

UMhJda,  Mcrcmic  (til.  B!7). 
Mathidti,  FluBbK  (iii.  SOS). 
HathldM,  SUnnie  (t.  Tin-radlcleBrOrganic). 


Hathouoatic  acid         .... 

UethplDBbaUiTl  (i.  Lesd-radlcliB,  Or- 
Kaoic,  ill.  SeI). 

UaUiataaii«th;l  (^.Ti^-™ilcle^  Organic). 

MetbolmeDB  uid  Maibolmic  add   . 

Methyl S 

MathyV  AntlmoDido  of  (i.  SM). 

Hathrl,  Anenidaa  of  (i.  400). 

Mathjl,  Borida  of  .       .       .       .    S 

AinroonU-boric  MMlildo  .    S 

Conpoondi  of  Bofic  Hcthide  vJtb 
FlzadAlkalla       .... 

Hdhjtl,  BrDmida  of        ....     9 

Mathrl,  Chloride  of        .... 
UonochloTlDatsd  Chloride  ufHathrl  B 

MMhyl,  Hydnla  of:  MtUi^Sc  Alalul, 
Wood-ipint 

MethTl,  UTdrida   of   (>.    Harah-gu, 
iiLSM). 

Uathjl,  Iodide  of S 

HwbTl,  Oxida  of 

MethTl,  Plnmbidu  of  (liL  WS). 

UMhvl,Sel«Dideof       .... 

HMhrl,  Hnlpbidn  of: 

Protoanlphida  ....     9 

Dlmlphido 

Triialphide 


MMhrl,  Tellnrida  of  1   TtJIvv-iMtto/    . 
MatbyUcatal  (a.  Metbjlata  of  EtbyiaiM) 
MethTliMtoiK  (■.  AoloiH^  i.  81). 
Methylal 


JelhrluDine 

Motbylamf 

DiniodanietbjUinlne  . 


HothTlamfaiN  and  Hathjlunmooini 


ith jl  ■  [riath  vl-am  monii 
methyl- diethyl-! 
imathyl-athyl- 


aethyl-« 


Trimethyl-amy  l-ammonia  m 
H*th*l4thyl-aiiiylaoiiiM 
Methyl-diethyl-Binyl'aiiimoii 

HMhyl-amyl-HilUne  (a.  Phanylaminia). 

Uathyl-amylio  Etlm  (•.  Amyl,  i.  SOA). 

Hathyl-uiiliDe  (i.  Pheurlaminaa> 

Hathyl-aniDeB  (L  400). 

Methylata  of  Amyl  (i.  208). 

MethyUto  of  Ethyl  (iL  642), 

Methylata  <rf  Ethylene  .  1001 

Hetbylata  of  Pauaainm  and  Methylata 


Hethyl-caproy]  (•.  Hethyl-h. 
Uathyl-carbamic  acid  (a.  Call 

L  TBI )  alao  MethyUmioe,  lU.  997). 
Methyl -carbamidea         .... 
Mathyl-carbonataa  (a.  C^ibmie  Ethei^ 

I.  Wl). 
Hathyl-cbloneatol        .... 
Metbyl-dtric  acfda  (a.  (Strie  Ethen,  i. 

UalhvUihlDratalli^lIc  add  (>.  Salicylic 

Ethen). 
Methyl -conioe  (f.  Conine,  li.  6). 


Phouihoric  E 
Hethyl-dithlonic  acid    . 

Elhyl-trithlDDic  add  .       .  10D« 

Hotiiylena — 

Melbyleo^  Acetate  of    ....  lOVS 
MethyleMk  Bromide  of  .        .  .       — 

Hethyleoa,  Chloride  of  ....  — 
Methylene,  Iodide  of  ...  .  lOQS 
Methylene,  Oxide  of:  Dionmtikflaie  .  — 
Methylene,  Sniphldei  of  .  .  .  1007 
UethylaiKS  Sulphocariwiiata  of 
Hethylane-iAaaphoDiDou  '-    "■■ 

rna-ndldea,  Ornnic). 
Hethyteoe-mlpbunoe   a^   (a.   Sol- 

pbannij  EUien). 

Uethylenitan lOM 

HetbyleDe-atumimyl,  and  Uethylen»- 

lUDUBthyl  (a.  Tin-radiclea,  Organic). 
Hethyl.athyl^myl  amine  (Iii.  1000}. 
Hethyl.  athyl-amylo-pbeDy  1-ammoninm 

(iKiMiylaniinee). 
Hethy|.ethTl-ani1ine(a.Phenvlamln<B). 
Methy|.ethylata  of  Elhylen- 
Hath^l4lhyl.carbaaiida  (a. 

Methyl- etbyi-ooolniom  (a.  Conine,  iu  S). 
Methyl-ethylie  Ether  (a.  EtbyUmeUi*- 

lie  Ether.  iL  S4!). 
Uathyl^thyl-pfaenylainlne  (a.  Phai^ 
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Hcthil-Mhyl-niu    («.     MMli7l-etbjl- 

M  ethyl  -h  eplylic  EUwCe-Heptyl-methy- 

lie  Ether). 
Methyl -hssyl,  or  Methyl -cuproyl .        ,  1 
Hethylla  (b.  Uetbylamias). 
Uetbylid^Da-compaund*  (a.  iii.  IDOS). 

Melbyl-iriiine 

Melbyl-luUc  idd  (a.  Lsctlo  Ethen,  iU. 

462). 
Hethyl-lutidine  («.  Lntidine,  iil.  7SS). 
Metbyl-nutlic  add  (a.  Hilic  Ethen,  iiL 

799;. 
Methyl -morphine  (>.  Morphias,  Hi.  8066). 
Methyl-nkoCine  (i.  Nicotine). 
Methyl -nitroph^idine  (■.Nltranixidiiie). 
Methyl -Djtiwalycilic  a£id  (>.  SalydUc 

Uthen). 

MeIhy]-4QnKnthyl 1 

Methyl-ceoaDthylic  Elh«   (>.  Heptyl- 

methylic  Ether,  ilL  L19). 
Methyl-oxalic  add  (i.  Oulic  Elhen). 
Methyl-oumie  add  (s.  Oiuuc  Elhen). 
Uethyl-parabiole    icid    (i.    Cbolestre- 

phane). 
Malhyl-paratutaric    acid    (i.  Tartaric 

Ethan). 
Mt'lhyl-phenldine  (a.  Anialdlne,  1.  804). 
M'thyl-phaovlamine  (a.  Phenylamioea) 
Hsthyl-plumbiDea  (>.  Lead-ndicl«i  Or- 
ganic, iil.  GOS). 
MBthrl-phoaphiiiea  and  -photphoDiBtas 

(«.  Phosphoriu-radidei,  OrgBnic). 
Methyl-phOBphoric  add  (b.  Plioepbortc 

Methy1"^aaphonnu     add     (a.     PliM- 

pbonua  Ethers). 
Mathyl-pipOTidlDe  (s.  Pinridine). 
Methyl-rHperyl-coibamide     (i.    Carba- 

midn,  I.  7£7). 
Uethyl-ulydlio     add    (e.     SalydUc 

Ether.). 
Uethyl-Klenic  and  Balenioaa  adds  (a. 

Sdenlc  and  Selenioos  Ethers). 
Melhyl-atannetbjl  (a.  Tin-radldn,  Or- 

HeChyl-atibinea  (a.  Antimimy-radicla, 

Orgaale,  1.  814). 
Methyl- itrychnine  (i.  Strychnine). 
Hethyl-aofpharic    acid  (a.    Salphurlc 

Etbara). 
Methyi-ialphophBOlc  add  or  Solphani- 

Methyl  -tartaric  add  (a.  Tartaric  Et'ben). 
Melhyl-thlodiuminB  (a.  Thicalnamine). 

MatbylnnmiDe 

MethTl-nreaa    (a.    Methyl -caibunidai, 

nnder  CartMmidea.  L  754). 
Met  hyl-xanthic  add  (*.  Xanlhlc  Ethen). 
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y\^NALYSIS      OF      THE      PHENOMENA     OF 
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Author.    Crown  8vo,  v>t.  f>d. 


nj-vcStvGoOt^lc 


AN  EXAMINATION  OF  SIR  W.  HAMILTON'S 

PHILOSOPHY, 

And  of  the  Principal  Philosophical  Questions  discussed  in  his  Writings. 

By  John  Stvart  Milu     Third  Edition.   8vo,  \(n. 

A     SYSTEM    OF    LOGIC,    RATIOCINATIVE    AND 

^^    INDUCTIVE; 

Being  a  Connected  View  of  the  Principle*  of  Evidence  and  the  Methods  of 
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8vo,  price  35/. 
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gTEBBING'S  ANALYSIS  OF  MILL'S  LOGIC, 
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'"LOGIC,  DEDUCTIVE  AND  INDUCTIVE. 
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d 


PUBLISHED  BY  MESSRS.  LONGMANS,  GREEN,  &•  CO.  5 


^at^ob^i;  anb  i^t  ^xtnimtnt  at  §mvst. 
LECTURES  ON  SURGICAL  PATHOLOGY. 

Delivered  at  the  Royal  College  of  Surgeons  of  England,  By  J.  Paget, 
F.R.S.,  D.C.L.,  &C.,  SerJEUit-Sui^ean  to  the  Queen,  Surgeon  in  Ordi- 
nary to  the  Prince  of  Wales,  Surgeon  to  St.  Bartholomew's  Hospital. 
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ner, AI.B.,  Professor  at  Anatomy  in  [he  University  of  Edinburgh,  ivo, 
with  131  Woodcuts,  price  an. 
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William  Mabcet,  M.D.,  F,R.S.,  F.R.C.P.,  F.C.S-,  &c.  Asuslant- 
Fhysician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest, 
Brompton,     With  5  Drawings  tn  Lithography,     Post  8vo,  6j. 
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By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College  of  Physicians; 
Fellow  of  the  Royal  Medical  and  Chirurgical  Society ;  Senior  Physician  to 
(he  Infirmary  for  Epilepsy  and  Paralysis.  Second  Edition,  revised  and 
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Williams,  M.A,,  M.D.,Oxon.  t  Assistant-Physician  to  the  Hospital  for 
Consamption    at    Brompton.      Second   Editioi^    revised    and   enlarged ; 
with  Frontispiece  and  Map.     Crown  8vo,  price  &i. 
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Espcciallj'  as  connected  with  GOUT,  EMPHYSEMA,  and 
DISEASES  of  the  HEART. 

By  E.  llEADLAM  Creenhow,  M.D.,  F.R.C.P.,  ic.  Consuhtaa- Physician 
lo  the  Western  General  Dispensary,  Senior  Assistant -Physician  to  the 
Miildlc-ci;  HotiiFtnl.     8vo.  is.  (»/. 


CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE,  AND  ABDOMINAL' DROPSY. 

ByCliARLEJi  MiRCHiWN,  M.D.,  F.R.S.,  &c,  Thysidan  and  Lecturer  on 
the  Practice  of  Medicine,  Middiesex  Hospital.  Post  8vo,  with  25  Wotxi- 
cuts,  price  lOr.  6rf. 


CLINICAL    RESEARCHES    ON    DISEASE    IN 

INDIA. 
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llosjHtaL      Second   Edition,  thoroughly  revised.     Svo,  zu. 
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liy  Wkeiucn  Cooke,  Surgeon  to  the  Cancer  Hospital  and  to  the  Royal 
Erce  Hospital.     With  II  Coloured  Plates.     8vo,  121.  M. 
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T\'illi  rhotO};ni[ihic  and  other  Illustrations  of  its  Kallirc  and  Treatment, 
By  Ckarlfs  H.  Moore,  P.R.C.S..  Vice-President  of  the  Ro>-al  Med. 
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fJYSTERIA ; 

Remote  Causes  uf  Disease  in  (leiieral  ;  Trealmenl  of  Disease  by  Tonic 
Agency)  Local  or  Sui^cal  Fonns  of  Hysteria,  Slc.  Six  Lecturea  delivered 
to  the  Students  of  St.  Bartholomew's  Hospital.  By  F.  C,  Skey,  F.R.!). 
&C.  Consulting  Surgeon  to  S[.  Bartholomew's  Hospital.  Third  Edition. 
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J)ISEASES  OF  THE  KIDNEY,  HAEMATURIA, 

AND  DIABETES. 

ByW.  HowsHiP  Dickinson,  M.D.  Cantab.,  Fellow  of  the  College  of 
Physicians,  Physician  to  Ibe  Hospital  for  Sick  Children,  Assistant-Physictan 
to  .St,  George's  Hospital.     8vo,  with  Illustrations.  \In  the  Pras. 

\'  This  work  is  the  Second  Edition  of  the  Author's  Volume  intitlcii 
"  Aliiiminuriij,"  partly  re-written,  and  with  such  additions  as  are  suffi- 
cient to  render  it  a  comprehensive  treatise  on  Rk\al  Disease. 
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URIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS i 

Their  Immeiliale  ami  Reniole  EHeets.  By  Geokob  L.\wsriN,  I-'.K.C.S., 
Surgeon  to  the  Royal  London  (.)phtiialniic  Hospital,  MoorfielHs,  and 
.\siistanl. Surgeon  to  the  Middlesex  Hosiiilai.  8vo,  with  92  Wooilcuts, 
price  iw.  &/. 


QN   SPINAL  WEAKNESS  AND   SPINAL  CUR- 
VATURES !  their  Early  Recognition  and  Treatment. 

By  W.  J.   LlTTLt,   M.U.,  &C.,   Founder  and  forroeriy  Senior  Medical 
Officer  of  the  Royal  Orthoptedic  Hospital.    8vo,  with  10  Woodcuts,  51, 


gT.  BARTHOLOMEWS  HOSPITAL  REPORTS, 

With  Illustraliona  in  I.itht^iaphy  an<l  Woodcuts.      Vols.  I.  to  VI,    Svo, 
price  7^.  W.  each  volume. 
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§m«sts  at  Wiomtn  unit  C^ttbrm,  nriis  ^optUar 
'pHE     DIAGNOSIS    AND    TREATMENT    OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Gbaily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obitelric  Physician  to  Ihe  Hospital, 
President  of  (lie  Obstetrical  Society  of  London.  Second  Eldition,  revised, 
and  for  ilie  most  part  re'tvritten;  with  Ii6  niustialions  cngnLved  on 
IV'ood.     8to,  241. 


"pHE 


DUBLIN   PRACTICE   OF  MIDWIFERY. 

Ity  Henry  Maunsku.,  M.D.,  formerly  Professor  of  Midwifery  in  the 
Royal  Coll<^  of  Sui^eons  in  Ireland.  New  Edition,  enlaiged  and  revised. 
Edited  byT.  M.  Mauiirn,  M.R.I.A.,  &c..  Senior  Assistant-Physician  lo 
tie  Dublin  Lying-in- HospiWI.     Fcp.  8vo,  y. 


,    JOINTS   TO   MOTHERS  FOR  THE  MANAGE- 

I  MENT    OF    THEIR    HEALTH    DURING    PREGNANCY 

,  AND    IN    THE   LYING-IN    ROOM: 

I  With  Hints  on  Nursing,  &c     By  Thomas  Bull,  M.D.     New  Edition, 

revised  and  enlai^eil.     Kcap.  Jj. 

i     XHE  MATERNAL  MANAGEMENT  OF  CHILDREN 
I  IN   HEALTH   AND   DISEASE. 

By  the  same  Author.     New  Edition,  revised  and  enlaij^      Fcap.  $t. 


QN      THE     SURGICAL     TREATMENT     OF     I 

CHILDREN'S    DISEASES. 

By  T,  Holmes,  Surgeon  and  Lecturer  on  Sut^ry,  St.  Ceoige's  Hospital, 
aiid  Surgeon -in -Chief  to  the  Metropolitan  Police^  Second  Edition, 
thoroughly  revised ;  with  Additional  Chapter  on  Orthopa:dic  Surgery 
and  Paracentesis  Thoracis.  With  9  Chromolith<^raphic  Plates  and  112 
\\"oodcut  Illustrations  from  Original  Dmwings.     8to,  lis. 


LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,    M.D.,    &c.    Physician  10  the  Hosjatal  for  Sick 

Children.     FifUi  Edition,  revised  and  enkiged.    8vo,  161. 
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OW   TO  NURSE  SICK   CHILD 

Containing  IMrections  which  may  be  found  of  $e  i 
the  Chaise  of  the  Voung.  By  Charles  West,  ' 
to  tbe  Hospital  for  Sick  Children.     Third  Edition. 


THE   PHILOSOPHY  OF   HEAL! 

Or,  an  Exposition  of  the  Physiological  and  Sanitar 
to  Human  Longevity  and  Happiness.  By  SoLTf  ' 
Eleventh  Edition,  with  113  Figures  engraved  on  Wc : 


jg^OTES   ON   HOSPITALS. 

By  Florenck  Nightingale.      Third  Edition,  enlfi 
part  re-wiitlen.     Post  410,  with  13  Plans,  iS;. 


iStsfma  ^ebica  anb  ^teitl 


'pHOMSON'S  CONSPECTUS  OF  T 

PHARMACOPCEIA. 

Twenty-fifth  Edition,  corrected.  By  Edmund  Lu 
&c..  Physician  to  th«  City  of  London  Hospital  for 
iSrio,  Sj; 


]^ANUAL     OF     MATERIA      ME 

THERAPEUTICS  : 

Being  an  Abridgment  of  the  late  Dr.  Pereira's 
Medica,  arranged  in  conformity  with  the  British 
adapted  to  the  use  of  Medical  Practitioners,  Ch< 
Medical  and  Pharmaceutical  Students,  &c  By  F. 
assisted  by  K.  Behtlev,  M.R.C.S.,  and  R.  ^ 
Bvo,  with  90  Woodcuts,  %U, 
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WORKS   ON  MEDICINE,   SURGERY,    &i. 


DICTIONARY    OF    CHEMISTRY    AND    THE 

ALLIED   BRANCHES  OF   OTHER  SCIENCES. 


Two  yeaii  han  now  elipsed  since  lhi<  Dic-  I  ins  ibe  nconl  oT  OKSiiBd  ducoTtty  dm 
tioDuywai  completed,  uili  nine  vun  since  the  >  Ihe  eiid  of  the  year  1B69.  Tfae  Surri-U 
fint  volnme  wni  printtd ;  and  during  these  yean  [  will  forrn  a  vohime  -of  abtntt  900  pagei»  « 
Imree  ui4  impoTlani  additions  luve  tieen  made  r  eirpecGcd  to  be  nuly  in  the  counw  of  tbe  pr 
bo3i  lu  the  ficla  and  to  the  theories  of  Oiemicd  1  year.    The  Authos  haa  been  /ntuoale  i 

punish  a  SurrLEUFNT  to  the  tJidioiury,  bring-  !  furnish  ^ddiiiont  to  Ihcir  articles 


£LEMENTS  OF   CHEMISTRY, 

Theoretical  and  Praclicol.  Bjr  WiLLtAM  Allen  ^^ILLER,  M.D.,  LL.D., 
F.R.S.,  late  Professor  of  Chemislry,  King's  College,  London.  Fourth  Eili- 
tioii,  thoroughly  revised.    3  vols.  Svo,  price  3/.    May  be  had  separalely  : — 

Part  L— CHEMICAL  PHYSICS,  pnce  iV- 
„     II-^INORGANIC  CHEMISTRY,  price  %u. 
„  HI.— ORGANIC  CHEMISTRY,  price  ^4/. 


INTRODUCTION    TO    THE  STUDY    OF    IN- 

ORGANIC  CHEMISTRY. 
By   Ihe  same   Author.     (Being  (he  Third   %Vork  of  tlie   Kcw  Series  of 
Text-Books  of  Science,   in   course  of   publiciititm,    Edited  by   Professor 
T.  M.  GooDEVh;,  M.A.)    With  71  Figures  on  Wood.     Small  Svo,  price 
3^.  W. 


^  MANUAL  OF  CHEMISTRY, 

Descriptive  and  Theorclical.  By  \Villiam  Doling,  M.B.,  F.R.S., 
Fellow  of  the  Roynl  CoU^^  of  Phyaicians,  Secretary  to  the  Chemical 
Society,  and  Lecturer  on  Chemistry  a(  SL  Bartholomew's  Ho^pitaL 
Part  I.  Svo,  y.  lewed.     Part  II.  Nmrfy  rtady. 

Works  by  t/ie  same  Author. 
OUTLINES  OF  CHEMISTRY ;  OR,  BRIEF  NOTES 

OF   CHEMICAL  FACTS.     Crown  8vo,  price  ^a.  W. 

A.  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Meilical  Students.    Fourth  Edilion.    Crowit  Svu, 

with  71  Woodculs,  price  71,  fid. 
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SIX      LECTURES      ON       THE 

CHANGES  OF  CARBON,  delivered  before  a  Jo 
Royal  Inititulion  of  Great  Brilain,  By  William  O 
with  Notes  by  W,  Crookes,  F.R.S.     Crown  8vo,  < 

LECTURES  ON  ANIMAL  CHEMIST 

By  ih. 


MANUAL   OF   MEDICAL   AN: 

CEUTICAL  CHEMISTRY. 
Bf  Alfred  KiCKii,  Repeliteur  k  I'Scole  ImperiaU 
fcsseur  agrege  i  I'ficole  Superieure  de  Phannacie  di 
Monnaies  de  France.  Translated  and  Edited  by 
F.C.S,,  Professor  of  Chemistry  at  the  Royal  Veterin 
Lecturer  on  Chemislry  at  tlie  Cbaring  Cross  Hospjia 


CHEMICAL    NOTES     FOR    THI 

ROOM— ON  HEAT,  LAWS  OF  CHEMICA 
AND  CHEMISTRY  OK  THE  NON-META 
By  Thomas  Wood,  Ph.D.,  F.CS.     Second  Editioi 

MOTES     ON     THE     METALS  ;     a    S 
"  CHEMICAL    NOTES   FOR  THE   LECTUI 

same  Author,     Crown  Svo,  5/. 

CHEMICAL  NOTES  FOR  THE  LEG 

Two  Series  as  above.  In  I  vol,,  %j. 


SELECT    METHODS    IN    CHE^ 

LYSIS  AND  LABORATORY  MANIPUL. 


QN   THE   MANUFACTURE  OF 

SUGAR   IN    ENGLAND    AND    IRELAND. 
With  Eleven  llluatrations  engraved  on  Wood.     Crt 

A  HANDBOOK  OF  DYEING  &  CALl 

By  the  same  Author.       Illustrated  with  nnmero' 
Textile  F'abiics,     Svo. 


QN   ANILINE    AND    ITS    DERI 

Ti-eatise  on  the  Manufacture  of  Aniline  and  A 
Rbimann,  Ph.D.  Edited  by  William  Croo> 
5  Woodcuts,  price  lot.  f>d. 
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II  WORKS   ON  MEDICINE,    SURGERY,   dfi. 

Sritnce  anlr  |[HtnraI  ^isiotB. 

gRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 
RATURE AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Tenns  in 
genera!  use,  tt^ether  with  the  Histoiy  and  Descnplions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Fonith  Edition, 
reconstnicled  and  extended  under  the  Joint-Editoiship  of  the  late  Author 
and  the  Rev.  George  W.  Cox,  M.A  ;  assisted  Iw  Contributors  of  eminent 
Scientific  (oid  Literary  Acquirements.     3  vols,  medium  Svo,  63/. 


URE'S   DICTIONARY   OF   ARTS,   MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice,  ijiilh 
Edition,  re-written  and  enlnrg^  ^y  ROBERT  HtiNT,  F.R.S.,  Keeper  of 
Mining  Records,  assisted  by  numerous  Contributors.  With  above  2000 
Woodcuts.     3  vols,  medium  Sro,  4/.  14/.  fxl. 

ELEMENTARY  TREATISE  ON  PHYSICS, 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  EUmmls  de  Pkyiiqut  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Royal  Military  College,  Sandhurt,!.  New  Edition,  with  a  Plate 
and  620  Woodcuts.     Post  8vo,  ijj. 


ARNOTT'S     ELEMENTS     OF     PHYSICS    OR 

NATURAL    PHILOSOPHY. 

Written  for   General   Use  in   Plain   or  Non-technical  Language.     Sixth 

Edition,  thoroughly  revised  by  the  Author  ;  and  containing  in  the  SecunI) 
Part  the  new  completing  chapteis  on  Electricity  and  Astronomy,  with  an 
Outline  of  Popular  Itlothematics.  Svo,  in  Two  Parts,  which  may  be  had 
separately,  price  lOr.  (td.  each. 

f  HE  CORRELATION  OF  PHYSICAL  FORCES. 

Bj  W.  R.  Grove,  Q.C,  M.A.,  V.P.R.S.  New  Edition,  being  the 
Filth,  followed  by  a  Discourse  on  Continuity.  8va,  las.  6if.  The  Dis- 
course on  Continuity  may  be  had  separately,  price  at,  6d. 

'JHE  BEGINNING:    its  WHEN  and  its  HOW. 

By  MuNGO  Ponton,  F.R.S.E.     Post  8vo,  with  very  namerous  Illnstntions. 
[Nearly  rtady. 

'pHE  FORCES  OF  THE  UNIVERSE. 

l)y  George  Berwick,  M.D.,  Senior  Medical  Officer  of  the  Niger  Elx- 
ploring  Expedition  of  1857-58.     Post  Svo,  price  51. 
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fJEAT  A  MODE  OF  MOTION. 

ByJoHM  TVNDALL,  LL.D.,  F.R.S.,  Professor  of  Natural  Philosophy  in 
the  Royal  Institution  of  Great  Britain.  Fourth  Edition,  with  Additions 
and  Illustrations.     Crown  8vo,  with  Plate  and  108  Woodcuts,  tot.  6rf. 

gOUND  :   A  COURSE  OF  EIGHT  LECTURES 

Delivered  at  the  Royal  Institution.  By  the  same  Author.  Second  Edition. 
With  n  Portrait  of  M.  Chlauni,  and  169  Woodcuts.     Crown  Svo,  9/. 

OESEARCHES  on  DIAMAGNETISM  AND  MAGNE- 

CRYSTALLIC  ACTION;  including  the  Question  of  Diamagnetic  Polarity. 
By  the  same  Author.     With  6  Plates  and  many  Woodcuts.   Svo,  price  14/. 

MOTES    OF  A   COURSE   OF   SEVEN    LECTURES 

ON  ELECTRICAL  PHENOMENA  AND  THEORIES.  Delivered  al 
the  Koyal  Institution  A.D.  1S70.  By  the  same  Author.  Crovm  Svo, 
price  li.  sewed,  or  1/.  (>d.  cloth. 

JsJOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.  Delivered  at  the  Royal  Institution,  A.D.  1869.  By  the  same 
Author.     Crown  Svo,  ii.  sewed,  or  i^.  td.  cloth. 

pRAGMENTS    OF  SCIENCE  FOR  UNSCIENTIFIC 

PEOPLE.  A  Series  of  detached  Essays,  Lectures,  and  Reviews.  By  the 
eame  Author.     I  Vol.  Svo.  {Nearly  ready. 


r  IGHT;    ITS    INFLUENCE    ON    LIFE    AND 

HEALTH. 

By  Forbes  Winslow,  M.D..  D.C.L.  Oxon.  (Hon.)  Fcp.  Svo,  63. 

QUTUNES   OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart,  K.H.,  St,  Member  of  the  Insti- 
tute of  Franca     Tenth  Edition.     Svo,  with  9  Plates,  lis. 

CELESTIAL    OBJECTS    FOR    COMMON    TE- 

LESCOPES. 


YHE  SUN;   RULER,  LIGHT,  FIRE,  and  UFE 

OF  THE  PLANETARY  SYSTEM. 

By  RiCKAXD  A.  Proctor,  B.A.,  F.R.A.S.     With  10  Plates  (7  coloured) 

and  107  Figures  engraved  on  Wood.     Crown  Svo,  price  14/. 

QTHER    WORLDS    THAN    OURS; 

The  Plurality  of  Worids  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  the  same  Author.  Second  Edition,  revised  and  enlaigcd ; 
with  Fourteen  tllustrations  (Six  coloured).     Crown  Svo,  price  tor.  6d, 
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tVOSA'S   ON  MEDICINE,   SURGERY,    6^. 


TREATISE  ON  E1£CTRICITY, 

In  Theory  wad  Practice.  By  A.  Ds  ia  Rive,  lale  Pniresior  in  the 
Academy  of  Geneva.  Tranal«led  for  the  Author  by  C.  V.  Walkkr, 
KK.S.     3  voU.  Svo,  with  numerous  Woodcuts,  3/.  13^. 


J^ANUAL  OF  geology; 

'  By   Samitel   Hauchtox,    M.D.,    F.R.S.,   Fellow  of  Trin.  Coll.,  and 

ProressoT  of  Geology  in  the  Univ.   of  DubUn,     Second  Edition,  with  66 
Figures  engraved  on  Wood.     Fcap.  Svo,  7J.  61/. 


q^HE  ORIGIN   OF    CIVILISATION  AND  THE 

PRIMITIVE    CONDITION    OF    MAN ; 

Mental  and  Social  Condition  of  Savages.  By  StR  JOHN  Lubbock,  Bart., 
M.P.,  F.R,.S,  Second  Edition,  with  25  Figures  Kngraved  on  Wood.  Svo, 
price  iCu. 

"THE   PRIMITIVE    INHABITANTS  OF  SCAN- 

DINAVIA : 

Containing  a  description  of  the  ImpJcments,  Dwellings,  Tombs,  and  Mode 
of  Living  of  the  Savages  in  the  North  of  Europe  during  the  Stone  Age. 
By  SVEN  NiLSSON.  Third  Edition,  with  an  Introduction  by  Sir  JoHN 
H;bB0CK,  BarL,  M.P.,  F,R.S.     Svo,  with  1 6  Plates  of  Figures,  iSi. 

J^ETALS,  THEIR  PROPERTIES  and  TREAT- 
MENT. 

By  Chaklbs  Loudon  Bloxau,  Professor  of  Chemistry  in  King's  College, 
London ;  Professor  of  Chemistry  in  the  Royal  Military  Academy  and  in 
the  Department  of  Artillery  Studies,  Woolwich.  (Being  the  Second  Work 
of  the  New  Series  of  T«t-Book*  of  Science,  in  coarse  of  Publication  ; 
Edited  by  Professor  T.  M.  Gooueve,  M.A.}  With  105  Figures  on  Wood. 
Small  Svo,  price  Jt.  6rf. 

^  practical  treatise  on  metallurgy. 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Metallurgy, 
by  William  Cbookes,  F.R,S.,  and  Ernst  Rohrig,  Ph.D.      3  vds. 
8vo,  piice  V.  191. 
Vol.  I.   Lead,  Silver,  Zinc,  Cadmium,  Tin,  Mkrcury,  Bisml-th, 

Antimony,  Nickel,  Arsenic,  Gold,  Platinum,  and  Sulphur, 

with  307  Woodcuts.     Svo,  price  3 1  j.  6d. 
Vol.  11.     Copper  and  Iron,  with  273  Woodcuts,  price  361. 
Vol.  111.  Steel,  Fuel,  and  Supplement,  with  145  Woodcuts,  31/.  61/. 


J^ANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.C.S.  Third  Edition,  in  which  are  incorporated 
all  the  lale  important  discoveries  in  Assaying  made  in  this  country  and 
abroad  ;  including  Volumetric  and  Colorimetric  Assays,  and  the  Blowpipe 
Assays.  Edited  and  for  the  most  pari  re-written  by  William  Crookes, 
F.R.S.  &c     Svo,  with  188  Woodcuts,  price  281. 
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J^ETALLOGRAPHY  AS  A  SEPARATE  SCI- 
ENCE, OR  THE  STUDENT'S  HANDBOOK  OF  METALS  ; 
An  Eleinentacy. Work  for  Science  Classes;  and  consisting  of  Notes  on 
Fifty-five  Metals,  their  various  Properties,  thdr  History,  Ihe  Localities  in 
which  tl«^  nre  found,  mid  the  Triucipal  Uses  to  which  Ihey  are  Applied. 
By  Thomas  Alles  Blyth,  M.A.     Cron-o  8vo,  price  31.  &/. 


J^ANUAL   OF    CORALS    AND    SEA    JELLIES 

{Calmterala),     By  J.  R.  Greene,   B.A,     Edited  by  T.  A.  Galbbaith, 
M.A,  and  S.  Haughton,  M.D,     Fcap.  8vo,  with  39  Woodcuts,  51. 

J^ANUAL  OF  SPONGES  AND  ANIMALCULS 

(Prolatoa) ;   with  a  General  Inlroduclion  on   the  Principles  of  2ool(^. 
By  (he  same  Author  and  Edilora.     Fcap.  Svo,  with  16  Woodcuts,  2j. 


npHE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE    KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  W 
J.  Li.NDLEY,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S,,  assisted  by  numerous 
Conlribulors.  Withso  Steel  Plales,  and  numerous  VVoodcuts  from  Original 
Designs  by  W.  H.  FlTCtt.     2  Pans,  fcap.  Svo,  izr. 
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BRITISH   FLORA: 

Comprising  the  Phienogamous  or  Flowering  Plants  and  the  Ferns.  Eighth 
Edition,  revised  and  enlarged,  with  many  figures  iiluslrative  of  the  Uinbel- 
liferoiis  Plants,  ihe  Composite  Plants,  the  Grasses,  and  the  Ferns.  By  the 
IflteSirW.  J.  Hooker,  F.R.AS.,  and  the  late  C.  A.  Walker-Arnott, 
F.L,S.     israo,  with  Twelve  Plates,  price  14J. 


LOUDON'S  ENCYCLOP.^DIA  OF   PLANTS: 

CompriMng  the  Specific  Character,  Description,  Culture,  History,  Applica- 
tion in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 
Elant!  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
y  Mrs.  Loudon,  assisted  by  George  Don,  F.L.S.,  and  David 
WoosTER.     Svo,' with  aljove  12,000  Woodcuts,  price  421. 

^  GENERAL  SYSTEM  OF  DESCRIPTIVE  AND 

ANALYTICAL  BOTANY. 

In  Two  Parts.  Part  I.  Organography,  Anatomy,  and  Physiology  of 
Plants.  Part  II.  Iconography,  or  the  Description  and  Hblory  of  Natural 
Families.  Translated  from  the  French  of  E.  Le  Maout,  M.D.,  and  J. 
Decaisne,  Member  of  the  Institute,  by  Mrs.  Hooker.  Edited  and 
arranged  according  to  the  Botanical  System  adopted  in  the  Universities  and 
Schools  of  Great  Britain,  by  J.  D.  HOOKER,  M.D„  &c..  Director  of  (he 
Royal  Botanic  Gardens,  Kew.  With  5,500  Woodcuts  from  Designs  by 
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